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DISCLAIMER:

The Lake Ozette Sockeye Salmon Limiting Factors Analysis (LFA) describes and
evaluates limiting factors affecting the survival and productivity of Lake Ozette
sockeye salmon. Current habitat conditions and limiting factors in the Ozette River,
the lake, and tributaries are a function of the cumulative effects of all past activities.
Where the LFA describes habitat impacts from forestry-related activities, this
description refers to past activities and not to future activities conducted under the
Washington State Forest Practices Habitat Conservation Plan (FPHCP). The
effects of implementation of the FPHCP on sockeye habitat and population levels
can only be determined from an intensive future monitoring program. It is the goal
of the LFA to provide guidance as to where and how this monitoring could be most
informative.

Many hypotheses presented within the Ozette LFA are supported by substantial
data. Others require additional investigation. A scientific hypothesis must be
reasonable, have a definable null hypothesis, and be testable. It is not necessary,
nor is it possible, to have sufficient data to confirm or refute the hypothesis at the
time that it is formulated.

The authors are committed to the recovery of Lake Ozette sockeye, and we believe
that this is possible only with a thorough and accurate understanding of all of the
factors limiting sockeye productivity and their interrelationships. The LFA
establishes a reasonable set of hypotheses based upon available information and
promotes the concept of future research aimed at testing these hypotheses. We
firmly believe that this approach is consistent with the best available science, and, at
the same time, we welcome and will carefully consider all substantive comments.
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EXECUTIVE SUMMARY
PURPOSE

This report summarizes previously available information relating to factors limiting the
survival and productivity of Lake Ozette sockeye salmon (Oncorhynchus nerka),
presents and summarizes new information and data, and comprehensively analyzes
factors potentially limiting sockeye salmon productivity and recovery. Lake Ozette
sockeye salmon were listed as threatened under the Endangered Species Act (ESA) in
1999. This report represents an important step in identifying factors that need to be
addressed to rebuild the sockeye salmon population to a healthy level, helping to fulfill a
local management goal that has stood for many decades. In addition, the report provides
critical information on factors limiting sockeye productivity and viability that the
National Marine Fisheries Service (NMFS) has used to complete a recovery plan for the
Lake Ozette sockeye, as required by the ESA.

BACKGROUND

Historically, Lake Ozette, the Ozette River, and tributaries draining into the lake were
important sources of salmon available for harvest in tribal fisheries (Swindell 1941;
Gustafson et al. 1997). The salmon resources of the Lake Ozette watershed were also
used by homesteaders. Within the greater Lake Ozette ecosystem and Olympic National
Park (ONP), Lake Ozette sockeye salmon are a critical component of biological integrity,
linking freshwater, marine, and terrestrial ecosystems.

The decline in harvest of Lake Ozette sockeye salmon from a high of more than 17,500
fish in 1949 (Washington Department of Fisheries 1955) to a low of 0 in 1974 and 1975
(Jacobs et al. 1996) catalyzed research into the limiting factors affecting Lake Ozette
sockeye salmon. In 1976, the Makah Tribe requested assistance from the U.S.
Geological Survey (USGS) to determine the preferred and observed freshwater habitat
conditions of Lake Ozette sockeye, and assistance from the U.S. Fish and Wildlife
Service (USFWS) to determine the sockeye’s habitat status and limiting factors. These
requests resulted in studies by Bortleson and Dion (1979) and Dlugokenski et al. (1981),
studies that provided a tremendous amount of baseline data but did little to determine the
primary factors affecting the decline and/or recovery of the sockeye population.

In 1981, the first meeting of the Lake Ozette Sockeye Steering Committee was convened.
Initial participants included the Makah Tribe, ONP, USFWS, Washington Department of
Fisheries, the University of Washington, and Crown-Zellerbach Corporation. The initial
focus was on hatchery supplementation as a potential means to quickly bolster sockeye
abundance from depressed levels. The committee met over the next two years and helped
to establish the Umbrella Creek hatchery. However, multi-agency recovery efforts
waned. Between 1983 and 1993, few meetings were held and only a few independent
studies were conducted on Lake Ozette sockeye salmon (Blum 1988; Beauchamp and
LaRiviere 1993). In 1994, ONP funded a study to compile existing data on Lake Ozette
sockeye and assemble a panel of experts to make recommendations on monitoring and
management. Despite being the most comprehensive document of the time, the resulting
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report by Jacobs et al. (1996) was unable to specifically define the population limiting
factors and concluded that the population decline was likely the result of a series of
cumulative impacts including (in no order of priority): 1) introduced species, 2)
predation, 3) loss of tributary spawning populations, 4) decline in the quality of beach
spawning habitat, 5) short-term unfavorable ocean conditions, 6) historical over-fishing,
7) introduced disease, and 8) a combination of factors.

In 1999, the NMFS listed Lake Ozette sockeye salmon as threatened under the
Endangered Species Act (64 FR 14528; 70 FR 37160). Lake Ozette Chinook
(Oncorhynchus tshawytscha) and chum (Oncorhynchus keta) salmon populations are not
currently ESA-listed, but both populations are nearly extinct or functionally extinct. Bull
trout (Salvelinus confluentus) are historically absent from the Lake Ozette watershed.
Largely as a result of the 1999 ESA listing, multi-agency efforts to coordinate research
and recovery planning resumed, and the Lake Ozette Sockeye Steering Committee was
reorganized and expanded to include NMFS, as well as local landowners and other
interested parties. The Lake Ozette Steering Committee initiated the development of a
Hatchery and Genetic Management Plan (HGMP)/Joint Resource Management Plan
(JRMP) for Lake Ozette Sockeye Salmon (Makah Fisheries Management 2000). Work
also began on the Limiting Factors Analysis (LFA) report in 1999. NMFS approved the
HGMP in 2004.

The HGMP and draft LFA have been used as guides for interim research and monitoring
until the Final LFA and the NMFS Lake Ozette Sockeye Salmon Recovery Plan could be
completed. The Makah Tribe, Olympic National Park, and NMFS have recently
implemented over a dozen detailed field investigations designed to increase
understanding of the spatial distribution of anadromous fish and the habitat limiting
factors in Lake Ozette and its tributaries. Additional funding made it possible to
complete the LFA report in late 2004.

ORGANIZATION OF LIMITING FACTORS ANALYSIS

Within the context of this report, limiting factors are defined as physical, biological, or
chemical conditions (e.g., inadequate spawning habitat, insufficient prey resources, or
deleterious suspended sediment concentrations) experienced by sockeye at the spawning
aggregation scale that result in a reduction in viable salmonid population (VSP)
parameters (abundance, productivity, spatial structure, and diversity). Key limiting
factors are those with the greatest adverse impacts on a population’s ability to reach its
desired status. Factors responsible for the decline of the population (factors for decline)
may or may not be current limiting factors, since certain activities that may have
contributed to decline may no longer be operating (e.g. commercial sockeye harvest).
This report is not intended to be a review of previous factors for decline, but instead
represents a thorough investigation of factors currently limiting VSP parameters.
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The report is divided into seven main sections:

Introduction (Chapter 1)

Fish Populations of the Lake Ozette Watershed (Chapter 2)
The Sockeye Salmon Population (Chapter 3)

Habitat Conditions Affecting Lake Ozette Sockeye (Chapter 4)
Limiting Factors Affecting Lake Ozette Sockeye (Chapter 5)
Analysis of Limiting Factors (Chapter 6)

Research, Monitoring, and Evaluation Needs (Chapter 7)

Limiting factors affecting sockeye salmon are discussed by geographical area and life
history stage. Factors are rated for degree of impact and presented as a series of
hypotheses and sub-hypotheses. These hypotheses are intended to serve as the scientific
foundation for identifying recovery actions in the Lake Ozette sockeye recovery plan.

WATERSHED SETTING

The Lake Ozette watershed (88.4mi’) is located along the coastal plain of the northwest
tip of the Olympic Peninsula in Washington State. Lake Ozette is a monomictic and
oligotrophic-to-mesotrophic lake, which drains to the Pacific Ocean through the very low
gradient, sinuous, 5.3-mile-long Ozette River. Lake Ozette is the third largest (7,550
acres) natural lake in Washington State. It has average and maximum depths of 130 feet
and 320 feet, respectively, and the observed water surface elevation fluctuates from 30.8
to 41.5 feet above mean sea level. The tributary drainage basin area is 77 mi’, drained by
several large tributaries and numerous smaller tributaries.

Lake Ozette watershed geology is a mix of gently sloping glacial deposits, hilly
sedimentary rock, and steep volcanic flows and breccias. The temperate coastal-marine
climate is characterized by cool summers, mild wet winters, and an average annual
precipitation of 102.6 inches. The watershed is predominantly forested by coastal
temperate rain forest conifer and hardwood species. Tributary streamflow is highly
variable, similar to other perennial rain-dominated streams in the region with little snow
storage.

Land use in the watershed has ranged from traditional Native American management of
old-growth forest, to European settler homesteading along the lake and stream valleys, to
commercial timber production and National Park management. Currently, land
ownership in the watershed is 73% private land, 15% Olympic National Park, 11%
Washington State, and 1% Tribal. Private timber companies own approximately 93% of
the four largest tributaries to Lake Ozette. Timber harvest levels accelerated over the
period of record, with 8.7% of the watershed area clear-cut by 1953, increasing to 83.6%
of the watershed area clear-cut by 2003. Natural disturbance in the watershed was
dominated by wind and hydrogeomorphic events, while contemporary disturbance
additionally includes timber harvest, road construction and maintenance, residential and
agricultural development, channelization and direct and indirect stream wood clearance.
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FISH POPULATIONS IN THE LAKE OZETTE WATERSHED

The Lake Ozette fish community includes a rich array of approximately 26 species of
fishes. There are seven species of salmonids present in the lake system and 18 non-
salmonid fish species, of which six are exotic. In addition to sockeye, these other species
are important indicators of ecosystem health, and thus this report includes summary
information and data for many of them. For species that are potential competitors with or
predators of sockeye salmon, additional information on habitat utilization, diets, and
relationships to sockeye salmon are included. Of these species, the most important
competitors are kokanee salmon (non-anadromous Oncorhynchus nerka) and threespine
stickleback (Gasterosteus aculeatus), while the most important predators are coho
salmon juveniles (O. kisutch), cutthroat trout (O. clarki), sculpin (Cottus Spp), northern
pike minnow (Ptychocheilus oregonensis) and largemouth bass (Micropterus salmoides).
While few data are available regarding non-salmonid population integrity, data on other
salmonid populations inhabiting the basin over the past century indicate either generally
decreasing population trends over time (O. tshawytscha; O. keta; O. kisutch) similar to
sockeye, or static or unknown trends (non-anadromous O. nerka, O. mykiss). Coho
salmon have shown small but significant population increases during recent years but are
still well below historical abundance levels.

SOCKEYE SALMON POPULATION LIFE HISTORY AND STATUS

Ozette sockeye life histories are described and evaluated assuming a single population
divided into seven life history phases:

Adult sockeye entering the system (April-July)

Adult holding in the lake (April-January)

Spawning (October-January) and incubation (October-March)
Fry emergence and dispersal (March-April)

Juvenile freshwater rearing (Multi-year)

Seaward migration (March-June)

Marine/ocean phase (Multi-year)

Nk W=

Two spawning groups (i.e., beach-spawning and tributary-spawning) are discussed
independently during their spawning, incubation, emergence and dispersal phases.
Sockeye immigration into and through the Ozette River typically peaks in early June,
with short residence times in the river (average transit time equal to ~65 hours).
Nighttime migration predominates during low lake/river levels, while higher lake/river
levels result in increased daylight migration. Extensive lake holding occurs below the
thermocline at minimum depths ranging from 30 to 100 ft for about six months, until the
lake turns over and de-stratifies at the onset of the wet season.

The timing of sockeye salmon adult entrance and holding in tributaries is largely
controlled by streamflow increases during the onset of the wet season (generally in
October). A majority of tributary spawners use Umbrella Creek, with additional fish
spawning in Big River and Crooked Creek. Fish typically spawn in late November in

v



Lake Ozette Sockeye Limiting Factors Analysis

gravel riffles and glides and less commonly in pools, alcoves, and side channels.
Average female fecundity is 3,050 eggs with fish size ranging from 430 to 690 mm,
which is similar to beach spawning sockeye. Tributary incubation temperatures typically
range from 3-8°C, with fry emergence occurring 100-130 days after fertilization.

There are two known active beach spawning sites along the shores of Lake Ozette:
Allen’s Beach and Olsen’s Beach. Historically, the beach just north of the confluence
with Umbrella Creek (i.e., Umbrella Beach) was also used for spawning. Other locations
around the lake are hypothesized to have provided spawning habitat. Beach staging
begins in mid- to late October, with spawning beginning as early as November and
ending in late January or early February. Habitat usage varies considerably between and
within the two beaches, with core, concentrated, and dispersed spawning sites. At
Olsen’s Beach, competition is intense for the small core spawning area where upwelling
groundwater occurs through small gravel and sand. Concentrated sites surround the core
site in substrate lacking upwelling and ranging from cobble/large gravel to coarse sand
and silt. Substrate and spawning sites are often surrounded by or found within large
patches of submerged shrub vegetation. Dispersed sites are scattered along long stretches
of beach, and are at a remove from core and concentrated spawning areas. Beach slopes
used for sockeye salmon spawning range from 2% to 15%. Spawning is concentrated in
the middle elevation beach in 2 to 6 ft of water, with redds observed at depths up to 20 ft
in concentrated sites. Spawning along Allen’s Beach is significantly more dispersed than
on Olsen’s Beach, with at least one area of concentrated spawning. Substrate varies from
silt and sand at the south beach to gravel and cobble-gravel mix in the north. Spawning
depths range from 1 to 33 ft, with several spawning sites associated with seeps and
springs. Incubation temperatures are warmer on the beaches than the tributaries (6-
10°C), especially in groundwater upwelling sites, resulting in shortened incubation
periods to time of fry swim up (~100 days).

Beach fry dispersal after emergence is assumed to consist of a rapid migration to the
limnetic zone; however, additional data are needed on sockeye fry behavior during this
life phase. Downstream tributary fry dispersal and movement after emergence
corresponds with streamflow and appears to occur predominantly at night soon after
emergence. Immediate limnetic rearing is assumed, but littoral data are lacking. In
offshore rearing areas sockeye salmon mix with kokanee salmon, and the two O. nerka
races become morphologically indistinguishable.

The year-round primary prey of juvenile sockeye/kokanee salmon is Daphnia pulicaria,
with additional consumption of benthic invertebrates, adult insects, and copepods.
Juvenile sockeye and all year classes of kokanee consume less than 1% of the monthly
standing stock of Daphnia pulicaria > 1.0 mm in size, suggesting that food available for
rearing fish is not limiting O. nerka productivity.

At the onset of their spring-time seaward migration, sockeye smolts migrate along the
nearshore lake environment and emigrate down the Ozette River predominantly at night.
More than 99% of the juvenile sockeye salmon emigrating from the lake to ocean are age
1+, indicating that few juvenile sockeye rear in the lake for more than one summer. Lake
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Ozette sockeye salmon smolts are large, averaging between 11.3 to 13.0 cm fork length,
making them the third largest yearling sockeye smolts in the world. Little is known about
the behavior of Lake Ozette sockeye immediately after smolt emigration to sea. The
Lake Ozette system does not include a sizeable estuary, but the nearshore region
surrounding the mouth of the Ozette River is an extensive, complex, and shallow sub-
tidal environment, with high apparent productivity for sockeye salmon, despite the
presence of many marine piscine predators. Few data are available regarding Lake
Ozette sockeye salmon ocean distribution, and their distribution and behavior during this
life history phase must be extrapolated from studies of other sockeye salmon populations.

Generally, juvenile sockeye are present close to shore from Cape Flattery to Yakutat in
July and August, and scarce to absent in areas farther offshore. Juvenile sockeye remain
primarily inshore through October, before moving offshore in late autumn or winter. In
Bristol Bay where inner coastal waters are less productive than offshore waters, juvenile
sockeye migrate to the outer Bay within 2 to 6 weeks. They remain in the outer bay for
an undetermined length of time, staying near the coast during migration. Average marine
survival rates for Lake Ozette sockeye are thought to be relatively high (15-17%). The
vast majority of Lake Ozette sockeye spend 2 to 2.25 years at sea before returning to the
lake, but some return after only one year, and others remain at sea for as many as three
years.

Out-of-basin origin hatchery sockeye were released into Lake Ozette episodically
between 1936 and 1983 through transplants derived from Baker Lake and Lake Quinault
broodstocks. All subsequent hatchery stocking efforts have relied on within-basin
broodstock sources. Based partially on recommendations of Dlugokenski et al. (1981),
the Umbrella Creek Hatchery was established in 1983 as a tool to reintroduce and rebuild
the sockeye population in the Lake Ozette watershed. Broodstock were collected from
Olsen’s Beach almost every year between 1983 and 1999. Spawners collected from
Allen’s Beach were also occasionally used as broodstock during this span. On average,
100 adults were collected for spawning each year. Eyed eggs and fry grown from these
egg sources were released into Lake Ozette and major tributaries to the lake during this
time.

After the ESA listing of sockeye in 1999, the Makah Tribe and WDFW worked with
NMEFS to assemble a Hatchery and Genetic Management Plan that would adequately
protect the listed population and would be used to guide all hatchery-based sockeye
salmon restoration actions. The HGMP stipulated that, beginning in 2000, the collection
of broodstock from spawning beaches for hatchery production would cease, and
broodstock for the supplementation program would be collected from adult sockeye
salmon returns to Umbrella Creek. Juvenile fish were only to be released into Umbrella
Creek and Big River.

However, implementation of the HGMP alone will not result in recovery of Lake Ozette
sockeye salmon. The HGMP is part of the overall comprehensive recovery plan/process
that integrates hatchery supplementation and reintroduction efforts with habitat
protection, assessment, and restoration so that hatchery and habitat components can work
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in concert to promote sockeye recovery. NMFS (2004) concluded that the hatchery
program was not likely to increase the spatial structure of the beach spawning
aggregations within Lake Ozette, but that the tributary-based hatchery program was likely
to increase the spatial structure of the ESU as a whole and increase life history diversity
and the resiliency of the population. Determinations of whether and how to supplement
or reintroduce lake spawning aggregations will be made after further research in this area.

The Lake Ozette sockeye salmon ESU is believed to have been historically composed of
a single population with substantial sub-structuring of individuals into multiple spawning
aggregations (BRT 2003). Gustafson et al. (1997) described the Lake Ozette sockeye
salmon population as genetically distinct from all other sockeye salmon stocks in the
Northwest. Hawkins (2004) found that there was very little genetic difference among the
sockeye spawning aggregations at Olsen’s Beach, Allen’s Beach, and Umbrella Creek.
However, the author found significant genetic differences between cohort lineages along
the predominant 4-year brood cycle and found that those lineages were most closely
related among common brood years, independent of sampling locations. Hawkins (2004)
described the Lake Ozette kokanee population structure as likely one panmictic group,
having found no genetic differences among the sample collections (between locations or
brood years) within the study. Sockeye and kokanee-sized O. nerka are known to interact
during the spawning phase on both beaches and in the tributaries; however, visual
observations may confuse kokanee and residual, jack, or hybrid sockeye salmon.
Hawkins (2004) indicated that hybridization between sockeye and kokanee is persistent
but of low enough frequency to maintain the large genetic differences observed between
these two O. nerka races.

Only marginal data are available for estimating historical escapement levels for Lake
Ozette sockeye. Partial weir counts, lacking any harvest data, exist for the period from
1924 to 1926, making it impossible to estimate total run size for this period (Kemmerich
1945). Between 1948 and 1976, harvest data were collected (WDF 1955), but no
escapement data were collected for the same period, creating substantial uncertainty
regarding run sizes during this period. Blum (1988) speculated that the Lake Ozette
sockeye run size exceeded 50,000 fish prior to the 1940s. Over a 20-year period, Lake
Ozette sockeye harvests went from several thousand per year to zero, with insignificant
(<100) to no fish harvested annually between 1973 to present.

Contemporary (1977 to present) run size estimating methods as fish enter the lake from
the Ozette River have varied significantly from nighttime weir counts (1977-1981); 24-
hour counts with a river-spanning picket weir with live trap attached (1982, 1984, 1986);
visual nighttime counts and daytime/weekend closures using a river-spanning picket weir
(1988-1992; 1994-1997); 24-hour counts with a river-spanning picket weir with an
underwater video camera and time-lapse VCR and backup visual observations (1998-
2001); and 24-hour counts with a river-spanning picket weir with an underwater video
camera, time-lapse VCR, and backup computer hard drive digital images (2002-present).
Substantial differences in older methods limited the quality of data collected and
therefore likely underestimated run sizes.
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Total annual lake entry run-size estimates from 1977 to present have ranged from 385 to
5,075 adult sockeye. The annual run size, considered over three periods reflecting
differing census methods, has averaged 1,132 fish for 1977-1995, 2,590 fish for 1996-
1999, and 4,600 fish for 2000-2003. While these run-size estimates represent the best
available data, they should be used with extreme caution since the quality of estimates for
many early years is poor at best (see Section 3.4). Independent estimates of the minimum
number of fish spawning on Ozette beaches has increased from a low of six spawning
sockeye after extensive surveys in 1989, to 32 fish in 1993, 236 fish in 1997, and 466
fish in 2002.

Much of the increase in total Ozette River run size is likely a result of increased adult
returns from Umbrella Creek Hatchery releases and increased natural production in
Umbrella Creek. For example, nearly 210,000 brood year (BY) 1996 fed fry and
fingerlings were released into Umbrella Creek in 1997, which subsequently comprised a
large portion of the brood year 2000 adult run. In addition, the estimated numbers of
smolts emigrating from the lake in 2002, 2003, and 2004 from the smolt trap were
dramatically higher than any past year’s estimates.

Sockeye spawning ground surveys in Umbrella Creek initially recorded low numbers of
fish (<50) from 1988 to 1994, with recent peak adult counts ranging from 44 to 1,709
adults from 1995 to 2004. Total run-size estimates in Umbrella Creek have recently
ranged from 1,709 to 4,442 adults from 2000 through 2004, which represented 34 to 68%
or more of the total estimated Lake Ozette sockeye adult run size. Estimates of adult
sockeye run size for Big River and Crooked Creek are not as accurate due to less survey
effort and no tag and recapture program. Pending the onset of supplementation program
origin adult returns to Big River, numbers of returning fish to these tributaries have
remained at low levels.

Sockeye productivity estimates are limited by the quantity and quality of the population
data described above. For 1988 and 1990, Jacobs et al. (1996) estimated marine survival
at 27% and 18%, spawner-recruit ratios at 0.99 and 1.89, and smolts-per-spawner ratios
at 3.6 and 10.5, respectively. From recent data at Umbrella Creek, natural origin recruits
per spawner estimates ranged from 0.9 to 3.3 from 2000 through 2002, averaging 1.9.
Total survival from hatchery fingerling release to adult return to Umbrella Creek for
return years 1999, 2000, 2002, and 2004 was estimated to be 2.03%, 1.47%, 0.81% and
0.49% respectively. Total survival from smolt to spawner for 2004 Umbrella Creek
marked hatchery sockeye was estimated to be 15.5%.
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HABITAT CONDITIONS AFFECTING LAKE OZETTE SOCKEYE

This report describes in detail the habitat conditions encountered by Lake Ozette sockeye
salmon spawning aggregations at different life history stages in marine, estuary, and
freshwater habitats. Known habitat conditions and data are described, while data gaps are
highlighted.

NEARSHORE HABITAT

Nearshore physical habitat in the vicinity of the Ozette River is characterized by a gently
sloping marine shore platform with abundant boulders and outcrops of resistant rock
intermixed by beaches (sand to cobble) fed by bluffs and tributaries. The remote and
relatively pristine condition of the shoreline in the vicinity of the Ozette River is reflected
by a complex nearshore habitat that supports a wide diversity and abundance of marine
life. The Ozette River estuary is small relative to nearby estuaries (<4,600 feet long by
120 feet wide), and is currently partially constricted by a gravel spit. Beyond photo
evidence of significant growth of this spit over the last 50 years, little documentation of
current and/or historical estuary conditions exist to allow for an assessment of effects on
sockeye salmon growth and survival.

OZETTE RIVER HABITAT

The Ozette River is unique relative to other rivers on the Olympic Peninsula due to its
very low gradient (0.1%) over its 5.3 mile journey, dropping only 32 feet in elevation
from the outlet of Lake Ozette to the Pacific Ocean. The lake moderates the seasonal
flow regime of the Ozette River dramatically, with flows ranging from less than 4 cfs to
2,000 cfs. Lake Ozette traps and prevents entrance of nearly all lake tributary sediment
into the Ozette River, making bank and bed erosion, a handful of small tributaries, and
Coal Creek (largest tributary) the only contemporary sources of sediment. The active
river channel averages approximately 100 feet in width, with varying depths and wetted
widths controlled by the water elevation of its source, Lake Ozette. The river maintains a
semi-rhythmic sequence of riffles and pools, with the latter often controlled by large
wood jams and the former often covered with two species of native mussels, freshwater
sponges, and aquatic insects. Floodplains are relatively narrow with steep banks for
much of the length. Floodplains are covered by dense conifer forest, various shrubs and
wetland plants. Wetland plants include reed canary grass, an invasive plant which
colonizes disturbed areas.

Besides tributaries to Ozette River, the river’s entire length is now protected by either the
ONP or the Makah Tribe’s wilderness designation. Historically, human disturbances
along the Ozette River were limited to homesteading, and later, tourist development near
the lake outlet, cedar salvage along the lower river, and direct removal of instream large
wood debris (LWD) along much of the river but concentrated near the lake outlet. Wood
removal from Ozette River began in the late 1800s at a small scale, with most wood
removed from the upper homestead area by the early 1900s. In 1952, the Washington
Department of Fisheries (Kramer 1953) conducted wholesale clearing of wood from the
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river and removed 26 separate log concentrations. Local residents continued to clear
wood from the river until the mid-1980s, when the practice was banned.

As a consequence of wood removal, pool conditions in Ozette River are impaired, with
large stretches devoid of functional LWD, and with an associated loss of fish holding,
rearing, and spawning habitat. The river is incapable of moving most large wood, but it
will take decades to centuries for wood loads to fully recover. As a less apparent
consequence, wood removal has resulted in less hydraulic roughness, reduced instream
water depths, and reduced backwater effects on Lake Ozette, which has thus altered the
entire hydraulic control on Lake Ozette levels and changed the in-river stage-discharge
relationship. More recently, deposition of sediment originating from Coal Creek at the
lake outlet has further altered lake and river levels.

Water quality conditions in Ozette River are good, except for sediment and temperature,
which are affected by tributaries and the lake itself, respectively. Large amounts of fine
(sand and silt) and coarse sediment are delivered to Ozette River by Coal Creek during
floods, altering the local lake outlet control and substrate conditions, as well as
downstream habitat conditions. Peak and 7-day average temperatures in the river
regularly exceed 22 to 23°C respectively. High water temperatures observed in the
Ozette River appear to be a natural condition caused by solar heating of Lake Ozette
surface waters and climatic variability. Downstream cooling is minimal (less than 2°C).

LAKE OZETTE HABITAT

Lake Ozette habitat conditions are important to numerous life history stages of sockeye.
Beyond providing key habitat for juvenile sockeye rearing, the lake’s habitat is an
integration of all cumulative upstream watershed conditions. The lake environment also
controls habitat conditions downstream through the Ozette River to the ocean.

Lake productivity, and more specifically production of abundant phytoplankton and
zooplankton, varies seasonally in the oligotrophic to mesotrophic lake and is a critical
component of the overall sockeye smolt production because of the smolts’ reliance on
zooplankton. Limnological research indicates that abundant food supplies are available
for juvenile sockeye salmon during their rearing period. Studies completed in the 1980s
indicated that consumption demand by kokanee and juvenile sockeye rearing in the lake
is satisfied by less than one percent of the instantaneous production of their preferred
prey, large Daphnia (Daphnia sp.) throughout the growing season. In addition, Ozette
sockeye smolts are the third largest (by length and weight) yearling sockeye smolts
documented in the recorded literature, providing additional evidence that zooplankton
populations are not limiting sockeye productivity.

The beach spawning sockeye salmon aggregations are a key component of the Ozette
sockeye population. Shoreline conditions and potential sockeye spawning habitat vary
greatly, both spatially and temporally, around the 36.5 mile lake perimeter, as determined
by beach topography and slope, substrate size distribution, groundwater and hyporheic
flow paths into beach gravel, wind fetch, fine sediment concentrations, tributary position,
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shoreline vegetation, riparian condition, lake level and hydroperiod, shoreline
development, and other factors. The habitat review focuses on the two remaining
sockeye spawning beaches (Olsen’s Beach and Allen’s Beach), in addition to known
historical spawning locations (Baby Island and Umbrella Beach). However, it is
important to note that current and recent spawning locations, as well as vegetation and
substrate conditions along the lake shoreline, may not be representative of past spawning
distribution and shoreline conditions. Historically, high quality spawning habitat was
likely provided by numerous hydrogeomorphic situations around the lake:

e Beach spawning habitat maintained by wind- and wave-driven currents.

e Beach spawning habitat maintained by upwelling hyporheic- or ground-
water in gravel or sand substrate.

e Beach spawning at or near tributary inlet deltas maintained by upwelling
hyporheic flow or groundwater, and clean gravel with minimal fine
sediment inputs from tributaries.

Currently, lake spawners use beach spawning habitat irrigated by wave-driven currents
and/or upwelling hyporheic flows or groundwater. Seeps and springs have been mapped
on both Olsen’s and Allen’s beaches, and appear to be areas where spawning activity is
concentrated, with dispersed areas of spawning in non-upwelling areas. Zones of
upwelling are warmer than non-upwelling areas during sockeye incubation and
significantly cooler during summer months.

Substrate along Olsen’s and Allen’s beaches is a heterogeneous mixture of organic
detritus, clay mud, silt, fine sand, coarse sand, pebbles, gravel, cobble, and rubble. Core
spawning areas are typically located in a framework of gravel, with various levels of
matrix finer sediment. Dozens of bulk gravel samples from each beach indicate that fine
(<0.85mm in diameter) sediment concentrations in gravels are high, ranging from 7.0%
to 72.7% of the total substrate composition. Fine sediment concentrations averaged
27.0% at Olsen’s Beach, ranging from 4.6% to 44.3% in areas sampled. Allen’s Beach
fine sediment averaged 24.6% of total substrate composition. Fine sediment
concentrations at the Umbrella Beach delta currently exceed 50%.

Due to seasonal fluctuations in lake level, vegetation (e.g., sweet gale, sedges, grass)
often occupies the mid- to upper-elevations of both main spawning beaches and other
lake margins. This vegetation is very effective at trapping fine sediment. Sockeye may
spawn in and around this vegetation when it is submerged by high lake levels during the
dormant season. Aerial photography analysis has estimated a 56% average decrease in
unvegetated (bare substrate) shoreline around the lake from 1953 to 2003. At Olsen’s
and Allen’s beaches, the decrease bare substrate shoreline was measured to be higher
than average for other shoreline areas, at 66 % and 67%, respectively. Potential causal
mechanisms for decreases in unvegetated shoreline include a reduction in elk shoreline
grazing pressure early in the twentieth century and alterations in lake level regime and
hydroperiod because of modifications in lake outlet hydraulics (e.g., Ozette River LWD
removal) and lake inflow hydrology.
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Riparian conditions (above typical high lake levels) around the lake are generally good to
excellent, because of the retention of primary forest on the western shoreline and forest
management measures providing a narrow buffer of mature trees on the eastern shoreline
between the lake and adjacent clear-cuts. However, exceptions exist where the county
road parallels the shoreline, where development (cabins, ranger station) has occurred,
where old railroad grades exist, and where old homesteading cleared large conifer trees.

The hydrology of Lake Ozette has been poorly studied over the contemporary settlement
period, but an assortment of lake level, climate, and hydrology data have been collected
at various locations in the watershed and coastal region, which have been massed
together to highlight major physical patterns. A stage gage at the lake outlet has been
maintained semi-consistently from 1976 to 2006. Similar to regional precipitation
patterns, Lake Ozette stage (which has a range of 12 ft) is typically at a maximum
between December and February and at a minimum in September annually. The average
peak-lake-stage timing typically lags behind average tributary-peak-discharge timing by
several weeks. Annually, climatic variability has a strong effect on lake stage variability,
similar to rainfall. Peak lake stages are highly correlated with total winter rainfall, while
minimum lake stages are highly correlated with total summer rainfall and evaporation.
During windy periods, lake stage can vary by up to 0.5 feet from north to south due to
wind seiche, which is a wave oscillation lasting several hours to days following water
displacement. Lake Ozette stage levels are also considerably influenced by both the
hydraulic roughness conditions (e.g., LWD) in the lake outlet (Ozette River), and by
vegetation and land surface disturbance condition influence on tributary inflow
hydrology.

TRIBUTARY HABITAT

Lake Ozette tributary conditions are described in detail for the individual streams used
directly by sockeye for spawning (Big River, Umbrella Creek, and Crooked Creek), for
the streams that have a strong indirect impact on sockeye habitat (e.g., Coal Creek
impacts on Ozette River and Lake Ozette) and for those tributaries that support healthy
runs of kokanee (Siwash Creek). For each tributary, the floodplain, riparian, pool and
LWD habitat, streambed substrate, water quality, and hydrology and streamflow
conditions are described in detail. Data gaps pertaining to the status of these habitat
parameters are highlighted.

Floodplain conditions for Lake Ozette tributaries vary considerably. The lower sections
of most tributaries are partially disconnected from their floodplains due to incision (by
approximately one meter) caused by changes in base level and lake level regime, in
addition to local indirect and direct removal of LWD. Furthermore, roads located in the
riparian zone have degraded floodplain conditions severely in Big River (county road and
agricultural roads) and Umbrella Creek (logging roads). Road densities are less in
riparian areas adjacent to Crooked and Siwash Creeks, which retain good floodplain
habitat. Siwash Creek riparian habitat remains good because of remnant old growth
conditions and high instream wood loads. The lower Coal Creek floodplain has been
modified in contemporary times through channel incision caused by base level change
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(e.g., LWD removal), and by human development modifications of the confluence
configuration and deltaic distributary locations.

As a consequence of its standing as the main transportation and settlement corridor in the
Lake Ozette watershed, the Big River floodplain has been uniquely and significantly
modified by roads, agriculture pastures, residences, channelization, LWD removal, and
overall channel incision (by one to two meters). Channel incision in lower Big River has
resulted partially because of base and lake level changes associated with logjam removal
from the Ozette River. In addition, direct and indirect removal of LWD from Big River
has contributed to incision and bed instability. Kramer (1953) describes clearing 3.5
miles of the river of logs and debris between approximately RM 2 and RM 6. Wood
removal, insufficient LWD recruitment, and channel incision have reduced floodplain
connectivity in Big River.

The Hoko-Ozette Road roughly follows the original wagon trail to Lake Ozette from
Clallam Bay. Big River was correctly named, as for most of the year it was a small,
slow-flowing stream, but during storm events, it often flooded out of its channel and
occupied a large part of the floodplain valley, which encompassed parts of the trail
(road), making passage on the trail (road) impossible. More recently, base level incision,
road construction, channelization (rock and cars), and repeated “lifts” (which raise the
level of the road to prevent flooding) have restricted channel migration, LWD
recruitment, and stream-floodplain interactions. In 2003, 6.1 miles of roads were within
200 feet of the river’s bankfull edge. There is an average of 8.8 miles of road per square
mile of riparian area within 200 feet of the river’s bankfull edge (range by channel
segment of 6.5 to 17.8 miles per square mile), which equals or exceeds suburban or urban
road densities. Rip-rap can be found along the banks of Big River in at least eight
locations, preventing the river from migrating across its floodplain, and in some cases,
preventing flood waters from accessing the floodplain. Several bridge crossings constrict
the river and block flood flows from traveling on the floodplain (e.g., Swan Bay Road).

Agricultural development along the floodplain of Big River began in the late 19" century,
when pioneer families cleared virgin forest into workable pasture. Floodplain and
riparian encroachment by pastures and residences into the Big River riparian zone area
(defined as the area extending 200 feet from each river bank) ranges from 0 to 15% by
area. On average, 20% of the length of the river has pastures or residences within 200
feet of the bankfull edge (ranging from 0 to 36%). The lowest quality habitat segments
(based on pool quality and LWD abundance) in Big River were located adjacent to
pastures and/or residences.

Similar to floodplain conditions, riparian conditions along Big River are severely
degraded. Nearly all (exceeding 95%) of the old growth riparian forest historically
vegetating the riparian zone has been clear-cut or converted to pasture land. Extensive
stands of medium-aged red alders (Alnus rubra) dominate the riparian forest where it
remains, replacing conifers. However, some residual, large conifer trees are still present
in patches, as are some continuous stream reaches of relatively young conifers. In
addition, disturbed stream banks in many portions of Big River are infested with reed
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canary grass (Phalaris arundinacea). Japanese knotweed (Polygonum cuspidatum) and
giant knotweed (Polygonum sachalinense) are also rapidly colonizing portions of the
lower mainstem of Big River.

Riparian conditions in other Lake Ozette tributaries are also degraded. In contrast to the
Big River, logging, rather than agricultural and rural development, has been the major
causative factor of degradation in these other tributaries. Nearly all (exceeding 95%) of
the old growth riparian forest has been harvested along most tributaries. The majority of
riparian forests have been converted to stands dominated by red alder, but in scattered
areas, relatively young conifers are the predominant species. Residual in-channel LWD
and standing trees provide evidence of the massive trees that once existed. Small
exceptions of good riparian conditions remain in portions of the Siwash and Crooked
Creek watersheds, where residual in-channel LWD and intact mature riparian areas
represent riparian conditions that historically existed throughout the watershed (i.e. large
Sitka spruce and western red cedar).

Pool and LWD habitat quantity and quality mirror riparian conditions throughout the
watershed. Beyond riparian timber harvesting, WDNR implemented stream clearing
policies after 1952 and forest landowners were required to clear wood from streams when
logging in adjacent riparian areas, which continued into the early 1990s as an integral
part of forest practices.

Comprehensive instream pool and LWD condition data has been collected in the
anadromous zone of all major tributaries. Habitat quality was rated and mapped in detail
based on observations of instream wood load, large key piece frequency, and pool size
and frequency. In most stream reaches with degraded riparian condition, the quantity and
quality of LWD were low and below properly functioning levels, especially for the
frequency of key conifer pieces (LWD greater than 50 cm in diameter). Conifer
dominated the LWD piece count (69 to 83%), despite the standing of alder as the
dominant species in many riparian zones. Key pieces ranged from one to four percent of
the total piece count. Where present, pools formed by key-piece-sized LWD averaged
nearly 1.5 to 1.8 times deeper than pools formed by medium or small LWD or free-
formed pools without LWD. Recent recruitment of small and medium sized LWD
appears incapable of producing the same habitat quality and complexity as those habitats
formed by LWD greater than 50 cm in diameter. Pool habitat features associated with
small and medium sized LWD had essentially the same attributes as free-formed pools
independent of LWD. Future conifer recruitment will be minimal in many stands that are
currently dominated by alder. However, the functionality of large alder recruitment in
the future is unknown, as alders represented a smaller portion of past recruitment and
current LWD loads. Large alder tree recruitment and LWD placement may be essential
to maintain wood loads through the upcoming LWD deficit, until conifers can be planted
and mature in the riparian zone.

Spawning substrate quality and quantity varies throughout the main tributaries to Lake

Ozette. Past data indicate that the percent fine sediment (particles less than 0.85 mm in
diameter) in spawning gravel is high in many Lake Ozette tributaries, averaging 16.1%
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(wet-sieve equivalent) of the total substrate composition in Umbrella Creek, 15.7% to
17.3% in Big River, 14.0% to 23.9% in Crooked Creek, and 24.0% in Siwash Creek.
Salmonid egg to alevin survival decreases when fine sediment concentrations exceed 13%
(McHenry et al. 1994). In undisturbed drainage basins with geology similar to the Lake
Ozette watershed, fine sediment levels rarely exceed 10% (McHenry et al. 1996). High
levels of fine sediment in Lake Ozette tributaries are a partial result of naturally erosive
geology. However, anthropogenic watershed disturbance, notably high road densities
(5.5 to 7.5 mi/mi?), lack of adequate road surfacing material, high road to stream
connectivity, and gullying and mass-wasting associated with vegetation clearing have
contributed to observed high fine sediment concentrations.

The quantity of spawning habitat available for salmon in Lake Ozette tributaries has also
changed relative to historical levels. The loss of LWD in some streams has reduced the
stream’s ability to trap and store gravel, with bed coarsening occurring in many
tributaries (e.g., Umbrella Creek). In other situations, fine sediment deposition from
watershed disturbance has buried previous gravel bed reaches (e.g., lower Big River as
described by Kramer 1953).

Water quality conditions in Lake Ozette tributaries vary by season and location. While
winter water temperatures are within the preferred range for spawning and incubating
salmonids, summer temperatures in most major tributaries regularly exceed the standard
environmental temperatures preferred by salmon (10-12°C) and trout (15°C) for many
weeks each summer. Water temperatures in Umbrella Creek, Big River, and Crooked
Creek regularly exceed 18°C for several days to weeks each summer along lower reaches.
These relatively high stream temperatures are thought to be partially a function of
riparian forest disturbance and shade loss (mostly from logging during the last 50 years)
and partly due to naturally elevated stream temperatures. Low dissolved oxygen
conditions often accompany these higher temperatures. In addition, fecal coliform
bacteria samples collected during summer months adjacent to agricultural sections of Big
River have regularly exceeded Washington State Water Quality Standards (greater than
10% of samples exceed 100 colonies per 100 ml).

Turbidity measurements in Lake Ozette tributaries indicate that turbidity levels regularly
exceed 100 nephelometric turbidity units (NTU) during storm events in most tributaries,
with extremely high levels (greater than 500 NTU) measured in Umbrella Creek and Big
River. In Coal Creek, paired measurements indicate that suspended sediment
concentration (SSC) can exceed 1000 mg/L at turbidity values of 300 NTU. Peaks in
turbidity and SSC closely follow the patterns of water discharge in each tributary. There
is abundant sediment available in the channel network and turbidity is limited by flow-
related transport capacity.

The flow regime of Lake Ozette tributaries can be defined as rain-dominated and flashy,
with low and high flows commonly being separated by three orders of magnitude. While
high discharge, turbidity, and SSC values last only for several hours to days for each
event, over a dozen events can occur each year creating cumulatively poor conditions for
salmonids.
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LIMITING FACTORS AFFECTING LAKE OZETTE SOCKEYE

Limiting factors affecting Lake Ozette sockeye are identified by geographic area: estuary
and nearshore environment; Ozette River; Lake Ozette; Lake Ozette tributaries; off-shore
marine environment. Within each geographical area, limiting factors are further
described by sockeye salmon life history stage.

ESTUARY AND NEARSHORE ENVIRONMENT

Physical changes to the nearshore environment have not been documented. The region is
remote and relatively pristine. The effect of climatic forces on ocean temperatures and
water current patterns can result in seasonal variations in nearshore productivity, which
can alter the nutrients available to juvenile and adult sockeye. However, the effects of
changes in the early marine juvenile rearing conditions and late-stage marine life history
of Lake Ozette sockeye are unknown. Available marine survival estimates for Lake
Ozette sockeye are relatively high compared to survival estimates for other Northwest
sockeye salmon populations. Changes in the tidal prism and estuarine habitat conditions
appear to have occurred during the last 50 years, but the cause is poorly understood, as
are the potential effects of the apparent changes on Lake Ozette sockeye salmon.

Predation on sockeye salmon in the Ozette River estuary and nearshore environment is
not well documented. It is suspected that juvenile sockeye are preyed upon by avian,
fish, and marine mammal predators during their migration through the estuary and
nearshore, but the degree to which this occurs remains unknown. A substantial proportion
(33%) of adult sockeye entering the Ozette River from the nearshore environment have
scars associated with predation events, with 77% of these scarred fish having old scars
and 52% with new scars. Of the identifiable scars on sockeye captured in the lower river,
25% were from wounds inflicted by California and Steller sea lions, while 60% were
inflicted by harbor seals. Direct visual observations of predation by pinnipeds have been
made, but are limited in quantity and quality. The current number of pinnipeds
interacting with Lake Ozette sockeye in the estuary and nearshore environment has
increased significantly in the last 50 years, consistent with upward population trends for
these animals observed across the Washington coastal and Puget Sound regions. The
abandonment of the Ozette Village (one of five Makah villages) near the mouth of the
Ozette River over the last 100 years has decreased traditional native hunting of pinnipeds
in the nearshore area, Ozette River and Lake Ozette, and has likely increased the local
number of these sockeye predators.

Healthy populations of prey species (e.g., salmon) often overwhelm predators (e.g.,
pinnipeds) by migrating in mass past interaction points, reducing the total number and
percentage of predator-prey interactions. Decreases in the number of adult sockeye
returning and juveniles emigrating from Lake Ozette in the past are thought to have
increased the percentage of the annual juvenile and adult populations preyed upon.
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Currently there is no directed sockeye harvest by humans occurring in the nearshore
marine environment or the Ozette River estuary. Commercial tribal sockeye harvest was
discontinued in 1977. A tribal ceremonial and subsistence fishery took place in the river
from 1978 to 1982, with no directed sockeye harvest since. Past over-exploitation in
fisheries has been described as a factor for the decline of Ozette sockeye, but fisheries
harvest is not currently limiting sockeye salmon viability.

OZETTE RIVER

Compared to other mainstem rivers of the region, the Ozette River retains much of its
natural integrity, despite numerous anthropogenic modifications. Instream habitat
conditions have been degraded by repeated LWD removal operations (1890s to 1980s)
and patchy riparian forest removal, resulting in reduced LWD size, frequency, and
functionality. However, a mostly intact riparian corridor along the Ozette River ensures a
supply of future LWD. Degraded LWD and riparian conditions have altered migration
and rearing conditions for juvenile and adult sockeye, specifically, pool depth and
volume, cover availability, and refugia from predators.

Wood in the Ozette River plays an important role in channel roughness, creating a
backwater effect that increases floodplain connectivity. In addition, LWD in at least the
upper 3,000 feet of the Ozette River exerts a significant influence on lake level regimes,
as well as a positive feedback on river discharge. Herrera (2005) modeled various wood
loading scenarios in the upper Ozette River and determined that under historical wood
loading conditions, the mean lake level during the beach sockeye spawning period was
1.5 to 3.3 feet higher than current conditions. More recently (1979 through 2003),
sedimentation at the lake outlet from Coal Creek has further altered lake and river levels,
slightly raising summer lake levels but reducing (blocking) low stream discharges for a
given lake stage.

The impact of high water temperatures in the Ozette River on migrating Lake Ozette
sockeye depends upon specific temperatures and exposure times of both individuals and
the entire run. For return years 2002 to 2004, 16.3%, 21.3%, and 55.9%, respectively, of
the adult sockeye runs migrating in the Ozette River were exposed to daily average
temperatures greater than 18°C. The average duration of migration from the estuary to
lake is approximately 65 hours (ranging from 17-154 hours). Direct en-route mortality
due to exposure to water temperatures greater than 18°C during river migration has not
been investigated for Lake Ozette sockeye salmon. Studies from other areas (e.g., the
Fraser River) indicate that exposure to temperatures at or above 18°C could make the
sockeye more susceptible to disease and infection (especially considering their extensive
[up to 6-month] lake holding period), resulting in elevated pre-spawning mortality levels
and/or decreased spawning success

Sources of turbidity and high suspended sediment concentrations (SSC) in the Ozette
River are limited to inputs from Coal Creek and a few small tributaries. Modeled impacts
of the high SSC recorded in the Ozette River on sockeye adults range from moderate
physiological stress to major indications of physiological stress for 6% (May), 4.8%
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(June), 1% (July), and much less than 1% (August) of the adult population, respectively.
Cumulatively, approximately 12% of the migrating sockeye salmon population on
average would be exposed to SSC that would be expected to result in moderate
physiological stress.

Juvenile sockeye smolts are preyed upon by a host of predators in the Ozette River,
including river otters, harbor seals, northern pikeminnow, cutthroat trout, birds, and
terrestrial mammals. While no detailed studies have exclusively focused upon smolt
predation during emigration, smolt trap data indicate that northern pikeminnow are
significant predators of sockeye smolts in the Ozette River. Adult sockeye are preyed
upon mainly by seals and river otters in the Ozette River, where both species have been
observed to frequently transit the entire length of the river. Research has shown that the
incidence of scarring on adult sockeye increased by 11% along the length of Ozette
River, with a significant portion of upstream-bound fish tagged in the estuary being lost
(unrecovered) in transit. Predator scarring rates on sockeye in the Ozette River are
among the highest rates observed in the Pacific Northwest. Predator abundance and
predation rates in the Ozette River are hypothesized to have been altered by the removal
of LWD, which in turn resulted in less availability of refugia for sockeye and easier
transit for seals; changes in discharge regime; increases in aquatic mammal abundance;
abandonment of the Ozette Village and traditional hunting; decreases in sockeye
abundance (resulting in less predator swamping); and fisheries management practices
(regulations, monitoring), which have synergistically interacted to unbalance predator-
prey interactions, causing an increase in the ratio of predators relative to numbers of
remaining Lake Ozette sockeye salmon.

LAKE OZETTE

Spawning habitat availability around the perimeter of Lake Ozette is largely controlled by
lake level regime, which is influenced by the hydraulic (backwater) conditions of the
Ozette River outlet, in addition to the hydrologic conditions of tributary inflow. Under
historical wood loading conditions in the Ozette River, the mean lake level during the
beach sockeye spawning period was 1.5 to 3.3 feet higher than current conditions. It is
hypothesized that reduced mean lake levels have reduced the available area of sockeye
beach spawning habitat and increased the ability of vegetation to colonize the lake
shorelines in spring and summer months. Tributary inflow hydrology and outlet
hydraulics together control how rapidly lake levels rise and fall and how they are
sustained at preferred spawning levels, thus influencing the probability of redds (eggs)
becoming desiccated and dewatered (e.g., three percent of the redd surface area on
Olsen’s Beach was estimated [based on measurements or redds and lake level] to be
dewatered during the sockeye egg incubation period in return year 2000). Known
alterations to lake outlet hydraulics and known land use changes in tributary watersheds,
with hypothesized hydrologic impacts, have altered lake level regimes beyond levels
attributable to natural climatic variability to an unquantified degree.

The quantity and quality of beach spawning gravels in Lake Ozette have declined
significantly from their historical conditions to present. Reduced spawning gravel
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quantity and quality are key limiting factors affecting the success of beach spawning
sockeye in Lake Ozette. The degree to which habitat quantity and quality has been
reduced has not been quantified for the entire lake shoreline. Habitat quality reduction
varies by site. For example, the entire Umbrella Beach spawning area historically used
for sockeye spawning has been covered by several acres of fine sediment originating
from Umbrella Creek and no longer provides suitable habitat. Other potential spawning
areas have been reduced by vegetation colonization. The degree of colonization varies
from small scale increases in vegetation, to entire beach segments colonized by shrubs
and grasses (adjacent to areas currently used by spawning sockeye).

Measured levels of fine sediment collected in spawning gravels on Olsen’s and Allen’s
beaches average 25% fines (particles less than < 0.85mm; n=56; gravimetric method), but
with high spatial variability. Egg basket studies indicate that the total green egg-to-
emergence survival rate was extremely low (averaging less than 1%; ranging from 0 to
45%). Over 21 day eyed-egg survival trials, median survival in cleaned gravel (8%) was
higher than in uncleaned gravel (2%). Concurrent hatchery incubated eggs in cleaned
and un-cleaned gravel had survivals of 99% and 61%, respectively. Reduced sockeye
egg survival measured in uncleaned Olsen’s Beach gravel under optimal incubation
conditions at the hatchery and devoid of other confounding factors present in the lake
suggest that fine sediment plays a significant role in egg mortality. However, these data
also strongly suggest that other factors also contribute to reduced survival (e.g.
encroachment by vegetation, deleterious changes in upwelling characteristics, and
deleterious changes in inter-gravel flow).

Delivery of fine sediment to the lake from tributaries has increased three-fold during the
last 50 to 100 years (Herrera 2006), largely due to increased sediment production from
forest roads, clear-cutting, channel incision, and agricultural development. Historically
utilized beaches, such as Umbrella Beach, have a clear link between sediment source,
delivery, and the elimination of beach spawning habitat (5.7 acres of delta growth 1964-
2003). However, it is not fully understood to what degree these increases have affected
the remaining utilized beach spawning habitats located at Olsen’s and Allen’s beaches.
Sediment delivery from local tributaries and shore slopes, combined with lateral lake
shore transport from winds from the south-southwest, are the likely primary mechanisms
for fine sediment delivery to sockeye spawning habitat at these extant spawning
locations. In addition, the reduction in the abundance of the sockeye population in Lake
Ozette during the last 30 years may have reduced the population’s effectiveness in
cleaning and maintaining spawning gravels that are free from fine sediment and
vegetation through the act of mass spawning.

Furthermore, colonization and encroachment of native and non-native vegetation on the
lake shoreline influences the habitat quality, sediment particle size distribution, and
sediment trapping efficiency of Lake Ozette spawning beaches. There has been a
substantial increase in shoreline vegetation (shrubs and grasses) during the last 50 years,
hypothesized to be a result of long-term wood removal from Ozette River, lower lake
levels during the growing season, reduced elk shoreline grazing, and vegetation
colonization of newly delivered fine sediment from tributaries. In some locations,
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vegetation has completely blocked or smothered access to traditional spawning sites,
while in other areas vegetation has decreased wave energy, promoting sediment
deposition and reducing wind-driven currents needed to oxygenate eggs. The cumulative
effects of vegetation colonization, sedimentation, and altered lake levels are hypothesized
to have altered local hyporheic or groundwater flow paths and rates through spawning
gravel, adversely affecting the quality of the incubation environment (i.e., egg
oxygenation, waste removal).

In addition to degradation of habitat quality, the quantity of potential beach spawning
habitat has also been reduced. While the number of beach spawning aggregations that
have been extirpated is unknown, the strategy of spawning at creek mouths is no longer
observed for Lake Ozette sockeye (e.g., Umbrella Creek and other tributaries).
Colonization by native and non-native plants in spawning gravel decreased the extent of
unvegetated (bare substrate) shoreline by an average of 56% from 1953 to 2003, directly
reducing the quantity of spawning habitat available for sockeye. At Olsen’s and Allen’s
beaches, the decrease in unvegetated shoreline area was higher than average, at 66 % and
67%, respectively.

Altered lake level regimes resulting from changes in outlet hydraulics and inflow
hydrology have also reduced the amount of spawning gravel habitat inundated, and
therefore available for sockeye salmon use, during the spawning and incubation period.
The average reduction (1.5 to 3.3 feet) of lake levels during spawning and incubation
period because of removal of wood at the Ozette River outlet has decreased the available
spawning habitat area at Olsen’s Beach by 11% to 33%. The cumulative effects of
changes in lake level, increased vegetation colonization, and elevated sediment
deposition levels have reduced the suitable spawning habitat (above 31.5 ft MSL) area by
greater than 70% at Olsen’s and Allen’s beaches.

Predation on sockeye salmon occurs during all life history phases within the lake.
Juvenile sockeye and smolts are preyed upon by a host of predators in Lake Ozette
including northern pikeminnow, cutthroat trout, sculpin, other native and non-native
fishes, and birds. In the limnetic (open water) zone of Lake Ozette, cutthroat trout have
been documented to be the major predator of juvenile O. nerka, whereas northern
pikeminnow are less significant predators because they feed less in the limnetic zone.
However, northern pikeminnow, sculpin, cutthroat trout, juvenile steelhead trout, juvenile
coho salmon, yellow perch, and largemouth bass may be significant predators where they
interact with juvenile sockeye along lake margins and near tributary confluences.

Adult sockeye are preyed upon mainly by harbor seals and river otters in Lake Ozette.
Harbor seals are most commonly observed in the lake during fall and winter months
during adult spawning, but seals are also encountered during spring or early summer
during sockeye migration. Seals were not observed in the lake until the late 1980s. The
number of harbor seals that frequent Lake Ozette appears to be low (two to four animals),
but spawning sockeye are extremely vulnerable to predation, and the limited number of
beach spawners in the lake could be significantly negatively impacted by only a handful
of seals. Beach carcass studies also indicate that river otters are a major predator of adult
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sockeye in the lake. However, there is the potential that river otters scavenge the remains
of sockeye that were captured and killed by harbor seals, implicating the wrong animal.

Disease is believed to have a low impact on the survival and abundance of adult sockeye
holding in Lake Ozette. There is no direct evidence of significant disease mortality of
free swimming adult sockeye in the lake during the up to six-month holding period.
However, little is known about this life stage of Lake Ozette sockeye, and fish losses to
disease cannot be entirely discounted as a potential limiting factor. In some years, only a
fraction of the adult fish enumerated at the weir have been accounted for during lake and
tributary spawning ground surveys, suggesting the potential for significant mortality from
disease, secondary infections due to lacerations, direct predation, or unknown factors.

Hatchery practices implemented through the Hatchery Genetic Management Plan include
measures to minimize potential disease and genetic impacts to beach spawning
aggregations. The Umbrella Creek Hatchery “stock” poses limited genetic risk from
breeding with beach spawning sockeye, since Umbrella Creek sockeye are essentially the
same genetically as Olsen’s Beach sockeye. Mark and recapture data collected at Olsen’s
and Allen’s beaches indicate that few, if any Umbrella Creek hatchery releases return to
spawn on Lake Ozette beaches.

LAKE OZETTE TRIBUTARIES

Lack of long-term hydrologic data sets in the Ozette watershed preclude precise
quantification of any potential changes to hydrology and flow regimes from land use and
channel modifications. However, forest harvest data (showing that greater than 90% of
the watershed has been logged once and 33% to 60% has consistently remained
hydrologically immature), road density data (averaging 5.5 miles/mi’) in the Lake Ozette
basin, and loss of floodplain connectivity and water storage (loss of LWD), along with a
thorough literature review of forest hydrological processes, strongly suggest that these
anthropogenic perturbations may have resulted in alterations in common peak flows (0.5-
to 2-year recurrence intervals) and baseflows (i.e., historically higher progressing toward
chronically lower).

Natural or anthropogenically modified variability in streamflow can affect salmonid
habitat availability via velocity and depth or gravel area covered by water. Low flows
and delayed seasonal high flows can alter adult migration timing, influencing predation
rates or overall fitness. Highly variable discharge during spawning can force fish to
spawn high in the channel cross-section, increasing the probability of later redd
desiccation, or it may force fish to spawn low in the channel, increasing the probability of
redd scour.

Summer temperatures in most major tributaries regularly exceed the standard
environmental temperatures preferred by salmon (10-12°C) and trout (15°C); however,
there is very little overlap between natural-origin sockeye and stream temperatures
exceeding 16°C. In contrast, low ph values during low and high discharges can inhibit
successful spawning and incubation, as hypothesized for Crooked and Coal Creeks.
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Past and recent turbidity measurements in Lake Ozette tributaries indicate that turbidity
levels regularly exceed 100 NTU during storm events in most tributaries, with extremely
high levels (exceeding 500 NTU) measured in Umbrella Creek and Big River. In Coal
Creek, paired turbidity and SSC measurements indicate that SSC values can exceed 1,000
mg/L at turbidity values of 300 NTU. Peaks in turbidity and SSC closely follow the
patterns of water discharge in each tributary, indicating that the abundant fine sediment is
transport limited. Elevated turbidity and SSC levels can directly and indirectly affect fish
survival through altered behavior, physiology, and habitat quantity and quality. While
high discharge, turbidity, and SSC values are limited in duration (only lasting for several
hours to days for each storm event), the high frequency of such events (over a dozen
events each year) can create cumulatively poor conditions for salmonids. In all
tributaries, on average the duration of turbidity and SSC exposure is greater during fall
and winter (adult spawning and incubation) than spring (juvenile emigration from
tributaries). Modeled impacts of SSC on sockeye adults and smolts during spring floods
in Coal Creek range from moderate physiological stress to major physiological stress.
Because of the significantly higher turbidity and SSC values in Big River and Umbrella
Creek, it is likely that the impacts on sockeye behavior, physiology, and habitat are
greater there.

Channel-floodplain-riparian connectivity plays an important role in sediment transport
and storage dynamics, as well as in regulating hydraulic and hydrologic processes.
Cumulatively, altered floodplain processes coupled with other changes in watershed
processes, such as increased sediment and water production and delivery to the channel
network, can result in increased fine sediment levels, decreased bed stability, and
increased sediment delivery to the lake. Loss of large riparian conifer vegetation because
of floodplain development or logging has resulted in a decrease in LWD in most
tributaries. In the habitat segments of major Lake Ozette tributaries defined for research
purposes, the number of LWD pieces per 100 meters of stream length rated good in 25%
of the segments; LWD greater than 50cm in diameter per 100 meters of stream length
rated good in 23%; but key pieces/BFW rated good in only one percent of segments. A
high frequency of large-diameter pieces of LWD is highly correlated with reaches with
undisturbed riparian zones. In Ozette stream channels and floodplains, “key piece LWD”
is an important roughness component that dissipates energy, promotes channel stability,
creates complex aquatic habitat, increases floodplain connectivity, stores spawning
sediment, and filters fine sediment.

In many Lake Ozette tributaries, the quantity of suitable spawning habitat has been
reduced as a result of LWD removal, reduced LWD recruitment, increased fine sediment
inputs and abundance, channelization and bank armoring, gravel mining, and
colonization of bar deposits by non-native vegetation. In some reaches of Big River and
Umbrella Creek, spawning gravel beds have been completely converted to sand bed or
cobble bed, respectively. However, current sockeye salmon run sizes in the tributaries
(less than 5,000 adult sockeye) occupy a small fraction of available habitat and thus are
not currently limited by habitat quantity.
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Spawning habitat quality in Lake Ozette tributaries is affected by channel stability and,
more specifically, by redd scour. Channel stability and scour is influenced by many
factors, including peak streamflow, sediment inputs, sediment transport imbalances, bed
and bank material, size and density of LWD, and channel-floodplain connectivity. It is
hypothesized that the combined influence of increased common peak flood magnitude,
increased sedimentation of spawning reaches, reduced wood loads, and/or channelization
and floodplain disconnection have synergistically destabilized relative bed stability and
reduced sockeye egg-to-fry survival. Numerous observations have been made of highly
mobile stream beds in tributary spawning areas, but no direct monitoring of scour depth
has been conducted. Identification of the effects of gravel movement and redd scour on
Lake Ozette sockeye salmon survival and productivity remains a data gap.

Reduced spawning gravel quality and the accumulation of fine sediment in spawning
gravels during egg incubation appear to be key limiting factors affecting the success of
tributary spawning sockeye. High levels of fine sediment in spawning gravels can reduce
or block water exchange, oxygen delivery, waste removal, and fry emergence. It is
hypothesized that fine sediment production has increased in the Lake Ozette watershed
following European-American settlement by a factor of three, due to changes in land use
(vegetation clearing, logging, road building). While no pre-disturbance fine sediment data
are available for Ozette tributaries, in nearby undisturbed drainage basins with similar
geology, fine sediment levels rarely exceed 10%. Under current, post-disturbance
conditions, Lake Ozette tributaries have some of the highest levels of fine sediment (18.7%
volumetric) measured in spawning gravels on the north Olympic Peninsula. Salmonid egg-
to-alevin survival has been shown to decrease drastically when fine sediment
concentrations exceed 13% (volumetric method).

Predation on juvenile and adult sockeye in Lake Ozette tributaries is poorly documented.
During the period that adult sockeye enter, migrate, and hold in lake tributaries, they are
primarily susceptible to predation by river otters, harbor seals, terrestrial mammals and
birds (bald eagles, osprey). During spawning and egg incubation, sockeye eggs are
susceptible to predation by sculpin, cutthroat trout, river otters, and birds (merganser,
belted kingfisher). No studies of sockeye egg predation in the tributaries have been
conducted nor has it been suggested that significant levels of egg predation are occurring.
Upon emergence from the spawning gravel, sockeye fry are vulnerable to predation in
tributaries by sculpin (sp), cutthroat trout, juvenile steelhead trout, juvenile coho salmon,
and northern pikeminnow. Predator abundance and predation efficiencies in Ozette
tributaries have been altered by LWD removal, which influences availability of refugia
for sockeye, and loss of substrate refugia due to fine sediment deposition and
embeddedness.

Within Lake Ozette tributaries, competition effects are limited primarily to impacts that
may occur during spawning. Emergent sockeye fry quickly migrate to the lake upon
emergence from the gravel, and food resource competition is not likely. Both
intraspecific and interspecific competition exists in Lake Ozette tributaries: sockeye
competing with one another for spawning habitat, sockeye competing and/or spawning
with kokanee for spawning habitat, and sockeye competition with coho salmon for
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spawning habitat. The degree and type of competition thought to occur in tributaries
varies by stream system, species population abundance, and habitat quality and
availability. Within certain reaches with modest numbers of sockeye (Umbrella Creek),
competition can be intense and redd superimposition can play a significant role in egg-to-
fry survival. Spawning competition with coho salmon also occurs, since both species
spawn at the same time and in similar habitat, but coho populations will need to increase
before their competition with sockeye for spawning sites becomes a significant factor.
Competition and interaction with kokanee is thought to be minimal in Umbrella Creek,
since few kokanee spawn in this stream system. Interactions between the two O. nerka
races are more common in other streams (Crooked Creek) where sockeye numbers are
low but kokanee numbers are moderate. Tributary spawning ground surveys during the
last 10 years have provided no evidence of pre-spawning disease-induced mortality in the
tributaries.

OFF SHORE MARINE ENVIRONMENT

Limited marine survival data indicate that total marine survival rates appear good,
averaging 15 to 27%. Data for other Pacific Northwest sockeye salmon populations
indicates that average marine survival for large sockeye smolts (>115mm) in the southern
range of the ocean where Lake Ozette likely rear (latitude <55°N) averages 17.1%.

While marine survival is a critical component in determining the ultimate abundance of
Lake Ozette sockeye, broad-scale, regional studies of decadal-scale productivity suggest
that changes in marine survival have played a limited role in the decline of Lake Ozette
sockeye.

Since the discontinued tribal sockeye fishery in late 1970s, there have been no known
directed sockeye fisheries that substantially affect Lake Ozette sockeye in the marine
environment. No past or recent marine harvest data for Lake Ozette sockeye exist.
Marine area migration timing for Lake Ozette sockeye salmon was estimated for
Southeast Alaska and West Coast Vancouver Island marine areas. Ozette sockeye
migration timing was charted relative to the timing of fisheries in recent years to
determine whether the fisheries could be intercepting Lake Ozette sockeye. Alaskan
fisheries appear to occur too late in the season to pose a threat of intercepting Ozette
sockeye. West Coast Vancouver Island sockeye fisheries have been virtually closed
since 1996, and less than 10% of Ozette sockeye could be subject to harvest if/when these
fisheries operate. A small (one to two gill net boat) test fishery in Canadian Area 20 (one
day’s travel north from the mouth of the Ozette River) that is conducted to assess Fraser
River sockeye salmon run strength and timing overlaps in timing with approximately
25% of the Lake Ozette sockeye return. This test fishery could intercept some Lake
Ozette sockeye (Pacific Salmon Commission staff estimated that one Lake Ozette adult
was encountered two years ago). However, DNA analysis has shown that the vast
majority of fish caught originate from Lake Washington and the Fraser River during the
period when Lake Ozette sockeye might be present in the test fishery. The Pacific
Fishery Management Council states that southern U.S. coastal sport, commercial, and
tribal fisheries have no measurable impact on sockeye salmon.
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ANALYSIS OF LIMITING FACTORS BY LIFE STAGE

This report presents a series of limiting factors hypotheses by life stage, supported by a
narrative describing reasoning and evidence. Each limiting factor hypothesis was
evaluated based on the following definition of a limiting factor: physical, biological, or
chemical conditions (e.g., inadequate spawning habitat, insufficient prey resources, and
deleterious suspended sediment concentration) experienced by sockeye at the spawning
aggregation scale resulting in reductions in viable salmonid population (VSP) parameters
(abundance, productivity, spatial structure, and diversity).

The Lake Ozette Sockeye Steering Committee’s Technical Workgroup evaluated and
rated each of the limiting factors hypotheses based upon the degree of impact on the
population or sub-population during each life stage. The degree of impact of each
limiting factor was categorized as one of the following: unknown, negligible, low,
moderate, or high.

In addition, a narrative describing the rationale for determining a specific degree of
impact and certainty of impact (low, medium, high, N/A) was characterized by the group
for each limiting factor hypothesis. Sub-hypotheses were developed for some complex
limiting factors, which include linkage between each limiting factor and the processes
and/or threats that may influence the limiting factor. Most sub-hypotheses include a link
to the sub-section of the report where detailed supporting evidence can be found. Key
limiting factors are those with the greatest (highest) impacts on a population’s ability to
reach its desired status.

LIMITING FACTORS AFFECTING ALL POPULATION SEGMENTS

High Level of Impact
= Predation on juvenile sockeye in the Lake Ozette pelagic zone
= Marine survival
Moderate Level of Impact
» Predation during adult migration
= Predation during juvenile emigration
= Water quality during adult migration
Low Level of Impact
= Ogzette River habitat during adult migration
= (QOgzette River habitat during juvenile emigration
= Research and monitoring during adult migration
= Research and monitoring during juvenile emigration
Unknown Level of Impact
= Disease: all life stages
= Estuary alterations: adult and juvenile stages
= Streamflow alterations: adult and juvenile stages
= Water quality during adult holding
= Predation during adult holding
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LIMITING FACTORS AFFECTING BEACH SPAWNERS

High Level of Impact

= Predation during adult spawning

= Reduced suitable spawning substrate during incubation

= Fine sediment in gravel during incubation

= Vegetation encroachment during incubation
Moderate Level of Impact

* Fine sediment in gravel during fry emergence

= Seasonal lake level change during incubation and emergence
Low Level of Impact

= Predation during adult staging near beaches

= Redd superimposition during spawning/incubation
Unknown Level of Impact

* Predation during incubation and emergence

=  Water quality during adult staging and spawning

= Low population size (habitat maintenance) during incubation

LIMITING FACTORS AFFECTING TRIBUTARY SPAWNERS

High Level of Impact
= Fine sediment in gravel during incubation
= Water quality during incubation
Moderate Level of Impact
* Predation during fry emergence and emigration
Low Level of Impact
= Predation during adult migration, spawning and incubation
= Pool habitat during adult migration and spawning
= Streamflow during adult migration, spawning, and fry emigration
=  Water quality during adult migration, spawning, and fry emigration
= Research and monitoring during egg incubation
Unknown Level of Impact
= Streamflow during egg incubation
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1 INTRODUCTION

The purpose of this report is to describe and evaluate limiting factors currently and
cumulatively affecting the survival and productivity of Lake Ozette sockeye salmon
(Oncorhynchus nerka). A thorough analysis of Lake Ozette sockeye limiting factors has
been a goal of those involved with the management and restoration of Lake Ozette
sockeye for decades (see background below). In addition, the National Marine Fisheries
Service (NMFS) is required under the Endangered Species Act (ESA) to develop
recovery plans for each species under NMFS jurisdiction listed as threatened or
endangered. This report provides critical information regarding factors limiting the
survival and productivity of Lake Ozette sockeye for future incorporation into the Lake
Ozette sockeye salmon recovery plan.

Within the context of this report, limiting factors are defined as physical, biological, or
chemical conditions (e.g., inadequate spawning habitat, insufficient prey resources, or
suspended sediment concentration) experienced by sockeye at the spawning aggregation
scale that result in a reduction in viable salmonid population (VSP) parameters
(abundance, productivity, spatial structure, and diversity). Limiting factors that affect
sockeye at the spawning aggregation scale may threaten the viability of the evolutionarily
significant unit (ESU). Key limiting factors are those with the greatest impacts on a
population’s ability to reach its desired status.

It is important to distinguish between factors responsible for the decline of the population
(factors for decline), and factors that currently limit sockeye abundance, productivity,
spatial structure, and diversity (limiting factors). Certain activities that may have
contributed to the decline of Ozette sockeye may no longer operate to limit abundance or
productivity (e.g. commercial sockeye harvest).

Both the factors for decline and the limiting factors affecting the productivity and
survival of Lake Ozette sockeye have been previously investigated and documented in
detail in several reports and studies (Bortleson and Dion 1979; Dlugokenski et al. 1981;
Blum 1988; Jacobs et al. 1996; Gustafson et al. 1997; Makah Fisheries Management
[MFM] 2000). Several hypotheses were developed regarding factors for decline of the
Ozette sockeye population. MFM (2000) summarized the commonly presented factors
for decline as follows: (1) loss of adequate quality and quantity of beach spawning
habitat, (2) loss of tributary spawning sockeye populations, (3) past over-exploitation, (4)
predation and disruption of natural predator-prey relationships, (5) introduction of non-
native fish and plant species, (6) temporarily poor ocean conditions, and (7) interactions
of these factors. The collective effects of these factors may have further influenced
spawning habitat quality by reducing the population size to a threshold where lower
densities of fish could not adequately maintain clean, vegetation-free spawning gravels.

This report is not intended to be a review of factors for decline, however, but instead a
thorough investigation of factors currently limiting VSP parameters.
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1.1 BACKGROUND

Historically Lake Ozette, the Ozette River, and tributaries draining into the lake were
important components of tribal fisheries (Swindell 1941; Gustafson et al. 1997). The
Ozette watershed also provided an important subsistence fishery for early settlers within
the watershed.

Olympic National Park (ONP) is the only national park in the lower 48 states that
contains significant numbers of all species of Eastern Pacific salmon. Lake Ozette
sockeye salmon represent a critical component of biological integrity of ONP from both
ecosystem and public interest perspectives. Lake Ozette sockeye are critical to
ecosystem function in ONP; they link freshwater, marine, and terrestrial ecosystems.
Three fish species in ONP are listed as threatened under the Endangered Species Act:
Ozette sockeye salmon, Puget Sound Chinook (Oncorhynchus tshawytscha), and Puget
Sound/Coastal bull trout (Salvelinus confluentus). In the Lake Ozette watershed only
sockeye salmon are listed under the ESA. Ozette Chinook are not listed but are nearly
extinct, if not functionally extinct. Bull trout are historically absent from the Lake Ozette
watershed. Ozette sockeye are one of only two populations of sockeye that inhabit the
approximately 1 million acres of land managed by ONP.

The decline in harvest of Lake Ozette sockeye salmon from a high of more than 17,500
fish in 1949 (Washington Department of Fisheries [WDF] 1955) to a low of 0 in 1974
and 1975 (Jacobs et al. 1996) acted as the catalyst to prompt research into the limiting
factors affecting Lake Ozette sockeye. In 1976, the Makah Tribe requested assistance
from the U.S. Geological Survey (USGS) and U.S. Fish and Wildlife Service (USFWS)
to determine the limiting factors and status of Lake Ozette sockeye. The result of the
Makah Tribe’s request was two joint studies. One addressed the abundance and limiting
factors of Lake Ozette sockeye (Dlugokenski et al. 1981), and the other focused on the
preferred and observed conditions of sockeye habitat within the Ozette watershed
(Bortleson and Dion 1979). These studies provided a tremendous amount of baseline
data on abundance, distribution, and habitat conditions but did little to determine the
primary limiting factors affecting Lake Ozette sockeye or the factors causing the
population decline.

On April 1, 1981 the first meeting of the Lake Ozette Steering Committee was convened
(MFM 1981). Initially the steering committee focused on hatchery supplementation
plans. It included the following participants: the Makah Tribe, ONP, USFWS,
Washington State Department of Fisheries (WDF), University of Washington, and
Crown-Zellerbach Corporation (MFM 1981). The committee met over the next two
years and helped to establish the Umbrella Creek hatchery. However, multi-agency
recovery efforts waned from 1983 to 1987. Population monitoring efforts also
diminished over this period. Another multi-agency planning meeting was held in July
1987, made up of representatives from the Makah Tribe and state and federal entities
(Jacobs et al. 1996). As a result of the 1987 meeting, the team recommended compiling
all existing information on Lake Ozette sockeye, increasing spawning ground surveys to
determine the status of tributary spawners, and re-forming the Lake Ozette Steering
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Committee. However, the Makah Tribe was unable to rally the multi-agency support
needed to reestablish the steering committee (Jacobs et al. 1996), and little or no
coordinated multi-agency efforts occurred after the 1987 meeting.

Two important independent studies were conducted between 1983 and 1993. The first
was John Blum’s Master’s thesis, Assessment of Factors Affecting Sockeye Salmon
(Oncorhynchus nerka) Production in Ozette Lake, USA (Blum 1988). The second was an
evaluation of predation and competition limits on juvenile sockeye salmon (Beauchamp
and LaRiviere 1993). In 1994, the National Park Service (NPS) funded the National
Biological Service’s Forest and Rangeland Ecosystem Science Center to compile existing
data on Lake Ozette sockeye and assemble a panel of experts to make recommendations
on future monitoring and management efforts (Jacobs et al. 1996). This effort focused on
the same priorities recommended by the 1987 watershed planning team. The result was
The Sockeye Salmon (Oncorhynchus nerka) Population in Lake Ozette, Washington, USA
(Jacobs et al. 1996), known as the “Jacobs Report,” which, at the time, was the most
comprehensive document related to Lake Ozette sockeye.

The Jacobs Report was unable to specifically define the population limiting factors and
concluded that the population decline was likely the result of a series of cumulative
impacts, including the effects of the following: 1) introduced species, 2) predation, 3)
loss of tributary spawning populations, 4) decline in the quality of beach spawning
habitat, 5) short-term unfavorable ocean conditions, 6) historical over-fishing, 7)
introduced disease, and 8) a combination of factors (Jacobs et al. 1996). The panel of
experts concluded that the highest priority monitoring effort was to continue and improve
weir counts on the Ozette River. Three of the four panel members recommended
monitoring the fate of hatchery fish as the second highest priority.

On March 25, 1999, NMFS listed Lake Ozette sockeye salmon as threatened under the
Endangered Species Act (64 FR 14528). The threatened status under the ESA was
reaffirmed in 2005 (70 FR 37160). Largely as a result of the ESA 1999 listing, multi-
agency efforts to coordinate research and recovery planning resumed, and the Lake
Ozette Steering Committee was reorganized and expanded to include NMFS as well as
local landowners and other interests. In 1999 and 2000, the Steering Committee formed a
hatchery working group to coordinate issues relating to development of a Hatchery and
Genetic Management Plan (HGMP)/Joint Resource Management Plan (JRMP) for Lake
Ozette sockeye salmon. A habitat working group was also formed to develop a ranked
list of potential limiting factors, as well as a ranked list of research and monitoring
priorities.

The ESA requires the federal government to designate “critical habitat™ for any species it
lists under the ESA. Critical habitat is defined as: 1) specific areas within the
geographical area occupied by the species at the time of listing, if they contain physical
or biological features essential to conservation, and those features may require special
management considerations or protection; and 2) specific areas outside the geographical
area occupied by the species if the agency determines that the area itself is essential for
conservation. NMFS formally designated the following areas within the Lake Ozette
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watershed as critical habitat that is necessary for the survival and recovery of the Ozette
Lake sockeye salmon ESU (70 FR 52630, September 2, 2005): Ozette Lake and the
Ozette Lake Watershed, including the Ozette River (Lat 48.1818, Long -124.7076)
upstream to endpoints in: Big River (48.1844, -124.4987); Coal Creek (48.1631,-
124.6612); the East Branch of Umbrella Creek (48.1835, -124.5659); North Fork
Crooked Creek (48.1020, -124.5507); Ozette River (48.0370, -124.6218); South Fork
Crooked Creek (48.0897, -124.5597); Umbrella Creek (48.2127, -124.5787); and three
unnamed Ozette Lake tributaries (48.1771, -124.5967); (48.1740, -124.6005); and,
(48.1649, -124.5208). See Figure 1.1 for watershed overview map and Figure 1.2 for
detailed map depicting designated Critical Habitat within the Lake Ozette Sockeye ESU.

The Lake Ozette Sockeye HGMP (MFM 2000) and the ranked research and limiting
factors lists were completed in 2000 and have guided recent and ongoing research and
monitoring in the Ozette watershed. The Makah Tribe, ONP, and co-managers have
recently implemented a series of detailed field investigations designed to increase
understanding of the spatial distribution of anadromous fish and the habitat limiting
factors in Lake Ozette and its tributaries. These include:

e A baseline inventory of tributary habitat conditions (Haggerty and Ritchie 2004)

e Increased quantity and quality of adult abundance monitoring from 1998 to
present (Haggerty 2004A, 2005A, 2005B, 2005C, 2005D)

e Increased spawning ground survey effort along the spawning beaches and
tributaries (data presented in this report)

e Adult weir, trapping, and tagging in lower Umbrella Creek (Hinton et al. 2002;

Crewson 2003; Peterschmidt and Hinton 2005)

Increased hatchery monitoring

Smolt and fry migration studies

Ozette River streamflow monitoring (Shellberg 2003)

Egg-to-emergence survival studies on the lake beaches

Fine sediment in spawning gravel study on lake beaches

Combined radio-acoustic tagging study (Hughes et al. 2002)

Genetic monitoring studies (Crewson et al. 2001; Hawkins 2004)

pinniped predation studies (Gearin et al. 1999; Gearin et al. 2002)

Hydrologic and hydraulic investigations in Lake Ozette (Herrera 2005)

Reconnaissance survey of Lake Ozette geomorphic conditions (Herrera 2006)

The current report was conceived during the habitat and hatchery workgroup meetings
that took place in 1999 and 2000. A lack of dedicated funding hindered progress until
late 2004, when renewed interest by the Steering Committee and dedicated funding from
the Makah Tribe and NMFS pulled the necessary resources together to complete the
assessment. This report summarizes past information relating to factors limiting the
productivity of Lake Ozette sockeye salmon (e.g. information found in the Jacobs
Report), presents new information and data (bulleted list above), and analyzes factors
limiting sockeye productivity and recovery.
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1.2 ORGANIZATION OF REPORT

The report is divided into seven main chapters:

Introduction (Chapter 1)

Fish Populations of the Lake Ozette Watershed (Chapter 2)
The Sockeye Salmon Population (Chapter 3)

Habitat Conditions Affecting Lake Ozette Sockeye (Chapter 4)
Limiting Factors Affecting Lake Ozette Sockeye (Chapter 5)
Analysis of Limiting Factors (Chapter 6)

Research, Monitoring, and Evaluation Needs (Chapter 7)

Chapters 1 through 4 include a review of the most up-to-date information related to the
physical setting (Section 1.3), ecological setting (Section 1.4), watershed disturbance
history (Section 1.5), non-sockeye fish species present and their interaction and
relationship with sockeye salmon (Chapter 2), the sockeye salmon population (Chapter
3), and habitat conditions affecting sockeye salmon (Chapter 4). In addition, the report
summarizes population trends, dynamics, and interactions for all non-sockeye fish
species in the watershed (Chapter 2), and provides a thorough review of the Lake Ozette
sockeye life history and spawning distribution (Section 3.1), sockeye hatchery practices
(Section 3.2), population structure and diversity (Section 3.3), population trends (recent
and historic; Section 3.4), and stock productivity (Section 3.5). These data are then
integrated with habitat conditions (Section 4) and factors affecting the species
productivity across the watershed (Section 5), to build an understanding of the current
limiting factors affecting Lake Ozette Sockeye.

Limiting factors affecting sockeye salmon are discussed by geographical area and life
history stage in Chapter 5. Limiting factors are then rated for degree of impact and
synthesized in Chapter 6. Chapter 6 includes an analysis of limiting factors by life stage
and presents a series of limiting factors hypotheses and sub-hypotheses. These
hypotheses are intended to serve as the scientific foundation for identifying recovery
actions in the Lake Ozette sockeye recovery plan. Chapter 7 includes a summary of
recommended research, monitoring, and evaluation needs across the watershed.

1.3 PHYSICAL SETTING

Lake Ozette watershed is located along the northwest tip of the Olympic Peninsula in
Washington State (Figure 1.1). Lake Ozette is situated on the coastal plain between the
Pacific Ocean and the Olympic Mountains. The terrain of the Ozette watershed is
slightly rolling to steep with a gradual increase in elevation from zero at sea level at the
Ozette River mouth, to 40 feet at the Ozette Ranger Station, to just under 2000 feet at the
watersheds highest point in the upper Big River watershed. Most of the watershed ranges
from 200 to 800 feet elevation.
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Lake Ozette is approximately 8 miles (12.9 km) from north to south and 2 miles (3.2 km)
wide. The lake is irregularly shaped and contains 36.5 miles of shoreline (Ritchie 2005).
It includes several bays (North End, Deer, Umbrella, Swan, Ericson’s, Boat, Allen’s, and
South End), distinct points (Deer, Eagle, Shafer’s, Rocky, Cemetery, and Birkestol) and
three islands (Garden, Tivoli, and Baby). With a surface area of 11.8 mi* (30.6 km®;
7,550 acres; 3,056 ha), Lake Ozette is the third largest natural lake in Washington State.
The lake has a drainage basin area of 77 mi’ (199.4 km?), an average depth of
approximately 130 feet (40 m), and a maximum depth of 320 feet (98 meters)
(Dlugokenski et al. 1981). The average water surface elevation of the lake is 34 feet
above mean sea level (10.4 meters; National Geodetic Vertical Datum of 1929 [NGVD
1929]). Extreme low and high water surface elevations of the lake range from 30.8 feet
(9.4 m) to 41.5 feet (12.6 m) above mean sea level.

The Ozette River drains the lake from its north end, and there are no other outlet streams.
The river travels approximately 5.3 miles (8.5 km) along a sinuous course to the Pacific
Ocean. The total drainage area of the Ozette watershed at the confluence with the Pacific
Ocean is 88.4 mi* (229 km?). Coal Creek, which enters just downstream from the lake’s
outlet, is the largest tributary to the Ozette River. Several significant tributaries drain into
Lake Ozette. The largest are Umbrella Creek, Big River, Crooked Creek, Siwash Creek,
and South Creek (Table 1.1). Several smaller streams also feed the lake and include:
Palmquist, Quinn, Elk, and Lost Net Creek, as well as several other unnamed streams.

Table 1.1. Lake Ozette and tributary drainage basin areas.

Basin Basin
Area (sq. | Area (sQ.

Watershed/Subbasin Watershed/Subbasin Description mi.) km.)
Palmquist Creek Entire Palmquist Creek Watershed 1.1 2.8
Umbrella Creek Entire Umbrella Creek Watershed 10.6 27.6
Big River Entire Big River Watershed 22.8 59.0
Lake Ozette Tributary Unnamed Trib. between Crooked and Dunham Creeks 0.9 2.3
Crooked Creek Entire Crooked Creek Watershed 12.2 31.6
Lake Ozette Tributary Unnamed Tributary between Crooked and Quinn 0.7 1.7
Quinn Creek Entire Quinn Creek Watershed 0.9 2.3
Unnamed Tributary 20.0073 Entire 20.0073 Watershed 0.4 0.9
Elk Creek Entire Elk Creek Watershed 0.3 0.8
Siwash Creek Entire Siwash Creek Watershed 2.9 7.4
Lake Ozette Tributary Unnamed Tributary between Siwash and South Creeks 0.5 1.2
South Creek Entire South Creek Watershed 33 8.4
Lake Ozette Watershed Entire Lake Ozette Watershed 77 199
Coal Creek Entire Coal Creek Watershed 4.6 11.8
Ozette River at Pacific Ocean Entire Lake Ozette and Ozette River Watershed 88.4 229
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1.3.1 Watershed Geology

The geology of the Ozette watershed (Figure 1.3) is an interesting mix of flat and gently
sloping glacial and glacio-fluvial deposits situated between resistant knobs and small hills
composed of Tertiary marine sedimentary rock units (mechanically weak silt- and sand-
stones). Some glacial landforms extend for several square miles while others only
occupy small valleys. Much of the land within the watershed is low-relief and contains
numerous swamps, bogs, and wetlands. Other portions of the watershed (e.g. upper Big
River) are steep and rugged and are underlain by Eocene age volcanic flows and breccias.
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Figure 1.1. Lake Ozette watershed overview map (source: original hydrography from DNR Hydro GIS layer).
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Figure 1.2. Designated critical habitat for Lake Ozette sockeye salmon. Note: the entire lake is
designated critical habitat. (source data: 70 FR 52630).
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LEGEND

GEOLOGIC UNIT, LITHOLOGY, NAMED UNIT
-be(e), tectonic breccia, Elk Lake block, melange unit of

-be(o), tectonic breccia, Ozette Lake-Calawah Ridge block

-Eib(c). basic intrusive rocks, Crescent Formation, silicified basic intrusive rocks of the
|jEm(1 ¢), marine sedimentary rocks, Crescent Formation, sedimentary rocks of

r

-Ern(2ec). marine sedimentary rocks, Elk Lake block, conglomerate and sandstone of
-Em(Zes), marine sedimentary rocks, Elk Lake block, sheared siltstone & sandstone of
-Em(ec). marine sedimentary rocks, Elk Lake block, sandstone and conglomerate unit of
ﬂEm(sc). marine sedimentary rocks, —-

-Ev (cp), basalt flows and flow breccias, Crescent Formation, Crescent Formation, pillowed
-Ev(h). volecanic rocks, Hobuck Lake, volcanic rock facies of

" Evb(op), basalt flows, Ozette Lake-Calawah Ridge biock

-Evc(h)‘ volcaniclastic deposits or rocks, -—

-OErn(e), marine sedimentary rocks, Elk Lake block, siltstone unit of

LIJOEm(o), marine sedimentary rocks, Ozette Lake-Calawah Ridge block

-OEm(oc), marine sedimentary rocks, Ozette Lake-Calawah Ridge block, conglomerate of
-OEm(Sp), marine sedimentary rocks, Snag Peak block, sandstone and siltstone unit "p" of

iEm(1 s), marine sedimentary rocks, Snag Peak block, concretionary silistone & claystone of

-OEm(ss), marine sedimentary rocks, Snag Peak block, siltstone and sandstone unit of
-OEm(st), marine sedimentary rocks, Snag Peak block, siltstone unit of

-OEm(w). marine sedimentary rocks, Washburm Hill block, turbidite sandstone unit of
Om(c). marine sedimentary rocks, Cape Alava coastal block, Ozette terrane

-Qa. alluvium, ---

-di, continental glacial drift, Fraser-age, mostly VVashon Stade in western WA; unnamed in eastern WA
ﬂogl, glaciolacustrine deposits, Fraser-age, mostly Vashon Stade in western WA; unnamed in eastern WA
-ng. continental glacial outwash, Fraser-age, mostly Vashon Stade in western WA; unnamed in eastern WA
| ' Qgt‘ continental glacial till, Fraser-age, mostly Vashon Stade in western WA; unnamed in eastern WA
le. mass-wasting deposits, mostly landslides, -—-
rr—|Mr. water, -

FAULTS

===1-Fault, unknown offset

====3-Fault, unknown offset, concealed

v—v—7-Thrust fault, sawteet on upper plate

v--v9-Thrust fault, concealed, sawteeth on upper plate

7 “12-Thrust fault, approximately located, sawteeth on upper plate N

——13-Right lateral strike slip fault
=+~ - 15-Right lateral strike slip fault, concealed
——19-Left lateral strike slip fault
== - 21-Left lateral strike slip fault, concealed
§ 43-Normal fault, ball and bar on downthrown side
PO 45-Normal fault, concealed, ball and bar on downthrown side

EOLPS 1:100,000

—+—1-Anticline
---4--- 3-Anticline, concealed
—+—13-Syncline 0 1 2 3
DIKES
——1-Dike I:_:_Mi 8s

--}--.2-Dike, concealed

Figure 1.3. Ozette watershed geology (source: Schasse2003)
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1.3.2 Climate

The climate of the northwest Olympic Peninsula can be characterized as temperate
coastal-marine, with mild winters and cool summers. The closest climate station to Lake
Ozette is located at the Quillayute State Airport, approximately 12 miles to the south
from the center of Lake Ozette (ranging from 6 to 22 miles from various points in the
watershed). No long-term weather stations are located in the Ozette watershed (a new
weather station was recently installed at the Ozette Ranger Station). The Quillayute
climate station is the most representative of long-term conditions in the Ozette watershed,
as compared to stations in Neah Bay, Tatoosh Island, or Forks. Most researchers
(Bortleson and Dion 1979; Dlugokenski et al. 1981; Blum 1988; Jacobs et al. 1996) have
used Quillayute, Washington climate data when describing Ozette climate patterns.

The following text was directly taken from the station description of the National
Weather Service (NWS) climate station at the Quillayute State Airport (NOAA-National
Climate Data Center [NCDC] 2005).

“Maritime air from over the Pacific has an influence on the climate [at Lake Ozette] throughout
the year. In the late fall and winter, the low pressure center in the Gulf of Alaska intensifies and
is of major importance in controlling weather systems entering the Pacific Northwest. At this
season of the year, storm systems crossing the Pacific follow a more southerly path striking the
coast at frequent intervals. The prevailing flow of air is from the southwest and west. Air
reaching this area is moist and near the temperature of the ocean water along the coast which
ranges from 45 degrees in February to 57 degrees in August. The wet season begins in
September or October. From October through January, rain may be expected on about 26 days
per month, from February through March, on 20 days, from April to June, on 15 days, and from
July to September, on 10 days.

As the weather systems move inland, rainfall is usually of moderate intensity and continuous,
rather than heavy downpours for brief periods. Gale force winds are not unusual. Most of the
winter precipitation over the coastal plains falls as rain, however, snow can be expected each
year [especially in the foothills surrounding Lake Ozette]. Snow seldom reaches depths in excess
of 10 inches or remains on the ground longer than two weeks. Annual precipitation increases
from approximately 90 inches near the coast, to amounts in excess of 120 inches over the coastal
plains [and foothills surrounding Lake Ozette]. During the rainy season, temperatures show
little diurnal or day-to-day change. Maximums are in the 40s and minimums in the mid-30s. A
few brief outbreaks of cold air from the interior of Canada can be expected each winter. Clear,
dry, cold weather generally prevails during periods of easterly winds. In the late spring and
summer, a clockwise circulation of air around the large high pressure center over the north
Pacific brings a prevailing northwesterly and westerly flow of cool, comparatively dry, stable air
into the northwest Olympic Peninsula.

The dry season begins in May with the driest period between mid-July and mid-August. The total
rainfall for July is less than .5 inch in one summer out of ten. It also exceeds 5 inches in one
summer out of ten. During the warmest months, afternoon temperatures are in the upper 60s and
lower 70s, reaching the upper 70s and the lower 80s on a few days. Occasionally, hot, dry air
from the east of the Cascade Mountains, [funneled through the straits of Juan de Fuca], reaches
this area and temperatures are in the mid- or upper-90s for one to three days. In summer and
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early fall, fog or low clouds form over the ocean and frequently move inland at night, but
generally disappear by midday [inland, but often persist throughout the day within a mile or
three from the coast]. In winter, under the influence of a surface high pressure system, centered
off the coast, fog, low clouds, and drizzle are a daily occurrence as long as this type of pressure
continues.”

Average annual precipitation (by Water Year [WY]; October-September) at the
Quillayute State Airport was 102.6 inches (260 cm) between 1967 and 2005, and ranged
between 72.2 inches and 139.9 inches (183.4 and 355.3 cm; Figure 1.4). The bulk of this
precipitation fell between October and April each year (i.e., the wet season) between
1967 and 2005, averaging 84 inches (231.4 cm) and ranging from 52.6 to 120 inches
(133.6 to 304.8 cm; Figure 1.4). Summer precipitation (May — September; i.e., the dry
season) during the same period averaged 18.1 inches (46 cm), ranging from 7.5 to 33.2
inches (19.1 to 84.3 cm; Figure 1.4). Average monthly precipitation ranges from a
maximum of 29.1 inches (73.9 cm) in November to 2.2 inches (5.6 cm) in July (Figure
1.5). For the period of record at Quillayute on an annual basis, there are 209 days of the
year with greater than 0.01 inches of precipitation, 148 days greater than 0.10
precipitation, 70 days greater than 0.50 precipitation, and 30 days with precipitation
greater than 1.0 inches (0.03, 0.3, 1.3, and 2.5 cm).
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Figure 1.4. Total wet season, dry season, and annual precipitation by water year for
Quillayute Airport weather station WY 1967 to WY 2005 (source: NOAA-NCDC 2005).
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Average Monthly Precipitation (inches)
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Figure 1.5. Average monthly precipitation for Quillayute Airport weather station WY
1967 to WY 2005 (source: NOAA-NCDC 2005)

While the data from the Quillayute State Airport are reliable and generally representative
of the Lake Ozette watershed 12 miles (19.3 km) to the north, they do not define the
existing north to south, west to east and elevational gradients of climate and precipitation
on the northwest end of the Olympic Peninsula, and thus the high spatial heterogeneity of
precipitation at the instantaneous to annual time steps. To shed some light on this
heterogeneity, modeled precipitation data were acquired from the Spatial Climate
Analysis Service (SCAS) at Oregon State University for the period 1967 to 2004. The
PRISM (the Parameter-elevation Regressions on Independent Slopes Model) model was
used to estimate annual precipitation (note: January to December) at various points in the
Ozette watershed. This model uses point data, a digital elevation model, and other spatial
data sets (including expert knowledge of rain shadows, temperature inversions, coastal
effects, etc.) to generate gridded (4km) estimates of precipitation.

These data suggest that average annual precipitation at the Quillayute Airport is generally
similar to low elevation points around the Lake Ozette watershed, such as the Ozette
Ranger Station at the north end of Lake Ozette (Table 1.2 and Figure 1.6). However,
annual precipitation gradually increases toward the east from Lake Ozette (e.g., Ozette
Ranger Station to Coal Creek to Umbrella Creek to Big River at Royal), which is
partially a result of elevational increases and orographic effects. Sharp increases in
precipitation exist where large elevational gradients occur, such as in the headwaters of
Big River above 1000 feet, where average precipitation is greater than 120 inches (Table
1.2 and Figure 1.6).
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Table 1.2. PRISM modeled precipitation for various locations in the Ozette watershed

for the period of 1967 through 2004.

ANNUAL PRECIPITATION 1967 TO 2004

Quil. Recorded Quil. Modeled | South Creek Siwash Creek | Crooked Creek

Elevation (feet) 192 192 80 200 120
Annual Avg (inches) 102.7 104.3 102.7 112.4 111.7
Annual Min (inches) 72.2 62.1 60.3 65.8 66.3
Annual Max (inches) 139.9 136.1 134.8 141.4 144.9

Ranger Station Coal Creek Umbrella Crk. | Bigat Royal [ Big at Sekiu Mt.

Elevation (feet) 40 200 400 143 1788
Annual Avg (inches) 100.6 103.7 106.4 107.8 129.2
Annual Min (inches) 59.7 61.1 61.6 62.8 77.8
Annual Max (inches) 135.1 142.7 142.0 145.3 158.0
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Figure 1.6. PRISM modeled mean annual precipitation (January through December) for
various locations in the Ozette watershed for the period of 1967 through 2004.

Only one reliable precipitation data set inside the Lake Ozette watershed helps test the
accuracy of these PRISM data. The National Park Service installed a continuous weather

station at the Ozette Ranger Station in September 2003, which continuously records

precipitation and records temperature, humidity, and solar radiation at the hourly time
interval. This station allows for the direct comparison of annual precipitation for the two
stations (Quillayute and Ozette) during Water Years (WY) 2004 and 2005. The annual
precipitation total at Quillayute for WY 2004 was 102.15, while at Ozette the annual total
was 89.54, a difference of 12.61 inches. For WY 2005, the annual precipitation total at
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Quillayute was 98.61, while at Ozette was 91.68, a difference of 6.93 inches. Therefore,
for at least these two water years, annual precipitation at Quillayute would over estimate
precipitation at the Ozette Ranger Station. Modeled PRISM data indicates that on
average Quillayute receives 2.1 more inches annually than Ozette Ranger Station.

At the regional scale, these annual data at Quillayute and Ozette initially suggest the
presence of a south to north gradient in annual precipitation. However, rainfall data from
Neah Bay 2E (average annual rainfall = 104.34 inches, 1948 to 1987) and the Quillayute
Airport (average annual rainfall = 101.80 inches, 1966 to 2005) indicate that there is not a
strong south to north gradient in annual or monthly precipitation. Differences in
precipitation totals between Quillayute and Ozette were also present at monthly time
scale over 2004 and 2005. Monthly total precipitation at Quillayute was generally higher
than at Ozette, but exceptions did occur, especially during wet months (Figure 1.7).
These data indicate that overall, Quillayute might receive slightly more precipitation than
the Ozette Ranger Station, but that depending on differing weather patterns, storm tracks
and physiographic positions, spatial variability in precipitation may be high enough to
restrict development of consistent relationships without significant additional data.
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B Quillayute Airport
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Figure 1.7. Monthly rainfall comparison, Quillayute versus Ozette for WY 2004 and
2005 (source: NOAA-NCDC 2005; ONP, unpublished data).

Regardless of specific comparisons that can be made between existing data in the region,
there is obviously a lack of site-specific rainfall or climate data within the Lake Ozette
watershed. While there are general trends that hold true for the region, such as similar
patterns of monthly precipitation distribution, moderate variations in precipitation depths
and intensities undoubtedly occur at the hourly and daily time scales on up to annual
precipitation totals. This is especially true when factoring orographic effects on
precipitation totals and intensity, wind effects on precipitation actually reaching the
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ground surface, and the effects of distance to coast and forest condition on moisture
retention and fog drip. Due to the watershed’s proximity to the coast, fog drip is likely a
significant, but locally unquantified, contributor to overall ground surface precipitation.
Vegetation cover and land use can significantly influence the magnitude of the fog drip
component of the water cycle. The recently installed continuous weather station at the
Ozette Ranger Station allows for a more local view of the weather parameters that may
influence climate, local water balances, and lake levels, especially during the summer
months. Figure 1.8 displays air temperature, relative humidity and shortwave radiation
data for the summer 2004. Distinct diurnal patterns exist with temperature directly
corresponding to radiation at the ground surface and humidity inversely relating to
radiation level. On clear summer days, shortwave radiation is high, resulting in high day
time temperatures near the ground and low relative humidity. Evaporation from Lake
Ozette is presumed to be very high during these daytime conditions.

Following these clear summer days, summer nights bring lower temperatures and
increased relative humidity, often as the marine layer and fog temporarily move inland.
By the next day, often the fog burns off and the marine layer pushes back offshore.
However, during other days, the marine layer fails to move off shore, which is often the
case when temperatures are very hot inland pulling the cooler air in to replace hot rising
air. During these foggy days, daytime temperatures are moderated by reduced shortwave
radiation penetrating the low cloud surface and reaching the ground surface. Moderate
temperatures and high humidity on these foggy days results in reduced potential for
evaporation from Lake Ozette. Each summer at Lake Ozette varies in the degree that the
coastal marine layer dominates local weather conditions over the lake. It is hypothesized
that during typical summers with periodic precipitation events (Figure 1.4), moderately
warm inland temperatures, and a general easterly flow of wind and pacific moisture (fog),
evaporation from Lake Ozette is moderated by fog and periodic precipitation and runoff
maintain the lake level at or above average summer lake levels. During drier summers
dominated by more frequent winds from the east and northeast (westerly) and reduced
precipitation, evaporation from Lake Ozette is enhanced and lake levels are not
moderated by periodic precipitation and runoff, such as occurred during 2002 and 2003.

During a majority of the year at Quillayute (and Lake Ozette), but especially during the
wet season, “the prevailing flow of air is from the southwest and west. In the late spring
and summer, a clockwise circulation of air around the large high pressure center over
the north Pacific brings a prevailing northwesterly and westerly flow of cool,
comparatively dry, stable air into the northwest Olympic Peninsula. Occasionally, hot,
dry air from the east of the Cascade Mountains, [funneled through the Strait of Juan de
Fuca], reaches this area” (National Oceanic and Atmospheric Administration, National
Climate Data Center 2005). Figure 1.9 displays a polar plot of average daily wind speed
and source direction at the Quillayute Airport for the period 1966 to 2003. This wind rose
indicates the percent of time the wind blew from a given direction over a range of wind
velocities. The graph displays the overall general trend of wind and air flow from the
west and southwest, with a counter trend of wind from the northeast, predominantly
during periods of east/southeast wind through the Strait of Juan de Fuca. 41% of the time
the average wind speed was calm between 1966 to 2003. Note units are in knots.
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Figure 1.8. Ozette Ranger Station weather data for the early summer, 2004 (source:
ONP, unpublished data).
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Figure 1.9. Rose plot of daily average wind speed and source wind direction at the
Quillayute Airport 1966 to 2003 (adapted from Herrera 2005).
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1.4 LAKE OZETTE ECOLOGICAL SETTING

Lake Ozette is a monomictic, mesotrophic lake, and is thermally stratified from
April/May through October (Beauchamp and LaRiviere 1993). Summer time epilimnetic
temperatures average 21°C. Dissolved oxygen levels remain greater than 8§ mg/L above
70 m but were found to drop to approximately 4 mg/L at a depth of 80 m in September
(Beauchamp and LaRiviere 1993; Bortleson and Dion 1979). The following is a
summary of Meyer and Brenkman (2001) findings:

e pH levels ranged from 6.7 to 7.7

e Specific conductivity was relatively low and uniform throughout the water
column

e Turbidity levels within the lake vary significantly depending upon time of
year, sample location, and depth

e The highest chlorophyll concentrations are near the lake surface

e The lake’s zooplankton community is comprised of nine crustacean and 15
rotifer taxa with the highest densities occurring in July

Meyer and Brenkman (2001) concluded that the water chemistry, nutrients, and
zooplankton densities were within ranges documented for other sockeye lakes in
Washington, British Columbia, and Alaska. Shoreline vegetation was surveyed in 1993
and 1994 and included approximately 24 plant taxa.

The Lake Ozette fish community includes a rich array of approximately 26 species of
fishes presumed to be present (see Chapter 2). There are seven “species’ of salmonids
present in the lake system including: sockeye salmon (Oncorhynchus nerka), kokanee
salmon (Oncorhynchus nerka kennerlyi), coho salmon (Oncorhynchus kisutch), chum
salmon (Oncorhynchus keta), Chinook salmon (Oncorhynchus tshawytscha),
rainbow/steelhead trout (Oncorhynchus mykiss), and cutthroat trout (Oncorhynchus
clarki). Approximately 18 non-salmonid fish species are also thought or known to be
present within the Lake Ozette watershed and they include the following: speckled dace
(Rhinichthys osculus), coastrange sculpin (Cottus aleuticus), prickly sculpin (Cottus
asper), reticulate sculpin (Cottus perplexus), riffle sculpin (Cottus gulosus), torrent
sculpin (Cottus rhotheus ), brook lamprey (Lampetra richardsoni), pacific lamprey
(Lampetra tridentata), three-spine stickleback (Gasterosteus aculeatus), Olympic
mudminnow (Novumbra hubbsi), peamouth (Mylocheilus caurinus), Tui chub' (Gila
bicolor), northern pikeminnow (Ptychocheilus oregonensis), redside shiner
(Richardsonius balteatus), American shad” (Alosa sapidissma), yellow perch® (Perca

" Tui chub have been documented but no specimen samples have been collected; presumed present and
introduced.

? Introduced species: American shad were not directly introduced into the Lake Ozette watershed.
American shad were introduced into the Sacramento River system in 1871 and since that time their range
has expanded north and they have recently been found in the Ozette watershed; although their numbers
currently remain low.

? Introduced species: both yellow perch and largemouth bass were introduced to Lake Ozette in the 1920s
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flavenscens), largemouth bass® (Micropterus salmoides), yellow bullhead” (Ictalurus
natalis), and brown bullhead (Ictalurus nebulosus)® (MFM 2000; Gustafson 1997;
Mongillo and Hallock 1997; Jacobs et al. 1996; MFM unpublished fish captures).

Several other species of fish use the estuarine portion of the lower Ozette River and likely
include sturgeon (Acipenser spp.), marine cottids, marine flatfish, and surf smelt
(Hypomesus pretiosus).

The Lake Ozette watershed is predominantly forested. Lake Ozette and Elk Lake are the
largest unforested areas within the watershed. Other unforested areas also occur where
bogs and open water wetlands naturally exist. The forest contained within the Ozette
watershed can be characterized as a coastal temperate rainforest ecosystem. Sitka spruce
(Picea sitchensis) and western hemlock (Tsuga heterophylla), are the dominant conifer
species, followed by western redcedar (Calocedrus decurrens) pacific silver fir (Abies
amabilis), Douglas fir (Psuedotsuga mensiezii), and western yew (Taxus brevifolia). Red
alder (Alnus rubra) is the most prevalent deciduous tree, and is common along streams
and disturbed sites. Vine maple (Acer circinatum) and bigleaf maple (Acer macrophylla)
are also common in riparian areas, wetlands, and meadows. Schoonmaker et al. (1997)
define this section of the Pacific coastal temperate rainforest as seasonal temperate
rainforest, as compared to warm temperate rainforest to the south and perhumid
temperate rainforest and sub-polar temperate rain forest zones to the north. It has been
classified as seasonal due to less than 10% of the total rainfall occurring during summer
months.

Understory vegetation in mature temperate rainforests is complex. In the Ozette
watershed there are approximately 363 vascular plant species (Buckingham et al. 1995).
Fungi and lichen are ubiquitous in areas of primary forest. They compose a significant
fraction of the forest biomass and play an important role in nutrient cycling within the
forest ecosystem. The lake and watershed contain a diverse assemblage of terrestrial and
aquatic mammals, birds, and amphibians.

1.5 WATERSHED DISTURBANCE AND LAND USE

Natural disturbance in the Ozette watershed is primarily driven by winter storms. Wind
and geomorphic events are considered the primary disturbance agents in coastal
temperature rainforests (Alaback 1996). The size and age of the long-lived trees present
when Europeans first began to settle the area is a testament to the pre-settlement
disturbance regime in the watershed. Forest fires were infrequent, and mature spruce and
cedar trees easily achieved ages of 400 years and older. Strong winter storms are
common on the Pacific coast, and are the primary natural disturbance mechanism in
coastal areas, frequently causing windthrow and toppling shallow-rooted trees (Alaback
1996). The “21 Blow” of January 29, 1921 toppled more than 8 billion board feet of

* Included in the ONP non-native fish species database, their presence has not been reconfirmed since their
original observation by ONP in 1992.

* First documented individual captured in the Ozette River on June 1, 2001, brown bullhead are assumed to
have been introduced but no documentation of the date or nature of releases has been found.
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timber. In addition, large magnitude (~magnitude 9) great earthquakes have been shown
to recur at a 400-600 year frequency along this region of the Pacific Coast (Atwater and
Hemphill-Haley 1997).

Prior to European settlement, the area around Lake Ozette was occupied by Native
Americans for thousands of years. The population of the Ozette Village, near the mouth
of the Ozette River, decreased when natives were forced to move to Neah Bay so that
their children could attend school in 1896 (Wray 1997). By 1914 there were only 17
natives remaining at Ozette and by 1932 there were only two (Wray 1997). Several
prairies west of Lake Ozette were regularly burned by Native Americans to maintain
open areas that attracted and fed game such as deer and elk. Swan (1869), who may have
been the first white man to see Lake Ozette, describes journeying to the lake by trail with
a group of natives from the Ozette village. In interviews in 1935 (Swindell 1941), Makah
fishermen described fishing in the Ozette River, the lake, and the tributaries, using a
variety of methods. Native American people undoubtedly affected their environment.
However there is no evidence to indicate that significant anthropogenic watershed
disturbance took place prior to European settlement.

Modern disturbance in the Ozette watershed is primarily driven by timber harvest, road
construction and maintenance, residential and agricultural development, and stream
clearing, including “stream improvement” projects and policies implemented by WDF
and later WDNR.

1.5.1 Landownership

Each land parcel’s ownership in the Ozette watershed can be classified into one of the
following categories: industrial forest, Washington Department of Natural Resources
(WDNR), National Park Service (NPS), Ozette Reservation, Clallam County, small
private (small forest, residential, and agriculture land owners), or undefined (no data or
multiple landowners). Figure 1.10 depicts land ownership categories for the Lake Ozette
watershed. Private lands including industrial forest and small private ownership types
comprise about 74% of the basin. The NPS owns 15% of the basin, WDNR owns 10%,
and the Makah Tribe owns about 1%. Clallam county and undefined land ownership
comprises less than 1% of the watershed. Over 81% of the watershed’s land surface is
zoned as commercial forest land.

Private timber companies and small private landowners own an average of 90% of the
four largest tributaries to Lake Ozette and the Ozette River (Big River, Crooked Creek,
Umbrella Creek, and Coal Creek). Ownership patterns vary between the four largest
tributaries. Table 1.3 depicts the land ownership categories within the four largest Ozette
watershed sub-basins. Private land ownership within the Coal Creek, Umbrella Creek,
Big River, and Crooked Creek sub-basins comprises 92%, 93%, 92%, and 82% of the
land area respectively. With the exception of Big River, zoning within these four sub-
basins is 99 to 100% commercial forest.
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Table 1.3. Land ownership types as a percentage of watershed area for the four largest
Lake Ozette watershed sub-basins.

Clallam Industrial | Small
Sub-Basin County | WDNR | Federal | Forest | Private | Undefined
Coal Creek 0.2% 6.3% 1.5% 91.8% 0.2% 0.0%
Umbrella Creek 0.3% 6.3% 0.2% 93.2% 0.1% 0.1%
Big River 0.2% 6.6% 0.3% 82.4% 9.7% 0.7%
Crooked Creek 0.0% 18.0% 0.2% 80.8% 1.0% 0.0%
TOTAL 0.2% 9.1% 0.4% 85.3% 4.7% 0.3%
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Figure 1.10. Ozette watershed landownership and landownership type (source: Clallam County parcel database with revisions based on known
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1.5.2 Settlement and Agricultural Development

The Lake Ozette watershed was ceded to the United States in the Treaty of Neah Bay
(1855) and the Treaty of Olympia (1856). European settlement in the Ozette watershed
began soon after the Treaty was signed. The Ozette area was opened to homesteading
from 1890 to 1897. By 1892, 33 families occupied homesteads in the area (Jacobs et al.
1996). In 1893, the Ozette Reservation was established by Congress to protect the rights
of 64 Makah villagers living there (Wray 1997).

Settlement was concentrated along the shoreline of the lake and the gentle bottomlands of
lower Big River, which was the primary route to civilization. Government Land Office
(GLO) surveys conducted from 1892 to 1897 showed 39 homesteads along the lake and
29 additional homestead sites scattered throughout the watershed. Settlers cleared timber
around their homes, and a wagon trail extended from Ozette to Clallam Bay. Settlement
peaked near the turn of the century and declined after the creation of the Olympic Forest
Reserve by President Cleveland in 1897. This caused an exodus of settlers, who had
hoped for a road to bring development. By the time the land was reopened to settlement
in 1907, timber companies rapidly consolidated their holdings, and very little additional
settlement occurred. Big River has continued to slowly develop, while the lake shoreline
has returned to forest, with the exception of a few parcels of private property within the
boundaries of ONP. While the GLO maps at the turn of the century show 39 buildings
around the lake, the 1935 USGS map shows only 10. Subsequent USGS maps show 11
buildings in 1956 and 21 in 1987.

In 1953, a portion of the Pacific coast (including the western shore of Lake Ozette) was
transferred to the National Park Service (Truman 1953, Presidential Proclamation). The
lake and a thin strip along the eastern shoreline were added to Olympic National Park in
1976 (PL 94-578). Currently, the most developed portion of the shoreline of Lake Ozette
is the area immediately surrounding the lake outlet. In addition to the ONP ranger
facilities at the lake’s outlet, there are 15 cabins/homes on lakefront parcels surrounding
the lake. Starting in 1942, the area from the mouth of Coal Creek south to the current
ONP campground was occupied by the U.S. Coast Guard, which performed beach patrols
along the coastline. This area was developed into a resort in the 1950s, and was
redeveloped into the ONP Ozette visitor center, ranger station, campground, and parking
area in the 1980s. In addition to development at the lake outlet, there are two other
vehicle access points to the lake at Swan Bay and Rayonier Landing, along the east side
of the North End. Other developed private properties within the boundaries of ONP are
reachable by boat or trail. The developed length of shoreline comprises approximately 1-
2% of the total shoreline length.

Along Big River, agricultural and residential development have been confined to the
lower 10 miles of the river. Most residential development along Big River is near the
original wagon trail, which is now the only public road to Lake Ozette. GLO maps
showed 8 developed homesteads along Big River in 1897. The 1935 USGS map shows
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13 settlements, with 32 homes and other buildings, and about 288 acres of cleared land
(~2% of watershed area). The 1956 USGS map shows 12 settlements with 19 homes and
other buildings, and 483 acres of cleared land (~3.3% of watershed area). The 1987
USGS map shows 34 homes or other buildings and 176 acres of cleared land (~1.2% of
watershed area). Currently, about 245 acres of land (~1.7% of the watershed area) are
cleared for residential or agricultural use, and there are approximately 62 houses and
other buildings within the Big River valley. (Based on 2006 ortho photos, 42 tax parcels
contain at least a home, building, or other improvement.) In agricultural areas, the
riparian area and floodplain of the river were cleared of vegetation and converted to
pasture. Currently, approximately 9,900 feet of Big River are adjacent to developed
residential or agricultural land. Bank destabilization through these reaches has led to
attempts to armor the river with automobiles, riprap, and wood, and in at least one
location, an old side channel of the river has been filled in to create additional pasture
(Emil Person, personal communication, verified with USGS maps and aerial photos).

1.5.3 Commercial Timber Harvest

Commercial timber harvest in the Ozette watershed began in the 1930s (Jacobs et al.
1996). Table 1.4, below, summarizes the percent of the watershed harvested, as reported
in Herrera (2005) and Good et al. (2005). Values from Herrera have been adjusted to
include the Ozette River and Coal Creek as part of the Ozette basin.

Table 1.4. Reported percent of Ozette basin clear-cut at least once since 1953 (source:
Jacobs et al. 1996, Herrera 2006).

YEAR 1953 1964 1981 2003

Percent of basin logged | 8.7%' | 22.2%* | 60%' | 83.6%’

"It is not clear whether this calculation included the lake surface area in the basin area (Meier 1998).

*This calculation does not include lake surface in basin area calculations (Herrera 2005).

As part of this limiting factors analysis, a thorough review of aerial photos through time
was conducted to accurately depict the logging history of the Ozette watershed, as well as
major sub-basins within the watershed. Figure 1.11 depicts the percentage of old growth
forest clear-cut through time for the Ozette watershed, as well as the Umbrella Creek, Big
River, and Crooked Creek sub-basins. An additional analysis was conducted to
determine the cumulative percentage of the forested watershed area where second growth
forest has been clear-cut. As of 2006, within the Umbrella Creek, Big River, and
Crooked Creek sub-basins, approximately 11.8%, 18.2%, and 11.2% of the second
growth forests had been clear-cut, respectively, totaling approximately 14.4% of the
second growth forest within the Ozette watershed as a whole.

Until the 1970s there were few regulations governing timber harvest. Streams were used

for yarding corridors, riparian trees were removed, and sediment and slash inputs to
streams were not regulated. Habitat degradation in Lake Ozette tributaries from

1-28



Lake Ozette Sockeye Limiting Factors Analysis

commercial forest operations have long been implicated as major limiting factors
affecting salmonid survival (USFWS 1965; Phinney and Bucknell 1975; Bortleson and
Dion 1979; Dlugokenski et al. 1981; Blum 1988; WDF et al. 1994; Jacobs et al. 1996;
Lestelle 1996; McHenry et al. 1996; MFM 2000; Smith 2000). Dlugokenski et al. (1981)
noted that during their habitat surveys, trees were felled across Umbrella Creek and
yarded through the channel; they also noted in one location in the mainstem where heavy
equipment had been operating in the channel.
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. = @ - Umbrella Creek Watershed
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Figure 1.11. Percentage of old growth forest clear-cut through time for the entire forested
portion of the Ozette watershed, as well as the Umbrella Creek, Big River, and Crooked
Creek sub-basins.

1.5.4 Road and Railroad Construction

Lake Ozette in 1923 was described as being “isolated” by its location “25 miles from
Clallam Bay over an almost impassable road” by Kemmerich (1926). The first road to
Lake Ozette was completed in 1926 (Jacobs et al. 1996). Road and railroad building kept
pace with timber harvest in the watershed, and road density continued to increase. In
1935, approximately 12.8 miles of road or railroad grade are shown on the USGS map.
This increased to 25 miles in 1956, and by 1987 the USGS maps show 258.5 miles of
road. Currently, there are about 341.3 miles of road and railroad grade identified on the
WDNR GIS transportation coverage in the Ozette watershed, or about 4.4 miles of road
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per square mile (mi/mi’) of land (Herrera 2006; note lake surface area not included in
road density calculation).

A thorough review of aerial photos indicates that road densities are significantly higher
than those depicted on USGS maps and the WDNR GIS transportation coverage, as well
as recent estimates included in Herrera (2005; 2006). Road delineation using aerial
photos and mapping in GIS resulted in the estimates of road length and road densities for
major sub-basins depicted in Figure 1.12. In 2006, the total length of roads within the
Ozette watershed was 417 miles. This road length results in an overall watershed road
density of 5.5 mi/mi” (excluding the surface area of the lake). The 2006 ortho photo
coverage indicates that road densities on non-federal land exceed 6 mi/mi’® within the
Ozette watershed.
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Figure 1.12. Ozette watershed road lengths and road densities for major sub-basins
through time (road lengths based on aerial photo coverage; basin areas used in road
density calculations were generated using a digital elevation model).

The Hoko-Ozette Road is the only significant public road in the area. It follows the
original wagon trail to Ozette from Clallam Bay, and parallels Big River for
approximately 7.8 river miles (Swan Bay Road to Nicolas Road). Within this reach, the
road prism is frequently within the floodplain and channel migration zone of Big River.
Kramer (1953) reported the road to be “at times covered with flood waters” during stream
clearing activities in December 1952. Since then, the road has been raised repeatedly, but
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it still floods periodically. The road functions as a dike or levee during high water in
some locations. Approximately 4,100 feet (1,250 meters) of bank hardening occurs along
the county road and private property. Approximately 3.06 miles of riparian area are
impacted by the road (road length within 200 feet of the bankfull edge of Big River;
source: preliminary review of 2003 color aerial photos).

1.5.5 Stream Clearing History

It is unknown to what extent Native Americans cleared wood in the Ozette River prior to
European settlement in the late-1800s. James G. Swan, possibly the first non-native to
see Lake Ozette, was brought in by trail from the Ozette Village, near the mouth of the
Ozette River. However, canoes were used on the lake, and may have been used on the
Ozette River as well. Some historical accounts of homesteading describe the Ozette
Indians ferrying settlers and goods to and from the mouth of the Ozette River. Stream
clearing occurred, at least at a small scale, as early as the late-1800s in the Ozette and Big
Rivers. Photos of the upper Ozette River from the late 1800’s show no evidence of large
wood above the Nylund homestead. One photo taken in the early 1900s shows cut logs
in the river downstream of the ONP footbridge across Ozette River. In the lower Ozette
River, a cedar logging operation was active in 1920s. By far the most significant directed
stream clearing effort in the watershed took place in 1952, and was conducted by the
Washington Department of Fisheries (Kramer 1953). A crew of eight men spent 63
operational days clearing log jams from the Ozette River, beginning August 7, 1952, and
continuing through late October of the same year. A cat road was built along the river,
and 26 separate log concentrations (Figure 1.13) were cleared or made passable (Kramer
1953). Many of the jams were described as being formed by erosion and blow-down of
“large over-ripe timber” (Figure 1.14 and Figure 1.15). A 1964 aerial survey of the
Ozette River from the mouth to the lake found that no log jams were present (USFWS
1965).

Immediately upon completing work in the Ozette River, the crew moved to Big River,
where stream clearing took place from November 1 through December 19 (Figure 1.16)
Heavy logging debris was reported to obstruct the river in the lower mile, which was not
cleared because clearance equipment was “not large enough to handle the heavy water-
soaked logs”. Before stopping work due to flooding on December 19, the crew
completed clearing about 3% miles of stream between RM 2 and RM 6 of Big River
(Kramer 1953). Umbrella Creek and Coal Creek were surveyed, and the need for
clearance activities on Umbrella Creek was identified, however no work was completed
at the time. It is not known if WDF conducted additional stream clearing activities in the
Ozette watershed. Kramer’s 1953 report does state though, that “People of the area,
especially the Lions Club of Sekiu, Neah Bay, and Clallam Bay, were very interested in
this clearance project. They have assured us that they will assist us in keeping the river
open after completion of clearance work™.
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Figure 1.14. Example of typical logjam removed from Ozette River (source: Kramer
1953).

Figure 1.15. Debris racking on jam removed from the Ozette River (source: Kramer
1953).
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Local residents continued to clear wood from the Ozette River sufficient to allow a small
skiff to travel from the lake to the river mouth in the 1970s and 80s (Larry Sears, personal
communication, 2005). ONP and the Makah Tribe continued to discuss a perceived need
to remove wood from the river to improve fish passage through 1982 (Blum 1982, Contor
1982), but after surveying the river in 1985, they determined that fish passage was not
obstructed by wood. Around the same time, the park stopped local residents from
clearing wood in the Ozette River (Larry Sears, personal communication 2005).

After 1952, WDNR implemented stream clearing policies, and forest landowners were
required to clear wood from streams when logging in the area. As with many Pacific
Northwest watersheds, stream clearing became an integral part of forest practices, and
was continued through the 1980s. Through much of the 1990’s, cedar salvage and timber
harvest operations continued to remove wood from channels, off-channel habitat, and
riparian areas, although the rate declined steadily as regulations protecting instream and
riparian areas developed.
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2 FISH POPULATIONS OF THE LAKE OZETTE
WATERSHED

As described above, there are thought to be at least 26 species of fish within the Lake
Ozette watershed, making it one of the most species-rich lakes in Washington State. This
chapter presents a brief review of the fish species present within the watershed and the
locations of available information relating to the distribution, abundance, current and past
harvest (where applicable), and trends in abundance for as many species for which data
exist. In addition, for species that are potential competitors with, or predators of, sockeye
salmon, general information on habitat utilization, diet, and relationship to sockeye
salmon is included. Note that sockeye salmon biology is summarized in Chapter 3.

2.1 SALMONID POPULATIONS

Salmonid populations in the Lake Ozette watershed (in addition to sockeye salmon) are
kokanee (non-anadromous) salmon, coho salmon, chum salmon, Chinook salmon,
steelhead, and coastal cutthroat trout.

2.1.1 Kokanee Salmon (Oncorhynchus nerka kennerlyi)

Kokanee salmon in Lake Ozette are classified as an independent population of resident
(non-anadromous) sockeye (Gustafson et al. 1997). No official stock designation has
been given to the kokanee population(s) in the Ozette watershed, but they are considered
native and are sustained through natural production. Lake Ozette kokanee are NOT part
of the Lake Ozette sockeye salmon ESU. The West Coast Sockeye Biological Review
Team (BRT) concluded that, “Based on the very large genetic distance between Ozette
Lake kokanee that spawn in tributaries and Ozette Lake sockeye salmon that spawn on
shoreline beaches, the BRT excluded Ozette Lake kokanee from this sockeye salmon
ESU.”

2.1.1.1 Current and Historical Abundance

No historical (pre-1975) data exist for kokanee salmon spawning aggregations in the
Ozette system. Population estimates for kokanee are poorly documented. Beauchamp et
al. (1995) concluded that from 1980 through 1992, tributary spawning kokanee numbered
between 5,000 and 10,000 spawners per year. However, the methods used to make this
estimate are not described. From a review of spawning ground data and other
documented descriptions of survey efforts during this time period, it was impossible to
accurately estimate the annual total number of spawning kokanee. Spawning ground
surveys in the fall of 1987 detected several thousand kokanee spawning or holding in
lower Siwash Creek (MFM 1987). Recent survey efforts have not been designed to
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quantify the total abundance of spawning kokanee, and therefore no estimates of recent
population abundance are available.

2.1.1.2 Kokanee Salmon Life History

2.1.1.2.1 Adult and Sub-Adult Kokanee Rearing in Lake Ozette

Anadromous sockeye and kokanee early life histories and freshwater rearing in the lake
overlap. During their rearing phase, kokanee mix extensively in the lake with juvenile
sockeye salmon (Jacobs et al. 1996). No attempt to differentiate the two populations
during the lake rearing phase of their life-history has been attempted. Beauchamp and
LaRiviere (1993) collected data on the age of O. nerka individuals captured in vertical
gillnets. No age 4 sockeye/kokanee were captured during their study. This indicates that
all kokanee spawn by the age 4. It was assumed that the majority of kokanee rear in lake
for four springs and summers, and then spawn during their fourth fall. Jacobs et al.
(1996) concluded that there are several lines of evidence indicating that sockeye salmon
abundance is not suppressed by competition for food by kokanee.

2.1.1.2.2 Adult Kokanee Migration and Spawning

Little is known with respect to kokanee pre-spawning holding and migration patterns.
Large numbers (~50) of kokanee-sized O. nerka have been observed holding adjacent to
Allen’s Beach during the sockeye spawning season. A similar behavior has been
observed with large numbers of coho salmon (~100) at Olsen’s Beach. In fact, even
chum salmon have been observed holding and potentially spawning on the beaches.
Kokanee spawning primarily occurs in tributaries, but to a much lesser degree kokanee-
sized O. nerka also spawn on both Allen’s and Olsen’s beaches (MFM unpublished
spawning ground surveys; Dlugokenski et al. 1981; Crewson et al. 2001; Hawkins 2004).
Kokanee spawning ground survey data and genetic tissue sampling data indicate that
kokanee spawn in all low-gradient streams with suitable substrate entering the lake, with
the exception of the mainstem Big River. Kokanee spawning typically occurs from early
November until mid-December (MFM, unpublished spawning ground survey data).
Spawning kokanee are quite small. During genetic tissue sampling in 2000 and 2001, a
total of 444 individuals were sampled for length (streams sampled: Crooked, Siwash, Elk,
Rayonier Landing, and Cedar creeks, as well as an unnamed tributary to Crooked Creek
and unnamed tributary 20.0073). Females averaged 22.4 cm fork length (FL) and males
averaged 23.3 cm FL (Table 2.1). Fecundity data collected in 1990 found 402
eggs/female (n=81; MFM unpublished broodstock data).
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Table 2.1. Summary of spawning kokanee length data collected during genetic tissue
sampling in several Lake Ozette tributaries (source: MFM, unpublished genetic tissue
database).

Maximum Minimum Average

Sex n Length (cm FL) | Length(cmFL) | (cm FL)
Females 178 25.5 18.0 22.4
Males 235 27.0 19.0 23.3
Unknown 31 26.0 21.0 23.6
Total 444 27.0 18.0 22.9

With the exception of Crooked Creek, kokanee appear to prefer smaller tributaries for
spawning. A thorough review of over 1,500 spawning ground surveys conducted
between 1970 and 2004 indicates that Umbrella Creek and Big River do not have
kokanee spawning aggregations as seen in the primary spawning grounds. A review of
over 300 spawning ground surveys only revealed one observation of two kokanee size O.
nerka in Big River. Kokanee have been observed spawning in Solberg Creek and Boe
Creek, tributaries to Big River. Kokanee-sized O. nerka in Umbrella Creek are observed
in low numbers on most years. Between 1970 and 2004 the peak Umbrella Creek
kokanee count was 49 fish per mile in 1987, however, this survey appears to be an
anomaly. During the same period over 300 surveys have been conducted and the next
highest peak count was less than 6 fish per mile, during several years no kokanee or
kokanee sized O. nerka have been observed in Umbrella Creek. Figure 2.1 depicts the
annual peak kokanee counts per mile for all streams with multiple years of kokanee
spawning ground surveys.
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Figure 2.1. Annual peak kokanee counts per mile for select streams during spawning
years 1977, 1978, 1979, 1989, 1998, and 2003 (source: Dlugokenski et al. 1981; MFM
spawning ground survey database).

2.1.1.2.3 Kokanee Fry Emergence, Dispersal, and Early-Rearing

No direct data has been collected regarding kokanee fry emergence, dispersal, and early-
rearing. It is assumed that since spawn timing is similar to that of tributary spawning
sockeye that emergence timing is also similar. See Section 3.1.8.

2.1.1.3 Hatchery Practices and Planting History

Currently there are no hatchery releases of kokanee or kokanee- sockeye hybrids in the
Ozette system. Past stocking efforts have been relatively limited. In 1940 over 108,000
kokanee fry from the Lake Crescent Trout Hatchery were released into Lake Ozette
(Kloempken 1996 in Gustafson et al. 1997). Dlugokenski et al. (1981) also reports a
kokanee release of an unknown quantity and origin into Lake Ozette in 1958. The most
recent kokanee releases in the Ozette watershed occurred with brood year 1990 and 1991
sockeye x Siwash Creek kokanee hybrids. A total of 2,915 and 11,483 sockeye x
kokanee hybrids were released into Lake Ozette July 1991 and 1992 respectively. In
1990, 81 Siwash Creek female sockeye were spawned with five male sockeye captured at
Olsen’s Beach (MFM, unpublished hatchery records) . In 1992, 94 Siwash Creek
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females were spawned with 12 male sockeye from either Allen’s or Olsen’s Beach or a
mix from both beaches (MFM, unpublished hatchery records).

2.1.1.4 Kokanee Salmon Genetics

The genetics of Lake Ozette sockeye and kokanee are examined in detail in Gustafson et
al. (1997), Crewson et al. (2001), and Hawkins (2004). Gustafson et al. (1997) concluded
that Lake Ozette kokanee were genetically dissimilar from Lake Ozette sockeye, as well
as all other anadromous sockeye populations examined in Washington State. Lake
Ozette kokanee proved to be the most genetically distinct O. nerka population examined
in a genetic comparison between different kokanee/sockeye salmon populations from the
contiguous United States (Gustafson et al. 1997). Lake Ozette kokanee clustered most
closely with Vancouver Island sockeye populations. Hawkins (2004) compared Lake
Ozette kokanee genetic samples to test whether the Ozette kokanee stock contained
multiple populations. Hawkins (2004) concluded that the Lake Ozette kokanee
populations probably comprise one panmictic group. There were no genetic differences
among the collections analyzed by Hawkins (2004).

2.1.2 Coho Salmon (Oncorhynchus kisutch)

Coho salmon are native to the Ozette watershed and are sustained through wild
production (WDF et al. 1994; WDFW 2002). Coho salmon in the Ozette watershed have
been identified as a distinct stock in recent stock assessments (Nehlsen et al. 1991; WDF
et al. 1994; McHenry et al. 1996; WDFW 2002).

2.1.2.1 Current and Historical Abundance

Historically coho salmon were particularly abundant in Lake Ozette, potentially the most
abundant anadromous salmonid in the watershed. Kemmerich (1945) reported counting
9,611 coho salmon passing the weir in the Ozette River between September 24 and
October 16, 1924. In the same year, Kemmerich (1945) reported counts of 3,2416
sockeye transiting the weir between May 27 and August 8. In 1925, a partial check of the
coho salmon run was conducted by Kemmerich (1945) and in excess of 10,000 coho
salmon were counted through the weir in a two-day period. In this same year, 6,343
sockeye were counted transiting the weir between June 8 and September 15 (it is unclear
whether this is a complete count of the sockeye run or not). No data on coho abundance
could be found for the years between 1926 and 1947. Starting in 1948, there are coho
salmon harvest data for the Ozette River. Figure 2.2 depicts coho harvest data and weir
data from the Ozette. Harvest of Lake Ozette coho between 1948 and 1957 averaged
approximately 1,600 fish per year. Harvest declined precipitously during the next 10
years, averaging only 300 to 400 coho per year. Harvest from 1968 to 1972 averaged less
than 300 coho per year. Lestelle (1996) suggests that the decline of Lake Ozette coho is

® The weir was undermined during the sockeye enumeration period and several days passed prior to
repairing the weir, so the 3,241 sockeye counted were only a partial count of the run.
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an indicator of how coho salmon habitat was changing in the watershed during this time
period. Dlugokenski et al. (1981) suggest that the decline in harvest may have been a
result of decreased effort after most of the individuals living at Ozette moved to Neah
Bay in the 1950s. Nonetheless, it seems reasonable that Lake Ozette coho run sizes were
much greater than 10,000 fish per year in the 1920s (after the in-river fisheries had
harvested an unknown number of fish) and that harvest declined sharply in the late 1950s
and 1960s to a point that a terminal fishery could no longer be supported.

12,000

#— Coho Count (Weir Data)
—2&— Coho Count (Harvest Data)

A

A

8,000

4,000

Number of Adult Coho Salmon

A

0+ T T T T A TATATATATATATATATATATATA T AT A AT AT ATATATATATATATA T

>SN L DA L LL YN OO DD P LD
FFFFFFP P FFFFPFI T ITFFITFTFFDIIS

Return Year

Figure 2.2. Coho salmon weir counts and harvest trends for available data from 1924
through 1999 (source: Kemmerich 1945; Jacobs et al. 1996, MFM 2000).

Currently there are no spawning escapement estimates for Lake Ozette coho; therefore no
trend analysis could be conducted for this stock. Long-term spawning ground survey
data are available for only two streams. The dataset contains 19 years of surveys which
took place from return year 1974 to 2004. WDFW conducted spawning ground surveys
in an index reach of Big River’ (from the 7402 Rd Bridge to Boe Creek) from 1974
through 1985 (excluding 1984) and in the lower 0.6 miles of Boe Creek (from 1974
through 1986, excluding 1984). The Makah Tribe began conducting coho spawning
ground surveys in 1998 in these same stream reaches. However, the Tribe’s index reach
in Big River extends downstream from the 7402 Bridge past Boe Creek, to the Hoko-
Ozette Road Bridge and in Boe Creek the survey is 1.0 miles in length versus of the 0.6
miles surveyed in the WDFW index reach. Figure 2.3 depicts the annual number of
surveys conducted within each of the spawning ground survey reaches, as well as the
annual peak coho counts per mile. While the overall quantity and quality of Lake Ozette

" WDFW surveys are recorded in their database as taking place between RM 9.4 and 8.3, however, these
river miles are based on river miles depicted in Phinney and Bucknell (1975). These river miles correspond
to RM 10.81 to RM 9.4 in Haggerty and Ritchie (2004). Stream lengths in Haggerty and Ritchie (2004) are
the basis for all river miles described in this report, as well as river miles used in MFM spawning ground
surveys from 1998-2004.
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coho abundance data are quite limited some general inferences can be made regarding the
number of coho salmon on the spawning grounds. Peak coho counts in Big River and
Boe Creek from 1974 to 1986 averaged 15 and 26 coho per mile respectively and from
1998 through 2004 peak counts averaged 40 and 196 coho per mile; equating to a 2.5 and
7.5 fold increase respectively.

400 10
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Figure 2.3. Summary of the annual number of spawning ground surveys conducted
within index survey reaches and annual peak coho counts per mile in Big River and Boe
Creek spawning ground index reaches from 1974 to 1986 and 1998 to 2004 (source:
WDFW spawning ground survey database; MFM spawning ground survey database).

2.1.2.2 Coho Salmon Life History

2.1.2.2.1 Adult Coho Entering System

Very little data have been collected related to adult coho salmon migration and entry into
Lake Ozette. Kemmerich (1926) describes entry timing into the lake starting in mid-
September with peak counts corresponding to the first initial rise of the lake in early fall.
In 1999 the sockeye counting weir was fished in the Ozette River until October 1,
approximately 45 days later than in other years. On August 27, 1999 the first coho
salmon was observed transiting the weir (MFM unpublished weir counts). Coho salmon
continued to trickle into the lake averaging from 1 to 7 fish per day throughout the
duration of the monitoring period. Rainfall during this period was low; only 2.04 inches
(51.8 mm) of rainfall were measured between August 17 and October 1 (ONP
unpublished rainfall data collected at the Ozette Ranger Station), and subsequently there
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was no rise in lake or river levels. WDF (1955) reports that the greatest abundance of
coho salmon in the Ozette River occurs during the months of September through
November.

2.1.2.2.2 Adult Coho Holding in Lake Ozette

Little is known regarding adult coho holding in Lake Ozette. Adult coho salmon have
been observed milling and jumping in Swan Bay in September and early October, as well
as other areas of the lake. It is assumed that fish holding in the lake are waiting for
streamflows to increase so they can ascend tributaries and reach the spawning grounds.
In 2000, fall rains were later than normal, and streamflows and lake levels did not rise
until late November. In the fall of 2000, a few hundred coho salmon were observed
holding just offshore of Olsen’s Beach, apparently waiting for rain so they could ascend
nearby tributaries to spawn.

2.1.2.2.3 Adult Coho Migration and Spawning in Tributaries

Coho salmon distribution in the Ozette watershed is depicted in Figure 2.4. Coho salmon
have been found to spawn in all accessible low-gradient streams where suitable spawning
gravel exists. In general spawning coho salmon have a preference for small tributaries
where bankfull width is typically less than 30-40 feet (9-12 meters). In larger streams
such as Big River, Umbrella Creek, and Crooked Creek coho spawning is typically
limited in the lower, wider sections. The number of spawners per mile increases towards
the upper watersheds of these stream systems and in smaller side tributaries. The timing
of coho salmon migration into Ozette tributaries remains relatively unstudied. Weir data
collected at the Umbrella Creek weir from 2001 through 2004 suggests that coho salmon
migrate upstream soon after the first significant rise in streamflow in October or early-
November. Figure 2.5 illustrates the relationship between streamflow and coho entry into
Umbrella Creek. The earliest coho entry during this period was on October 14, 2001 and
the latest first entry occurred on November 8, 2002 after a prolonged period of
unseasonably low flows.
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Figure 2.4. Known and presumed coho distribution in the Lake Ozette Watershed
(source: MFM, unpublished fish distribution data).
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Figure 2.5. Relationship between streamflow® and the first coho salmon captured in the
Umbrella Creek weir for return years 2001 through 2004 (source: hydrologic data from
USGS gage 12043300; biological data from MFM, unpublished weir records).

Coho spawning in Ozette tributaries begins in early to mid-November and extends
through mid- to late January. The earliest seasonal records of coho spawning in Ozette
tributaries occurred on October 27, 1998 when one coho redd was observed in Big River
(MFM unpublished spawning ground data). The latest seasonal observation of coho
spawning in Ozette tributaries was observed on January 28, 1983 when 2 spawning coho
were observed in Big River between RM 10.81 and 9.4 (MFM spawning ground
database, survey conducted by WDFW). The timing of peak coho spawning varies
between years. The earliest peak coho counts in Big River occurred on November 25,
1981; the latest peak counts were recorded December 20, 2004. The earliest peak coho
counts in Boe Creek occurred on November 25, 1980; the latest peak counts were
recorded January 6, 1986. Average peak coho counts for the period of survey record in
Big River and Boe Creek occur on December 8 and 14, respectively.

#Streamflow data used is from the Hoko River stream gage, which is the nearest long-term stream gage to
Umbrella Creek. Complete stream gage data for Umbrella Creek is not available for the entire period of
2001 through 2004. . Umbrella Creek streamflows are significantly lower than Hoko River streamflows,
but the relationship between the two streams’ relative streamflows is good.
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2.1.2.2.4 Coho Salmon Fry Emergence and Dispersal

Only limited monitoring of coho salmon fry emergence and dispersal has occurred in the
Ozette watershed. In 1999 and 2001 salmon fry and smolt trapping was conducted in
Umbrella Creek. Results of trapping from 1999 suggest that coho salmon emerge from
the gravel in March and April (based on egg sacs still attached to fish in late April).
There are likely several life history strategies employed by emergent fry. In Umbrella
Creek large numbers of fish have been observed rearing in secondary channels or along
the margins of the main channel in early spring. Others rapidly migrate downstream
from the spawning grounds into the lake or lower reaches of Umbrella Creek. In a period
of 24 days from April 14 to May 7, 1999 almost 49,000 age 0 coho were observed
moving downstream from RM 1.0 towards the lake (Figure 2.6). Based on sampling on
April 20, 2001 at RM 0.7 (Umbrella Creek) it was estimated that 9,300 age 0 coho moved
downstream towards the lake in a single day. Snorkel surveys of along the shoreline of
the lake near the mouth of Umbrella Creek indicate that numerous coho disperse into the
nearshore environment upon entering the lake. Surveys in Swan Bay also detected
nearshore dispersal of age 0 coho. Sockeye smolt trapping near the lake outlet routinely
detects age 0 coho moving down the Ozette River. In 2001 over 2000 age 0 coho were
counted through the smolt trap. Age 0 coho have been observed in spring and early-
summer near the lake’s outlet and along banks of the Ozette River.
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Fyke net blown out on May 7, 1999. Net and trap
reinstalled on May 17th, continuously blown out until
removed on May 27, 1999.
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Figure 2.6. Daily and cumulative coho fry counts conducted near RM 1.0 in Umbrella
Creek using a winged fyke net during the spring of 1999 (source: MFM, unpublished trap
data).
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2.1.2.2.5 Juvenile Coho Salmon Freshwater Rearing

Juvenile coho salmon are known to rear in tributaries to Lake Ozette, the Ozette River,
tributaries to the Ozette River, and the lake. The degree or proportion of the population
that rears in each habitat type is unknown. Seine surveys conducted in Umbrella Creek
during early fall 1999 revealed high numbers of age 0 coho rearing pools. In one pool,
more than 180 age 0 coho were captured in three passes with a seine net (MFM
unpublished juvenile trapping data). Smolt counts from trapping efforts during the spring
of 1999 only enumerated 88 age 1+ coho, suggesting that the majority of stream rearing
juvenile coho migrate into the lake sometime between fall and early spring and then rear
for two to several months before their migration to the Pacific Ocean. Very little data
exist on the timing of tributary rearing coho migration into the lake. However, coho have
been observed in off-channel habitats throughout the watershed during the winter months,
suggesting that at least a component of the population exhibits the more common stream
rearing life history traits observed in other coastal watersheds, with downstream
migrations beginning in spring.

The life history of age 0 lake-rearing coho salmon remains poorly understood in the
Ozette watershed. Wydoski and Whitney (2003) found that lake [reservoir] rearing
juvenile coho salmon fed primarily on zooplankton (57-75%), such as Daphnia. Jacobs
et al. (1996) concluded that there was some potential competition for food with sockeye
salmon. In British Columbia, lake dwelling coho stomach contents contained less than
11% (by prey items, 5% by weight) zooplankton (Mason 1974 in Sandercock 1991).

This may suggest less potential for competition with sockeye, but the diets of Lake
Ozette lake-rearing coho have not been investigated. Predation on juvenile sockeye by
lake-rearing coho may be a more important interaction than potential competition for
food. In Cultus Lake (B.C.), age 0 sockeye were the primary food item for juvenile lake-
rearing coho (Sandercock 1991). In Chignik Lake (Alaska) it was estimated that juvenile
coho consumed 59% of the average population of sockeye salmon fry during a three-year
period (Ruggerone and Rogers 1992). During trapping studies in Umbrella Creek,
juvenile coho as small as 1.5 inches (38 mm) were observed preying on emergent
sockeye fry (MFM unpublished trapping data).

2.1.2.2.6 Coho Salmon Seaward Migration

No direct attempts to enumerate coho smolt production in the Ozette watershed have
been made. Coho smolts are captured during sockeye smolt trapping, but sockeye
emigrate earlier than coho, and therefore only partial datasets for coho smolt production
are available. Jacobs et al. (1996) provide an estimate of smolt production from trapping
conducted in 1992. In 1992, estimated smolt production was 2,562 (95% CI 1,317-3,807)
using the standard mark and recapture techniques, or 2,913 (95% 1,736-5,372) using a
bootstrap estimation method (Conrad 1993). However, in 1992, smolts were trapped
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only during nighttime hours and the period of sampling was only from March 31 to May
14. Thus, these smolt estimates do not reflect total smolt production from the system.

In recent years (2001-2004), peak coho smolt counts have occurred from mid-May to
early June. Coho smolts have been captured as early as April 10 (2002) and as late as
July 1 (2001). Coho smolt size has averaged 119 mm FL (n=314) during this time
period. Since no years contain a full dataset of the emigration time window, it is not
possible to accurately produce smolt production estimates. All smolt monitoring periods
do contain at least one period of record that overlaps with each of the other years of smolt
trapping data. This makes it possible to compare relative proportions of smolts that
migrated outside of the monitoring time frame for years where the trap was either pulled
early or put in place late in the season. These periods were used to produce emigration
proportions for each of the datasets from 2001 through 2004 and to produce general
estimates of seasonal smolt production (Table 2.2).

Table 2.2. Ozette River coho smolt trapping periods, total coho smolts counted,
expanded counts (based on trap efficiency [TE]), and estimated total coho smolt
production (based on estimates for missing periods of the emigration period) (source:
MFM, unpublished data).

Total Coho Expanded Estimated
Start of End of Smolts Count for Trap | Coho Smolt
Year Trapping | Trapping Counted Efficiency Production
2001 5/24/2001 7/1/2001 4,029 13,714 48,782
2002 3/19/2002 | 5/30/2002 3,609 24,387 35,431
2003 5/13/2003 6/11/2003 2,858 52,899 81,281
2004 4/7/2004 6/1/2004 11,720 78,524 90,602

2.1.2.2.7 Coho Salmon Marine/Ocean Phase

No direct studies have been conducted of Ozette coho salmon marine life histories. It is
assumed that Ozette coho behave similarly to other Washington northern coastal coho
stocks.

2.1.2.3 Coho Salmon Hatchery Practices and Planting History

Several stock assessment reviews of Ozette coho indicate either no or very limited
hatchery releases have occurred (WDF et al. 1994; McHenry et al. 1996; WDFW 2002).
However, a query of the Regional Mark Information System (RMIS) reveals this is not
the case. Between 1959 and 1980, over 1.6 million juvenile coho salmon were released
into the Ozette watershed. Table 2.3 depicts the recorded hatchery releases of coho
salmon in the Ozette watershed. Slightly more than 93% of all releases were fry less than
1 gram in weight. In fact only 2% of all coho released were yearling smolts. All coho
hatchery releases were discontinued in this watershed in 1980.
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Table 2.3. Summary of Ozette Watershed coho hatchery releases (source: RMIS

database query 2005)
Weight at

Brood Release Broodstock Release Number
Year Date Agency | Hatchery Source (grams) Release Site Released
1958 8/4/1959 WDFW | Dungeness Dungeness 0.68 Big River 139,650
1958 9/18/1959 | WDFW [ Dungeness Dungeness 0.75 Big River 152,306
1958 9/27/1959 | WDFW [ Dungeness Dungeness 0.8 Big River 124,865
1958 10/6/1959 | WDFW [ Dungeness Dungeness 0.75 Big River 159,874
1958 12/29/1959 | WDFW | Dungeness Dungeness 1.53 Big River 74,000
1965 6/7/1967 WDFW | Dungeness Dungeness 11.94 Big River 28,082
1975 5/7/1976 WDFW Sol Duc George Adams 0.5 Siwash Creek 180,000
1976 3/1/1977 WDFW Sol Duc | George Adams 0.36 Umbrella Creek 200,000
1976 3/1/1977 WDFW Sol Duc | George Adams 0.36 Big River 200,000
1976 3/2/1977 WDFW Sol Duc | George Adams 0.36 NF Crooked Creek 100,000
1976 3/3/1977 WDFW Sol Duc | George Adams 0.36 Siwash Creek 100,000
1976 3/3/1977 WDFW Sol Duc | George Adams 0.36 Ozette Lake 200,000
1977 4/27/1979 | USFWS Quilcene Big Quilcene 23.84 Ozette River 2,000
1978 4/29/1980 | USFWS Quilcene Big Quilcene 22.7 Ozette River 4,500

2.1.2.4 Coho Salmon Genetics

No information is available on this subject.

2.1.3 Chum Salmon (Oncorhynchus keta)

Chum salmon are native to the Ozette watershed and are sustained through wild
production (WDF et al. 1994). Fall chum salmon in the Ozette watershed have been

identified as a distinct stock in recent stock assessments (Nehlsen et al. 1991; WDF et al.
1994; McHenry et al. 1996; WDFW 2002).

2.1.3.1 Current and Historical Abundance

Chum salmon were fairly abundant in the Ozette watershed according to historical catch

records. The historical data available for Ozette chum salmon is limited. Figure 2.7

tllustrates the trend in chum salmon harvest in the Ozette River between 1948 and 1955.

After 1955, chum salmon harvest only appears in the catch records during two years, with

a total of three fish landed. The harvest trend data for Ozette gives only a short snapshot

of the historical population size, but clearly shows that the number of chum salmon

harvested declined in the Ozette River while chum harvest remained stable or increased

in the other nearby watersheds. Since the 1950s, observations of chum salmon in the

Ozette system are very limited.
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A few chum salmon have been observed transiting the weir in mid- or late August.

Spawning ground surveys in the watershed detect chum salmon only on some years.

Factors contributing to the decline of the Ozette fall chum stock remain poorly

understood. Recent stock assessment reports describe the stock status as either critical,
threatened, or unknown (WDF et al. 1994; WDFW 2002; Nehlsen et al. 1991; McHenry
et al. 1996). Nehlsen et al. 1991 describe the Ozette chum population as potentially
extinct. The Lake Ozette chum run was once at least a thousand or more fish, while

current run sizes are most likely less than 25 or 50 fish.
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Figure 2.7. Chum salmon harvest from gillnets fishing Ozette River (1948-1955)

contrasted with chum salmon harvest from nearby Olympic Peninsula rivers (source:

WDF 1955; Dlugokenski et al. 1981).

2.1.3.2 Chum Salmon Life History

2.1.3.2.1 Adult Chum Entering System

Adult chum salmon enter the Ozette system between October and early December (WDF
et al. 1994). Historically, peak harvest occurred between October and December (WDF

1955). Occasionally chum salmon are observed transiting the weir in mid- or late
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August. Little else is known about the historical and/or current migration pattern of
chum salmon in the Ozette watershed.

2.1.3.2.2 Adult Chum Holding in Lake Ozette

No information is available on this subject. It is assumed that some chum salmon that
enter the system spawn downstream of the lake and therefore do not hold in the lake.
Chum salmon have been observed on Allen’s Beach (1988 and 2002), but records are not
available for all years. It is assumed that most chum salmon spawning in the tributaries
have a brief holding period in the lake prior to migrating to the spawning grounds. Chum
salmon observed entering the lake in August (RY 1999, 2001, and 2003) must hold for at
least a few months in the lake prior to spawning.

2.1.3.2.3 Adult Chum Migration and Spawning

Very little is known about the historical spawning distribution of chum salmon in the
Ozette watershed. WDF et al. (1994) describe the spawning distribution as the Ozette
River, Big River, Umbrella Creek, and Crooked Creek. Very limited spawning ground
surveys have been conducted in the Ozette River. The Ozette River is inaccessible from
late fall through winter for spawning ground surveys because of high streamflows and is
nearly impossible to survey from the banks due to the size and depth of the river, dense
riparian vegetation, and the lack of a trail (Jacobs et al. 1996). Fairly detailed data from
spawning ground surveys are available for Ozette tributaries for return year (RY) 1974-
1990 and limited data from RY 1991 through 1997, and more detailed data for Ozette
tributaries from RY 1998 to present. A review of approximately 1,150 spawning ground
surveys conducted from 1970-2004 included only 8 observations of chum salmon. There
have been 6 observations in Umbrella Creek occurring in return years 1996, 1999, 2000,
and 2004. In 1993 there was one observation in Crooked Creek and one in the South
Fork Crooked Creek. A total of six chum were captured in the Umbrella Creek weir in
return years 2002 (3), 2003 (1), and 2004 (2). One spawned-out chum carcass was found
on Allen’s Beach on December 5, 2001. Chum salmon were also observed on Allen’s
Beach in 1988.

2.1.3.2.4 Chum Salmon Fry Emergence and Dispersal

Very little information is available on this subject. The limited number of spawners
makes encounters infrequent in the watershed. No juvenile salmonid monitoring has
occurred downstream of spawning habitat in the Ozette River, limiting smolt and fry
trapping to the tributary spawning component of the run. During fry trapping in
Umbrella Creek in 1999, a total of 13 chum salmon fry were captured in early May,
apparently migrating to the lake.
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2.1.3.2.5 Juvenile Chum Salmon Freshwater Rearing

No information is available on this subject. It is assumed that chum fry rapidly migrate
from the spawning grounds to the lake and then to the river. Some feeding may occur in
the lake and tributaries.

2.1.3.2.6 Chum Salmon Seaward Migration

Very little information is available on this subject. In recent years juvenile chum salmon
have regularly been caught in the Ozette River smolt trap. The sockeye smolt trap is not
designed to enumerate emigrating Age 0 salmonids, and counting methods have varied
between and within monitoring seasons. During trapping in 2001 through 2004, juvenile
chum counts ranged from 1 (2002) to 445 (2004. Note: chum and Chinook not
differentiated in all counts, but the majority of fish were juvenile chum salmon). Peak
counts have been observed from mid-April to mid-May. Juvenile chum have been
captured in the smolt trap into late June.

2.1.3.2.7 Chum Salmon Marine/Ocean Phase

It is assumed that chum salmon in the Ozette system have similar migrations and feeding
patterns as other nearby stocks.

2.1.3.3 Chum Salmon Hatchery Practices and Planting History

No records of chum salmon hatchery plants were found for the Ozette drainage. It is
therefore assumed that no stocking has occurred within the basin.

2.1.3.4 Chum Salmon Genetics

No information is available on this subject.

2.1.4 Chinook Salmon (Oncorhynchus tshawytscha)

Chinook salmon are native to the Ozette watershed (WDF 1955; Nehlsen et al. 1991;
McHenry et al. 1996) and were historically sustained through wild production. Fall
Chinook salmon in the Ozette watershed have not been identified as a distinct stock in
recent stock assessments conducted by WDFW (WDF et al. 1994; WDFW 2002).

2-17



Lake Ozette Sockeye Limiting Factors Analysis

2.1.4.1 Current and Historical Abundance

Chinook salmon were abundant in the Ozette watershed according to historical catch
records. The historical data available for Ozette Chinook salmon are limited. Figure 2.8,
illustrates the trend in Chinook salmon harvest in the Ozette River between 1948 and
1958. After 1958, Chinook salmon harvest appears in the catch records only during 6
years, with a total of 40 fish landed. The harvest trend data for Ozette give only a short
snapshot of the historical population size but clearly shows that the number of Chinook
salmon harvested declined in the Ozette River while Chinook harvest remained stable or
increased in the other nearby watersheds. Reported harvest from 1948 to 1951 in the
Ozette River is slightly higher than the harvest during the same years in the Hoh River,
suggesting that the run was fairly sizable before the population collapse. Since the 1950s,
observations of Chinook salmon in the Ozette system are very limited. No Chinook
salmon have been observed transiting the adult weir in the Ozette River. Spawning
ground surveys in the watershed have not detected Chinook salmon in recent times
(1977-2004). Factors contributing to the decline of the Ozette fall Chinook stock remain
poorly understood.
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Figure 2.8. Chinook salmon harvest from gillnets fishing the Ozette River (1948-1958)

contrasted with Chinook salmon harvest data from nearby Olympic Peninsula rivers

(source: WDF 1955; Dlugokenski et al. 1981).
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Recent stock assessment reports describe the stock status as either critical or extinct
(WDF et al. 1994; Nehlsen et al. 1991; McHenry et al. 1996). Nehlsen et al. (1991)
describe the Ozette Chinook population as potentially extinct. WDF et al. (1994)
describe the stock as extinct or not currently verifiable within the system. The Lake
Ozette Chinook run was once at least 2,000 or more fish; current run sizes are most likely
less than 10 to 20 Chinook.

2.1.4.2 Chinook Salmon Life History

2.1.4.2.1 Adult Chinook Entering System

The current abundance of Chinook salmon is so low in the Ozette watershed that
information on run timing is nonexistent. Historically, peak harvest occurred between
September and October (WDF 1955). Little else is known about the historical and/or
current migration pattern of Chinook salmon in the Ozette watershed.

2.1.4.2.2 Adult Chinook Holding in Lake Ozette

No information is available on this subject. It is assumed that some Chinook salmon that
enter(ed) the system spawn downstream of the lake and therefore do not hold in the lake.
In recent years only one observation of adult Chinook salmon holding in the lake could
be found. One adult Chinook was electro-fished from the lake on October 7, 2004 but
information on the location within the lake is not available (WOE 2005). It is assumed
that most Chinook salmon spawning in the tributaries have a brief holding period in the
lake prior to migrating to the spawning grounds.

2.1.4.2.3 Adult Chinook Migration and Spawning

As discussed earlier, no Chinook have been observed spawning in Lake Ozette tributaries
in recent years (1977-2004). Phinney and Bucknell (1975) report that Chinook spawning
occurs in the Ozette River and in Big River.

2.1.4.2.4 Chinook Salmon Fry Emergence and Dispersal

Very little information is available on this subject. The lack of spawners makes
encounters infrequent in the watershed. No juvenile salmonid monitoring has occurred
downstream of spawning habitat in the Ozette River, limiting smolt and fry trapping to
the tributary spawning component of the run. During fry trapping in Umbrella Creek in
1999 no Chinook salmon fry were captured.
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2.1.4.2.5 Juvenile Chinook Salmon Freshwater Rearing

No information is available on this subject. It is assumed that Chinook fry rapidly
migrate from the spawning grounds to the lake and then to the river. Some feeding may
occur in lake and tributaries.

2.1.4.2.6 Chinook Salmon Seaward Migration

Very little information is available on this subject. In recent years juvenile Chinook
salmon have been captured in the Ozette River smolt trap. The sockeye smolt trap is not
designed to enumerate emigrating Age 0 salmonids and counting methods have varied
between and within monitoring seasons. During trapping in 2001 through 2004, juvenile
Chinook were observed only in 2003 and 2004, and only in low numbers (less than 50
fish). It is possible that low numbers of Chinook were captured in 2001 and 2002 but not
correctly identified and/or recorded.

2.1.4.2.7 Chinook Salmon Marine/Ocean Phase

It is assumed that Chinook salmon in the Ozette system have/had similar migrations and
feeding patterns as other Washington northern coastal stocks.

2.1.4.3 Chinook Salmon Hatchery Practices and Planting History

The relatively high numbers of Chinook salmon in the reported gillnet catch followed by
a complete collapse in the fishery warrants discussion of the potential influence of
hatchery stocking in the watershed. Extensive hatchery releases occurred in the nearby
Hoko River in the years following the highest Chinook catches reported for the Ozette
River. A review of hatchery release records was conducted to determine whether
hatchery stocking may have affected the peak Chinook harvests reported for the Ozette
River. However, there are no records of Chinook salmon being released into the Ozette
watershed and therefore it is unlikely that hatchery releases influenced harvest of
Chinook salmon in the Ozette River.

2.1.4.4 Chinook Salmon Genetics

No information is available on this subject.
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2.1.5 Steelhead/Rainbow Trout (Oncorhynchus mykiss)

Steelhead trout are native to the Ozette watershed and are sustained through wild
production (WDF et al. 1994; McHenry et al. 1996; WDFW 2002). Steelhead/rainbow
trout primarily occur in the form of winter-run steelhead, but non-anadromous forms of
the species may also be present. Winter-run steelhead in the Ozette watershed have been
identified as a distinct stock in recent stock assessments conducted by WDFW (WDF et
al. 1994; WDFW 2002). Within the context of this report, the term steelhead will be used
when describing the species O. mykiss.

2.1.5.1 Current and Historical Abundance

No current or historical abundance data are available for this stock. The status and trend
of this stock are unknown (WDF et al. 1994; McHenry et al. 1996; WDFW 2002). Only
anecdotal evidence of their historical abundance exists. Kemmerich (1926) reports that
old-time residents of the lake informed him that steelhead enter the lake system in
considerable numbers. A review of sport harvest data (1993-2002) indicates that fewer
than 20 steelhead are harvested annually in the Ozette system (WDFW 1994; WDFW
1997; WDFW 1999a; WDFW 1999b; WDFW 1999¢; WDFW 1999d; WDFW 2004a;
WDFW 2004b). The majority of harvest occurs in the Big River and the majority of fish
reported on catch record cards are of hatchery origin’ (WDFW 1994; WDFW 1997;
WDFW 1999a; WDFW 1999b; WDFW 1999¢; WDFW 1999d; WDFW 2004a; WDFW
2004Db).

2.1.5.2 Steelhead Trout Life History

2.1.5.2.1 Adult Steelhead Trout Entering System

Data regarding adult steelhead entry timing into watershed are limited. Steelhead
captures in the adult weir in Umbrella Creek indicate that adult steelhead must begin
entering the Ozette River in early-November and potentially earlier.

2.1.5.2.2 Adult Steelhead Trout Holding in Lake Ozette

Very little information is available regarding adult holding in the lake. Adult steelhead
are sometimes caught by sport fishers in the lake.

? Hatchery-origin steelhead reported as harvested from Big River are assumed to be hatchery strays from
nearby hatcheries (Quillayute, Sooes, Hoko).
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2.1.5.2.3 Adult Steelhead Trout Migration and Spawning

Steelhead have been observed entering Ozette tributaries as early as late October
(Umbrella Creek) and increase in abundance as the spawning season progresses. Weir
operations at Umbrella Creek from 2001 to 2004 have enumerated a total of 8 steelhead
migrating upstream before December. Steelhead have been observed spawning as early
as late November in Big River and as late as mid-June in Coal Creek. However, less than
2% of all redds detected in the watershed are detected in the months of November,
December, and June. Just over 95% of all redds detected have been detected in February
(12.5%), March (24.6%), April (44.4%), and May (13.5%). Based on data collected from
1987 to 2001, peak spawning was determined to take place between late March and mid-
April. The primary streams used for spawning include the Ozette River, Umbrella Creek,
Big River, and Crooked Creek. Additional spawning also occurs in other accessible
tributaries such as the North and South Forks Crooked Creek, Coal Creek, West Branch
Umbrella Creek, and Boe Creek. Spawning ground survey data are somewhat limited in
the Ozette watershed; a total of 216 steelhead surveys were reviewed as part of this
assessment. Redds per mile surveyed averaged 0.56 redds/mi in the smaller streams (60
surveys) and 1.32 in the larger streams (156 surveys). Big River contains the largest
spawning aggregation in the watershed as well as the highest number of steelhead
spawning ground surveys. A summary of Big River spawning ground survey data for the
period of record is shown in Figure 2.9.
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Figure 2.9. Summary of mainstem Big River steelhead spawning ground survey data
from RYs 1987 through 2003, excluding RY's 2001 and 2002, when no data were
collected (source: MFM, unpublished spawning ground survey data).
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2.1.5.2.4 Steelhead Trout Fry Emergence and Dispersal

Winter-run steelhead have a protracted spawning season, and therefore their emergence
timing also extends across several months. Emergence likely begins in mid-March for
some individuals and extends into August for others. The first age 0 steelhead
encountered during trapping studies in Umbrella Creek in 1999 was on April 20. Less
than 100 age 0 steelhead were encountered between April 15 and May 27, when the trap
was destroyed. The trap was repaired and reinstalled on June 22, 1999. Based upon data
collected during the second round of trapping in 1999, it is thought that peak emergence
timing and dispersal occurred from mid-June to mid-July. Over 8,200 age 0 steelhead
were enumerated migrating downstream of the Hoko-Ozette Road Bridge towards Lake
Ozette.
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Figure 2.10. Daily and cumulative steelhead fry counts conducted near RM 0.8 in

Umbrella Creek using a winged fyke net during the summer of 1999 (source: MFM,
unpublished trap data).
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2.1.5.2.5 Juvenile Steelhead Trout Freshwater Rearing

Very few data are available regarding juvenile steelhead freshwater rearing. Based upon
trapping studies conducted in Umbrella Creek, it is possible that some juvenile rearing
occurs in the lake. All other rearing occurs in accessible tributaries to the lake, or Ozette
River. It is assumed that steelhead typically rear for one to three years prior to
emigration. The majority of Washington steelhead smolts migrate at age 2 (Wydoski and
Whitney 2003).

2.1.5.2.6 Steelhead Trout Seaward Migration

No directed attempts to enumerate steelhead smolt production in the Ozette watershed
have been made. Steelhead smolts are captured during sockeye smolt trapping, but the
period of the sockeye emigration is much shorter than the steelhead migration period and
therefore only partial datasets for steelhead smolt production are available. In recent
years (2001-2004), peak steelhead smolt counts have occurred from mid-April to early
June. Steelhead smolts have been captured as early as April 13 (2002) and as late as July
1 (2001). No length or age data were collected for steelhead smolts during this period.
Since no years contain a full dataset of the emigration time window, it is not possible to
accurately produce smolt production estimates. All smolt monitoring periods do contain
at least one period of record that overlaps with each of the other years of smolt trapping
data. This makes it possible to compare relative proportions of smolts that migrated
outside of the monitoring time frame for years where the trap was either pulled early or
put in place late in the season. These periods were used to produce emigration
proportions for each of the datasets from 2001 through 2004 and to produce general
estimates of seasonal smolt production (Table 2.4).

Table 2.4. Ozette River steelhead smolt trapping periods, total steelhead smolts counted,
expanded counts (based on trap efficiency), and estimated total steelhead smolt
production (based on estimates for missing parts of the emigration period) (source: MFM,
unpublished trap data).

Total Expanded Estimated
Steelhead Count for Steelhead

Start of End of Smolts Trap Smolt
Year Trapping Trapping Counted Efficiency | Production
2001 5/24/2001 7/1/2001 170 543 4,784
2002 3/19/2002 5/30/2002 255 1,720 2,117
2003 5/13/2003 6/11/2003 87 1,652 6,667
2004 4/7/2004 6/1/2004 395 2,647 2,852

Unlike salmon, steelhead trout are iteroparous and may make several migrations from salt
to freshwater to spawn. Upon spawning, some steelhead die but many survive. Those
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that survive spawning must then migrate back to the ocean. During this life history
phase, steelhead are called kelts. Kelts are routinely observed transiting the adult
sockeye weir and have also been captured during smolt trapping activities. There have
been no attempts to quantify the total number of kelts migrating down the Ozette River,
but most observations during smolt trapping and adult sockeye enumeration are recorded.
A review of these records indicates that most kelts move down from the lake during the
month of May. Smolt trapping in 2001, 2002, 2003, and 2004 captured 4, 2, 0, and 0
kelts respectively. All kelts captured during smolt trapping occurred between April 20
(2002) and June 7 (2001). Steelhead observations at the adult sockeye weir have been far
more numerous then captures. From 1999 through 2002, a total of 648 steelhead
observations were made at the weir. Table 2.5 depicts a summary of all adult steelhead
observations at the weir. Note that some of the observations included are adults migrating
upstream, but most are kelts migrating downstream.

Table 2.5. Summary of adult steelhead observations at the Ozette River counting weir
from 1999 through 2002 (source: MFM, unpublished sockeye weir data).

Start of Number of First Last
Weir End of Weir Steelhead Steelhead Steelhead
Year Operations | Observations | Observations | Observation | Observation
1999 4/30/1999 8/6/1999 34 5/3/1999 5/27/1999
2000 4/19/2000 8/12/2000 112 4/19/1999 7/14/2000
2001 4/30/2001 8/18/2001 50 5/1/2001 5/24/2001
2002 4/11/2002 8/14/2002 452 4/11/2002 6/21/2002

2.1.5.2.7 Steelhead Trout Marine/Ocean Phase

No information is available on this subject.

2.1.5.3 Steelhead Trout Hatchery Practices and Planting History

A query of the RMIS (2005) database indicates that no steelhead hatchery releases have
occurred in this watershed. No release history is included in any of the stock assessment
documents pertaining to the Ozette watershed (see WDF et al. 1994; McHenry et al.
1996; WDFW 2002).

2.1.5.4 Steelhead Trout Genetics

No information is available on this subject. No genetic analysis was been conducted on

this stock (WDFW 2002).
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2.1.6 Coastal Cutthroat Trout (Oncorhynchus clarki)

Coastal cutthroat trout are native to the Ozette watershed and are sustained through wild
production (WDFW 2000). Coastal cutthroat trout in the Ozette watershed have been
identified as a distinct stock complex based upon the geographic distribution of their
spawning grounds (WDFW 2000).

2.1.6.1 Current and Historical Abundance

There are no current or historical abundance data for Ozette coastal cutthroat. The status
of the stock complex is unknown (WDFW 2000). Beauchamp et al. (1995) speculated
that 5,000 to 10,000 large (>300mm) cutthroat trout might reside in Lake Ozette. There
are limited data regarding incidental captures of coastal cutthroat in Section 2.1.6.2.

2.1.6.2 Coastal Cutthroat Trout Life History

In general, coastal cutthroat trout exhibit four discrete life history forms: sea-
run/anadromous, adfluvial, fluvial, and resident (Johnson et al. 1999). Little is known
about the life histories displayed by coastal cutthroat trout in the Ozette watershed.
WDFW (2000) speculated that the life history in Ozette is likely similar to that observed
in Bear Creek (a tributary to the nearby Bogachiel River). While this is likely true for
some segments of the population, it is likely not the case for the most significant
component of the cutthroat population. Major differences exist between habitat types in
the Bogachiel/Quillayute watershed and Lake Ozette. Lake Ozette, being the third largest
natural lake in Washington State, provides a different habitat than the
Bogachiel/Quillayute watershed. Fish within the watershed surely have adapted to take
advantage of the unique lake habitat. Dlugokenski et al. (1981) captured a total of 209
cutthroat trout in Lake Ozette and stated that both resident and sea-run cutthroat were
present within their sample. DIugokenski et al. (1981) identified the adfluvial form of
cutthroat trout as resident cutthroat trout (likely just a difference in terminology). It
seems likely that the Ozette coastal cutthroat stock consists of three discrete life history
types: sea-run/anadromous, adfluvial, and resident. The fluvial life history type of
cutthroat trout may also exist in Ozette, but the small tributaries feeding the lake may not
provide the habitat types required by this form of coastal cutthroat trout.

2.1.6.2.1 Sea-Run/Anadromous Cutthroat Trout

Emigrating and resident cutthroat trout are commonly captured during smolt trapping
operations in the Ozette River (including cutthroat kelts). During spring sockeye smolt
trapping from 2001 through 2004, a total of 207 cutthroat juvenile emigrants/kelts were
captured (in approximately 209 days trapping effort). Based upon this very limited data,
the number of emigrants appears higher in June than in April and May, although trapping
efficiency varied by year and month. In S.E. Alaska streams, most emigrants move to
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salt water from mid-April to September (Wydoski and Whitney 2003). In Sand Creek
(Oregon) cutthroat trout emigrate from January through June, but the majority (87%),
migrate between April and June (Wydoski and Whitney 2003). Kelts return to salt water
between March and early-April in Oregon and Washington streams, typically about 1
month prior to peak smolt emigration (Trotter 1989). Age at smolt emigration for
cutthroat trout in tributaries to the Clearwater River (Olympic Peninsula) mostly appears
to be 3 and 4 years, based on scale analysis of spawning fish (Fuss 1984).

Time spent in the estuary or at sea is highly variable for sea-run cutthroat trout, some
spending as little as seven days or as many as 158 days (Petersburg Creek, S.E. Alaska;
Wydoski and Whitney 2003). On average, sea-run cutthroat spend about 90 days at sea.
While at sea, fish typically stay close to shore and do not make the extensive migrations
seen with other anadromous salmonids (Trotter 1989). There are no records of sea-run
cutthroat over-wintering at sea (Wydoski and Whitney 2003). Some cutthroat trout have
been observed over-wintering in non-natal streams, but apparently these entries are not
associated with spawning.

Adult sea-run cutthroat trout have been observed entering the Hoh and Clearwater Rivers
as early as July, but most fish probably enter freshwater in September and October (Fuss
1984). Upon entering the Ozette River, fish may hold in the mainstem of the Ozette
River or directly enter the lake or tributaries. Spawn timing of sea-run cutthroat trout on
the Olympic Peninsula is typically between February and March (Fuss 1984). In an
unnamed tributary to Nolan Creek (Hoh River, Olympic Peninsula) sea-run cutthroat
have been observed spawning during the first week of January (Haggerty 2004B). The
spawning distribution of sea-run cutthroat is not documented in the Ozette watershed but
is likely similar to that observed in other nearby watersheds where cutthroat seek out
small headwater tributaries for spawning.

2.1.6.2.2 Adfluvial Cutthroat Trout

Little is known about the adfluvial cutthroat trout population in Lake Ozette. Trotter
(1989) describes this life history type of cutthroat trout to behave similarly to that of sea-
run cutthroat trout, spending 1 to 3 years rearing in tributaries before migrating to the
lake. Little research has been conducted on the tributary portion of the lives of adfluvial
cutthroat populations (Trotter 1989). In food web studies conducted by Dlugokenski et
al. (1981) and Beauchamp and LaRiviere (1993), no attempt to distinguish between sea-
run and adfluvial cutthroat trout was made. For the purpose of this summary, their
findings with respect to life history, feeding, and population structure will be considered
to be for the adfluvial type of cutthroat trout. Dlugokenski et al. (1981) examined the
stomach contents of 98 cutthroat trout captured and determined that the diet consisted of
terrestrial insects (76%), aquatic insects (13%), fish (8%), and benthic invertebrates (4%).
The fish consumed by cutthroat trout consisted of equal portions of yellow perch, sculpin,
peamouth, and sockeye/kokanee. Northern pike minnow and coho salmon were eaten at
a frequency of about one-half of the other three species. Nearly half of the fish remains
found in stomach contents were unidentified fish. Dlugokenski et al. (1981) assumed a
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maximum of 4% of the cutthroat trout diet consisted of sockeye/kokanee salmon.
However, the sampling design focused on the near-shore environment; thus, cutthroat
trout in the limnetic zone were not included in the study. Beauchamp and LaRiviere
(1993) found significantly different diets in the cutthroat they captured and examined.
The authors did not clearly describe the actual stomach contents they examined, but
stated that during spring, nearly 40% of the diet of cutthroat trout > 300mm FL was age-0
and age-1 O. nerka, while juvenile coho salmon made up 0% of the diet. The total
number of fish sampled is also not clearly indicated, but in the methods section the
authors describe sampling 15 fish <300 and >300 mm FL of each species. As with sea-
run cutthroats, the spawning distribution of adfluvial cutthroat is not documented in the
Ozette watershed but is likely similar to that observed in other nearby watersheds where
cutthroat seek out small headwater tributaries for spawning

2.1.6.2.3 Resident (Non-Migratory) Cutthroat Trout

The resident life history form does not typically undertake significant migrations but
simply maintains a small home territory (Johnson et al. 1999). The resident life history
form differs significantly from the anadromous form. Most importantly, resident
cutthroat populations are typically isolated from one another spatially. In WDFW (2000),
the authors speculate that the later spawn timing (April-May) of resident cutthroat further
isolates them from the anadromous form. Little is known about the specifics of this life
history type within the Ozette watershed other than that it can be found in most perennial
streams with gradients less than about 20%. Little interaction between resident non-
migratory cutthroat trout and anadromous salmonids is thought to occur within the
watershed.

2.1.6.3 Coastal Cutthroat Trout Hatchery Practices and Planting History

There are no hatchery plants of anadromous or resident cutthroat trout in the Ozette
watershed (WDFW 2000). No records of past hatchery plants into Lake Ozette have
been found.

2.1.6.4 Coast Cutthroat Trout Genetics

The number of genetically distinct stocks within the Ozette stock complex is unknown;
genetic sampling and analysis are needed in order to determine the genetic composition
of the stock complex (WDFW 2000).

2.2 NATIVE NON-SALMONID FISH POPULATIONS

Native non-salmonid fish populations in the Lake Ozette watershed are speckled dace,
four types of sculpins, Western and Pacific lamprey, threespine stickleback, Olympic
mudminnow, peamouth, northern pikeminnow, and redside shiner.
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2.2.1 Speckled Dace (Rhinichthys osculus)

Little is known about the presence and distribution of speckled dace in the Ozette
watershed. Mongillo and Hallock (1997) concluded that they are likely present within
the watershed and include them in the map depicting the range of speckled dace on the
Olympic Peninsula. Mongillo and Hallock (1997) did not capture speckled dace at their
sample sites within the Ozette watershed but concluded that they were likely present
based upon captures in the nearby Dickey River watershed. Speckled dace are primarily
associated with stream bottoms. Their food sources are typically of benthic origin
(Wydoski and Whitney 2003). They are not considered to be competitors with sockeye
in the Lake Ozette watershed and are only presumed to be present.

2.2.2  Sculpins (Cottus Spp)

Little is known about the presence, distribution, or abundance of sculpins in the Ozette
watershed. To date only three species of sculpin have been positively identified in the
Ozette watershed; prickly, riffle, and reticulate sculpin. However, there has not been a
systematic search including species identification conducted. Mongillo and Hallock
(1997) did not capture coastrange, riffle, or torrent sculpins at their sample sites within
the Ozette watershed but concluded that they were potentially present based upon
captures in the nearby Dickey River and Hoko River watersheds. Wydoski and Whitney
(2003) include the Lake Ozette watershed within the range of prickly, reticulate, riffle,
coastrange, and torrent sculpins. Additional complexities in the identification of species
within the watershed also exist. Reticulate and riffle sculpins are not clearly separated by
existing taxonomic descriptions (Wydoski and Whitney 2003), further hindering
obtaining conclusive evidence of the existence of one or both of these species in the
Ozette watershed. During sockeye fry trapping in Umbrella Creek in the spring of 1999,
sculpins of undermined species (any of the 5 potentially present species) were observed
preying upon juvenile sockeye and coho in the trap. Sockeye were preyed upon in much
higher numbers than other species present in the trap, even though coho salmon fry
outnumbered sockeye at a ratio of up to 10:1.

2.2.2.1 Prickly Sculpin (Cottus asper)

Mongillo and Hallock (1997) captured this sculpin species at two sampling locations
along the shoreline of Lake Ozette but none in the tributaries to the lake. Dlugokenski et
al. (1981) captured and examined the stomach contents of 74 prickly sculpins and found
that 1/3 of the stomach contents were fish eggs. No fish species were present in any of
the stomach contents examined, but this is could be a function of sample timing and
location. Prickly sculpin are known to feed on small fishes, including redside shiner,
threespine stickleback, longfin smelt, yellow perch, lamprey, and juvenile salmonids
(Wydoski and Whitney 2003). Wydoski and Whitney (2003) suggest that prickly sculpin
may eat more fish than other species of sculpin because they grow larger than other
species of sculpin, allowing them to capture and swallow fish more easily. During the

2-29



Lake Ozette Sockeye Limiting Factors Analysis

fall of 1998 in Lake Washington, 53% of the diet of prickly sculpin > 150 mm TL were
sockeye salmon pre-smolt (Warren personal communication 2000 in Wydoski and
Whitney 2003). Beauchamp and LaRiviere (1993) concluded that prickly sculpin were
an important prey food for both cutthroat trout and northern pikeminnows in Lake Ozette.

2.2.2.2 Reticulate and Riffle Sculpin (C. perplexus; gulosus)

As described above, information on the distribution and abundance of these sculpin
species is not available for the Ozette watershed. Mongillo and Hallock (1997) captured
reticulate sculpin at two sampling locations in Big River but not at any of the other
sampling locations in the watershed. Reticulate and riffle sculpins are not clearly
separated by existing taxonomic descriptions (Wydoski and Whitney 2003). However, a
riffle sculpin was collected from Allen’s Bay in 1991 and is part of the University of
Washington fish collection. Riffle sculpin feed primarily on crustaceans, aquatic insect
larvae, and snails (Wydoski and Whitney 2003). In the Cedar River, riffle/reticulate
sculpins as small as 45mm TL consumed sockeye fry (Tabor and Chan 1996). Reticulate
sculpin feed primarily on immature aquatic insects and larvae of other insects, such as
midges, beetles, and caddisflies (Wydoski and Whitney 2003). Reticulate sculpin are
also known to feed on other sculpin, salmon eggs, and fry (Wydoski and Whitney 2003).
Reticulate sculpin can burrow into gravel and cobble substrates quite deeply; sculpin 50-
75 mm can penetrate substrate to depths of 175mm (Wydoski and Whitney 2003).

2.2.2.3 Coastrange Sculpin (Cottus aleuticus)

Wydoski and Whitney (2003) describe the coastrange sculpin as inhabiting medium- to
large-size rivers with moderate current and being distributed along the entire Olympic
Peninsula. Coastrange sculpins in Olympic Peninsula streams have been documented to
prefer habitats with current, which segregates them from habitat types used by coastrange
and prickly sculpins (Wydoski and Whitney 2003). Coastrange sculpin feed primarily on
stoneflies and other aquatic insects, but may also feed on salmon eggs and fry (Wydoski
and Whitney 2003). Foote and Brown (1998) found that the largest sculpins could
consume 50 fresh sockeye eggs per day (130/week). They found sculpin densities in
sockeye nests as high as 100 sculpins per m” in Lake Iliamna, Alaska. Coastrange
sculpin as small as 50mm TL have been found to feed on sockeye fry in the Cedar River,
Washington (Wydoski and Whitney 2003).

2.2.2.4 Torrent Sculpin (Cottus rhotheus)

As described above, information on the distribution and abundance of torrent sculpin are
not available for the Ozette watershed. Mongillo and Hallock (1997) did not capture this
sculpin species at any of their sampling sites within the watershed. Lake Ozette is within
the reported range of torrent sculpins by Wydoski and Whitney (2003). Torrent sculpin
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feed primarily on similar prey items to prickly sculpin but frequent higher velocity
habitats in streams (Wydoski and Whitney 2003).

2.2.3 Western Brook Lamprey (Lampetra richardsoni)

There is some confusion with respect to the presence of western brook lamprey in the
Ozette watershed. Spawning lampreys of undetermined species approximately 6 inches
(150 mm) long have been observed above falls and/or culverts that were thought to be
anadromous barriers (Mike Haggerty, personal communication, 2004). Two spawning
lampreys approximately 6 inches (150 mm) long were also observed in late June 2004 in
Crooked Creek (Andy Ritchie, personal communication, 2004). It was assumed that these
individuals were brook lamprey. However, MFM (2000) and NMFS (2003) both state
that river lamprey (Lampetra ayresi) are present within the watershed. Mongillo and
Hallock (1997) found no river lamprey at any of their sampling sites on the Olympic
Peninsula. Only one documented occurrence of river lamprey on the Olympic Peninsula
was found by Mongillo and Hallock (1997) and that occurred in Lake Cushman in 1931.
Since brook lamprey are non-anadromous, and given the size of observed spawning
lampreys, it is probable that western brook lamprey were the species found above what
were believed to be anadromous barriers in the Ozette watershed. Mongillo and Hallock
(1997) found no western brook lamprey at any of the sampling sites within the watershed
and did not include this species as being potentially present even though it is found just a
few miles away in the Quillayute River.

2.2.4 Pacific Lamprey (Lampetra tridentata)

Little is known about the abundance of Pacific lamprey within the Ozette watershed.
They are relatively common in most of the larger streams, including Ozette River,
Umbrella Creek, Big River, and Crooked Creek. They may be common in small streams
as well, but very limited data are available. Meyer and Brenkman (2001) found at least
three lamprey in Siwash Creek but did not identify the species. Lamprey have been
observed transiting the sockeye weir between mid-April and July but only in very low
numbers, likely because they are able to pass through the pickets and are not forced to
transit through the weir opening where the camera is positioned. Several lamprey were
captured during adult sockeye trapping in the spring and early summer of 2000. A total
of 909 sockeye were captured but not handled. Only visual observation of these fish
occurred, and it was determined that at least 3.9% of the sockeye either had attached
lamprey or lamprey scars (both fresh and old).

Lamprey have also been captured during smolt trapping activities in the Ozette River.
These have included both adults (spawning size) and small lamprey in adult form
(presumed to be juveniles migrating to sea). Lamprey have been found in the stomach
contents of large northern pikeminnows captured from the Ozette River. Between 2001
and 2004, an average of 5-10 lamprey have been captured during smolt trapping activities
in the Ozette River. More quantitative data are available for Pacific lamprey abundance
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in Umbrella Creek from sockeye fry trapping during the spring of 1999. A total of 82
lamprey were captured; 9 were adults and 73 were juveniles (adult form but small size <
20cm) apparently in the process of migrating to sea.

2.2.5 Threespine Stickleback (Gasterosteus aculeatus)

Threespine stickleback are thought to occur in low numbers in the Ozette watershed
(Beauchamp and LaRiviere 1993). They have been captured in low numbers (6 and 7
individuals in 2003 and 2004, respectively) in the Ozette River smolt trap. Miscellaneous
observations have also occurred in different areas of the lake. No threespine stickleback
were captured during sockeye fry trapping in Umbrella Creek in 1999 and 2001. No
threespine stickleback were captured by Meyer and Brenkman (2001) or Mongillo and
Hallock (1997) in efforts to determine species composition at several sites in tributaries
to Lake Ozette. They have been observed in Trout Creek, a tributary to Big River.
Beauchamp and LaRiviere (1993) attempted to capture threespine stickleback in vertical
gill nets and baited minnow traps in the lake but were unsuccessful. Typically, threespine
stickleback make up a major component of coastal cutthroat trout diets; however, they
were absent in the diet of cutthroat trout in examined in Lake Ozette (Beauchamp and
LaRiviere 1993). These are important observations, because threespine stickleback can
compete with sockeye and reduce the quantity and quality of food available for sockeye
fry/parr consumption (Burgner 1991). This does not appear to be the case in Lake Ozette
(Dlugokenski et al. 1981; Beauchamp et al. 1995). Ruggerone (1991) found that
threespine stickleback aggregations can potentially create predation refuge for sockeye
salmon fry from predatory juvenile coho salmon.

2.2.6 Olympic Mudminnow (Novumbra hubbsi)

Little is known about the abundance and distribution of Olympic mudminnows in the
Ozette watershed. Jacobs et al. (1996) reported that the question of mudminnows being
native to the Ozette watershed remained unresolved. However, Mongillo and Hallock
(1999) concluded that Olympic mudminnows were indeed native to Ozette. They
hypothesized that because Ozette remained ice free during the last glaciation, the basin
provided refugia to Olympic mudminnows, as well as many other species. Olympic
mudminnows have been documented in at least 6 sites in the Ozette watershed, including
Ericson’s Bay, Allen’s Bay, Boot Bay, and Swan Bay. Mudminnows require three
habitat characteristics, and if any one of these characteristics is missing, no mudminnows
will be present: 1) several centimeters of soft mud bottom substrate, 2) little or no water
flow, and 3) an abundance of aquatic vegetation (Mongillo and Hallock 1999). Statewide
population trends are considered stable, but mudminnows are extremely sensitive to
habitat alterations. Mudminnows are not considered competitors with sockeye, since
there is little if any overlap in habitats utilized and food consumed.
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2.2.7 Peamouth (Mylocheilus caurinus)

Peamouth are a species of chub that occur throughout the lake. Dlugokenski et al. (1981)
noted that peamouth were the most abundant fish captured during their gillnetting study.
They found fish in spawning condition in all of their sampling locations from mid-April
to mid-June, with the highest concentrations occurring in May. Peamouth are known to
spawn in the Ozette River and Umbrella Creek. Peak entry and spawning activity in
Umbrella Creek occurs around Memorial Day, when black clouds of peamouth can be
observed spawning just downstream of the Hoko-Ozette Road. They likely spawn in
other tributaries to Lake Ozette, but no data are available regarding their use of other
tributaries. Peamouth are captured in the Ozette River smolt trap in relatively high
numbers; in 2001, 2003, and 2004 there were 928, 174, and 418 peamouth captured,
respectively.

Within the lake it was concluded that peamouth have minimal spatial overlap with
sockeye salmon because of the observed nearshore distribution of the species
(Dlugokenski et al. 1981). Gillnet captures indicate that small peamouth occur in Lake
Ozette offshore areas at depths of 1-40 meters (in low numbers) and that large individuals
tend to occur in nearshore areas (Beauchamp and LaRiviere 1993; Jacobs et al. 1996).
Peamouth diets are dominated by benthic prey items for all size classes of fish throughout
the entire year (Beauchamp et al. 1993). Jacobs et al. (1996) reported that peamouth ate
sockeye salmon eggs but that the extent of this behavior was unknown. Dlugokenski et
al. (1981) concluded that peamouth were likely not significant competitors with sockeye
salmon in Lake Ozette.

2.2.8 Northern Pikeminnow (Ptychocheilus oregonensis)

In the past, some have speculated that northern pikeminnows may have been introduced
to Lake Ozette (e.g. Jacobs et al. 1996); however, Kemmerich (1926) describes
homesteaders stating in 1923 that the lake is “full of squaw fish [northern pikeminnow].”
These early observations should dispel any suggestion that northern pikeminnow were
introduced to lake. They are present in the nearby Dickey Lake and Dickey River and
were considered native in Lake Ozette in a recent review of non-game fishes conducted
by Mongillo and Hallock (1997). Pikeminnows are quite abundant in Lake Ozette.
Dlugokenski et al. (1981) state that northern pikeminnows were the second most
abundant fish species captured in gillnet samples taken from Lake Ozette during
randomized monthly sampling from 1977 to 1979. Beauchamp et al. (1995) speculated
that the population of large (>300mm), northern pikeminnows numbered 5,000 to 15,000
based upon nearshore gillnet sampling. The distribution within the Ozette watershed
appears limited to the lake and upper Ozette River. Large schools of northern
pikeminnow congregate at the lake’s outlet as early as mid-April and peak in late May
through June. Most individuals are ripe and in spawning condition. While in the upper
river these fish feed primarily on juvenile salmonids, mostly sockeye and coho smolts,
but they have been observed eating other species present in the Ozette River, including
yellow perch and redside shiners. During the spring of 2001, approximately 1,108
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northern pikeminnows were captured in the smolt trap and in 2002, 2003, and 2004 an
additional 366, 31, and 403 fish were captured, respectively.

The lake’s outlet and upper-river area appears to be a major spawning site for northern
pikeminnows from Lake Ozette. The area adjacent to Garden Island also is known to be
a significant spawning site for northern pikeminnows in Lake Ozette. The diet of
northern pikeminnows has been examined in detail. Dlugokenski et al. (1981)
determined that terrestrial insects composed 37% of the year-round diet and benthic
invertebrates 21%. The remaining diet was 21% fish, 14% aquatic insects, and 7% plant
matter. However, the sampling design did not incorporate the off-shore component of the
northern pikeminnow population. Beauchamp and LaRiviere (1993) sampled the oft-
shore environment and determined that only 2-29% of the northern pikeminnow
population used the off-shore environment (depending upon the season). However, in the
summer, 100% of the limnetic northern pikeminnow’s diet was composed of
sockeye/kokanee (Beauchamp and LaRiviere 1993). In the winter, up to 90% of their
diet was composed of sockeye/kokanee (Beauchamp and LaRiviere 1993). All northern
pikeminnows greater than 450 mm in length captured in the limnetic zone fed exclusively
on sockeye/kokanee (Beauchamp and LaRiviere 1993). No studies have been conducted
exclusively focusing upon potential impacts of northern pikeminnows feeding at the
lake’s outlet or in the Ozette River during the smolt emigration period.

2.2.9 Redside Shiner (Richardsonius balteatus)

The abundance, distribution, and life history of redside shiners in the Ozette watershed is
poorly documented and understood. Redside shiners are present throughout the lake and
the Ozette River. They have been captured in the Ozette River smolt trap in moderate
numbers. A total of 51, 1, 18, and 8 redside shiners were captured in 2001, 2002, 2003,
and 2004 respectively. No captures were indicated in studies conducted by Dlugokenski
et al. (1981) or Beauchamp and LaRiviere (1993). Redside shiners did not appear in the
diets of any of the piscivorous fish species in these studies, which is surprising since they
compose a portion of coastal cutthroat diets in other Olympic Peninsula lakes (e.g. Lake
Sutherland). The degree to which they compete and interact with sockeye in Ozette is not
understood. Juvenile redside shiners feed on zooplankton and algae (Jacobs et al. 1996).
Adults feed on insects and snails and zooplankton when in the pelagic zone (Jacobs et al.
1996) and may compete with sockeye for zooplankton in the pelagic zone (NMFS 2003).

2.3 EXOTIC FISH POPULATIONS

Exotic fish populations within the Lake Ozette watershed include: tui chub, American
shad, yellow perch, largemouth bass, yellow bullhead, and brown bullhead. A brief
description of each species present is included below in sections 2.3.1 through 2.3.5.
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2.3.1 Tui Chub (Gila bicolor)

The presence of tui chub was not documented in Lake Ozette until the spring of 2002.
Mongillo and Hallock (1997) do not include tui chub as a species native to the Olympic
Peninsula. Wydoski and Whitney (2003) do not include the Ozette watershed as part of
the range of this species. Fish identified as tui chub have been captured in the Ozette
River smolt trap. A total of 30, 1, and 3 tui chub were captured in the smolt trap in 2002,
2003, and 2004. Upon hatching, young tui chub feed on diatoms, rotifers, desmids, and
other microscopic food (Wydoski and Whitney 2003). Juveniles feed on zooplankton,
including copepods and cladocerans, while adults feed on plankton, insects, crustaceans,
fish larvae, and fry (Wydoski and Whitney 2003). Wydoski and Whitney (2003) noted
that tui chub often become overpopulated and compete with young trout. This does not
appear to be the case in Lake Ozette. Further research is needed to understand the
abundance and distribution of this species, as well as the species’ origin and history in
Ozette. It seems peculiar that it is present in Lake Ozette and not in any other nearby
habitats.

2.3.2 American Shad (Alosa sapidissma)

American shad were first observed and captured in the Ozette watershed on June 16,
2000 during adult sockeye trapping operations. A single fish was collected and
transferred to ONP for archiving in their fish collection. Little is known about shad
abundance and distribution in the watershed. American shad have been observed
entering the lake in relatively low numbers. A total of 6 adult shad were captured in the
Ozette River during smolt trapping operations between 2000 and 2004. It is thought that
the shad observed in Ozette are dip-ins and that they do not spawn in the lake or its
tributaries. No juvenile shad have ever been captured in the lake or any of its tributaries.
Much higher numbers of shad have been observed in the lower Ozette River. Groups of
shad including 20-40 individuals were observed in the inter-tidal reaches and reaches just
upstream from the zone of tidal influence during a snorkel survey conducted in the
summer of 2000.

2.3.3 Yellow Perch (Perca flavenscens)

Yellow perch are not native to Lake Ozette. The earliest documentation of yellow perch
introductions into the lake comes from a Port Angeles Evening News article (August 17,
1929). This article describes volunteers from the [zaak Walton League transporting
yellow perch from Lake Pleasant to Lake Ozette in live boxes. Dlugokenski et al. (1981)
concluded that yellow perch were the third most abundant fish species in Lake Ozette
based upon gillnet captures in the nearshore environment. They found that yellow perch
were in advanced stages of sexual maturity for eight months out of the year (February
through May, and October to December). Beauchamp and LaRiviere (1993) found that
low numbers of perch used the pelagic portions of the lake and that all pelagic perch were
<200mm FL. In the pelagic zone, fish were captured at depths of only 2-3 m in April, but
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were much deeper (19-38 m) in autumn. Pelagic perch captured in the lake did not
consume zooplankton; they fed primarily on insects and benthic invertebrates. However,
the smallest perch (<125mm) were not susceptible to capture in the vertical gillnets used
and therefore no prey analysis could be performed on these fish.

In other lakes, young perch feed on zooplankton, particularly cladocerans and copepods
(Wydoski and Whitney 2003). In Lake Ozette, larger perch (>150 mm) were captured
almost exclusively in the nearshore environment, where they fed primarily on insects,
invertebrates, sculpin, and unidentified fish species (Beauchamp and LaRiviere 1993).
The largest perch (>250 mm) became cannibalistic during winter and spring (Beauchamp
and LaRiviere 1993). Yellow perch were not found to prey on sockeye salmon in Lake
Ozette in studies conducted by Dlugokenski et al. (1981) or Beauchamp and LaRiviere
(1993). Tabor and Chan (1996) found that yellow perch did not prey upon juvenile
salmonids in Lake Washington. Little spatial overlap exists between piscivorous perch
(>200 mm) and juvenile sockeye, making yellow perch an unlikely predator of juvenile
sockeye. However, yellow perch compete for zooplankton resources in Lake Ozette.
Dlugokenski et al. (1981) concluded that yellow perch <119mm FL fed primarily on
zooplankters and thus were directly competing with juvenile sockeye salmon.
Beauchamp and LaRiviere (1993) concluded that young yellow perch could represent a
significant source of competition for the zooplankton resource in Lake Ozette during
early spring.

2.3.4 Largemouth Bass (Micropterus salmoides)

Largemouth bass are not native to Lake Ozette. The history and timing of the
introduction of this species is currently unknown. Little is known about the distribution
and abundance of largemouth bass in Lake Ozette. Dlugokenski et al. (1981) report the
presence of largemouth bass in the lake but do not include data on catch in the nearshore
gillnets used for fish sampling. Beauchamp and LaRiviere (1993) caught only six
largemouth bass during their vertical and nearshore gillnet sampling in the lake. They
concluded that largemouth bass are not very vulnerable to gillnets. Other largemouth
bass captures in the lake have typically occurred in shallow bays. In general, largemouth
bass prefer clear water with bottoms composed of mud, sand, and organic material, which
provide optimal substrates for rooted aquatic vegetation (Wydoski and Whitney 2003).
Largemouth bass are seldom encountered at depths > 10 to 20 feet (Wydoski and
Whitney 2003). The only identifiable fish remains in largemouth bass captured by
Beauchamp and LaRiviere (1993) were yellow perch. Beauchamp and LaRiviere (1993)
concluded that largemouth bass and juvenile sockeye were spatially segregated during the
growing season but a combination of conditions in spring could draw the bass nearshore
earlier while fry and smolts pass through the littoral zone, making juvenile sockeye
susceptible to predation by largemouth bass. Largemouth bass fry in Lake Washington
primarily feed on copepods, cladocerans, and midge larvae (Wydoski and Whitney 2003).
In Lake Sammamish, largemouth bass feed extensively on fish, with 42% of their diet
composed of salmonids (Wydoski and Whitney 2003).
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2.3.5 Brown Bullhead (Ictalurus nebulosus) and Yellow Bullhead (Ictalurus natalis)

Brown and yellow bullhead are not native to Lake Ozette. The history and timing of the
introduction of these bullhead species is currently unknown. Little is known about the
distribution and abundance of brown and yellow bullhead in Lake Ozette. These species
were first identified as present within the lake by ONP in the early 1990s. Additional
bullhead captures have occurred on at least five occasions during sockeye trapping
operations in the Ozette River. Based upon the low number of encounters of this species,
it is difficult to summarize its potential range and feeding patterns within the lake.
However, it is unlikely that either bullhead species would have been susceptible to the
gear types used in the food web investigations conducted by Dlugokenski et al. (1981)
and Beauchamp and LaRiviere (1993).

Yellow bullhead prefer clear water habitat in slow moving streams, ponds, and lakes
where abundant vegetation exists (Wydoski and Whitney 2003). Brown bullhead prefer
warm water habitats within lakes, sloughs, and sluggish areas in streams. In tagging
studies conducted in Lake Washington, brown bullhead were recaptured only near the
location where they were tagged (Wydoski and Whitney 2003). In another tagging study
conducted in Folsom Lake (CA), tagged brown bullhead moved an average of 1.7 miles
prior to being recaptured, with a maximum movement of 16.2 miles (Wydoski and
Whitney 2003).

Yellow bullhead primarily feed at night. Their diet consists of insects, crustaceans,
molluscs, plant matter, and fishes (Wydoski and Whitney 2003). Young brown bullhead
feed primarily on zooplankton (including cladocerans, such as Daphnia) and midge
larvae, while larger fish feed on midges, mayflies, worms, and crustaceans (Wydoski and
Whitney 2003). Stomach contents of brown bullhead captured in Lake Washington
contained primarily fish eggs (94% by weight) and benthic invertebrates; no fish remains
were observed (Tabor and Chan 1996). Tabor and Chan (1996) captured one brown
bullhead in the Cedar River (Lake Washington, WA) and examined its stomach contents,
which contained the remains of one coho smolt.
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3 THE SOCKEYE SALMON POPULATION

This chapter presents detailed biological information that sets the context for the
investigation of factors currently limiting the Lake Ozette sockeye salmon population’s
survival and recovery. Sockeye life history, hatchery practices, population structure,
abundance, trends, and productivity are reviewed.

3.1 LAKE OZETTE SOCKEYE LIFE HISTORY

Information regarding Lake Ozette sockeye life history forms the foundation for
subsequent discussions addressing limiting factors and potential threats to population
recovery. The limiting factors affecting Lake Ozette sockeye are evaluated by life stage
in Chapter 5. In this section, Ozette sockeye life histories are described and evaluated
assuming a single population divided into seven life history phases: 1) adult sockeye
entering system, 2) adult holding in the lake, 3) spawning and incubation, 4) fry
emergence and dispersal, 5) juvenile freshwater rearing, 6) seaward migration, and 7)
marine/ocean phase. Beach and tributary spawning aggregations differ in the spawning,
incubation, emergence and dispersal phases, and tributary spawners have a brief extra
phase of migration to the lake as fry. The general timing of each life history phase of
Lake Ozette sockeye is depicted in Figure 3.1.

Adult Migration
Adult Holding in Lake
Tributary Spawning

Beach Spawning
Egg Incubation

Fry Emergence — =
Smolt Out-migration

Juvenile Sockeye Rearing in Lake

Abundance

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul

£
=

Figure 3.1. Conceptualization of Lake Ozette sockeye life history and timing (modified

from Jacobs et al. 1996) (Note that migration, tributary spawning, beach spawning, and smolt emigration are
scaled to the estimated relative abundance of animals displaying a life history trait through time, whereas holding,
incubation, emergence, and rearing are plotted without a scale of relative abundance.)
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3.1.1 Adult Sockeye Entering System

Lake Ozette sockeye begin entering the Ozette River and arriving at the lake in mid-
April. In recent years the run typically peaked between late May and mid-June, ending in
early to mid-August (recent run-size estimates have used a run-time window of April 15
to August 15). Kemmerich (1926) reported that the sockeye runs in 1924, 1925, and
1926 ended on August 8, September 15, and September 8, respectively. Figure 3.2
illustrates the average daily proportion of sockeye that enter the lake for each day of the
run-time window (based on 1998-2003 weir data and run-size estimates). In recent years
(1998-2003), 50% of the sockeye run has entered the lake as early as May 27 (2000), and
no later than June 14 (1998; Figure 3.3). Data collected and presented by Dlugokenski et
al. (1981) found that peak run timing during return years (RY) 1977 through 1980 was
between June 5 and June 24. Dlugokenski et al. (1981) estimated that 63.3% of the
sockeye run entered during that period. Weir data from RY 1998-2003 indicate that only
34.6% of the sockeye run entered the lake during this same time period (range: 19.8-
48.8%; Haggerty 2005d). These differences in run timing may be a function of a shift in
run timing, or more likely the consequence of the quality of weir data collected in the
past, coupled with the lack of monitoring during the early portion of the run.
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Figure 3.2. Mean daily run proportion and the mean 7-day moving average for return
years 1998-2003 (source: Haggerty 2005d).



Lake Ozette Sockeye Limiting Factors Analysis

100% —_—

R
—~ 80%
p
3
>
£
=)
e
>
g 60% 5
c
S
s
[N
2
o
S 40%
@
g /
= /s ——RY 1998
E / 7 RY 1999
3 0 ]Z ——RY 2000
‘ —RY 2001
RY 2002
/ e
0% | e—— : : : : :
13-Apr 3-May 23-May 12-Jun 2-Jul 22-Jul 11-Aug

Day of Return

Figure 3.3. Observed and estimated cumulative run proportion by return year for years
1998 through 2003 (source: Haggerty 2005d).

Sockeye residence time in the Ozette River has been reported to be short (~48h) based on
observations of sockeye transiting the weir with sea lice attached (Dlugokenski et al.
1981; MFM 2000). The life span of sea lice in freshwater can range from a few days up
to 21 days (Pike and Wadsworth 1999). Gearin et al. (2002) reported that the mean
transit time for adult sockeye from ocean to lake entry in RY 2000 was 65.2 hours
(Figure 3.4; range=17-154hrs).

Past studies and reports have indicated that the majority of the run transits the counting
weir at the lake’s outlet between dusk and dawn (DIugokenski et al. 1981; LaRiviere
1991; MFM 1992). Monitoring at the weir in past years (pre-1998) typically occurred at
“nighttime,” between 22:00 and 07:00. However, recent (1998-2003) 24-hour time-lapse
camera counts indicate that lake level'’ is the most important factor in determining the
proportion of the run that transits the weir during daylight hours. In most years, the peak

' Lake level has been used as a surrogate for streamflow in Ozette weir studies mainly because no stream
gage has been operated during the majority of years when weir data has been collected. ONP has
maintained a staff gage and has compiled an extensive dataset on lake level just downstream of the lake’s
outlet. Stage at this gage has a direct relationship with stream discharge at the weir; for the sake of
consistency and ease of interpretation “lake level” will be used throughout this document instead of
streamflow.
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of the sockeye run coincides with periods of “low” lake level, typically resulting in a low
percentage of sockeye transiting the weir during daylight hours (Figure 3.5). However, in
years when the lake level is higher during the peak of the run, as much as 65% of the run
appears to transit the weir between 07:00 and 22:00 (Haggerty 2005¢). Although tidally
influenced migration patterns have not been identified, they are thought to exist as well.
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Figure 3.4. RY 2000 transit times from estuary to weir for 28 tagged sockeye (source:
Gearin et al. 2002).
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Figure 3.5. A comparison of day- and night-time sockeye transits through the weir
relative to lake level for combined sockeye counts from return years 1999, 2000, 2002,
and 2003 (source: Haggerty 2005d).

3.1.2 Adult Sockeye Holding in Lake Ozette

Sockeye hold for an extended period in Lake Ozette. Adult sockeye begin entering the
lake in mid-April and have been observed spawning through late February. Peak
spawning in recent years has been observed in December, while peak immigration occurs
from late May to mid-June. This indicates an average holding time of roughly 6 months,
although individual fish may hold for as little as 3 months, or as long as 9 months.

Combined acoustic-radio tag (CART) studies in 2000 and 2001 indicated that adult
sockeye holding distribution was mostly restricted to the eastern half of the lake (Hughes
et al. 2002). The majority of tagged fish occupied the northern and eastern portions of
the lake through the month of September. Tagged fish were only detected in the western
portion of the lake after spawning had started. The majority of holding sockeye stayed at
depths greater than 32 feet (10 m), as evidenced only by hydrophone detection. Sockeye
did not appear to hold in any particular habitat types or locations, but were uniformly
distributed in the eastern half of the lake during the holding period. The only habitat

3-5

80%

- 70%

60%

- 50%

- 40%

- 30%

20%

- 10%

L.

0%

Percent Daytime Migrants (0700-2200)



Lake Ozette Sockeye Limiting Factors Analysis

preference that could potentially be concluded was that sockeye appeared to concentrate
in the deepest parts of the lake (Hughes et al. 2002).

The metalimnion in Lake Ozette extends from 32 to 98 feet (10-30 m) during the holding
period, and shows a rapid decrease in dissolved oxygen (D.O.) by depth, while D.O.
concentration increases rapidly in the hypolimnion (Meyer and Brenkman 2001). Since
sockeye hold below 10 m, and D.O. decreases to a minimum from 32 to 98 feet (10-30
m), it is likely that holding sockeye remain below 98 feet (30 m) in the hypolimnion to
avoid the low D.O. region that extends throughout the thermocline. Temperatures in the
hypolimnion during this period range from 8-10°C (Meyer and Brenkman 2001).

3.1.3 Adult Sockeye Entering, Migrating, and Holding in Tributaries

Adult sockeye are known to spawn in the three largest tributaries to Lake Ozette (Big
River, Umbrella Creek, and Crooked Creek), where supplementation programs have
established returns. Very few data were available regarding sockeye entering, migrating,
and holding in Big River and Crooked Creek. The majority of data collected to date has
been in Umbrella Creek. Sockeye typically enter Umbrella Creek in mid- to late October
depending on fall precipitation patterns. One sockeye was captured as early as August
31, in 2001, when above-normal streamflows occurred in late summer. In 2001, more
than 350 adult sockeye (~10% of the total estimated Umbrella Creek run) were trapped at
the weir before October 15. December 20 was the last day sockeye were trapped in
Umbrella Creek in RY 2001. Unadjusted RY 2001 daily trap counts from the Umbrella
Creek weir are shown in Figure 3.6.

In drier years such as 2002, sockeye migration into Umbrella Creek is delayed. The first
sockeye trapped in 2002 was on November 13. Delayed migration may make sockeye
more prone to predation, since sockeye are known to congregate near the mouth of
Umbrella Creek before beginning their upstream migration. Harbor seals (Phoca
vitulina) were observed on three occasions at the mouth of Umbrella Creek and were also
observed chasing fish. On one occasion, a seal was observed transiting up Umbrella
Creek (Gearin et al. 2002). Upon entering Umbrella Creek, sockeye rapidly migrate 2-5
miles upstream, where large numbers of fish hold in deep pools while others initiate
spawning. Early in the spawning season, holding sockeye will congregate in large pools
typically near their primary spawning grounds and may hold for up to several weeks.
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Figure 3.6. Unadjusted daily and cumulative sockeye trap counts from the Umbrella
Creek weir located at RM 0.8 (modified from Hinton et al. 2002).

3.1.4 Adult Sockeye Spawning and Egg Incubation on Beaches

There are two known active beach spawning sites along the shores of Lake Ozette:
Allen’s Beach and Olsen’s Beach (Figure 3.7). Spawning ground surveys conducted in
1978 and 1979 also found about 30 sockeye spawning just north of the confluence with
Umbrella Creek (Umbrella Beach) (Dlugokenski et al. 1981). The only other record of
beach spawning sockeye locations is a one-time observation of a pair of sockeye
spawning on the southwest shoreline of Baby Island (Meyer and Brenkman 2001).

Recent data indicate that beach spawning sockeye stage offshore of the spawning beaches
in mid- to late October and begin spawning as early as November 1 (MFM unpublished
spawning ground surveys). Unripe fish continue to aggregate in deeper water just off-
shore until maturation, then move onto the beaches to commence spawning. Physical and
environmental conditions at the two primary spawning beaches (Olsen’s and Allen’s)
vary considerably, as does utilization by spawning sockeye salmon.
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Figure 3.7. Current and historical Lake Ozette sockeye beach spawning locations
(source: MFM, unpublished spawning ground survey data; Dlugokenski et al. 1981;
Meyer and Brenkman 2001).
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At Olsen’s Beach, the core spawning area is a relatively small upwelling zone (spring),
encompassing approximately 6,400 ft* (600 m”) of beach. Substrate conditions along the
entire spawning beach grade from small cobble/large gravel to coarse sand and silt.
Competition for optimal spawning sites is intense and extensive redd superimposition has
been observed during most years that surveys have been conducted (MFM, unpublished
spawning ground surveys; Dlugokenski et al. 1981). Suitable spawning habitat consists
of three utilization categories: core, concentrated, and dispersed (Figure 3.8). The core
habitat is approximately 100 feet (30 m) in length and 66 feet (20 m) in width. The area
categorized as having concentrated spawning use consists of about 115 feet (35 m) on
either side of the core area, as well as a zone approximately 425 feet (130 m) long at the
northern tip of Olsen’s Beach. In total, approximately 656 feet (200 m) of beach is
classified as having concentrated sockeye spawning. Dispersed utilization occurs along a
1,886 foot (575 m) stretch of beach between the concentrated area north of the core area
and the concentrated area at the north end of Olsen’s, as well as along about 130 feet (40
m) of shoreline south of the spawning ground survey lead line identified in Figure 3.8.

Olsen's Beach
Spawning Use
Core 7 \_

Concentrated

Dispersed

Leadline © .o

N

] 200 400 600 800 1,000
T e e F 20t

Figure 3.8. Depiction of current Olsen’s Beach sockeye spawning use categorized as
concentrated, core, and dispersed, as well as the relative position of the spawning ground
survey lead line used for data collection in 1999, 2000, and 2001 (source: map was
generated using a collection of unpublished spawning ground survey and GPS datasets
provided by MFM).

3-9



Lake Ozette Sockeye Limiting Factors Analysis

Within the core spawning area at Olsen’s Beach, there are three discrete beach zones: the
upper beach, middle beach, and lower beach. Beach slope, substrate, and vegetation
conditions vary between and in some cases within each zone. The middle beach is the
most heavily utilized for spawning. Redds deposited in this zone are not vulnerable to
dewatering, unlike redds deposited in the upper beach. The core area middle beach is
approximately 26 feet (8 m) wide and 100 feet (30 m) in length, and has a slope of 2.7%
(Figure 3.9). The core area upper and lower beaches have slopes of 11% and 12%
gradient respectively. Areas utilized by spawning sockeye to the south of the core area
have a more uniform beach slope, while areas to the north have a slope structure similar
to the core area, with the exception being that the low gradient beach sections occur at an
elevation 3.3 feet (1 m) higher.

44

Beach Elevation

Median October Lake Level
Median November Lake Level
Median December Lake Level

Median January/February Lake Level
Median March Lake Level
Median April Lake Level

38 A

Elevation (Feet above MSL)

32

Upper Beach Middle Beach

80 60 40 20 0 -20 -40 -60 -80
Distance from Primary Transect (Feet)

26

Figure 3.9. Cross-section through the middle of the core spawning area of Olsen’s Beach
depicting the three spawning zones contrasted with median monthly lake level data from
WY 1981 through 2004 (source: ONP and MFM, unpublished data).

During the fall and winter of 2000/01, detailed spawning ground surveys were conducted
at Olsen’s Beach every 5 to 14 days from early November to mid-February. During this
time, carcass recovery, pinniped surveys, and an egg basket study were also conducted.
Beaches were surveyed in detail on 10 separate days and a total of 18 days were spent
observing sockeye spawning, counting fish, collecting genetic tissue samples, and
conducting the egg basket study. Spawning ground surveys were conducted along the
entire 2,772 feet (845 m) of utilized habitat. Intensive monitoring was focused around
the core spawning area along approximately 394 feet (120 m) of shoreline. A 328 foot
(100 m) lead line fixed to permanent reference points driven into the lake bottom was
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used to aid mapping of redd construction throughout the spawning season (along with
several additional reference points throughout the spawning area). Redd positions were
recorded using an XY-coordinate system based upon the lead line and then converted into
the coordinate system developed during the 1999 beach mapping project, so that redd
positions relative to other habitat attributes and measurements could be compared. Other
attributes were also recorded, such as orientation, length, width, elevation above mean
sea level (MSL), and depth (of redd depression). These data were then summarized
based upon redd type, which was defined for Ozette beaches as the following: individual
redd; individual redd with secondary spawning events; small redd complexes; large redd
complexes; and individual redds along the fringe of redd complexes.

Results from the RY 2000 spawning ground surveys at Olsen’s Beach are depicted in
Table 3.1. It was not possible to collect high resolution spawning ground survey data for
the entire length of the Olsen’s Beach spawning area in 2000. Additional spawning was
observed to the north of the intensively monitored section, and is not included in Table
3.1. No spawning had been documented in this area prior to the onset of the surveys, so
it was not possible to quantify the total area utilized by the Olsen’s Beach spawning
aggregation for RY 2000. However, data do provide valuable insight into, and
quantifiable measurements of, utilization in the core spawning area and the southern
concentrated zone. Just over 87% of the beach area containing sockeye redds was within
a single large redd complex. This site was utilized by spawning sockeye for a total of 89
days, and sockeye were observed spawning there during 90% of the visits to the beach in
2000/01. Over 90% of the redd area identified was within the core spawning area. Eight
individual redds were identified along the fringe of the large redd complex.

Table 3.1. Summary of Olsen’s Beach RY 2000 spawning ground survey redd data
(source: MFM, unpublished spawning ground survey data).

Avg. Number
Number of Redd of Surveys Average Percent of
Redd Redd Area with Active Spawning | Total Redd
Features Area (sq. or New Duration Area
Redd Type Identified (sq. ft) | meters) | Disturbance (Days) Identified
Large Redd 1 3,013 280 9 89 87.2%
Complexes
Small Redd 2 185 17.2 4 65.5 5.3%
Complexes
Single Redds along 8 109 10.1 1 1 3.1%
fringe of Complex
Single Redds with
Multiple Spawning 4 55 5.1 2.6 35.60 1.6%
Events
Single Redds 7 96 8.9 1 1 2.8%
Total 22 3,458 321.3 na na 100.0%

Interestingly, redds constructed along the fringe of the large redd complex were all

identified during the January 11, 2001 survey when lake level was near its annual peak
height. Redds were constructed at an average elevation of 34.2 feet (10.4 m; range 35.27
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to 31.98 ft), approximately 0.5 feet (0.15 m) above the lake level projected at the time of
fry emergence. All but one redd in this area was constructed above the lake stage at
projected fry emergence. Less than 3% of the area identified as redds consisted of single
redds. The winter of 2000 was unusually dry, and most spawning (~95%) occurred
approximately 3.3 feet (1 m) below the lake level at projected fry emergence.
Dlugokenski et al. (1981) made similar observations during the winter of 1979 when they
identified an area approximately 25 meters long that was extensively utilized by
spawning sockeye. They also noted that two redds were constructed high on the beach at
elevations resulting in redd desiccation prior to emergence when lake level dropped.
Depth of spawning observed by Dlugokenski et al. (1981) was 1 to 9 feet (0.3 to 2.8 m),
although they were limited to a maximum viewing depth of 10 feet [3 m]). Recent
surveys (2000-2004) used boat-based teams with SCUBA divers, and indicate that areas
adjacent to the core spawning site are utilized by spawning sockeye to depths of at least
18 feet (5 m). Recent observations of spawning on the beach to the north indicate that
area needs further attention, as over half of the peak sockeye count was observed in the
concentrated area to the north of the core area in RY 2004 and up to one-third in RY's
2002 and 2003.

Spawning along Allen’s Beach is significantly more dispersed than on Olsen’s Beach
(Figure 3.10). One area was categorized as having concentrated spawning use based on
spawning ground surveys conducted from 1999 through 2004. However, spawning
ground surveys outside of the concentrated spawning area are somewhat limited and there
may be other small areas with concentrated spawning use that have not yet been detected
by surveys (such as Cemetery Point). The spawning area is approximately 1.4 miles long
(2.2 km). Substrate size and condition is quite variable along the beach. The southern
section of shoreline is composed chiefly of silt and sand, coarsening to gravel and cobble-
gravel mix to the north. Detailed substrate characterization is depicted in Figure 3.10.
Sockeye salmon at Allen’s Beach have been observed by SCUBA teams spawning at
depths up to 10 m (33 ft) and as shallow as 0.3 m (1 ft).). At least some spawning site
selection appears to be associated with numerous seeps and springs along the shoreline,
which were mapped during the summer of 1999 (See Section 4.2.1). During the summer
of 1998, thermographs were deployed in and adjacent to a seep/spring. The first redd
constructed in both 1998 and 1999 was built in and adjacent to this seep. Spawning
sockeye salmon have been observed as early as November 2 (MFM, unpublished
spawning ground surveys) and as late as April (Dlugokenski et al. 1981; note the April
spawning date is not supported by their data-see Figure 3.11).

During the late 1970s, peak sockeye spawning on Allen’s Beach was documented in
January. In recent years the latest spawning observed at Allen’s Beach occurred in late
January, and peak spawning occurred in early January (MFM, unpublished spawning
ground surveys). Currently Olsen’s and Allen’s beaches appear to have very similar peak
spawn timing (Figure 3.12). In recent years, the latest spawning activity observed at
Olsen’s and Allen’s Beach occurred on February 6, 2001 and January 31, 2001
respectively. Kokanee have been observed in spawning colors on both Olsen’s and
Allen’s beaches during the spawning season (the extent to which this is occurring will be
discussed in Section 3.3).
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Figure 3.10. Map depicting Allen’s Beach spawning use and dominant substrate types (MFM, unpublished habitat data).
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Figure 3.11. Timing and abundance of brood year 1978 beach spawners (modified from
Dlugokenski et al. 1981).
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Figure 3.12. Combined live and dead sockeye counts for Allen’s and Olsen’s beaches
(RY 2000-2004; source: MFM, unpublished spawning ground survey data).

3-14



Lake Ozette Sockeye Limiting Factors Analysis

The number of eggs deposited by each sockeye at Lake Ozette spawning beaches is not
well documented (Jacobs et al. 1996). However, average female fecundity is
approximately 3,050 eggs (size=0.107cc/egg; MFM 2000). In return years 2000 and
2001, female sockeye length averaged 523 mm FL and males averaged 567 mm FL. The
time required for egg incubation is directly dependent on water temperature. Water
temperatures from the brood year (BY) 1998 spawning and incubation period at the
beach spawning grounds are depicted in Figure 3.13. Average temperature during the
incubation of BY 1998 sockeye eggs on Allen’s (7.3°C; 45.1°F) and Olsen’s (8.2°C;
46.8°F) beaches was 7.9°C (46.1°F; MFM 2000). No direct data are available for the
length of egg incubation at the spawning beaches. Based on hatchery data, MFM (2000)
estimated that at an average temperature of 46.1°F, 99 days are required for fish to
progress from egg fertilization to the fry swim-up stage. Dlugokenski et al. (1981)
studied an individual redd on Olsen’s Beach and found that it took 103 days from egg
deposition until the first fry emerged from the redd, which closely matches the MFM
estimate (99 days) for BY 1998 sockeye eggs on lake beaches.

10

Temperature (°C)

6

11/26/98 12/16/98 1/5/99 1/25/99 2/14/99 3/6/99 3/26/99
Time

4/15/99

‘ —Olsen's Beach Average Daily Temperature Allen's Beach Average Daily Temperature

Figure 3.13 Average daily temperature at Olsen’s and Allen’s beaches during BY 1998
spawning and incubation periods. Note: Average daily temperature is the mean of the
average daily surface, bottom, and sub-gravel water temperature. The actual sub-gravel
temperatures may be slightly warmer. (source: MFM, unpublished water temperature
data).
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Additional temperature data were collected during the RY 1999 spawning season at both
primary spawning beaches. Data collected in 1999 were measured within and directly
above the spawning gravel at three sites on each beach. These data suggest that above-

gravel water temperatures are essentially the same at both beaches (Figure 3.14).

However, within-gravel temperatures varied between sites and position within the water
column on Olsen’s Beach. The temperature unit deployed in the spawning substrate

within the center of the core spawning area at Olsen’s Beach (near the RY 1998

thermograph location) recorded a different thermal signature than all other thermographs
deployed on Olsen’s Beach. Before thermograph deployment, this area was identified as
a potential sub-surface spring and targeted for thermograph placement in an attempt to

detect temperature differences.
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Figure 3.14. Comparison of average daily surface water temperature and cumulative
temperature units during the sockeye incubation period on Olsen’s and Allen’s beaches
based upon the average daily temperature of three sites on each beach (source: MFM

unpublished water temperature data).

3.1.5 Adult Sockeye Spawning and Egg Incubation in Tributaries

Currently the majority of tributary spawners use Umbrella Creek. Recent observations of
spawning sockeye have also been documented in Big River (1998, 2003, and 2004) and
Crooked Creek (2002, 2003, and 2004). The most recent observations in Big River and
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Crooked Creek have corresponded to hatchery plants, but a group of 20-30 sockeye were
known to have spawned in Big River (just downstream from the confluence with Solberg
Creek) in December 1998, before any hatchery out planting in Big River (see Section
3.2). In Umbrella Creek, the highest density of spawning occurs from RM 2.5 to 4.8.
The physical habitat used by spawning sockeye varies widely, but the primary habitat
types used are gravel-bottomed riffles and glides (Figure 3.15). Spawning also occurs in
lower densities downstream and upstream of the highest density stream reach, as well as
in at least a few tributaries (see Figure 3.16). High density spawning areas are often used
by large groups of sockeye (10-60 individuals), creating massive redds that can be 100
square feet in size. Sockeye have also been observed spawning in pools, alcoves, side
channels, and other habitat types not commonly recognized as stream spawning habitat.
These areas are not expected to be productive spawning areas, and spawning site
selection is thought to be somewhat a function of the fact that the majority of stream
spawning sockeye are the descendents of lake spawning sockeye; only a few generations
removed. No attempts have been made to determine whether sockeye salmon spawning
in tributaries is associated with upwelling sites. The currently known spawning
distribution of tributary spawning sockeye is depicted in Figure 3.16.

Figure 3.15. Typical spawning site in Umbrella Creek.
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Figure 3.16. Known spawning distribution of Lake Ozette sockeye tributary spawners

(source: MFM, unpublished spawning ground survey data).
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Spawning in Umbrella Creek has been documented as early as October 8 and as late as
January 8. Peak spawning typically occurs in late November but has been observed as
early as November 13 and as late as January 9 (2003). Kokanee or jack sockeye salmon
have been observed spawning with adult sockeye in numbers similar to those observed on
the lake beaches. The number of eggs deposited by each sockeye in the tributaries is not
documented. However, average female fecundity is approximately 3,050 eggs
(size=0.107cc/egg; MFM 2000). In Umbrella Creek during the 1999 and 2000 spawning
season the average length of male sockeye was 567 mm FL (range 505-690 mm, n=125;
MFM, unpublished spawning ground and broodstock sampling data). Females averaged
523 mm FL (range 430-660 mm, n=138; MFM, unpublished spawning ground and
broodstock sampling data).
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Figure 3.17. Umbrella Creek daily abundance relative to the peak number of sockeye
observed per mile for return years 2000-2004 (RM 2.52-4.78) (source: MFM,
unpublished spawning ground survey data).

The time required for egg incubation is directly dependent upon water temperature.
Average daily water temperature from the BY 1998 spawning and incubation period in
Umbrella Creek is depicted in Figure 3.18. Average temperature during the incubation of
BY 1998 sockeye eggs in Umbrella Creek was 5.8 °C (42.5°F). No direct data are
available for the length of egg incubation in the tributaries. MFM (2000) estimated that
based on an average incubation temperature of 42.3°F, fry swim up would occur 136

days after egg fertilization.
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Figure 3.18. Comparison of average daily water temperature in Umbrella Creek and
Lake Ozette spawning beaches for brood year 1998 (source: MFM 2000).

3.1.6 Lake Beach Fry Emergence and Dispersal

Few, if any, direct observations of beach fry emergence and dispersal have been
documented in the Ozette watershed. Based upon the estimated 99 days it takes for beach
spawned fertilized eggs to emerge as swim-up fry, it is believed that peak fry emergence
is between late March and late April. Snorkel surveys along the spawning beaches have
been unable to detect emergent fry in or around the spawning beaches, although no night-
time snorkel surveys have been conducted. It is assumed that emergent fry move rapidly
to offshore rearing areas upon emergence from the spawning gravel (Jacobs et al. 1996).
However, this life history phase of Lake Ozette sockeye salmon remains a data gap. In
other sockeye systems a wide range of different behaviors occur after emergence,
including littoral rearing, rapid migrations to the limnetic zone, and behaviors between
delayed and rapid pelagic dispersal. The lack of sockeye fry in the diets of littoral zone
captured predators by Beauchamp et al. (1995) suggests that rapid migration may be the
dominant behavior.
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3.1.7 Tributary Fry Emergence and Dispersal

A limited amount of direct observations of tributary fry emergence and dispersal have
been documented in the Ozette watershed. On April 14, 1999, a winged fyke net was
placed at RM 1.0 to monitor the daily number of sockeye fry transiting to the lake (MFM
2000). Before this time no direct measurements of spawning success in Umbrella Creek
had been conducted. During the BY 1998 incubation period, mean stream temperature
was approximately 5.8°C (42.5°F), yielding a predicted spawning to swim-up period of
136 days.
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removed on May 27, 1999.
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Figure 3.19. Spring 1999 daily and cumulative sockeye fry count (modified from MFM
2000).

Peak spawning in Umbrella Creek during BY 1998 was between November 23, 1998 and
December 3, 1998. Assuming 136 days required to progress from fertilized egg to swim-
up fry, peak emergence would have occurred in mid-April 1999. Placement of the fyke
net is presumed to have occurred close to the peak emergence and dispersal period.
Downstream fry movement may correspond with streamflow. After moderate rainfall
and subsequent increases in streamflow, sockeye fry counts increased while trap
efficiency (TE) decreased. Increased streamflow and algae production prohibited good
data collection after May 7, 1999. No attempt was made to estimate the total number of
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fry produced in Umbrella Creek for BY 1998 because the early portion of the run was not
monitored and there is no way to estimate trap efficiency (trap efficiency was assumed to
be less than 50%).

The trap was redeployed downstream in June 1999 to study the movement of hatchery
released fingerlings, and at least one natural-origin age 0 sockeye fry was caught on June
23, 1999. The trap was again deployed during spring 2001 so that an idea of survival
during the winter could be made. Only two days of data were collected, April 20 and
May 4. It was estimated based upon trap efficiency that over 5,000 fry migrated
downstream on April 20, 2001. In general it is assumed that fry emigration from
Umbrella Creek starts in late March or early April and ends in late June. Peak emigration
appears to occur around mid- to late April. The majority of sockeye fry captured
appeared to have recently emerged from the gravel, as evidenced by incomplete egg sac
absorption. All sockeye fry migration appears to occur at night, based upon trapping
conducted during spring 1999 and 2001. Several daylight surveys in Umbrella Creek
failed to detect a single fry. Seine netting conducted during daylight hours in pools was
unable to detect migrating sockeye fry. Based on these observations, it is assumed that
during daylight hours sockeye fry burrow into the stream substrate to conserve energy
and avoid predation. Upon entering the lake it is unclear whether sockeye immediately
move to the limnetic zone or whether littoral rearing occurs for a short period (see
Section 3.1.6)

3.1.8 Juvenile Freshwater Rearing

Juvenile Lake Ozette sockeye salmon are thought to rapidly migrate to the pelagic zone
of the lake upon emerging from the spawning gravel, although the exact timing and rate
of movement from the shoreline spawning sites have not been documented (Jacobs et al.
1996). Beauchamp et al. (1995) found that sockeye salmon utilized the nearshore
environment only during fry and smolt migrations. Upon entering the offshore rearing
areas of the lake, sockeye salmon mix with kokanee salmon and become morphologically
indistinguishable (Jacobs et al. 1996). Approximately 94% of the fish >100 mm (FL)
caught in vertical gill nets in April 1991 were sockeye salmon pre-smolts or kokanee
(Beauchamp et al 1995). In the summer months only 54% of the gill net catch was
composed of kokanee salmon, but age 0 sockeye/kokanee salmon were not susceptible to
gill net capture (Beauchamp et al. 1995).

The primary prey of juvenile sockeye/kokanee salmon is Daphnia pulicaria, which
dominate the diet of juvenile sockeye/kokanee salmon throughout the year (Beauchamp
et al. 1995). Benthic invertebrates, adult insects, and copepods comprised 7-46% of the
adult kokanee salmon diets from late summer through early spring. Beauchamp et al
(1995) estimated that juvenile sockeye and all year classes of kokanee consumed less
than 1% of the monthly standing stock of Daphnia pulicaria > 1.0 mm in size, suggesting
that food available for rearing fish was not limiting O. nerka productivity. More than
99% of the juvenile sockeye emigrating from the lake to ocean are age 1+, indicating that
few juvenile sockeye rear in the lake for more than one summer (Jacobs et al. 1996).
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3.1.9 Seaward Migration

Lake Ozette sockeye smolts emigrate from the lake to the Pacific Ocean by means of the
Ozette River. Dlugokenski et al. (1981) observed (or assumed) that sockeye smolts only
migrate at night. Dlugokenski et al. (1981) sampled only four 24-hour periods to
determine daily migration timing. In recent years a minimum of 10% of sockeye smolts
emigrated during daylight hours, and this number may be an underestimate because trap
avoidance during daylight appears to be higher than during darkness, further
complicating the estimate of daylight emigrants. LaRiviere (1990) found that peak smolt
emigration consistently occurred in early May and was essentially over by late May.
These emigration timing patterns appear still to be the case, as only 5% of the smolts
captured in 2003 were captured after May 30, 2003 (although the peak emigration period
was not sampled, and therefore the proportion after May 30th is likely an overestimate;
MFM unpublished smolt trapping data).

Sockeye smolt trapping has occurred intermittently in the Ozette River from the spring of
1979 to the present. Trapping between 1978 and 1992 was conducted using a fyke net
and holding box just downstream of the confluence with Coal Creek (Jacobs et al. 1996).
Smolt enumeration data were collected in 1979, 1982, 1984, 1988, 1989, 1990, 1991, and
1992, but the quantity and quality of data collected were only good enough to produce
expanded count estimates for 1979, 1990, and 1992. The quality of these estimates is
questionable at best. During spring 2001, experiments were conducted to improve the
methods for smolt trapping in the Ozette River. A 5-foot rotary screw trap, fixed to the
adult picket weir (partially covered in Vexar) with an adjustable 5-foot tubular interface,
was determined to yield the highest trap efficiencies (up to 46% for coho smolts). Only
limited sockeye smolt data were collected in 2001 because by the time trapping
techniques were developed and implemented, the sockeye emigration had ceased. This
method was used for the majority of data collection in 2002, 2003, and 2004. Table 3.2
summarizes data for all smolt trapping conducted on the Ozette River from 1979 through
2004.

The estimated numbers of smolts emigrating from the lake in 2002, 2003, and 2004 were
dramatically higher than any past year’s estimates. Peak counts were observed on April
25,2002 and on May 7, 2004, very close to the May 4, 1979 peak observed by
Dlugokenski et al. (1981). It is assumed that the peak of the emigration was missed in
2003, since the smolt trap did not begin fishing properly until May 24, 2003. Figure 3.20
depicts the daily smolt counts from the spring of 2004, which is considered the most
complete dataset collected for Lake Ozette sockeye smolts. Even though the dataset is
the most complete, variation in trap efficiency (TE) still makes it difficult to accurately
estimate the total smolt production for the watershed. Note that the shape of the curve
produced by the 2004 sockeye smolt daily counts is quite different from the curve
presented by Dlugokenski et al. (1981), which depicted the shape as a perfect bell curve,
versus the bi-modal distribution observed in 2004.
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Table 3.2. Summary of Ozette River sockeye smolt trapping (modified from Jacobs et al.
1996; includes recent MFM unpublished smolt trapping data).

Year Trapping Total Expanded | Estimated Comments
Period Sockeye | Count for Sockeye
Smolts Trap Smolt
Counted | Efficiency | Production
Insufficient | Full count- but only 4 days of 24 hr data
1979 | 4/3-5/29/1978 NA 9,600 Data (9,600) collection. (Dlugokenski et al. 1981)
1982 Maly i;;g]zune NA 5,400 NA Source Blum (1988)
April 19-May Approximately 400 smolts captured,
1984 14, 1984 400 11,400 NA estimate source: Blum 1988.
jogg | Onedayin NA NA NA NA
mid-May
1989 April 10-May 755 NA NA 255 sockeye smolts captured
26, 1989
April 1-June Minimum estimate based on 4/22-5/18
1990 P NA 7,942 NA expansion, only days sampled expanded,
11,1990
sampled 5 days/week.
April 17-May Insufficient Only fished 2-3 nights/week
1991 30, 1991 NA NA Data
March 31- Insufficient Partial count: n=263
1992 May 14, 1992 263 2,752 Data
Trap efficiency very poor from May 10 to
. May 24. Trap efficiency increased as
2001 Maly é(())(—)Jluly 30 NA Ins111)f£1tcalent modifications were made to system but
’ the sockeye emigration had peaked before
trap was working properly.
Full count, 6,710 sockeye smolts captured
March 18— expanded trap efficiency trials, 6,152 of
2002 May 30, 2002 6,710 35,238 35238 the total estimated number of sockeye
were of hatchery origin (Crewson 2003)
Measured trap efficiency was low
(5.38%). Only a portion of the out
Mav 13-Jun Insufficient migration period was monitored
2003 13 200‘31 © 1 1412 26,245 Data (estimated to be 16.0%) resulting in a
’ (145,598) high level of uncertainty with respect to
the expanded counts and estimated smolt
production.
The 31,504 estimate was derived by
. applying a fixed trap efficiency rate of
April 7-June 31,504 - 31,504 - S .
2004 1, 2004 5,759 51.941 51.941 18.28%. The 51,941 estimate was

generated using a measured time
differential efficiency rate.
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Figure 3.20. Ozette River daily sockeye smolt counts, average trap efficiency expanded
cumulative sockeye smolt counts, and time differential trap efficiency expanded
cumulative smolt counts, spring 2004 (source: Peterschmidt 2005)

Lake Ozette sockeye predominantly emigrate as age 1+ smolts (LaRiviere 1990; MFM
1991; Jacobs et al. 1996). Recently collected otolith data (BY 2000, 2001, and 2002)
indicate that less than 1% of sockeye emigrate as Age 2+ smolts (n=981; MFM,
unpublished otolith age data). Age 1+ smolt emigration is a common life history strategy
employed by sockeye salmon within the southern range of the species. Lake Ozette
sockeye salmon smolts are large in size, averaging between 11.3 to 13.0 cm (FL) for
years 1978, 1984, 1989, 1990, 1991, and 1992 (Blum 1988; Jacobs et al 1996).
Dlugokenski et al. (1981) evaluated the length and weight of Ozette sockeye smolts and
concluded that they were the third largest yearling sockeye smolts documented in the
recorded literature. Recently collected smolt size data measured only total length; smolts
averaged 14 cm (TL; n=107) in 2003 and 14.4 cm (TL; n=231) in 2004. The size of
emigrating smolts increased by 2.3 cm over the course of the 2004 emigration period.
Initially, on April 21, 2004, the average smolt length was 11.9 cm (TL; n=143), by April
28, 2004 the average length increased to 13.1 cm (TL; n=40), and from May 6 through
May 14, 2004, smolt length averaged 14.4 cm (TL; n=230) (MFM unpublished smolt trap
data). This trend was not apparent in the 1984 (n=375) and 1989 (n=255) smolt data. In
fact, data from these years show a slight decrease in smolt length at the end of the
sampling seasons (LaRiviere 1990; Blum 1988).
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3.1.10 Marine/Ocean Phase

Sockeye salmon exhibit a wide variety of behaviors following emigration from their natal
watersheds; however, little is known about this phase of juvenile Ozette sockeye life
history. At least some populations of sockeye are known to rear in the estuarine
environment for extended periods, in systems with sizable estuaries. Many populations of
sockeye use the nearshore for at least 2-6 weeks following emigration from their natal
stream (Burgner 1991). The Ozette system does not include a sizeable estuary, but the
nearshore region surrounding the mouth of the Ozette river is an extensive, complex, and
productive shallow sub-tidal environment.

It is unknown to what degree Ozette sockeye use this environment before migrating to
northern inshore or offshore marine rearing environments. Juvenile sockeye are present
close to shore from Cape Flattery to Yakutat in July and August, and scarce to absent in
areas further offshore (Burgner 1991). Limited sampling in the North Pacific Ocean
indicates that juvenile sockeye remain primarily inshore through October before moving
offshore in late autumn or winter (Burgner 1991).

Most Fraser River sockeye remain within the Strait of Georgia or closer to their natal
stream from April until late June or July before moving north into Johnstone Strait and
the Gulf Islands (Burgner 1991). In Bristol Bay, where inner coastal waters are less
productive than offshore waters, juvenile sockeye migrate to the outer Bay within 2 to 6
weeks. They remain in the outer bay for an undetermined length of time, staying near the
coast during migration (Burgner 1991). Sockeye in the Ozernaya River in Kamchatka
feed for several months close to their natal stream, and juvenile sockeye are captured
further offshore by September or October in the Sea of Okhotsk and north of the
Kamchatka River (Burgner 1991).

High densities of marine mammals and marine piscine predators can be found near the
mouth of the Ozette River, and predation at this life stage may be significant. However,
marine survival rates for Lake Ozette sockeye are thought to be relatively high. Jacobs et
al. (1996) report estimated marine survival rates of 27% and 18% for BY 1988 and 1990
respectively. It is known that the vast majority of Lake Ozette sockeye spend 2 to 2.25
years at sea before returning to the lake, but some return after as little as one year or as
many as three years at sea. No data are available regarding their ocean distribution.

3.2 HATCHERY PRACTICES and PLANTING HISTORY

NMEFS (Gustafson et al. 1997) identified three major concerns that led to the findings that
if current conditions continued into the future, Lake Ozette sockeye were likely to
become in danger of extinction in the foreseeable future. One of the primary concerns
related to the potential genetic effects of hatchery practices that were occurring at the
time of the NMFS ESA Status Review, as well as past practices that included
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interbreeding sockeye and genetically dissimilar kokanee salmon. Gustafson et al. (1997)
estimated that approximately 24% of the sockeye fry entering the lake rearing
environment between 1988 and 1995 were of hatchery origin. These concerns were
addressed in detail during the development of the Makah Tribe’s Lake Ozette Sockeye
Hatchery and Genetic Management Plan (HGMP). The following subsections (3.2.1
through 3.2.3) include a brief history and description of hatchery practices and stocking
efforts in the Lake Ozette watershed. For additional details see MFM (2000).

The first sockeye releases into Lake Ozette were from out-of-basin broodstock sources
and are described in Section 3.2.1. The last out-of-basin sockeye stocking in Lake Ozette
occurred in 1983 (BY 1982 releases). All subsequent hatchery stocking efforts in the
watershed relied only on sockeye salmon returning to the spawning grounds within the
Lake Ozette watershed as the broodstock source. A detailed description and summary of
recent hatchery stocking is included in Section 3.2.2. Hatchery production and stocking
efforts occurring since the inception of the Lake Ozette Sockeye HGMP are described in
Section 3.2.3.

3.2.1 Non-Native Sockeye Salmon Stocking (1937-1983)

Adult returns resulting from past out-of-basin hatchery plants of non-native sockeye had
the potential to interbreed with the native Lake Ozette sockeye, although the extent of
non-native sockeye stocking was relatively low and their success was unknown. The first
documented releases of non-native juvenile sockeye into Lake Ozette occurred with a
brood year 1936 plant of approximately 450,000 sockeye fingerlings from the U.S.
Bureau of Fisheries Birdsview Station at Baker Lake (Kemmerich 1945). Kemmerich
(1945) states that additional transfers of sockeye juveniles from Quilcene and Quinault
stations occurred after 1937, but the numbers and dates of those releases were not
available. The only other documented out-of-basin sockeye releases were in 1983, when
120,000 (BY 1982) Lake Quinault sockeye fingerlings were released into Lake Ozette
(MFM, unpublished hatchery out-planting records). Releases of non-native kokanee into
Lake Ozette have also been documented, in addition to non-native sockeye releases. In
1940, over 108,000 kokanee fry from the Lake Crescent Trout Hatchery were released
into Lake Ozette (Kloempken 1996 in Gustafson et al. 1997). Dlugokenski et al. (1981)
also reports a kokanee release of an unknown quantity and origin into Lake Ozette in
1958.

3.2.2 Recent Sockeye Salmon Artificial Propagation Efforts (1984-1999)

The Makah Tribe’s Umbrella Creek Hatchery facility operated without a concise
operation plan from 1982 through 1998. That is to say that there was no overall plan for
integrating the hatchery operations with the overall recovery and restoration of the Lake
Ozette sockeye population. Initially, hatchery operations and planning attempted to
follow the recommendations set forth in Dlugokenski et al. (1981). Dlugokenski et al.
(1981) developed three management alternatives for rebuilding Lake Ozette sockeye
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abundances: 1) no action, 2) rehabilitation of existing beach spawning population and
habitat, and 3) import an out-of-basin sockeye stock. Dlugokenski et al. (1981)
recommended management alternative 3 as the preferred alternative and suggested that 3-
5 million sockeye eggs per year should be imported, hatched, and reared in Umbrella
Creek over an 8-year period. Dlugokenski et al. (1981) recommended importing
sockeye from another watershed mainly because they believed that in order to increase
the number of sockeye in Lake Ozette, utilization of tributaries for spawning was
required. At the time it was believed that the remaining beach spawning sockeye
aggregation could not adapt to the tributary spawning environment.

Preparation for hatchery supplementation in Lake Ozette started in earnest during the
spring and summer of 1981 (MFM 1981). The Lake Ozette Sockeye Steering Committee
formed and met for the first time on April 1, 1981 (MFM 1981). Stream surveys were
conducted in Big River, Umbrella, Crooked, Siwash, and South Creeks between July 14
and September 21, 1981, in an attempt to locate a suitable egg incubation site (MFM
1981). It was concluded that the best site was an unnamed tributary to Umbrella Creek
(WRIA 20.0056), based upon hydraulic head, water quality, and accessibility (MFM
1981). The site was prepared for egg incubation during the fall of 1982.

In order for the project to be successful it was determined that a local stock with tributary
spawners was needed. In fall 1982, the Lake Ozette Steering Committee met and decided
that their efforts should focus on obtaining broodstock from Lake Quinault (MFM
1983b). The steering committee, WDFW, USFWS, and ONP all wrote letters of support
declaring their preference for the Lake Quinault broodstock, in an attempt to secure eggs
for hatching and rearing during the spring of 1983 (MFM 1983b). The low run size in
1983 prevented the Tribe from obtaining eggs from Lake Quinault. With a recently
constructed incubation facility and no sockeye eggs, the effort to get eggs shifted to the
Lake Ozette spawning beaches in the fall of 1983. Broodstock was collected from
Olsen’s Beach and eggs fertilized from spawners were then incubated at the Umbrella
Creek facility. Resultant fry were released at the Hoko-Ozette Road Bridge into
Umbrella Creek. In the end, eggs from Lake Quinault were obtained for only one year
(By 1982) and in numbers well below the recommendations set forth by Dlugokenski et
al. (1981). Efforts to obtain eggs from Lake Quinault slowly waned, and attention
focused on collecting beach spawning sockeye from Lake Ozette as the primary
broodstock source.

Broodstock were collected from Olsen’s Beach every year between 1983 and 1999,
except for 1984 and 1989. Additional broodstock were collected from Allen’s Beach in
1987, 1988, 1991, 1992, 1994, 1995, and 1996. Additional broodstock were collected
from Umbrella Creek in 1997. It is not possible to quantify the number of broodstock
collected from the two beach spawning aggregations for all years collections were made,
but the vast majority of broodstock were collected from Olsen’s Beach during this period.
The number of fish collected and the resulting releases varied significantly between
years. From 1986 to 1999, a total of 1,415 sockeye salmon were collected from the
spawning beaches and used as broodstock. Table 3.3 lists the total number of fingerlings
or fry and eggs produced from broodstock collected at Lake Ozette sockeye spawning
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beaches and released at various locations in the watershed from 1984 through 2000.
Figure 3.21 depicts the number of fish or eggs released for each year during this period,
for each release site.

Table 3.3. Total number of fingerlings or fry and eggs produced from broodstock
collected at Lake Ozette sockeye spawning beaches released at various locations in the
watershed from 1984 through 2000 (modified from MFM 2000).

Total Number
of Fry or Total Number | Total Number
Number of Fingerlings of Eggs of Released
Release Site Years Released Planted Fry and Eggs
Umbrella Creek 8 691,748 0 691,748
Lake Ozette 8 242,599 16,628 259,227
Big River 1 0 14,299 14,299
Crooked Creek Mainstem 1 0 34,530 34,530
N.F. Crooked Creek 3 34,500 67,589 102,089
TOTAL 968,847 133,046 1,101,893
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Figure 3.21. Total number of sockeye fry or fingerlings and eggs produced from
broodstock collected at Lake Ozette beach spawning grounds released into various areas
of the Lake Ozette watershed from 1984 through 2000 (BY 1983 to BY 1999) (source:

MFM, unpublished hatchery release data).
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3.2.3 Hatchery and Genetic Management Plan (HGMP)

On March 25, 1999, the National Marine Fisheries Service (NMFS) listed Lake Ozette
sockeye as Threatened under the ESA (64 FR 14528). The listing necessitated the
development of an HGMP (MFM 2000) in order for the program to receive federal
authorization under the ESA. Actions that may affect listed species can be reviewed by
NMEFS through ESA section 7, section 10, or the 4(d) Rule, which can limit application of
take prohibitions under section 9 of the ESA for actions considered sufficiently
conservative (NMFS 2003). The NMFS opted to evaluate the HGMP through the 4(d)
rule process (65 FR 42422). The HGMP was later submitted to NMFS as a joint Makah
Tribe and WDFW Resource Management Plan (RMP- http://www.nwr.noaa.gov/Salmon-
Harvest-Hatcheries/State-Tribal-Management/Ozette-Sockeye-RMP.cfim) for
consideration under Limit 6 of the 4(d) Rule. NMFS issued a final determination for the
HGMP in July 2003, finding that the plan adequately addressed criteria under limit 6 of
the 4(d) rule, exempting the plan from the ESA section 9 take prohibitions (69 FR
18874). The joint RMP evaluated by NMFS is the HGMP and will be referred to in this
document as the HGMP.

The HGMP is part of the overall recovery planning process for Lake Ozette sockeye.

The HGMP contains a complex set of recovery goals and a well-defined strategy for
supporting recovery and preserving the genetic diversity of Lake Ozette sockeye. The
HGMP contains measures and actions exclusively needed to maintain the operation of the
hatchery component of Lake Ozette sockeye recovery, as well as population and habitat
monitoring components not normally associated with hatchery activities. The HGMP
clearly states that the HGMP alone will not result in recovery of Lake Ozette sockeye, but
a comprehensive approach to habitat protection, habitat assessment, and habitat
restoration is needed so that hatchery and habitat components can work in concert with
one another to promote species recovery.

The HGMP contains the following recovery goals:

1. Prevent further decline of the ESU population.

2. Increase abundance of naturally spawning Lake Ozette sockeye salmon to self-
sustaining levels that meet future estimated escapement goals and enable
sustainable Tribal and non-Tribal commercial, Ceremonial and Subsistence
(C&S), and sport fisheries.

3. Conserve the genetic and ecological characteristics of Lake Ozette sockeye
salmon.

4. Increase distribution and diversity of Lake Ozette sockeye salmon in their present
and historical localities along the lakeshore of Lake Ozette and its tributaries
using supplementation, reintroduction, and natural colonization.

5. Rebuild naturally spawning aggregations of sockeye in the Ozette watershed and
restore their role in ecological processes, including nutrient recycling, serving as a
source of prey for other species of fish and wildlife, and for traditional native uses
(MFM 2000)
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The plan of how to achieve these goals is through an innovative approach to adaptive
management in which “restoration activities” are treated as experiments used to develop
knowledge of how to change or refine future actions. The adaptive management
component of the HGMP contains four steps:

1. Identify recovery strategies that test hypotheses about the limiting factors or
causes for decline of the population.

2. Design recovery activities as experiments to collect information from which we
can learn.

3. Analyze the responses to recovery activities.

4. Implement changes based on synthesis of information and adaptive management.

The initial strategy of the HGMP included two main components:

1. Reintroduction and supplementation efforts were directed in Big River and
Umbrella Creek using tributary returns for broodstock, with intensive monitoring
of the experimental introductions to clearly understand their outcome. The intent
is that reintroduction into these tributaries will increase viability (abundance,
productivity, spatial structure, and diversity) of Lake Ozette sockeye, which
should be of long-term benefit to the recovery of the population.

2. Limit artificial production activities for beach spawning fish to studies of limiting
factors, genetic composition, and life history, using methods described in the
HGMP. Determinations of whether and how to supplement or reintroduce lake
spawning aggregations will be made pending results of the research.

Implementation of the HGMP started with BY 2000 returns to the lake. Since
implementation of the HGMP, no broodstock have been collected from the beaches and
no planting in the Crooked Creek watershed has occurred. Hatchery efforts have focused
on refining broodstock capture, incubation, and release methods within Umbrella Creek,
in addition to incubation and releases strategies within Big River, as well as small scale
limiting factor studies at the spawning beaches. Much of the new population status, life
history, ecological interaction, and habitat limiting factors data presented in this analysis
were collected as part of the HGMP monitoring effort. Since the implementation of the
HGMP began in BY 2000, a total of 746 (379 females and 367 males) sockeye have been
collected for broodstock from Umbrella Creek (less than 10% of the total return to
Umbrella Creek between 2000 and 2003; MFM unpublished broodstock collection data).
A total of 783,617 fry and fingerlings have been released into the Umbrella Creek (36%)
and Big River (74%) watersheds (MFM unpublished sockeye release data). A simplified
summary of sockeye hatchery releases in the Lake Ozette watershed is included in Table
3.4.
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Table 3.4. Summary of HGMP sockeye fry and fingerling releases in the Ozette
watershed for brood years 2000 through 2003 (source: MFM, unpublished hatchery
release data).

Brood Release Size Number of Release Site Broodstock

Year Date (Grams) Fry or Source
Fingerlings
Released

2000 April/May 2001 0.13 63,201 Big River (Stony Creek) | Umbrella Creek
2000 7/29/2001 1.01 50,168 Big River (Stony Creek) | Umbrella Creek
2000 7/27/2001 1.17 48,379 Umbrella Creek Umbrella Creek
2000 7/27/2001 0.8 32,328 Umbrella Creek Umbrella Creek
2001 April/May 2002 0.13 75,900 Big River (Stony Creek) | Umbrella Creek
2001 6/28/2002 0.86 75,352 Big River (Stony Creek) | Umbrella Creek
2001 July 2002 1.0-1.57 94,958 Umbrella Creek Umbrella Creek
2002 6/5/2003 0.32 74,377 Big River (Stony Creek) | Umbrella Creek
2002 6/5/2003 0.91 47,990 Big River (Stony Creek) | Umbrella Creek
2002 6/26/2003 0.74 79,325 Umbrella Creek Umbrella Creek
2002 June 2003 0.4 24,568 Umbrella Creek Umbrella Creek
2003 May 2004 0.16 102,779 Big River (Stony Creek) | Umbrella Creek
2003 7/2/2004 0.6 12,792 Big River (Stony Creek) | Umbrella Creek
2003 5/25/2004 0.57 1,500 Umbrella Creek Umbrella Creek

The HGMP includes a pre-specified duration of 12 years, or three sockeye salmon
generations, per release site. After 12 years (2012), the program will be evaluated. If it
has been successful in establishing self-sustaining sockeye runs that meet determined
escapement goals for release areas after 12 years of operation, it will be terminated. The
HGMP also includes an extensive monitoring plan that allows for many of the program
performance indicators to be monitored and evaluated annually. Monitoring and annual
program evaluation allow for terminating specific program elements that are determined
to be ineffective. NMFS (2003) determined that,

“If, after 12 years, the program is meeting performance standards, and is expected to
achieve, but has not yet fully accomplished, program goals, continuation of specific
components of the program will be proposed and reevaluated. Similarly, if aspects of the
program are not meeting goals or standards, but alternative adaptive management
measures are available that are likely to achieve goals and standards providing a net
benefit to the ESU, program elements may be changed and continued upon evaluation
and reassessment before or after the 12-year evaluation. The co-managers’ overall goals
and objectives for the program will also be reevaluated over the duration of the hatchery
programs to incorporate new findings. Tributary escapement goals and population
abundance thresholds are yet to be developed by the co-managers and the TRT. The
ability to meet minimum escapement and spawner distribution goals for release streams
for each brood year will be considered in defining success or failure of the tributary
program and its subsequent continuance or termination.”
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In 2003 NMFS conducted an assessment of the Lake Ozette hatchery program’s relative
contribution to the conservation of the listed species. This assessment included a detailed
evaluation of the hatchery program’s effects on ESU viability, based on the viable
salmonid population (VSP) parameters of abundance, productivity, spatial structure, and
diversity. NMFS (2004) concluded that the hatchery program is increasing the
abundance of natural spawning sockeye in the ESU, but that tributary spawners from the
program are isolated from the beach spawning aggregations (by design), and are unlikely
to benefit the abundance of the natural-origin beach spawning sockeye population.
Neither was the productivity of the beach spawning aggregations expected to be
increased by the tributary hatchery programs in Umbrella Creek and Big River.

NMEFS (2004) concluded that the hatchery program was not likely to increase the spatial
structure of the beach spawning aggregations within Lake Ozette, but that the hatchery
program is likely to increase the spatial structure of the ESU as a whole. NMFS also
determined that the ESU’s diversity may potentially benefit from the hatchery program.
The hatchery program is expected to affect ESU diversity by extending the range of the
species’ distribution, which may contribute to life history diversity and increase the
resiliency of the population (NMFS 2004).

3.3 POPULATION STRUCTURE and DIVERSITY

The Lake Ozette sockeye ESU is believed to have been historically composed of a single
population with substantial sub-structuring of individuals into multiple spawning
aggregations (BRT 2003). Presently Lake Ozette sockeye spawn on two lake beaches,
Olsen’s Beach and Allen’s Beach (Figure 3.7) and in three tributary streams, Umbrella
Creek, Crooked Creek, and Big River (MFM 2000; Figure 3.16). During the late 1970s
and early 1980s, only beach spawning sockeye were documented during a series of
intense basin-wide spawning ground surveys. A few documented occurrences of
spawning outside of the currently known spawning sites have been recorded in the past
25 years. Dlugokenski et al. (1981) observed sockeye spawning along the shoreline just
north of the confluence with Umbrella Creek during the BY 1978 spawning period.
During 1994 spawning ground surveys, sockeye redds were observed by ONP divers
along the shoreline of Baby Island (Meyer and Brenkman 2001). Indirect evidence of
spawning in or around Boot Bay was documented by Dlugokenski et al. (1981) based on
gillnet captures of ripe sockeye, although no actual spawning was documented.

The historical presence of tributary spawning sockeye is somewhat controversial. Blum
(1988) concluded that loss of tributary spawners was a primary factor for the sockeye
population decline, although his hypothesis is not widely accepted. Others have argued
that no tributary spawners existed prior to the Makah Tribe’s hatchery (re)introductions.
Dlugokenski et al. (1981) cites Pete Ward (former MFM biologist), Emil Pearson (Ozette
resident and direct descendant of an Ozette settler), and J. Ayerst (WDFW biologist) as
stating that sockeye historically utilized Lake Ozette tributaries, and Pete Ward
specifically is cited as stating that sockeye spawned in Umbrella Creek. Blum (personal
communication 2004) states that in interviews with William Parker Sr. (now deceased),
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Mr. Parker stated that sockeye spawned in the tributaries and that historically tribal
fisherman harvested sockeye directly from the tributaries. In interviews in 1941 with the
Bureau of Indian Affairs, Makah fishermen described taking salmon by net and spear in
the Ozette River, and by a net strung between two canoes in the lake, but salmon species
was not specifically identified in the transcript of the interview (Swindell 1941).
Kemmerich (1945) stated that there was no evidence that sockeye ascended any of the
tributaries to Lake Ozette, but they spawned along several lake beaches and at the mouths
of tributary streams'".

The Umbrella Creek spawning aggregation was established using a combination of
broodstock collected at Olsen’s and Allen’s beaches (MFM 2000). The first direct
release into Umbrella Creek occurred with BY 1983 releases into Umbrella Creek at RM
1. The first documented adult sockeye return to Umbrella Creek occurred during the BY
1988 spawning season. The origin of these fish is unclear but may have been the result of
BY 1983 or 1985 releases that occurred in Umbrella Creek (MFM unpublished hatchery
release data; no releases were associated with BY 1984). Blum (former MFM biologist)
reported approximately 10 adult sockeye spawning in a tributary to Lake Ozette during
the fall/winter of 1982, but the specifics of the report are unclear (Jacobs et al. 1996).
Hatchery objectives have changed significantly over the course of the last 20 years, and a
strategy of specifically building/rebuilding tributary spawning aggregations began in the
1990s. Objectives were refined again in 2000 (see MFM 2000 for specifics on hatchery
strategies and history). Brood year 1994 was the last year juveniles were released in the
lake; since then, hatchery efforts have primarily focused on tributary releases.

Observations of sockeye spawning in Big River during the winter of 1998 before any
hatchery out-planting may provide evidence that some Ozette sockeye stray into new
habitats, possibly in an attempt to colonize new environments. This could be what has
occurred in the past when sockeye have been observed in numbers of 10-30 fish in an
area in a single year and then not observed again at the same site (Boot Bay, Baby Island,
Umbrella Beach, Big River, unknown tributary in 1982).

3.3.1 Genetics

Lake Ozette sockeye genetics have been studied and summarized in past work done by
Hershberger et al. (1982), Gustafson et al. (1997), and Crewson et al. (2001); and more
recently by Hawkins (2004). Gustafson et al. (1997) described Lake Ozette sockeye as
genetically distinct from all other sockeye salmon stocks in the Northwest. Past analyses
of Lake Ozette sockeye genetics and life histories have suggested that two within-basin
populations may exist in Lake Ozette (Dlugokenski et al. 1981; Hershberger et al. 1982).
Dlugokenski et al. (1981) suggested that the beach spawning aggregations may be
separate populations based upon variations in peak spawn timing between Olsen’s and

" Kemmerich (1939) states in a letter to Dr. Foerster, “We made no special investigation of the spawning
beds during the years covered in the report (referring to the 1926 report on the history and operations
conducted at Lake Ozette, later included in Kemmerich 1945) but merely observed that from time to time
that most of the spawning seemed to be along the lake shore ...”
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Allen’s beaches. Hershberger et al. (1982) suggested that there may be two populations
based upon genetic differences observed between samples collected in June and July in
the Ozette River. However, they cautioned that sample sizes were small and a more
detailed analysis including increased sample sizes and increased duration of sampling
would be needed in order to gain greater certainty on whether multiple populations exist.
Gustafson et al. (1997) indirectly suggested that two populations may exist, based upon
samples collected from Olsen’s and Allen’s beaches that were statistically different at
seven loci (BY 1995).

Crewson et al. (2001) used adult sockeye tissue samples collected from Olsen’s Beach
(BY 1996, 1999, 2000), Allen’s Beach (BY 2000), and Umbrella Creek (BY 2000), as
well as kokanee tissue samples collected in Siwash and Crooked Creeks to examine
genetic differences between and among these spawning aggregations. They concluded
that the data revealed large genetic differences between the kokanee and sockeye
populations within Lake Ozette. Crewson et al. (2001) determined that there were
significant genetic differences between cohort lineages within the Olsen’s Beach
spawning aggregation. The brood year 1999 and 2000 genetic samples were significantly
different from one another, while the 1996 and 2000 (BY 1996 were parents to the BY
2000 spawners) samples were not significantly different. Crewson et al. (2001) also
found that samples collected in 2000 at Olsen’s and Allen’s beaches were significantly
different from one another, but were unable to determine whether this pattern was
consistent between years, since only one brood year was sampled.

Hawkins (2004) genetically characterized over 1,800 sockeye and kokanee tissue samples
collected over a 14-year period (1988-2002) from seven different spawning locations
within the watershed, at 17 microsatellite DNA loci. All samples analyzed by Hawkins
were collected from adult sockeye and kokanee salmon. Hawkins (2004) found that there
was very little genetic structure among the sockeye spawning aggregations at Olsen’s
Beach, Allen’s Beach, and Umbrella Creek. However, there were genetic differences
between cohort lineages along the predominant 4-year brood cycle, and these lineages
were found to be most closely related independent of sampling locations (Hawkins 2004).
Hawkins (2004) determined that the genetics of Umbrella Creek sockeye are more
closely aligned to sockeye spawning aggregations at Olsen’s Beach than those spawning
at Allen’s Beach. Hawkins (2004) described the Lake Ozette kokanee population
structure as likely one panmictic group with no genetic differences among the sample
collections within the study. However, not all streams and spawning sites used by
kokanee were sampled.

3.3.2 Sockeye-Kokanee Genetic Interactions

Sockeye and kokanee salmon are known to interact during the freshwater rearing phase
of the sockeye salmon, which coincides with nearly the entire rearing life history phase of
kokanee salmon. Of most importance here is the interaction of sockeye and kokanee
salmon during the spawning phase. Dlugokenski et al. (1981) described kokanee as

being interspersed with sockeye salmon on the both of the spawning beaches during the
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months of November and December. Recent spawning ground surveys of the beaches
have also included observations of kokanee-sized O. nerka among spawning sockeye
salmon. It has not been possible to positively determine whether visual observations of
kokanee-sized fish are kokanee or whether they may be residual, jack, or hybrid sockeye
salmon. Kokanee-sized O. nerka have also been observed spawning with sockeye
salmon in Umbrella Creek. Genetic evidence analyzed by Hawkins (2004) indicates that
hybridization between sockeye and kokanee salmon appears to have been occurring prior
to 1991 and continues to be persistent between the two populations. However, the
genetic mixing between sockeye and kokanee salmon is of low enough frequency to
maintain the large genetic differences observed between the two populations (Hawkins
2004).

3.4 POPULATION SIZE AND TRENDS

The purpose of the population size and trends section is to provide the most up to date
information regarding Lake Ozette sockeye run sizes, spawning aggregation sizes, and
recent and long-term trends in both total run sizes and spawning aggregation sizes. This
best available information will serve as the baseline for the analysis of limiting factors,
and consideration of recovery actions. In addition, this section of the report will describe
in detail the methods used to enumerate and estimate the Lake Ozette sockeye run sizes,
how these methods have changed through time, and how changes in counting and
estimation methods may affect the accuracy of past and recent sockeye run-size
estimates.

3.4.1 Methods Used to Estimate Run Sizes

The first attempt to quantify the size of the Lake Ozette sockeye run occurred in 1924
when the U.S. Fish and Wildlife Service (USFWS) installed and operated a counting weir
approximately 660 feet (200 m) downstream from the lake’s outlet in the Ozette River.
Sockeye weir counts were conducted between 1924 and 1926 at this site; the methods
used were poorly described in Kemmerich (1945). However, Kemmerich (1945) does
describe the use of a trap in the last half of the 1926 run which likely increased the
accuracy of those counts. It is important to note that run-size estimates produced for RY
1924-1926 do not include the number of sockeye harvested. Also, the weir was not
deployed during the early part of the run during all years and therefore the numbers
reported in Kemmerich (1945) only represent a fraction of the actual number of sockeye
entering the Ozette system. The weir was operated from May 27, 1924 to August 8,
1924, between June 8, 1925 and September 15, 1925, and between June 10, 1926 and
September 8, 1926. From 1927 to 1976 no attempt was made to accurately quantify the
number of sockeye salmon entering the lake. Past analyses (Bortleson and Dion 1979;
Dlugokenski et al. 1981; Jacobs et al. 1996; Gustafson et al. 1997; MFM 2000) used
salmon harvest records reported in Ward et al. (1976) as an indicator of the historical
abundance of Lake Ozette salmon stocks.
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The first contemporary attempt to quantify the size of the Lake Ozette sockeye run
occurred between 1977 and 1980 when a joint study between the USFWS, U.S.
Geological Survey (USGS), and the Makah Tribe operated a counting weir in the Ozette
River, near the lake’s outlet (200 m downstream). Lake Ozette sockeye run sizes from
1977 to present are considered “recent” estimates within the context of this discussion.
The methods used to estimate sockeye run sizes in the Ozette River and spawning
aggregation sizes have varied over the course of the last 25 years. Initially, from 1977 to
1981, weir counts were made based upon nighttime counts of sockeye passing over an
illuminated counting board. Observers were stationed on the Olympic National Park’s
footbridge crossing the Ozette River (the same location where the counting weir is
currently deployed) for fish observation. In 1977, bi-weekly daytime counts were
conducted, but no daytime migrants were observed (Dlugokenski et al. 1981). Only
nighttime counts appear to have been used in return years 1978-1981 (Dlugokenski et al.
1981; MFM 1981B). The weir used during RY 1977 through 1981 was made of seine
netting attached to a lead line and chain. The lead line and chain were used to weight the
net to the stream bottom. However, the use of a net made the weir susceptible to sockeye
burrowing under the lead line and chain (complete details of methods for each year of
weir counts are included in Appendix A).

In 1982, a river-spanning picket weir with a live trap attached was used to enumerate
sockeye entering the lake. This allowed for a more “fish tight” structure than the
previously employed net weir. The MFM FY 1982 annual report states (MFM 1982A):
“A different sampling design was installed this year due to problems encountered with
the previously used methodology.” It is assumed that one of the problems with the
sampling design of past weir counts (1977-1981) was related to the lack of 24-hour
monitoring. In RY 1982, just over 24% (512 of 2123) of the sockeye transiting the weir
passed during daylight hours. The picket weir and trap were again used in 1984, but due
to high water the weir and trap could not be deployed until June 19 (MFM 1984A). The
weir was not operated during 1985 and 1987 (LaRiviere 1991). The weir was reportedly
operated during RY 1986, but no records could be found regarding weir operations for
that year.

In 1988, the picket weir was deployed just upstream from the ONP footbridge and
operated between 2000 hr and 0600 hr (LaRiviere 1991). The weir was closed during
non-observer time periods (LaRiviere 1991). Fish were enumerated as they crossed a
white, illuminated, counting board from an observation platform (LaRiviere 1991). In
1989, the weir was deployed and operated in the same manner as in 1988 with the
exception that for one night a trap was attached to the weir so that sockeye could be
captured and measured (LaRiviere 1991). In 1990, the weir was deployed in the same
location and operated in a similar manner as in 1988 and 1989 (LaRiviere 1991), but the
weir was blocked off during weekends. A trap was attached to the weir and fished
sporadically throughout the run (LaRiviere 1991). Approximately 17% of the fish
transiting the weir were trapped and manually passed through the weir. In 1990 the weir
was fished a total of 31 nights over a 66-day period (June 7 through August 11, 1990).
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In 1991 the picket weir was again fished at the same location as in 1988-1990. Weir
observation and trapping times fluctuated radically throughout the monitoring period, but
overall methods were similar to those used in RY 1988-1990 (see Appendix A for
complete details). Weir counts encompassed a greater portion of the run time in 1992, as
the weir was fished from May 29 through July 9. Methods used were similar to those
employed between 1988 and 1991. No reliable documentation of 1993 weir counts
exists; the field notes were lost. From RY 1994 through RY 1997 the same methods
were used as in RY 1988 through 1993. No written reports describing these years could
be found, but field notes indicate that operations were conducted in the same manner as
in previous years. No significant differences in methods occurred until 1998.

Return year 1998 was the first year in which 24-hour per day monitoring was conducted
using an underwater video camera and time-lapse VCR. The picket weir was assembled
in the same location as in RY 1989-1997. Visual observers were stationed at the weir
from 2200 to 0700 starting May 7 and ending July 2. The video system was operated
from June 16 through August 6. The setup and operation of the weir were the same in
1999 as in 1998. In 1999, the video system operated from May 1 until September 30. In
addition to the video system, observers were stationed at the weir opening between 2200
and 0700 beginning April 30 and ending August 6 (for more details see Haggerty 2005d).
Weir operations in 2000 and 2001 predominantly used the video system to enumerate the
sockeye run size. A trap was also used in both of the years to monitor a portion of the
run (see Appendix A; Haggerty 2005¢). In 2000, the weir was operated from April 19
through August 12. In 2001, the weir was operated from April 30 through August 18.
Both years encompassed a larger portion of the run-entry timing than in any other two
years.

Weir operations during return years 2002 and 2003 used the video system to enumerate
sockeye transiting the weir. The weir was set up in the same location as in past years
(1989-2001) and minor adjustments were made to increase the quality of data collected at
the weir. In addition to the standard time-lapse VCR data, video images were also
recorded on a computer hard drive (HD) to evaluate the efficiency and accuracy of using
computers to help process the time-consuming videos. Paired imagery of VCR and HD
were compared to calculate the proportion of sockeye transiting that was detected using
both methods. This method provided a relatively accurate estimate of the overall sockeye
run sizes for these years. The weir and video systems were operated from April 11, 2002
through August 14, 2002. In 2003, the weir and video system was used to monitor adult
migration into Lake Ozette between May 12 and August 12.

The methods used to enumerate and estimate Lake Ozette sockeye run sizes have
changed significantly between 1977 and the present. Significant differences in older
methods limited the quality of data collected and therefore likely underestimated run
sizes. Return years with incomplete datasets were used to develop the Dlugokenski
Model, which estimates the sockeye run size based upon the assumption that 63.3% of
the sockeye run enters the lake between June 5 and June 24 (Equation 1).

Equation 1
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36

Where,
n= the number of sockeye transiting the weir between June 5 and June 24.

p= the proportion of sockeye assumed to have transited the weir between June 5 and June
24 in the base years (1977-1979; 0.633).

Recently, data collected at the weir have shown that several of the basic assumptions
used by Dlugokenski et al. (1981) are now invalid and were also likely invalid at the time
of their study. In order for the Dlugokenski Model to yield reliable estimates, at least five
assumptions must be valid: 1) the proportion of sockeye that transit the weir between
June 5 and June 24 must be normally distributed between years, 2) sockeye must not
transit the weir during daylight hours, 3) all fish that enter the lake must pass through the
weir, 4) visual observers stationed at the weir must count every sockeye passing through
the weir, and 5) all fish entering the lake between 1977 and 1979 (model base years) must
have been enumerated (MFM 2000).

Most of the five assumptions above have not been valid in the most recent years of weir
operations and were no more valid between 1977 and 1979 when the model was
developed. Unfortunately, only one of the base year datasets still exists and the degree to
which these assumptions were violated will remain a mystery. The most recent data
collected at the weir (1998-2003) has enabled a much clearer depiction of errors
associated with sockeye enumeration in the system. Much of the new perspective on
sockeye enumeration at the weir comes from having robust datasets that encompass all or
the majority of the sockeye run-entry timing. It has been found that peak migration into
the lake varies by 20-30 days dependent upon the return year. Daytime sockeye passage
into the lake is highly influenced by lake level and streamflow; when the lake level is
high the proportion of daytime migrants is also high (Figure 3.5). The number of fish
detected by visual observers stationed at the weir is consistently lower than the number
detected by video systems. However, the proportion of sockeye detected by video tape
review is also significantly less than 100% of the total number of sockeye transiting the
weir. For RY 1996 through 2003 several new adjustment and expansion factors have
been added to the methods used for estimating the total sockeye run sizes.
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3.4.2 Historical (pre-1977) Ozette Sockeye Run Sizes

As reported earlier, there are only marginal data available for estimating historical
escapement levels for Lake Ozette sockeye. A weir was used to enumerate sockeye
entering Lake Ozette in 1924, 1925, and 1926, but no harvest data for interceptor
fisheries are available for these years, so it is not possible to estimate the total run sizes
for these years (Figure 3.22). It is assumed that fisheries would have been conducted
downstream of the weir in RY 1924 through RY 1926 (see WDF 1955). In addition,
these weir counts are only partial counts that do not incorporate the entire run-time
window for Lake Ozette sockeye. Between 1948 and 1976, harvest data are available but
no escapement data were collected, creating substantial uncertainty regarding run sizes
during this period. MFM (2000) questioned the accuracy and reliability of the reported
harvest numbers, since they come from verbal reports of fish bought by local fish buyers,
although WDF (1955) cites the source of the catch data along with the numbers of nets
used in the Ozette River fishery. It can still be argued that in some years the harvest may
have been significantly less and in other years, much of the harvest may not have been
sold and consequently not reported. Blum (1988) speculated that the Lake Ozette
sockeye run size exceeded 50,000 fish prior to the 1940s. Over a 20-year period, Lake
Ozette sockeye harvests went from several thousand per year to zero. For the last 25-plus
years (1982-present) no harvest of sockeye salmon has taken place in tribal fisheries.
From 1973 to 1977, tribal regulations strictly limited harvest of sockeye salmon.
Reported catch during this period was 133 fish. From 1978 through 1982, tribal
regulations limited the harvest to 30 fish per year for ceremonial purposes.
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Figure 3.22. Historical abundance of Lake Ozette sockeye (RY1924-1926 and RY 1948-
1976) based on Kemmerich (1945) and Jacobs et al. (1996).
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3.4.3 Recent (1977-2003) Lake Ozette Sockeye Run Sizes

As described in Section 3.4.1. sockeye have been counted using a weir located near the
lake’s outlet from 1977 to present. Estimated run sizes presented in Jacobs et al. (1996)
and MFM (2000) are shown in Table 3.5. The most recent (1996-2003) run-size
estimates are presented later in this section in Table 3.6. MFM (2000) used information
and data collected in 1998 and 1999 to adjust run-size estimates between 1988 and 1997.
Upon summarizing and analyzing recent datasets (1996-2003) additional insights were
gained and adjustments to recent run-size estimates (pre-1996) were made in an attempt
to generate run-size estimates that are adjusted and expanded based on the same general

assumptions.

Table 3.5. Estimated Lake Ozette sockeye run sizes, monitoring periods, and methods
(Modified from Jacobs et al. 1996; MFM 2000).

Estimated | Estimated
Weir Weir No. Run Size | RunSize | Method
Operations | Operations | Adults (Jacobs et (MFM of
YEAR Start End Observed | al. 1996) 2000) Estimate Citations
1977 | ~514/1977 | ~8no/1977 | 2201384 1,004 1,004 N=n+ Dlugokenski et al. (1981)
harvested Harvest
890 + 30 N=n+ .
1978 ~5/24/1978 ~8/8/1978 harvested 920 920 Harvest Dlugokenski et al. (1981)
510+ 30 N=n+ .
1979 | ~5/20/1979 ~8/8/1979 harvested 540 540 Harvest Dlugokenski et al. (1981)
255+ 30 N=n/p+ .
? ?
1980 ? ? harvested 432 432 Harvest Dlugokenski et al. (1981)
1981 6/8/1981 7/8/1981 239 350 N=n/p MFM 1981A
1982 6/9/1982 8/17/1982 2,061 +29 2,147 2,152 N=n-+ Blum 1988
harvested Harvest
1983 NA NA NA 350 NA NA No Data Collected
1984 6/19/1984 8/7/1984 804 2,170 2,170 N =n/p Blum 1988
1985 NA NA NA NA NA NA NA
1986 ? ? NA 691 691 N=n/p LaRiviere 1991;
1987 NA NA NA NA NA NA NA
1988 6/27/1988 6/29/1988 218 2,191 3,599 N=n/p LaRiviere 1991
1989 6/19/1989 6/30/1989 143 588 603 N=n/p LaRiviere 1991
1990 6/7/1990 8/11/1990 175 263 385 N=n/p LaRiviere 1991
1991 | 5231991 | 7/12/1991 NA 634 634 | NT0p Drange afgdgﬁame
1992 5/29/1992 7/9/1992 1,175 2,166 2,548 N=n/p MFM 2000
1993 ? ? 69 <267 NA N=n/p MFM 2000
1994 6/6/1994 7/15/1994 NA 498 585 N=n/p MFM 2000
1995 ? ? NA 314 314 N=n/p MFM 2000
1996 6/18/1996 6/29/1996 NA NA 1,778 N=n/p MFM 2000
1997 6/9/1997 7/1/1997 280 NA 1,133 N=n/p MFM 2000
1998 5/7/1998 7/2/1998 980 NA 1,406 MFM 2000 MFM 2000
1999 5/1/1999 9/30/1999 1,945 NA 2,076 MFM 2000 MFM 2000
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The methods used to derive the most recent (1996-2003) run-size estimates for sockeye
entering Lake Ozette are described in detail by Haggerty (2004a; 2005a; 2005b; 2005¢;
and 2005d). Sockeye run-size estimates from 1996 to 2003 ranged from a low of 1,609

(1997) to a high 5,075 (2003), averaging approximately 3,600 sockeye per year. The

quality of annual run-size estimates varies depending on the methods used to collect data,

data quality, and days of data collection. In some years, such as 1996, very few data

were collected and their quality was some what questionable. The range of reasonable

run-size estimates for 1996 is broad. Consistent run-size estimate methodology was

applied to datasets from 1996 through 2003. For example, the run size in each year is
calculated based upon a return window starting April 15 and ending August 15. Where
small data gaps were present within a given dataset, a two-sided, hourly 7-day moving

average method (see Haggerty 2004A) was used to expand for missing time periods.

Where bigger blocks of missing data were present (such as in 1996 and 1997), sockeye

counts were adjusted based upon the mean proportion of sockeye detected by visual

observers from the 1998 and 1999 weir datasets (two years when full counts were made
by visual observers). Upon adjusting the visual observer counts, the run-size estimate

was then expanded based upon the average proportion of sockeye transiting the weir

during RY 1998-2003 for the days when visual observer data were collected. Run-size

estimates for return years 1996 through 2003 are provided in Table 3.6.

Table 3.6. Estimated sockeye run sizes entering Lake Ozette for return year 1996
through 2003 (source: Haggerty 2004a, 2005a, 2005b, 2005¢, 2005d).

Number No. of Sockeye
Days of of Counted to
Estimated Confidence in Low End | High End Weir Sockeye | Derive Run-Size

Year Run Size Estimate Estimate | Estimate | Operation Counted Estimate
1996 4,131 Low 1,924 18,117 12 429 429

1997 1,609 Mod-Low na na 21 258 236

1998 1,970 Moderate na na 91 980 965

1999 2,649 Moderate-High na na 106 2,282 2,282
2000 5,064 Moderate-High na na 116 4,423 4,423
2001 4315 Mod-Low 3,768 na 98 2,288 2,288
2002 3,990 High na na 125 3,223 3,223
2003 5,075 Moderate na na 83 2,342 2,342
Mean 3,600 Moderate na na 82 2,028 2,024

Lake Ozette sockeye exhibit a four-year brood cycle, and for this reason trends were

evaluated in four-year groups (Brood Years A, B, C, and D). The mean run size over the
last four years can be compared to the previous four years. Between 1996 and 1999 the

run size averaged 2,590 sockeye; from 2000 to 2003 the run size averaged just over 4,600
sockeye. Within these two four-year cycles the average return increased by

approximately 78%. Much of the increased production is likely a result of increased

adult returns from Umbrella Creek Hatchery releases, and increased natural production in
Umbrella Creek. Nearly 210,000 BY 1996 fed fry and fingerlings were released in 1997
and these releases composed a large portion of the RY 2000 run. Figure 3.23 depicts the
estimated run sizes for 1996 through 2003 and compares the proportion of the run-size
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estimates that are based upon expansion, as well as the percentage (in days) of the run in
which the weir was deployed.
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Figure 3.23. Estimated Lake Ozette sockeye run sizes for return years 1996 to 2003
contrasted with the proportion of the run-size estimates that were based upon expansion
and the percentage of run-days in which the weir was deployed (source: Haggerty 2004a,
2005a, 2005b, 2005c, 2005d).

The most significant finding in reworking the 1996 through 2003 weir datasets was a
better understanding of what proportion of the sockeye transiting the weir were actually
being detected. The proportion of sockeye detected varied by method, visual observer,
VCR tape reviewer, and, potentially, environmental conditions (lighting, turbidity, bio-
disturbance). MFM (2000) calculated that approximately 1.72 sockeye transited the weir
for every sockeye detected by visual observers based upon “paired” video and visual
observer weir datasets. Run-size estimates based upon visual observer datasets were then
adjusted based upon this factor by MFM. However, there was an assumption that time-
lapse video review detected all sockeye transiting the weir. Replicate tape review, paired
visual observer/time-lapse video review, and paired computer hard drive/time-lapse video
review have all revealed that this assumption was false. In fact sockeye detection using
time-lapse video was quite poor in some years, such as 2001, when only 48% of the
detectable sockeye were actually detected in the first view dataset (Haggerty 2005b). The
highest proportion of sockeye detected by time-lapse video review was in 2002 when
approximately 87% of all detectable sockeye were detected by first view video review. It
was found that nearly all of the error associated with video review was related to the

3-43



Lake Ozette Sockeye Limiting Factors Analysis

speed at which the time-lapse videos were played. When videos were viewed at the
“normal” play speed, approximately 98% of all detectable sockeye were detected. But
when tapes were initially reviewed they were played at a viewable fast forward speed
during periods of decreased weir activity. This resulted in numerous occasions when
sockeye were undetected in the first view dataset.

Additional important factors revealed by reviewing weir datasets from 1998-2003
showed that the Dlugokenski Model consistently failed to adequately describe and
estimate run sizes based upon the June 5 to June 24 entry window. Dlugokenski et al.
(1981) projected that approximately 63.3% of the run entered during this time period.
However, their weir counts were incomplete; they didn’t enumerate sockeye during the
entire run window, and they claimed that no sockeye transited the weir during daylight
hours. Contrary to this assertion, sockeye are known to transit the weir during daylight
hours. In fact in 1982, just over 24% of the sockeye transiting the weir did so during
daylight hours. In 2000, higher than average lake levels persisted throughout most of the
run-time window. Nearly 65% of the sockeye counted transited the weir between 0700
and 2200, and it was calculated that 76% of the sockeye transited during daylight hours
(defined as civil twilight; Haggerty 2005¢).

It has been suggested that increased daytime entry may be influenced by increased
numbers of hatchery sockeye making up the run. A comparison of daytime sockeye weir
transit and hatchery clip status has shown that there was no proportional difference in the
number of hatchery-clipped fish transiting the weir between day and night (Haggerty
2005C). Lake level appears to be the main factor controlling day and nighttime entry at
the weir. The “apparent” shift in run timing from the late 1970s to what is currently
being observed has also been attributed to the influence of hatchery practices. A
comparison of the cumulative number of clipped sockeye versus the cumulative number
of sockeye transiting the weir in return years 2000-2003 indicated that clipped and
unclipped sockeye transit the weir proportionally throughout the entire length of the run.
Between 1998 and 2003, an average of only 34.6% of the sockeye transiting the weir
passed within the Dlugokenski window (range 19.9%-48.9%).

The above factors may have worked collectively to bias abundance estimates toward
underestimating sockeye run sizes in the past. In order to compare the most recent run-
size estimates with those made in the past, common factors such as run timing and visual
sockeye detection rates were used to “adjust” previous run-size estimates. This was done
so that all run-size estimates were based upon the same basic assumptions (day and night
transit, run timing, observer error). This resulted in run-size estimates that lack the
desired precision and statistical certainty, but these estimates are based upon the best
available data for Lake Ozette Sockeye. Appendix B contains a table summarizing run-
size estimates for Lake Ozette sockeye from 1977 through 1995. Data from each year
were evaluated based on the number of days of weir operation, total number of sockeye
counted, and the mean daily proportion of sockeye estimated to have transited the weir
during RY 1998 through 2003, as well as the extreme years of inter-annual variation in
daily run proportions for the period of 1998 through 2003. The average daily proportion
of sockeye for each day of observation within each dataset (1977-1995) was summed to
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estimate the proportion of the run represented by the data based upon the average run
timing observed from 1998 to 2003. The same calculation was performed on the extreme
years of inter-annual variation from 1998-2003. This allowed for an estimate for each
year based upon the earliest, “normal,” and latest entry timing into the lake. The
proportion of sockeye assumed to be detected by observers during RY 1977 through 1995
were grouped into three broad categories: high detection (90%), moderate detection
(70%), and low detection (50%). This allowed for a simple calculation of run-size
estimates for each year of data. Where specifics are known regarding sockeye detection,
such as in 1982 and 1984 (when all fish were trapped and handled during the weir
monitoring period), detection was assigned a high rating.

The median value of the nine run-size estimates was then defined as the run-size estimate
for a given year. This method of back calculating leaves much to be desired but is the
only reasonable method which allows for older run-size estimates to be scaled to the most
recent estimates. It is clear from a review of weir data, field notes, and experience
operating the weir, that counts have become progressively more accurate, and that older
counts should typically be considered less accurate. Figure 3.24 depicts the newly
constructed run-size estimates for return years 1977 through 2003 grouped by brood year.
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Figure 3.24. Lake Ozette Sockeye run-size estimates adjusted based on sockeye
detection rates and new run-timing curves for RY 1977-1995, grouped by brood year
with run-size estimates for 1996-2003 (source: Haggerty 2004a, 2005a, 2005b, 2005¢,
2005d).

Weir data from 1977 through 1997 generally lack sockeye counts for more than 50% of
the sockeye run time period and the quality of the daily sockeye counts is questionable
for most years. Weir observers enumerating sockeye in return years 1998 and 1999 were
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only able to detect an average of 59% of the detectable sockeye transiting the weir. The
accuracy of visual observers in the past may or may not have been significantly better
than crews used in recent years, but several other factors likely affected the quality of
weir counts in either case, such as the use of a net weir and the lack of daytime counting.
Run-size estimates for return years 1977-1997 should be used with extreme caution, since
the quality of estimates for most years is poor at best. It should also be noted that on
years of low abundance it is likely that run timing may be truncated, making the average
run-timing curves used to adjust the 1977-1997 run-size estimates relatively meaningless.
Compressed run timing in years of low abundance would cause significantly higher run-
size estimates than the actual run sizes using this method of run-size estimation.
Furthermore, run timing may have significantly shifted between time periods, making
these estimates obsolete.

3.4.3.1 Current Spawning Distribution and Number of Spawners

The current spawning distribution of Lake Ozette sockeye is described in detail in
Sections 3.1.4 and 3.1.5. Spawning sockeye can be divided into two main groups: beach
spawners and tributary spawners. Currently, sockeye use two beaches for spawning,
Olsen’s Beach and Allen’s Beach (Figure 3.7). Sockeye use three main tributary systems
for spawning: Big River, Umbrella Creek, and Crooked Creek (Figure 3.16). Accurate
census data for most spawning aggregations is nonexistent. Recently a weir has been
operated in Umbrella Creek to measure the number of spawners entering that system.

3.4.3.1.1 Lake Ozette Sockeye Beach Spawning Aggregations

The earliest documented beach spawning ground surveys were conducted in BY 1973.
Between 1973 and 2004, various methods have been used to count the number of
spawning sockeye along the shorelines. Unfortunately, systematic counts do not exist for
the beach spawning grounds. Methods used to count spawning sockeye have included:
seine and gill netting (mostly for broodstock collection, but also used to retrieve tissue
samples for various genetic collections), foot, snorkel, SCUBA, and boat surveys.
Appendix C contains a comprehensive summary of broodstock collections, genetic tissue
collections, and sockeye spawning ground survey efforts from 1973 to 2004. For most
years broodstock collection data contains a start and end date and the total number of
sockeye collected. Most of the genetic tissue sampling data contains the same attributes
as the broodstock collection datasets but also includes the number of fish captured and
sampled for each day. The spawning ground survey data contains the most variability.
Some years contain few surveys. Others contain descriptive details about each redd, the
number of sockeye observed, and live and dead counts, while yet other years contain only
narrative descriptions. Because of the general randomness of the data collected for the
beach spawning component of the sockeye population, we were forced to illustrate trends
within the beach spawning aggregation by describing survey effort and the minimum
number of sockeye that used a beach or beaches for each year where data were available.

Although this analysis has no statistical merit, it does provide insight regarding the trend
in beach spawning sockeye abundance. Survey effort was defined as “low” if three or
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fewer surveys were conducted within the survey season. Survey effort was defined as
“moderate” for years with four to six surveys and “high” for years with more than six
surveys. Defining the “minimum” number of sockeye on the beaches was more complex
because some years contained both broodstock collection and spawning ground survey
data. The minimum number of sockeye in most years was defined as the peak sockeye
count or the number of broodstock collected plus peak sockeye numbers observed after
broodstock collection. In other years, the minimum number of beach spawning sockeye
was defined as the peak count plus the cumulative number of dead sockeye observed
prior to the peak count (in these years all carcasses were sampled so that on subsequent
surveys previously sampled dead sockeye were not re-counted). It is also important to
note that the minimum number of beach spawners does not equate to the beach spawning
escapement, because in some years most of the fish captured were retained for hatchery
broodstock; in other years large numbers of sockeye were counted that were determined
to be pre-spawning predation mortalities; and, most importantly, only a fraction of the
fish on the spawning beaches are counted or captured during any given sampling event.
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Figure 3.25. Minimum number of beach spawning sockeye from peak observations
and/or captures by brood year contrasted with spawning ground survey effort. For years
with no relative survey effort values, effort is unknown. Note that only a few of the
survey cards for 2001 have been located; this is a minimum estimate and may change
when the data are located. Also note that 2004 survey data does not include dive survey
data (source: Dlugokenski et al. 1981; Jacobs et al. 1996; MFM, unpublished spawning
ground survey data).

Sockeye observation data at the primary spawning beaches of Lake Ozette were collected
using several different techniques and did not always specifically attempt to count the

3-47



Lake Ozette Sockeye Limiting Factors Analysis

number of sockeye on each beach. In some years, the data collected were pooled into the
number of fish captured or observed on both beaches; other years contain only the
observations and collections from one beach or one portion of a beach. Collectively it is
impossible to fully reconstruct these data for the entire period of record for each beach.
One fact that has become particularly clear is that sockeye no longer utilize creek mouths
for spawning. The most comprehensive spawning ground survey records are for Olsen’s
Beach. Allen’s Beach has the next most comprehensive dataset. Other beaches where
sockeye have been observed have far much less data associated with them. Nonetheless,
the only non-primary beach spawning sockeye observation other than the spawning
observed at Umbrella Beach (1978) is a one-time observation of two spawning sockeye
along the south side of Baby Island. Since >97% of all Lake Ozette beach spawning
sockeye spawn at age 4, annual observation data were pooled by brood year for
comparisons between cohorts. Figure 3.26 depicts the minimum number of beach
spawning sockeye from peak observations and/or captures at Allen’s and Olsen’s beaches
from 1973 through 2004 by brood year.
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Figure 3.26. Minimum number of beach spawning sockeye from peak observations
and/or captures from Allen’s and Olsen’s beaches. Note that only a few of the survey
cards for 2001 have been located; this is a minimum estimate and it may change when the
data are located. Also note that 2004 survey data do not include dive survey data (source:
Dlugokenski et al. 1981; Jacobs et al. 1996; MFM, unpublished spawning ground survey
data).
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While it is not possible to accurately quantify increases and/or decreases in the number of
beach spawning sockeye through time for the primary spawning beaches, there are some
interesting facts regarding brood years A and B. In 1989, extensive surveys (26
combined) using visual observation, gillnets, and seine nets were able to positively detect
a total of only 6 spawning sockeye on Olsen’s and Allen’s beaches combined. In the
subsequent brood return years (1993 and 1997), a total of 32 and 236 sockeye were
detected on the spawning beaches, respectively. This strongly suggests that this portion
of the population has increased significantly from the low abundance observed in 1989.
Brood year B experienced a similar increase in numbers captured and/or observed. In
1990, extensive survey and capture effort detected a total of only 33 sockeye. In 1994,
54 fish were captured for broodstock, in 1998, 163 fish were captured (88 for broodstock
and 77 for genetic sampling), and in 2002, a minimum of 466 sockeye were observed on
the beaches.

3.4.3.1.2 Lake Ozette Sockeye Tributary Spawning Aggregations

As described earlier, historical reports of tributary spawning sockeye are contradictory.
Several sources were cited in Dlugokenski et al. (1981), Blum (1988), and Jacobs et al.
(1996) as evidence of historical tributary spawning sockeye. Other sources such as
Kemmerich (1945) provide evidence of only beach spawning sockeye. Currently not all
biologists agree on the historical presence of tributary spawning sockeye in the Ozette
watershed (Smith 2000). The first tributary sockeye spawning ground surveys were
conducted in 1973 and were unable to detect sockeye salmon using the tributaries (J.
Meyer personal communication, 1995 in Jacobs et al. 1996). However, the extent of
these surveys is undocumented. Dlugokenski et al. (1981) conducted spawning ground
surveys in Ozette tributaries for return years 1977, 1978, and 1979, specifically targeting
sockeye spawning. The same team surveyed several of the small tributaries to Lake
Ozette, including Quinn, Siwash, Lost Net, South, and Coal Creeks. A total of 16
surveys were conducted in return years 1977 and 1978. No sockeye salmon were
observed in these surveys. Additional surveys in tributaries to Umbrella Creek and Big
River during the same time period yielded no sockeye observations. Table 3.7 shows
sockeye spawning ground surveys in the three largest tributaries to Lake Ozette.
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Table 3.7. Tributary sockeye spawning ground surveys for BY 1977 and 1978 (source:
Dlugokenski et al. 1981).

Date Stream Reach
Lower Upper Number of Species

Stream Name Start End (RM) (RM) Surveys Observed

Big River 12/1/1979 | 1/6/1980 7.2 9.5 3 Coho
Crooked Creek | 10/30/1977 na 0 1.5 1 None
Crooked Creek | 11/24/1978 na 0 1.4 1 Coho
Umbrella Creek | 11/28/1978 na 0 0.9 1 Coho
Umbrella Creek | 11/28/1978 | 1/1/1979 0.9 35 2 Coho
Umbrella Creek | 11/28/1978 na 35 7 1 Coho

These nine surveys, along with surveys conducted in smaller tributaries, make up the
bulk of evidence used by Dlugokenski et al. (1981) and Jacobs et al. (1996) to conclude
that no tributary spawning sockeye were present in Lake Ozette tributaries in the 1970s.
However, drawing any conclusion based on the limited quantity of surveys conducted
relative to the current known spawning distribution of tributary spawning sockeye is not
reasonable. Interestingly, an additional 100 spawning ground surveys (mostly directed at
coho) were conducted by WDFW and MFM from 1970 to 1980, of which none are
included in any of the Lake Ozette sockeye literature. None of these surveys detected
sockeye salmon spawning in tributaries. Most of these surveys were conducted in Big
River and Boe Creek. These surveys were just recently put into the MFM spawning
ground survey database.

This more strongly supports the argument that no tributary spawning sockeye were
present during the 1970s and early 1980s. In 1998, 10 coho spawning ground surveys
were conducted in Big River and no sockeye salmon were detected, but on December 20,
1998, an MFM employee steelhead fishing on Big River observed 6 sockeye spawning in
Big River and found evidence of 20-30 sockeye spawning in the preceding week. The
subject section of river is not normally surveyed. This suggests at minimum that small
isolated pockets of tributary spawning sockeye may have gone undetected, independent
of the number of spawning ground surveys conducted. Jacobs et al. (1996) provide a
personal citation from J. Blum (1995; former MFM biologist) stating that, “around 10
adults [sockeye] were observed in [the] lower reaches of a tributary in December, 1982.”
Currently, Lake Ozette sockeye are known to spawn in the three largest tributaries,
Umbrella Creek, Big River, and Crooked Creek, as well as in tributaries to these streams.

3.4.3.1.2.1 Umbrella Creek

The first contemporary written documentation of tributary sockeye spawning pertains to
one dead sockeye found in Umbrella Creek on December 9, 1988 (MFM unpublished
spawning ground data). Interestingly, no BY 1984 hatchery fish were released in the
watershed, but in BY 1983 10,000 fry were planted in Umbrella Creek and in BY 1985,
21,400 fry, also into Umbrella Creek. The sockeye observed in 1988 may have been a 3-

3-50




Lake Ozette Sockeye Limiting Factors Analysis

or 5-year-old fish associated with one of these releases, a stray from one of the beaches,
or an Umbrella Creek natural-origin recruit (NOR). From 1988 through 1990, sockeye
were observed in low numbers. Peak sockeye counts increased to 50 fish in Umbrella
Creek in 1991. No counts are available for BY 1992 through 1994.

In RY 1995, sockeye spawning ground surveys in Umbrella Creek were reinitiated and
have been continuous since then. Spawning ground index reaches were developed and
incorporated into the survey sampling protocol, as was increased survey effort. Data for
this period is considered fair to good. Nonetheless, several problems exist with
comparing sockeye spawning ground surveys from the early 1970s to 1994 with the most
recent dataset (RY1995-2003). In those years, survey frequency was usually low and the
stream reaches surveyed often do not correspond to the core spawning grounds that
sockeye are currently using. Therefore, in this assessment of the Umbrella Creek
spawning aggregation no numerical comparisons of pre-1995 survey data to post-1995
survey data were made. Before 1991, the Umbrella Creek sockeye spawning aggregation
was considered small, less than 50 fish, some of which may or may not have been a
remnant sub-population of tributary spawning sockeye. Spawning ground survey data
from 1995 through 2004 typically consists of four or more surveys over the course of the
spawning season within the index reach (RM 2.5-4.8) for the 10 years of data. Survey
data are summarized by return year, number of surveys, peak number of adult sockeye
observed, stream length surveyed, and peak sockeye count per mile (Table 3.8).

Table 3.8. Summary of Umbrella Creek sockeye spawning ground surveys for return
years 1995 through 2004 (source: MFM, unpublished spawning ground survey data).

Peak No. of Peak Sockeye
Number of Adults Stream Length Count per
Return Year Surveys Observed Surveyed (mi) Mile
1995' 2 44 2.26 19.5
1996 2-3 79 2.26 35.0
1997 4 135 2.26 59.7
1998° 3-4 96 2.26 425
1999 7 312 226 138.1
2000 12 1,419° 2.26 627.9
2001 11 840 226 371.7
2002* 8 513 3.98 128.9
2003* 6 387 3.98 97.2
2004 9 1,121 226 496.0

"Low survey frequency.
*RY 1998 peak counts occurred during a period of low visibility; under good viewing conditions peak

counts would likely be higher.

3In RY 2000 a total of 1,718 sockeye were counted between river mile 0.8 and 5.34 in a single day. For
comparison it should be noted that in 2000, peak counts were made before broodstock removal, while in
2004, peak counts occurred after broodstock removal.

*In RY 2002 and 2003, peak counts were made from river mile 0.8 to 4.78.

Annual peak sockeye count per mile is the preferred abundance indicator for comparisons
among the data collected from 1995 through 2004. Redd counts were also made in all
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years data were collected, but in years of moderate and high abundance, redd counting
was generally abandoned because sockeye spawning occurred in large groups, and there
was no way to accurately quantify the number of fish per redd. It is important to note
that the peak sockeye count per mile escapement estimation method has limited accuracy.
Viewing conditions vary between years and within each season. Some years have lower
counts because the surveyor’s ability to count sockeye during the peak spawning period
was limited by higher flows and turbidity.

The increasing numbers of sockeye spawning in Umbrella Creek and the difficulty in
accurately quantifying the run size prompted the installation of a floating, resistance
board counting weir and adult trap in 2001. Mark and recapture methods have been used
to estimate Umbrella Creek spawning ground escapement since RY 2001. Estimated
escapement to Umbrella Creek including broodstock collected has ranged from 4,442
(2004) to 1,709 (2002), averaging 2,333. Figure 3.27 depicts the Umbrella Creek annual
peak sockeye count/mile and hatchery releases from the corresponding brood years.
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Figure 3.27. Umbrella Creek annual peak sockeye counts from spawning ground surveys
compared with hatchery releases within Umbrella Creek and releases outside of Umbrella
Creek. Estimated run sizes for Umbrella Creek (for 2001-2004) are from a weir and trap
using mark and recapture techniques (source: Hinton et al. 2002; Peterschmidt and
Hinton 2005; MFM, unpublished spawning ground surveys).

Hatchery releases into Umbrella Creek make it difficult to accurately define trends in
production for naturally spawning sockeye in Umbrella Creek. While it is true that the
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vast majority of spawners are age 4, some 3- and 5-year-old fish also make up a
component of the spawning escapement. Spawning ground surveys before RY 1999 did
not include data collection on hatchery marks. This, combined with a lack of Umbrella
Creek escapement estimates, makes it nearly impossible to quantify the number of
hatchery versus natural-origin spawners in Umbrella Creek before RY 2001. Umbrella
Creek escapement in 1996, 1997, and 1998 is assumed to have been primarily composed
of NORs, although strays from lake releases likely make up a component of the 1997 and
1998 Umbrella Creek escapement. MFM (2000) suggested that approximately 37%
(range 21-53%) of the sockeye returning to Umbrella Creek in 1999 were NORs. MFM
(2000) tentatively established a spawning escapement estimate for the 1999 Umbrella
Creek return of 400 fish. Based upon recent Umbrella Creek weir counts and mark and
recapture techniques, this estimate is likely much lower than the actual escapement in
1999. The peak sockeye count per mile in 1999 was very similar to the peak counts
observed in 2001 and 2002, when an average of 1,541 sockeye were estimated to have
spawned in Umbrella Creek.

A portion of the BY 1996 hatchery fingerling release (RY 2000) were adipose fin
clipped. However, additional unfed and unmarked fry were also released, making it
difficult to develop an estimate of hatchery-origin sockeyes’ contribution to escapement.
Based upon fin clip sampling from carcass recovery and broodstock collection activities,
approximately 0-10% of the Umbrella Creek 2000 return were estimated to be NORs.
One method for estimating the Umbrella Creek escapement for RY 2000 is to compare
the incidence of adipose fin clips at the weir versus Umbrella Creek recoveries of fin
clipped fish. Approximately 23% of the fish observed at the Ozette weir were adipose fin
clipped. This proportion increased to 34% in Umbrella Creek broodstocking and carcass
recovery collections (n=734). Assuming that 5,064 fish entered the lake and 1,165 (23%)
were adipose fin clipped, that all adipose fin clipped returned to Umbrella Creek, and that
34% of the sockeye were clipped in Umbrella Creek, the estimated RY 2000 run size in
Umbrella Creek was 3,426 sockeye.

Breakdowns for hatchery origin recruits (HORs), NORs, broodstock collected, and
estimated sockeye escapement for Umbrella Creek are included in Table 3.9. Releases
from BY 1997 were unmarked and therefore no estimate of the number of NORs was
possible for RY 2001. The actual number of NORs is dependent upon several
assumptions, but age structure is critically important. All estimates made in Table 3.9
assume that all sockeye spawning were age-4, although preliminary otolith aging data
indicate that up to 9% of the broodstock taken in 2002 were age 3 or 5.
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Table 3.9. Summary of Umbrella Creek run-size estimates, broodstock collected, and the
estimated number of NORs within the run (source: Hinton et al. 2002; Peterschmidt and
Hinton 2005; MFM, unpublished spawning ground surveys).

Umbrella

Umbrella Creek Percent Estimated Estimated

Return Creek Broodstock Estimated Adipose Fin Percent Number of
Year Run Size Retained Escapement Clipped HOR NORs
2000 3,426 213 3,213 34% 90% 0-343

2001 3,549 164 3,385 3% na na

2002 1,709 168 1,541 13% 13% 1,487
2003 1,740 199 1,541 1% 1% 1,723
2004 4,442 218 4,224 9% 9% 4,047

3.43.1.2.2 Big River

As described in Section 3.4.3.1.2, sockeye spawning was not observed in Big River
during spawning ground surveys conducted in the 1970s and 1980s. Spawning ground
surveys occurred intermittently in Big River between the late 1970s and the mid-1990s.
A spawning ground dataset for Ozette was constructed, which included the WDFW
historical spawning ground database, the WDFW coastal survey database, USFWS data,
and MFM datasets to determine survey effort by species in the Ozette watershed. A
query of this dataset indicated that a total of 81 spawning ground surveys (>110 miles of
survey effort) in the mainstem of Big River and 65 surveys (>37 miles of survey effort) in
Boe Creek were conducted between return years 1970 and 1997. All surveys included in
the query were during the time period sockeye would be expected to be observed if
present. No sockeye were detected in any of 146 surveys during this time period.
However, all of these surveys were upstream of where sockeye were first detected in
1998. No sockeye were observed in surveys conducted until December 1998, when it
was estimated that 20-30 sockeye spawned in Big River. Sockeye spawning in Big River
during the fall and winter of 1998 does not correspond to hatchery releases into Big River
(the first release into Big River occurred with BY 1999 releases). It is assumed that these
fish were strays from other spawning aggregations within the watershed or from hatchery
releases outside of Big River. The first hatchery release into Big River occurred in
February 2000. Approximately 17,000 eyed eggs procured from BY 1999 Olsen’s Beach
broodstock were hatched resulting in the release of unfed fry in 2000. All subsequent
hatchery sockeye releases into Big River were progeny of sockeye broodstock collected
from Umbrella Creek (Table 3.9).
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Table 3.10. Big River hatchery releases for BY 1999-2003 (source: MFM, unpublished
hatchery release data).

RELEASE DATE Number of

Brood | Start End Sockeye Broodstock
Year Released Release Type Source
1999 2/15/2000 | 2/29/2000 17,200 Eyed Eggs Olsen's Beach

2000 4/1/2001 | 5/13/2001 63,201 Unfed Fry (0.13g) | Umbrella Creek

2000 7/29/2001 | 7/29/2001 50,168 Fingerling (1.01g) | Umbrella Creek

2001 4/1/2002 | 5/10/2002 75,900 Unfed Fry (0.13g) | Umbrella Creek

2001 6/27/2002 | 6/28/2002 75,352 Fingerling (0.86g) | Umbrella Creek

2002 5/29/2003 | 6/5/2003 74,377 Fry (0.32g) Umbrella Creek
2002 5/29/2003 | 6/5/2003 47,990 Fingerling (0.91g) | Umbrella Creek
2003 5/2/2004 | 5/24/2004 102,779 Unfed Fry (0.16g) | Umbrella Creek
2003 7/2/2004 7/2/2004 12,792 Fingerling (0.61g) | Umbrella Creek

Spawning ground survey effort increased in Big River from 1998 to present (with the
exception of 2002, when only five surveys covering 9 miles were conducted). No
sockeye or sockeye redds were detected in RY 1999-2001. Two sockeye redds but no
sockeye were detected in RY2002; however, data from this survey are questionable.
During RY 2003, sockeye surveys were conducted in Big River from river mile 10.8 to
3.9. Four surveys were conducted between October 15, 2003 and December 18, 2003.
The first sockeye were observed on November 5, 2003 between RM 3.9 and 5.5. The
peak sockeye count occurred on December 11, 2003, when 62 sockeye were counted
between RM 10.8 and 5.5 (12 sockeye/mile). During RY 2004, seven surveys were
conducted between October 21, 2004 and December 20, 2004. The first sockeye were
observed on November 9, 2004, and peak sockeye counts were recorded between
November 29 and 30 from RM 10.8 to RM 5.5, when 58 sockeye were counted (11
sockeye/mile). It is not possible to estimate the total Big River run size for return years
2003 and 2004 with the data available.

3.4.3.1.2.3 Crooked Creek

As described in Section 3.4.3.1.2, sockeye spawning was not observed in Crooked Creek
during spawning ground surveys conducted in the 1970s or 1980s. Spawning ground
surveys occurred intermittently in Crooked Creek between 1974 and 1999. Starting in
RY 2000, more intensive survey efforts were made due to expected returns from hatchery
releases that were initiated with BY 1996. Adult sockeye were observed during surveys
conducted in RY 2002. Five separate surveys were conducted in RY 2000, and no
sockeye were observed. Lack of personnel combined with difficult surveying conditions
have limited the amount of survey effort available for the Crooked Creek system. Peak
sockeye counts per mile in the mainstem of Crooked Creek in RY2002 were 42 sockeye
per mile. In RY 2003, only three surveys in the mainstem were conducted; peak counts
were 14 sockeye per mile. Three surveys were conducted in the North Fork and one
survey was conducted in the South Fork. Results from these surveys showed a peak
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count of 6 and 4 sockeye per mile in the North and South forks, respectively. In RY 04
only one survey was conducted during the sockeye spawning season in both the
mainstem and North Fork. The peak count in the mainstem was 6 sockeye per mile and
no sockeye were observed in the North Fork. Increased monitoring effort is needed
within the Crooked Creek sub-basin in order to estimate sockeye spawning numbers. The
lack of data from 2000 through 2004 prevents any sockeye escapement estimates for the
Crooked Creek watershed. The presence of sockeye in 2003 and 2004 suggests that the
BY 1996 and BY 1997 hatchery releases were successful and sockeye were undetected in
2000 and 2001, or that Umbrella Creek Hatchery strays or NOR or beach spawners
strayed into Crooked Creek, and/or that BY 1998 releases resulted in a few age-5
spawners. A complete record of all hatchery releases into the Crooked Creek sub-basin is
included in Table 3.11.

Table 3.11. Crooked Creek hatchery releases for BY 1996-1998 (source: MFM,
unpublished hatchery release data).

RELEASE DATE Number of
Brood Sockeye
Year Start End Released Release Type Broodstock Source
1996 4/7/1997 | 4/15/1997 56,733 Eyed Eggs Olsen's and Allen's beaches
1997 2/18/1998 | 2/18/1998 14,036 Eyed Eggs Olsen's X Umbrella Creek
1997 4/16/1998 | 4/16/1998 34,500 Fed Fry Olsen's Beach
1998 2/19/1999 | 3/9/1999 31,350 Eyed Eggs Olsen's Beach
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3.5 LAKE OZETTE SOCKEYE SALMON PRODUCTIVITY

3.5.1 Past Estimates

Lake Ozette sockeye salmon population data lack the desired accuracy and long-term
time frame required for deriving precise estimates of stock productivity at various life
stages. Jacobs et al. (1996) used parent year run-size estimates and resulting smolt
emigration estimates to generate estimates of marine survival for brood years 1988 and
1990, which were 27% and 18% respectively. However, both the adult return estimates
and smolt emigration estimates used to make these estimates are considered very crude
and should only be regarded as indicators of marine survival. Jacobs et al. (1996) used
these same population estimates to generate estimates of recruits per spawner and
estimated that brood year 1988 and 1990 spawner recruit ratios were 0.99 and 1.89
respectively. Smolts per spawner production for brood year 1988 and 1990 are 3.6 and
10.5 using these same population estimates. It is critical to recognize that these estimates
are poor at best, due to the extreme uncertainties regarding both adult run size and smolt
emigration estimates.

3.5.2 Recent Estimates

Recent population productivity estimates using adult return (post-1997) and resultant
smolt emigration abundance data are considered much better than older estimates, but
they still lack the desired accuracy and long-term time frame for developing sound
estimates of stock productivity. In addition, the influences of hatchery releases on the
population complicate estimates of natural production. In recent years all hatchery
efforts have focused on producing fish that return to spawn naturally in tributaries to the
lake and therefore the most significant influence of hatchery releases on sockeye
productivity estimates is in the tributaries. The lack of long-term sockeye spawning
escapement estimates further hinder production estimates. Spawning ground survey
datasets for Umbrella Creek report sockeye as peak counts per mile for years before the
installation of the counting weir in 2001. For years before 2001, Umbrella Creek
escapement can be estimated based on the average ratio of peak sockeye counted per mile
to spawning escapement (based on weir counts for RY 2001-2004). The ratios of peak
sockeye per mile to spawning escapement for RY 2001 through 2004, were 0.110, 0.084,
0.063, and 0.117. The average annual peak count/mile during these 4 years was 9.3% of
the estimated run size after broodstock collection. Combining this value with peak
counts/mile for RY's 1995 through 1999 produces the estimated escapements shown in
Table 3.12.
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Table 3.12. Summary of Umbrella Creek sockeye returns, their origin, and estimates of
natural origin recruits per spawner for return years 1995-2004 (source: MFM 2000;
Hinton et al. 2002; Peterschmidt and Hinton 2005; MFM, unpublished spawning ground

Surveys).
Estimated
Peak Umbrella NORs per
Sockeye Estimated Creek Natural | Hatchery Parent

Return | Count per | Umbrella Spawning | Origin Origin Year
Year Mile Run Size | Escapement | Recruits | Recruits | Spawners
1995 19.5 208 208 na na na
1996 35.0 374 374 374 0 na
1997 59.7 639 639 na na na
1998 42.5 454 454 na na na
1999 138.1 1,477 1,477 556 920 2.7
2000 627.9 3,426 3,213 343 3,083 0.9
2001 371.7 3,549 3,385 na na na
2002 128.9 1,709 1,541 1,487 222 3.3
2003 97.2 1,740 1,541 1,740 0 1.2
2004 496.0 4,442 4,224 4,047 395 1.3

Note: Either no hatchery marks or no hatchery mark sampling occurred with RY 1995, 1997, 1998, and
2001; therefore, there was no way to differentiate NORs from HORs for these years.

Umbrella Creek data were further analyzed to develop an estimate of the spawner to
spawner recruit relationship. This assessment could only be conducted for return years
1999-2004, with the exception of RY 2001 (no hatchery fish released from BY 1997
were marked). Natural origin recruits per spawner estimates ranged from 0.9 (RY 2000)
to 3.3 (RY 2002), averaging 1.9 (Table 3.12). Age distribution of returning fish was not
considered when estimating the NORs/spawner due to a lack of age data for each return
year. Otolith age data collected in 2000, 2001, and 2002 indicate that 93% (n=963) of
sockeye salmon returning to Ozette during these years were age 4 (Peterschmidt 2005).
This would primarily affect the RY 2002 estimate. Age data are available and indicate
5% of the RY 2002 Umbrella Creek run were age-5 sockeye. Adjusting for age 5
requires producing an estimate of RY 2002 spawners/RY 1998 natural spawners
returning only in RY 2002; this yields an estimate of 3.1 age-4 recruits for every RY
1998 spawner. (This value does not include total spawner recruitment for BY 2002. No
BY 1998 sockeye were detected in RY 2001 based on age sampling, but RY 2003 age
data are not available and it is expected that some of the spawners were age 5 sockeye.)

Since smolt trapping was not reinitiated until the spring of 2002, other estimates of stock
productivity are still lacking. Hatchery fingerling survival to smolt estimates were
calculated for BY 2000 through 2002 using data from marked releases and marked
recoveries at the smolt trap and then applying total smolt production estimates made from
trapping efficiency trials in the Ozette River. Fingerling survival to smolt estimates range
widely depending upon the methods used to estimate the total number of marked smolts
emigrating (Table 3.13).
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Table 3.13. Estimated fingerling to smolt survival for brood years 2000-2003 ad-marked
hatchery fingerlings released into Big River and Umbrella Creek (source: Peterschmidt
and Hinton 2005; MFM, unpublished data).

Brood Year BY2000 BY2001 BY2002
Smolt Capture Year 2002 2003 2004
Ad-Marked Fingerling Releases 130,875 167,410 54,758
Ad-Mark Smolt Captures (unexpanded) 531 528 53

% of Ad-Marked Releases Recaptured 0.41% 0.32% 0.10%
Expanded Ad-Mark Smolt Estimate! 4,149 9,814 290
% Survival Fingerling-Smolt 3.17% 5.86% 0.53%
Expanded Ad-Mark Smolt Estimate? na 51,517 482

% Survival Fingerling-Smolt na 30.77% 0.88%

L In this estimate the ad-mark smolt emigration estimate for BY 2001 is calculated for only the period when the trap was deployed and
does not represent the entire smolt emigration; for BY 2002 the smolt estimate is based on seasonal average trap efficiency.

2 In this estimate the ad-mark smolt emigration estimate for BY 2001 is calculated for the entire smolt emigration period by using a
ratio of the average number of smolts observed during periods where data where collected for BY 2000 and 2001 (see Peterschmidt
2005 and/or Section 3.1.9). For BY 2002 the smolt estimate is based on time weighted trap efficiency.

Brood year 2000 and 2001 releases appear to have survived at a much higher level than
the BY 2002 release. This may be a function of release site used for BY 2002 and/or
streamflow conditions. Flow conditions were approximately 25% lower during the BY
2002 release than during the BY 2000 and 2001 releases. Umbrella Creek population
size estimates also allow for estimation of the percent of total survival from fingerling
release to adult return in Umbrella Creek. These data are only available for return years
1999, 2000, 2002, and 2004, and survivals were estimated to be 2.03%, 1.47%, 0.81%
and 0.49% respectively. Total survival from smolt to spawner can only be calculated for
RY 2004 Umbrella Creek marked hatchery sockeye since total escapement estimates
have not been determined for RY 2004. Survival from smolt to spawner was estimated to
be 15.5%.

A general understanding of sockeye life histories and trajectories are documented for
Lake Ozette sockeye (Sections 3.1.1 through 3.1.10). However, empirical measurements
of survival by life history stage are generally lacking. In order to develop a
comprehensive understanding of life cycle productivity, further research and monitoring
is required. The major data gaps that currently exist are: 1)green egg to fry survival rates
for beach and tributary spawning aggregations, 2)fry-to-smolt survival, and 3) freshwater
adult survival. Continuation of the current population monitoring program should
provide additional marine survival estimates, as well as fry-to-smolt survival estimates
for marked hatchery fingerlings released in Umbrella Creek and Big River. Increased
population monitoring will be required to fully assess survival at different life stages, and
it should be a high priority for Lake Ozette sockeye.
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4 HABITAT CONDITIONS AFFECTING LAKE OZETTE
SOCKEYE

This chapter contains a summary of sockeye salmon habitat conditions within the Lake
Ozette watershed, focusing on estuary and near-shore, Lake Ozette, the Ozette River, and
the Lake Ozette tributaries. While most of the information presented here was compiled
from past reports and studies, a considerable amount of it also comes from firsthand
fieldwork in the watershed by the contributing authors. Throughout development of this
report, the authors and contributors spent numerous days in the field to “ground truth”
and document habitat conditions. These new findings are included in the following
discussion.

4.1 ESTUARY AND NEAR-SHORE

The Ozette River estuary is small relative to the estuaries of other similar sized, nearby
river systems (e.g. Sooes River). Currently, a spit composed primarily of gravel and
cobble constricts the mouth, forcing the river’s outlet to the south side of the narrow
valley. The Ozette River estuary extends upstream from the spit for approximately 4,300
to 4,600 feet (1,300-1,400 m) to where a steep riffle serves as the divide between the
estuarine and riverine environments. The tidally influenced section of the Ozette River is
deep, averaging about 3 meters, with depths of over 5 meters in some locations.

Little documentation of current and/or historical estuary conditions exists. However, a
cursory review of historical aerial photos reveals that the mouth of the Ozette River has
changed noticeably since the 1950s. Aerial photos from the 1957 flight depict greater
tidal energy entering the river system than under current conditions. The spit that
currently exists along the tidal interface of the river did not exist in 1957, although a
submerged island can be observed at the mouth of the river. By 1971, a spit has
developed; in aerial photos the spit appears un-vegetated and more transitory in nature
than in the present day (Figure 4.1). In photos from 1997, the top of the bar is vegetated
and appears to have stable driftwood accumulation (Figure 4.1; Smith 2000). In field
visits during the summer of 2000, healthy stands of beach rye, stable accumulations of
LWD, and young conifer trees were present on the surface of the spit.

The conditions and processes that formed and maintain the channel depths observed in
the lower river are not well understood. Photo evidence from 1953-2003 (Figure 4.1
supports the idea that tidal flux and storm surge energies expressed upon the estuarine
channel may have been greater in the past, if the bar at the mouth represents a recent
phenomenon. There has been speculation that the bar formed after wood removal in
1952, and has reduced tidal flux (Smith 2000). While it is possible that wood removal in
1952 and/or cedar logging/salvaging in the lower river in the 1920s (see Section 1.5.5)
caused changes in water surface elevation at the mouth, timing and magnitude of low
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discharge, or estuary sediment dynamics, the relationship between current estuary
conditions and past conditions remains unclear.

Nearshore physical habitat in the vicinity of the Ozette River is characterized by a gently
sloping marine shore platform with abundant boulders and outcrops of resistant rock. To
the north of the estuary, this platform is bounded on the shore by a long (~3.1 mi, 5 km)
sand, gravel, and cobble beach backed by an eroding bluff. To the south of the river, at
Cape Alava, about 1.5 miles distant, the shore platform slope decreases, and widens
considerably after a series of closely spaced rocky headlands separated by short sand and
gravel beaches. The seaward boundary of the shore platform can be roughly demarcated
by sea stacks, which dot the coastline in the vicinity. The remote and relatively pristine
nature of the shoreline in the vicinity of the Ozette River is reflected in the diversity and
abundance of marine life in the area. Pinnipeds are seasonally abundant (See Sections
5.2.2.1.1 and 5.2.2.1.2) and number in the thousands within a few miles of the mouth of
the Ozette River (Gearin et al. 1998). Nearshore habitat complexity is high, and both
predator and prey species are believed to be abundant.
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Figure 4.1. Ozette River spit evolution from 1957 to 1997 (source: Smith 2000).
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42 LAKEOZETTE

4.2.1 Shoreline and Beach Conditions

Lake Ozette’s shoreline is 36.5 miles (57 km) long (Ritchie 2005). Shoreline vegetation,
substrate, and topography vary widely around the lake, with additional variations
according to time of year and lake level. Where the beaches and shorelines are very
gently sloping, lake level may fluctuate by as much as 8 to 12 feet (2.4 to 3.6 meters)
between summer low and winter high.

Lake Ozette shoreline conditions were first described by Bortleson and Dion (1979),
based upon shore surveys conducted in August 1976. They observed beach and lakebed
substrates that were most commonly a mixture of silt, sand, gravel, and cobbles.
Bortleson and Dion (1979) also observed that much of the beach was exposed during the
summer months, allowing for the growth of grasses, shrubs, and other vegetation. Meyer
and Brenkman (2001) conducted surveys of the lakeshore during the summer of 1994 and
determined that much of the shoreline substrate was composed of fine sediment. Coarser
sediment including gravel and cobble can be found at several locations around the lake
(Figure 4.2).

Olsen’s and Allen’s beaches are a primary focus because they are the only two remaining
beach spawning locations. Baby Island and Umbrella Beach are also of considerable
interest because of historical observations of sockeye spawning at these locations.
Factors that may affect beach and shoreline sediment conditions at both spawning
beaches are not well understood, but include alterations of the lake’s hydro-period,
colonization of native and non-native vegetation, and reduced numbers of sockeye
spawning on the beach. In the case of Olsen’s Beach, potential additional factors include
increased sediment delivery from nearby tributaries and shoreline development.

At mid- to upper elevations of both spawning beaches, sedges, sweet gale, and other
vegetation occupy much of the beach area. Meyer and Brenkman (2001) noted that sweet
gale, grasses, and sedges were observed at depths of up to 2m in December 1994, in the
vicinity of where sockeye salmon were spawning. Seeps and springs have been mapped
on both Olsen’s and Allen’s beaches, and appear to be areas where spawning activity is
concentrated (see below). To date no comprehensive inventory of seeps and springs has
been completed for Lake Ozette.

Olsen’s Beach (see Figure 3.7 and Figure 3.8) extends from the southeast end of a
shallow bay near the inlet of Elk Creek northwest for approximately 845 meters.
Substrate along the southeast end of the beach is composed primarily of fine sand, silt,
mud, and organic detritus. Substrate size grades into a matrix of coarse sand, pebbles,
and gravel in a northwest direction; this is the core sockeye spawning site at Olsen’s
Beach (see Section 3.1.4). The core spawning area is focused around a small,
approximately 6,400ft> (600m?) spring. During winter 1999-2000, a thermograph
deployed in the spring measured subsurface water temperature significantly warmer than
ten other thermographs deployed at Olsen’s and Allen’s beaches (Figure 4.3).
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Figure 4.2. Generalized locations of beach substrate conditions suitable for sockeye
salmon spawning (modified from Bortleson and Dion 1979).
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Figure 4.3. Comparison of water temperatures in substrate and directly above substrate at
three sites on both Olsen’s and Allen’s beaches during the 1999/2000 sockeye spawning
and incubation period (source: MFM, unpublished water temperature data).

Moving perpendicular to the beach along the primary spawning area, gravel quickly
grades to sand (at a depth of about 3 m). Moving south from the primary spawning area,
the slope of the bay floor is gentle, and substrate becomes fine and mucky, but to the
north, the shoreline slope remains sandy and steeply sloping to an unknown depth (>5
m). Sockeye have been observed spawning in unusual depressions on these slopes at
about 5 meters depth (MFM unpublished spawning ground survey data). Suitable
substrate size extends along the shoreline northwest to an unnamed point where sockeye
have been observed spawning in recent years. Gravel samples were collected along a
460-foot (140 m) transect that extended through the primary spawning area in 1999. A
total of 13 samples were collected using a McNeil core sampler and processed using
gravimetric sediment processing methods. It was found that levels of fine sediment
within the spawning gravel ranged widely throughout the primary spawning area at
Olsen’s Beach. The percent “fines” (sediment particles less than 0.85 mm in diameter)
ranged from 9.1% to 54.1%, averaging 25.2%. Additionally, 30 gravel samples were
collected in September 2000, along the same transect as samples collected in 1999.
Again highly variable percent fines were found in the spawning gravel samples. The
percent fines ranged from 7.0% to 72.7%, averaging 27.0% (median=23.7%). Figure 4.4
depicts the results from spawning gravel samples and the sample proximity to sockeye
spawning use categories for Olsen’s Beach.
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Figure 4.4. Olsen’s Beach gravel sampling results for 1999 and 2000 and sample
proximity to different categories of spawning use. (Note: The lead line corresponds to
concentrated spawning use outside of the core use area.) (source: MFM, unpublished
data.)

The area previously described as Allen’s Beach (e.g. MFM 2000) is generally a stretch of
beach 100-200 meters (328-656 ft) north of Allen’s Slough extending 200-300 meters
(656-984 ft) northward. Spawning occurs along Allen’s Beach (see Figure 3.7 and
Figure 3.10) from the northwest end of Allen’s Slough, north-northeast to Cemetery
Point. Substrate along the southwest end of the beach is composed primarily of fine
sand, silt, mud, and organic detritus. Substrate size quickly grades into a matrix of coarse
sand, pebbles, and gravel in northwest direction. This area is sometimes referred to as
South Allen’s. Moving north-northeast from South Allen’s Beach, substrate size
generally increases, with cobbles becoming a dominant component near Cemetery Point.
Moving in the offshore direction, the beach grades to sand and gently slopes to a depth of
about 4 meters (13 ft) (relative to winter lake levels), where a distinct slope break occurs
between about 4 and 6 meters (13 to 20 ft). Below about 6 meters (20 ft), the slope
decreases again, and in some areas gravel can be found. Sockeye salmon have been
observed spawning on this lower “shelf” at Allen’s Beach to depths of approximately 10
meters (32 ft).

During the summer of 2005, lower and middle beach surfaces were classified into seven
categories based upon dominant substrate types: cobble, cobble/gravel, cobble/fines,
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gravel/cobble, gravel, gravel/fines, and fines. A total of 1.6 miles (2.6 km) of shoreline
substrate were mapped and classified (see Figure 3.10) from the south end of the spit in
Allen’s Bay to an unnamed tributary approximately 1 km northwest of Cemetery Point.
Approximately 85% of the shoreline length contained substrate types used by spawning
sockeye but only 26% of the shoreline was classified as containing concentrated
spawning usage. Gravel was the dominant shoreline substrate (30%) by length followed
by fines (14%) and cobbles (13%). The remainder of the shoreline length was a mixture
of cobble, gravel, and fines (43%;Table 4.1).

Table 4.1. Allen’s Beach area dominant substrate categories, number of segments, length
of substrate categories, and percentage of beach length within specified length categories
(source: MFM, unpublished shoreline survey data).

Dominant Percent of
Substrate Beach within
Category (lower Total Total Specified
and middle beach | Number of Beach Length Length Substrate
surfaces) Segments (Ft) (m) Category
Cobble 2 1,096 334 12.6%
Cobble/Gravel 3 934 285 10.8%
Cobble/Fines 1 151 46 1.7%
Gravel/Cobble 2 2,194 669 25.3%
Gravel 4 2,604 794 30.0%
Gravel/Fines 2 439 134 5.1%
Fines 3 1,249 381 14.4%
Totals 17 8,667 2,642 100.0%

Mapping surveys conducted during the summer of 1999, when much of the beach was
exposed during low lake level, identified numerous small seeps and springs in portions of
the area used for spawning. A total of approximately 180 meters of beach were mapped
during the summer of 1999. Attempts to measure thermal gradients around the springs
during winter of 1999 and 2000 were unsuccessful (MFM unpublished data). Based upon
the lack of thermal gradient around the seeps it was assumed that either: 1) the
groundwater and lake water temperatures were the same, or 2) that the quantity of water
emerging from the seeps was insufficient to be detected using the methods employed.

Utilization of Allen’s Beach by spawning sockeye is less concentrated than Olsen’s
Beach. There is no core spawning area at Allen’s Beach, unlike Olsen’s Beach. MFM
established a lead line transect for monitoring sockeye spawning along Allen’s Beach in
1999 (along the mapped transect). This area (middle Allen’s Beach) at the time was
thought to have the highest density of spawners. Gravel samples were collected along a
170 meter (558 ft) transect that extended through the spawning area in 1999 (MFM
unpublished data). It was later found that higher spawning density was actually to the
south and another lead line transect was deployed in that area during the fall in 2000. A
total of 11 gravel samples were collected using a McNeil core sampler and processed
using gravimetric sediment processing methods. It was found that levels of fine sediment
within the spawning gravel ranged widely along the transect. Percent fines (<0.85mm)
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ranged from 4.6% to 44.3%, averaging 24.6%. Figure 4.5 depicts location and percent
fine sediment calculated for each of the 13 sediment samples collected in 1999.

Allen's Gravel Samples

Pct. Fines (< 0.85 mm)
°o  0-12.3%
O  12.3-20.3%
O 203-329%

O 329-46.1%
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Figure 4.5. Allen’s Beach gravel sampling results from 1999 and sample proximity to
different categories of spawning use. (Note: There are two lead lines at Allen’s Beach:
Allen’s and South Allen’s. Note: Two gravel samples were located in the dispersed
spawning use category.) (source: MFM, unpublished shoreline survey data.)

There are additional differences between Olsen’s and Allen’s beaches. One factor that
has been examined is difference in beach slope. The slope of Olsen’s Beach where it is
most heavily used by spawning sockeye is approximately 30% steeper than areas of
concentrated spawning use at Allen’s Beach. Beach slope at Olsen’s Beach ranges from
10-12% gradient, whereas the slope at Allen’s Beach ranges from 8% to 9% gradient.
These differences may be a function of increased wave energy at Olsen’s Beach. Figure
4.6 illustrates the differences in beach slope between Olsen’s and Allen’s beaches based
upon typical cross-sections from the core and concentrated spawning areas.
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Figure 4.6. Comparison of beach slopes using typical cross-sections from Olsen’s Beach
core and concentrated spawning areas and Allen’s Beach concentrated spawning use area.
(source: MFM, unpublished beach topography data.)

In addition to Olsen’s and Allen’s beaches, sockeye have been reported to spawn at
Umbrella Beach, Ericson’s Bay, and Baby Island, although a thorough review of Ozette
literature, reports, and spawning ground survey data could not verify spawning in
Ericson’s Bay. Bortleson and Dion (1979) described the substrate in Ericson’s Bay as
suitable for sockeye spawning but did not document any spawning there. Meyer and
Brenkman (2001) observed sockeye spawning at Baby Island during the winter of 1994.
Field investigations and spawning ground surveys conducted by MFM and ONP during
the winters of 1999 and 2000 revealed that very little spawning gravel is present along
the shores of Baby Island. Besides Olsen’s and Allen’s beaches, Umbrella Beach has the
best-documented account of beach spawning sockeye. Shoreline and delta conditions are
significantly different now from what they were in 1964 (Figure 4.7). Herrera (2006)
estimated that delta growth between 1964 and 2003 was approximately 5.7 acres (23,000
m?). Much of the delta growth described by Herrera (2006) was just north of the mouth
of Umbrella Creek. This is the area where spawning sockeye salmon were observed by
Dlugokenski et al. (1981). Much of the new (post-1964) delta is now vegetated in shrubs,
as is much of the older (pre-1964) delta, which contained little vegetation along the lake
margins in 1964.
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Figure 4.7. Comparison of 1964 and 2002 shoreline and delta conditions at the mouth of Umbrella Creek (source: Herrera 2005)
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A preliminary comparison of shoreline vegetation and sediment dynamics based on aerial
photography in 1953 and 2003 (Ritchie 2005) found that significant increases in
vegetation cover along the Ozette shoreline likely occurred in the last 50 years. About
28.3 miles (45.6 km) of shoreline were analyzed for vegetation changes between 1953
and 2003, and classified linearly as increase, decrease, or no change. Of this length,
about 11.4 miles (18.4 km) showed an increase in vegetation cover, 0.1 miles (0.16 km)
showed a decrease, and 16.8 miles (27.0 km) showed no change. Much of the shoreline
classified as unchanged was completely vegetated prior to 1953. Changes were
particularly noticeable along the north end of the lake and near the mouth of Umbrella
Creek.

Ritchie (2005) detected increases in vegetation colonization along a fraction of the
shoreline lengths at both Allen’s and Olsen’s beaches. Vegetation colonization at Allen’s
Beach was primarily to the south of the zone categorized as concentrated spawning use
and to the north near Cemetery Point. At Olsen’s Beach, vegetation encroachment was
limited to areas just south of the northern concentrated spawning area and a zone 100
meters (328 ft) north of the core spawning area. Ritchie (2006) completed a second,
higher resolution analysis motivated by results of the preliminary comparison. The
second analysis delineated patches of unvegetated shoreline that could be resolved in
photos from 1953 to 2003 at a scale of 1:300 or better, for the entire length of shoreline
visible in 1953 and 2003 photos.

Ritchie’s second analysis (2006) also found that the area of unvegetated shoreline
decreased from 1953 to 2003. Ritchie identified 1,034,887 ft* (96,144 mz) of
unvegetated shoreline around the lake in 1953, and only 451,561 ft* (41,951 m?) of
unvegetated shoreline in 2003, a decrease of 56%. Ritchie found that unvegetated area at
Allen’s Beach dropped by 67%, from 125,645 ft* (11,673 m?) in 1953, to 41,716ft*
(3,876 m?) in 2003 (Figure 4.8). The length of shoreline analyzed was 8,670 ft (2,643
m). Unvegetated area at Olsen’s Beach declined from 27,322 ft* (2,538 mz) in 1953, to
9,343 ft* (868 m”) in 2003, a decrease of 66% over 2,804 ft (855 m) of shoreline assessed
(Figure 4.9).

Many protected embayments were fully vegetated in the 1953 photos and remained so in
2003. Negligible change occurred in Deer Bay, Swan Bay, Allen’s Slough, and the South
End. The greatest decreases in unvegetated shoreline occurred on the east side of the
North End north of Blooms Bay, at Shafer’s point, at and near Cemetery Point, on the
east shore opposite Cemetery Point, and between Jersted Point and Benson’s Point
(Figure 4.10). A region with a notable increase in unvegetated shoreline was identified at
the Umbrella Creek delta, where Herrera (2006) estimated that delta growth between
1964 and 2002 was approximately 5.7 acres (23,000 m?). However, virtually all of the
area of unvegetated beach in 1953 was covered with vegetation in 2003. The current
unvegetated shoreline at this locale consists entirely of sediment delivered to the lake
from Umbrella Creek since 1953. A second area with a small increase in unvegetated
shoreline was identified at the delta of a small, steep tributary (20.0078) east of Baby
Island.
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Figure 4.8. Comparison of a portion of Allen’s Beach from 1953 to 2003. Red polygons delineate unvegetated shoreline in 1953 (left
image) and yellow polygons delineate unvegetated area in 2003 (middle and right images).
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Figure 4.9. Comparison of a portion of Olsen’s Beach from 1953 to 2003. Red polygons delineate unvegetated shoreline in 1953 (left
image) and yellow polygons delineate unvegetated area in 2003 (middle and right images).
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Figure 4.10. Change in unvegetetated area from 1953 to 2003 along overlapping 1,000 ft.
segments of Lake Ozette shoreline.
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Ritchie (2005) analyzed changes in vegetation only from 1953 to 2003. Significant
changes to shoreline vegetation prior to 1953 may also have occurred. A news story from
1940 (Port Angeles Evening News, February 15, 1940) states, “After the first big
slaughter... [of elk] half a century ago the area that had been over-browsed started to
grow up again, it was contended, and now all the lake [Ozette] shore and the adjacent
country is a complete thicket...”. While aerial photos were taken in the 1930s to produce
a topographic map for the War Department, an exhaustive search has failed to locate
them. These photos, if found, will add valuable information about the evolution of
shoreline vegetation, as well as sediment flux rates.

It is important to note that current and recent spawning locations, as well as vegetation
and substrate conditions along the lake shoreline, may not be representative of past
spawning distribution and shoreline conditions. The historical spawning distribution of
beach spawning sockeye is not fully understood. Kemmerich (1926) stated that “The
shores of the lake afford many ideal spawning beds and over a large area, also numerous
small streams of gravel bottom empty into the lake which are ideal spawning beds”.
Kemmerich (1939) also recalled that, “We made no special investigations of spawning
beds during the years [1923-1926] but merely observed from time to time that most of the
spawning seemed to be along the lake shore in suitable places and especially at the
mouths of the several creeks.” Dlugokenski et al. (1981) observed sockeye spawning to
the north Umbrella Creek during surveys in the late 1970s, but no sockeye have been
observed spawning there since, despite exhaustive surveys. The spawning at the mouths
of creeks described by Kemmerich (1939) is no longer observed. Meyer and Brenkman
(2001) also observed sockeye spawning at Baby Island during the winter of 1994, but no
sockeye have been observed spawning there since, also despite exhaustive surveys. The
number of beach spawning aggregations that have been entirely eliminated remains
unknown. Currently used spawning habitat at extant beaches (Olsen’s and Allen’s) and
remaining available spawning habitat along the beaches appears able to produce only a
small fraction of the population abundance that is thought to have once occupied the lake.

From the above historical observations and known habitat use by sockeye throughout
their range, a larger picture of spawning habitat potentially used by sockeye in Ozette can
be developed. Beach spawning habitat quality is controlled by substrate size and
composition (i.e., gravel with interstitial spaces, low percentage fines), and intergravel
circulation from lake current patterns (Blair and Quinn 1991; Hendry et al. 1995; Leonetti
1997) or upwelling hyporheic'*- and/or groundwater (Blair et al. 1993; Burger et al.

1995; Young 2004). Historically, high quality spawning habitat was likely provided by
numerous hydrogeomorphic situations:

1. Spawning on shallow non-vegetated beaches with suitable clean substrate
exposed to wind-driven currents and wave action (Leonetti 1997).

12 Note that for all text in the LFA, “hyporheic” is used to refer to water of mixed origin with no less than
10 percent and no more than 90 percent of either surface water or groundwater. The hyporheic zone is the
surface/groundwater mixing zone. Groundwater does not = hyporheic water. Both can exist and
differentially create seeps and springs.
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2. Spawning at or near upwelling springs or seeps (hyporheic water or groundwater),
regardless of water depth, where temperature regimes and intergravel flow are
maintained. This reduces mortality during redd dewatering in shallow areas
(Burger et al. 1995) or during times of little or no wind-driven current in deeper
waters (Leonetti 1997).

3. Spawning at or near tributary inlet (deltas) with suitable substrate (deltaic gravel
deposits), good intergravel circulation (upwelling hyporheic water and/or
groundwater), and stable hyporheic temperature regimes (e.g., Umbrella Beach:
Dlugokenski et al. 1981). Hyporheic water temperature regimes in tributary
deltas would likely be slightly warmer and more stable than tributary
temperatures, but cooler than warmer ambient lake temperatures or groundwater
(White 1993; Edwards 1998).

4. Spawning in tributaries above deltaic zones.

4.2.2 Riparian Conditions

Riparian conditions around the lake are generally good to excellent, with the exception of
the east portion of the North End where the county road parallels the shoreline, the north
tip of the North End where most development has occurred, and a few parcels of private
property where owners have constructed cabins or houses. Aerial photo analyses indicate
that the area of vegetated shoreline below the winter high water level has increased since
1952 (Section 4.2.1). Increased shoreline vegetation may be limiting available spawning
habitat, although the mechanisms responsible for this are not well understood.

Primary forest is the dominant riparian condition for most of the western half of the
shoreline. Although abandoned homestead locations are known to exist in this area, they
are virtually indistinguishable from undisturbed shoreline. Non-native vegetation
(primarily reed canary grass) is generally limited to the mouth of Big River, some areas
of Swan Bay, and near the lake outlet. Along the eastern half of the shoreline, a narrow
buffer of mature trees exists between the lake and areas that have been clear-cut. On the
North End, Rayonier Landing has remained unvegetated since at least the 1950s, and the
current site of the ONP Ranger Station and campground has been subjected to ongoing
disturbance since the USCG Life Saving Station was established at Lake Ozette in the
1940s. South of Swan Bay, an old railroad grade parallels the shore for some distance.
Along the grade, shoreline conifers are mostly <50 years old, and the riparian area has a
high proportion of mature red alder. This grade was constructed before 1952.

4.2.3 Water Quality

During the past 30 years several water quality attributes have been studied in Lake
Ozette. In 1976, Bortleson and Dion (1979) examined several water quality attributes in
the lake, including water temperature, dissolved oxygen, water transparency, and
nutrients. Since then, others (Blum 1988; Beauchamp and LaRiviere 1993; Jacobs et al.
1996; Meyer and Brenkman 2001) have either collected water quality data or attempted
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to summarize data for Lake Ozette. Meyer and Brenkman (2001) and Beauchamp and
LaRiviere (1993) both found that the lake begins to stratify in April and begins to mix in

October. Isothermal conditions were found from December through February (Figure
4.11).
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Figure 4.11. Seasonal variation in temperature-depth profiles for Lake Ozette (modified
from Jacobs et al. 1996; source data: Meyer and Brenkman 2001).

Meyer and Brenkman (2001) reported dissolved oxygen levels ranging from 12.4 to 6.2
mg/l. Data collected by Meyer and Brenkman (2001) show a rapid decrease in dissolved
oxygen in the lake’s metalimnion from August through October. They found that
dissolved oxygen levels rapidly increased in the hypolimnion. Jacobs et al. (1996)
concluded that temperature and dissolved oxygen conditions do not appear to be a threat
to sockeye salmon. Meyer and Brenkman (2001) concluded that temperature and
dissolved oxygen conditions were well within the range preferred by sockeye salmon.
Meyer and Brenkman (2001) also collected pH data during the summer of 1994. They
found that pH levels ranged from 7.7 to 6.1 and that pH gradually decreased with depth
throughout the monitoring period.

Water clarity has also been thoroughly examined in Lake Ozette. Water clarity can be
divided into two main constituents: suspended materials and dissolved materials.
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Turbidity is a measure of suspended materials, such as silt and algae. Color values are a
measure of materials dissolved in water. Slightly different methods have been employed
by different researchers attempting to describe water clarity in Ozette. Bortleson and
Dion (1979) used water color and secchi-disk depth readings to describe Lake Ozette
water clarity. They reported secchi-disk readings ranging from 2 to 4 meters, averaging 3
meters. Color reading ranged from 20-45 on Pt-Co scale. Meyer and Brenkman (2001)
measured secchi-disk depths and turbidity in their study of water clarity. Meyer and
Brenkman (2001) reported mean (from the four lake monitoring stations) secchi disk
readings ranging from 3.7 to 6.5 meters. Meyer and Brenkman (2001) speculated on the
higher clarity observed in 1994 as compared to 1976 and thought that at least in part it
was due to the lower zooplankton densities observed in 1994. Meyer and Brenkman
(2001) also monitored turbidity levels in Lake Ozette and reported a range of 1.4 to 18
NTUs at their four monitoring stations in the lake. They concluded that turbidity levels
tend to be low in the lake with two exceptions: during May and June when plankton
blooms are occurring and after storm events. The highest turbidities recorded in the lake
were made a few days after a storm event. Turbidity levels of 35 NTUs were measured
in the middle of Swan Bay. During this sampling period they found turbidity decreased
with depth. Turbidity levels at 13 meters were 14 NTUs.

Nutrients were also sampled by Bortleson and Dion (1979) and Meyer and Brenkman
(2001). Meyer and Brenkman found that Kjeldahl-N, total dissolved phosphorus,
orthophosphate-P, and ammonia-N did not demonstrate any consistent patterns in
concentration with increased depth. They also found that concentrations of nitrate did not
change with increased depth in January, but the lowest concentrations occurred near the
lake surface in samples collected in May, July and August. Table 4.2 is a comparison of
average winter/spring and summer/fall values for organic and inorganic nitrogen, total
phosphorus, and orthophosphate phosphorus collected in 1976 and 1994. Based upon
data collected in 1976 and 1994, Lake Ozette can be described as an oligotrophic to
mesotrophic system (low to moderate levels of nutrients; Jacobs et al. 1996). Meyer and
Brenkman concluded that Lake Ozette is likely phosphorus limited.
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Table 4.2. Comparison of inorganic nitrogen, organic nitrogen, total phosphorus, and
orthophosphate from samples collected in 1976 and 1994 for three separate depth zones
(source: Bortleson and Dion 1979; Meyer and Brenkman 2001).

Winter-Spring (1976)

Winter-Spring (1994)

0-25m 10-50m 22-80m 1m 18m 22-64m
Inorganic Nitrogen (mg/l) 0.150 0.140 0.160 0.137 0.156 0.169
Organic Nitrogen (mg/l) 0.110 0.110 0.120 0.115 0.101 0.103
Total Phosphorus(mg/l) 0.008 0.007 0.008 0.006 0.006 0.005
Orthophosphate (mg/l) 0.004 0.003 0.004 0.002 0.001 0.002

Summer-Fall (1976) Summer-Fall (1994)

0-25m 10-50m 22-80m im 18m 22-64m
Inorganic Nitrogen (mg/l) 0.060 0.110 0.130 0.059 0.168 0.171
Organic Nitrogen (mg/l) 0.130 0.140 0.120 0.110 0.098 0.105
Total Phosphorus(mg/l) 0.008 0.008 0.007 0.008 0.009 0.010
Orthophosphate (mg/1) 0.003 0.003 0.004 0.001 0.001 0.001

4.2.4 Lake Productivity

Healthy and abundant zooplankton communities are a critical component of the overall
sockeye smolt production in any lake. Zooplankton communities are dependent upon
phytoplankton communities. Bortleson and Dion (1979) used chlorophyll a
concentrations measured in Lake Ozette to estimate algae concentrations in the lake, and
algae growth potential was tested using algal bioassay tests. They found that chlorophyll
o concentrations were highest in the summer (averaging 3.5ug/l) and lowest (1.2-0.3ug/1)
in the winter. Meyer and Brenkman (2001) report chlorophyll concentrations of 7.6 to
11.5 mg/m’ in the upper five meters of the lake during April and May and concentrations
of 0.4 to 0.6 mg/m’ at 20 meters depth during the same period. Samples collected in
1976 indicated that the algal population in Lake Ozette is dominated by Botryococcus
during all months except May (Bortleson and Dion 1979). Meyer and Brenkman (2001)
concluded that Lake Ozette can be classified as oligotrophic based upon concentrations of
chlorophyll.

Meyer and Brenkman (2001) concluded that most of the chlorophyll in Lake Ozette is in
the upper water column. Copepod and cladoceran densities from surveys conducted by
Meyer and Brenkman (2001) indicate that densities are 3 times higher in the upper 5
meters than in the zone from 5 to 30 meters. Dlugokenski et al. (1981) calculated an
average density of 7.4 copepods and cladocerans per liter of water. Densities reported by
Meyer and Brenkman were much lower. Meyer and Brenkman (2001) described the
Lake Ozette zooplankton community as composed of nine crustacean and 15 rotifer taxa.
Several other researchers have studied and described the Lake Ozette zooplankton
community. DIlugokenski et al. (1981) found the copepods and cladocerans made up 57
to 99.8% of the organisms in monthly samples.
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They found that Diaptomus sp., Epischura sp., and copepods of the genius cyclopoida
were present in all samples, as were Bosmina sp., Daphnia sp., Holopedium sp., and
Leptodora kindtii. Bortleson and Dion (1979) found similar zooplankton assemblages
and that densities were highest from May to November and lowest from February to
April. Jacobs et al. (1996) found through an extensive review of Ozette literature that all
researchers who have studied zooplankton communities in Lake Ozette have concluded
that sufficient food supplies are available for juvenile sockeye salmon during their period
of lake residence. Beauchamp and LaRiviere (1993) used bioenergetic simulations and
cladocerans egg-ratio analysis to predict that consumption demand by kokanee and
juvenile sockeye could be satisfied by less than 1% of the instantaneous production of the
preferred large Daphnia throughout the growing season. Dlugokenski et al. (1981)
evaluated the length and weight of Ozette sockeye smolts and concluded that they were
the third largest yearling sockeye smolts in the world, providing additional evidence that
zooplankton populations are not limiting sockeye productivity.

4.2.5 Hydrology and Lake Level

The hydrology of the Ozette Watershed has been poorly studied over the contemporary
settlement period of the Ozette region. However, an assortment of lake level, climate,
and hydrology data has been collected at various places in the watershed and coastal
region, for different reasons, that can be massed together to highlight the major physical
patterns of the lake’s hydrology. The USGS made several miscellaneous measurements
of instantaneous stage discharge in the watershed’s tributaries in the 1960s and 1970s
(Bortleson and Dion 1979) and maintained a continuous stream gage on Ozette River at
the outlet of Lake Ozette between 8/1/1976 and 9/30/1979 (Figure 4.12). The stream
gage station consisted of a continuous stage (level) recorder and periodic discharge
measurements (using a current meter) to develop a stage-discharge rating curve. The
stage recorder and backup stage plate were located approximately 100 feet upstream of
the new footbridge (circa 1976) that crosses Ozette River. The stream gage effectively
measured both lake and river stage, as the gage was located at the transition zone between
lake and river, where lake water converges into the river. These data will be described in
more detail in Section 4.3.6.

In 1981, the Olympic National Park (ONP) partially continued previous efforts by the
USGS and began recordings of manual daily lake stage at the same USGS stage plate at
the head of the Ozette River and outlet of the lake (Figure 4.12). The ONP personnel
recorded stage at this location manually every day from 11/1/1981 to present (or
9/30/2002 used here). A gap in the data exists between 9/20/1994 and 12/31/1997, and
daily records are missing for other parts of the record, with gaps ranging from a day to
several weeks. ONP personnel recorded stage only once daily at random or convenient
time periods. Time of day was not recorded in their database. Lake Ozette does fluctuate
on a daily basis, especially during windy periods, because of wind seiche. However, due
to the large volume of the lake and partial storage and attenuation of inflows, the lake
does not experience dramatic level fluctuations at the daily time scale, except during
extremely high discharge (flow) input events or large wind seiches. Daily ranges of stage

424



Lake Ozette Sockeye Limiting Factors Analysis

change are less than 0.5 feet. While these data from this ONP gage do not represent daily
averages, the data, in mass, can be assumed to be a reasonable surrogate for mean daily
stage. Gaps in the stage record were filled in through linear interpolation between
adjacent data points by Makah Tribe Fisheries personnel. Gaps larger than 10 days were
not interpolated and left blank. Thus, the long but discontinuous stage record was
recovered for the period 1982-2002.

In March 2002, MFM personnel installed a continuous stage gage near the same location
as the historical USGS gage. This gage is located 30 feet above the footbridge and 70
feet below the USGS/ONP manual stage plate. This gage automatically measures and
records lake (or river) stage every 15 minutes. These data were averaged to create mean
daily lake stage, comparable to the ONP daily stage recordings. Thus daily lake stage
data are available from 1976 to 2005 (Figure 4.13).
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Figure 4.12. Locations of Lake Ozette watershed stream and turbidity gages operated by
MFM.
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