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Note to Reader

Thisfeasibility assessment is not a decision document, nor does it convey a decision to
reintroduce bull trout into the Clackamas River Subbasin. Should a proposal be developed to
reintroduce bull trout into the Clackamas River Subbasin, the responsible federal and state
agencies would initiate required rule-making and decision-making processes. These processes
would include opportunities for public involvement as well as necessary environmental analysis
and regulatory compliances.
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Executive Summary

Bull trout were abundant and widely distributed in the Clackamas River Subbasin. They were a
historical component of the river’s native fish assemblage that evolved over thousands of years.
Presently, bull trout are extirpated from the Clackamas River Subbasin. Bull trout were listed as
threatened under the Endangered Species Act by the U.S. Fish and Wildlife Servicein 1998. The
2002 draft bull trout recovery plan specified the need for completing an assessment to determine
the feasibility of reintroduction in the Clackamas River Subbasin. Accordingly, the Clackamas
River Bull Trout Working Group (CRBTWG) completed the following feasibility assessment.
The feasibility assessment focuses on whether or not areintroduction is biologically possible
(i.e., “Can it be done?"). Four questions are examined:

e Isthereahigh level of confidence that bull trout are no longer present that would serve as
anatural gene bank?

e |sthere suitable habitat remaining, what conditions or stressors currently prevent bull
trout from occupying suitable habitats, and have these been corrected?

e Issuitable habitat reasonably expected to be recolonized through natural processes if
conditions are improved?

e |sasuitable or compatible donor population(s) available that can itself tolerate some
removal of individuals?

The feasibility assessment does not attempt to determine “ Should a reintroduction be done?’ or
“How should it be done?’ Answering these two latter questions would be done after a proposed
action is developed in a coordinated, multi-agency manner, including public involvement.

Thereisavery high level of confidence that bull trout have been locally extirpated from the
subbasin. Primary factors for their decline began in the early 20™ Century and extended into the
1970s. They include migration barriers from hydroelectric and diversion dams, direct and
incidental harvest in the sport and commercial fisheries, targeted eradication with bounty
fisheries, and habitat and water quality degradation from forest management and agricultural
activities. These factors are believed to be sufficiently remedied such that they would not impede
the success of a reintroduction attempt.

Bull trout require very cold water for spawning and rearing. The portion of the subbasin
providing suitable bull trout spawning and rearing habitat today includes the tributaries and
headwaters of the Clackamas River upstream of the Collawash River confluence. This portion of
the subbasin contains six separate habitat patches totaling approximately 70 miles of suitable
spawning and rearing habitat. Habitat patches range in size, configuration, and condition.
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Clackamas River Bull Trout Reintroduction Feasibility Assessment

The nearest five potential donor stocks in the Lower Columbia River portion of the Coastal
evolutionary lineage of bull trout were examined. They are found in the nearby Willamette,
Lewis, Hood, Klickitat, and Deschutes river basins. The donor stocks are located considerable
distances from the Clackamas River Subbasin, and in many cases migration barriers preclude
their movement making natural recolonization of the subbasin extremely unlikely. Two river
basins contain bull trout that likely have the necessary characteristics and associated low level of
risk (both demographically and genetically) to serve as donor stocks for areintroduction into the
Clackamas River:

e LewisRiver Basin — Two interacting local populations: Pine Creek and Rush Creek.

e Lower Deschutes River Basin (Metolius River Subbasin) — Three interacting local
populations. Whitewater River; Jefferson, Candle, and Abbot River Complex; and
Canyon, Jack, Heising, and Mainstem Metolius River Complex.

Other potential bull trout donor stocks that contain the necessary characteristics but are at an
intermediate level of risk (both demographically and genetically) include:

e TheMainstem McKenzie River local population in the Willamette River Basin
(McKenzie River Subbasin).

e TheWarm Springs River and Shitike Creek local populations in the Lower Deschutes
River Basin.

Nonnative brook trout can have significant negative effects on bull trout distribution and
abundance. However, recent studies suggest that certain habitat variables play astrong role in
determining the level of effect. Brook trout are present in low abundance in one of the six
suitable habitat patches (Upper Clackamas River above Cub Creek) where a bull trout
reintroduction could take place. Their presence is due to severa decades of stocking headwater
lakes with outflow tributaries that connect to downstream suitable habitat. The Oregon
Department of Fish and Wildlife discontinued stocking brook trout in the early part of this
decade in those headwater lakes in any of the suitable habitat patches where there is an outflow
connection to downstream suitable bull trout spawning and rearing habitat. As such, brook trout
would not be a significant factor in determining the success of areintroduction of bull trout in
the Clackamas River Subbasin.
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Executive Summary

Bull trout coexisted with a multitude of other native fish speciesin the Clackamas River for
thousands of years, likely feeding on avariety of different prey species. Historically, anadromous
salmon and steelhead were likely the most abundant fish in the subbasin and they probably
comprised a significant portion of the bull trout diet. However, current abundance and
distribution of anadromous salmon and steelhead in the subbasin is greatly reduced from historic
levels. Bull trout, if reintroduced, may be more dependent upon other native fish species as a
prey base, such as mountain whitefish and large-scaled suckers, both of which are present and
abundant along with other potential prey such as dace, sculpin, northern pike minnow, and
several species of trout. Available information on bull trout populationsin the Lower Columbia
River Basin suggest that, while possibly important, bull trout persistence is not dependent upon
the presence of anadromous salmon in all systems.

Due to the multitude of variables that contribute to mortality of juvenile Pacific salmon,
including other fish and avian predators, the rate of bull trout predation on juvenile salmon and
the potential effect of that predation are unquantifiable. Despite evidence that bull trout prey on
juvenile anadromous salmonids when they are available, bull trout and Pacific salmon co-occur
in many areas throughout the western United States. Although the distribution and abundance of
Pacific salmon in the Clackamas River is reduced significantly from historical levels, the
remaining native fish assemblage is considered by local fish biologists to be healthy. For these
reasons, it is believed there is a sufficient forage base to support a bull trout reintroduction in the
Clackamas River and further, that if reintroduced, predation on juvenile salmon would not likely
negatively affect the status of salmon and steelhead populations in the subbasin.

In sum, given the following:

o ahighlevel of confidence that bull trout have been locally extirpated,

o the causesfor their decline have been sufficiently mitigated,

e high quality habitat is available in sufficient amounts,

e nearby donor stocks are unlikely to naturally recolonize,

« guitable donor stocks are available that can withstand extraction of individuals,

e nonnative brook trout presence is restricted to a small portion of the suitable habitat and
not alikely threat, and

o adiverse and abundant fish assemblage would serve as a sufficient prey base with no
obvious threats posed by bull trout to these species,

the overall conclusion based on the scope of the assessment is: reintroduction of bull trout into
the Clackamas River Subbasin isfeasible.
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Clackamas River Bull Trout Reintroduction Feasibility Assessment

Other factors to be considered in developing a proposed action for reintroduction include:
establishment of goals and objectives; specific donor stock(s) to be used; type, quantity, and
duration of propagule extraction from the donor stock(s); method of translocation; fish disease
screening; specific location(s) and habitat patch(es) for propagul e rel ease; additional
management actions needed; and specific monitoring and evaluation requirements. Once a
proposed action is devel oped in a collaborative, multi-agency/stakeholder manner involving
public review and input, additional considerations and environmental analysisincluding some of
the following need to be further investigated: socio-economic impacts (positive and negative);
ecological affects to other native fish species; and ESA regulatory responsibilities for affected
agencies and parties. Should a reintroduction be implemented, an adaptive management
approach is encouraged in order to incorporate monitoring and evaluation results and feedback
into necessary adjustments to achieve devel oped goals and objectives.
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Glossary and Common Abbreviations

Adfluvial
A life history strategy in which bull trout migrate from tributary streamsto alake or reservoir to
mature. Adfluvial bull trout return to atributary to spawn.

Ageclass
A group of individuals of a species that have the same age, e.g., 1 year old, 2 year old, etc.

Alleles
Alternative forms of a gene that can occupy the same locus on a particular chromosome.

Anadromous
A fish that is born in freshwater, migrates to the ocean to grow and live to adulthood, and then
returns to freshwater to spawn (reproduce).

Artificial propagation

The use of artificial proceduresto spawn adult fish and raise the resulting progeny in fresh water
for release into the natural environment, either directly from the hatchery or by transfer into
another area.

Basin

The area of land drained by ariver and its tributaries. The term basin is used as it applies to the
designated basins of the Columbia River as defined by the Northwest Power and Conservation
Planning Council.

BLM
Bureau of Land Management.

Bypass
A structure in adam that provides aroute for fish to move through or around a dam without
going through the turbines.

Char

A fish belonging to the genus Salvelinus and related to both the trout and salmon. The bull trout,
Dolly Varden trout, brook trout, and the lake trout are all members of the char family. Char occur
throughout boreal ecosystems in the northern hemisphere, including North America, Europe, and
Asia

CRBTWG
Clackamas River Bull Trout Working Group.

Glossary - 1



Clackamas River Bull Trout Reintroduction Feasibility Assessment

Corearea

The combination of core habitat (i.e., habitat that could supply all elements for the long-term
security of bull trout) and a core population (a group of one or more local bull trout populations
that exist within core habitat) constitutes the basic unit on which to gauge recovery within a
recovery unit. Core areas require both habitat and bull trout to function, and the number
(replication) and characteristics of local populations inhabiting a core area provide arelative
indication of the core area’ s likelihood to persist. A core area represents the closest
approximation of a biologically functioning unit for bull trout.

Core habitat

Habitat that encompasses spawning and rearing habitat (resident populations), with the addition
of foraging, migrating, and overwintering habitat if the population includes migratory fish. Core
habitat is defined as habitat that contains, or if restored would contain, all of the essentia
physical elementsto provide for the security of and alow for the full expression of life history
diversity of one or more local populations of bull trout. Core habitat may include currently
unoccupied habitat if that habitat contains essential elements for bull trout to persist or is deemed
critical to recovery.

Core population
A group of one or more bull trout local populations that exist within core habitat.

CTWS
Confederated Tribes of the Warm Springs.

Distinct population segment (DPS)

A listable entity under the Endangered Species Act that meets tests of discreteness and
significant according to U.S. Fish and Wildlife Service policy. The U.S. Fish and Wildlife
Service has formally determined there are five bull trout distinct population segments across the
species range within the coterminous United States--Klamath River, Columbia River, Jarbidge
River, Coastal, and St. Mary-Belly River. Each meets the tests of discreteness and significance
under joint policy of the U.S. Fish and Wildlife Service and National Marine Fisheries Service
(61 FR 4722), and these are the units against which recovery progress and delisting decisions
will be measured.

Discharge (stream)
With reference to stream flow, the quantity of water that passes a given point in a measured unit
of time, such as cubic meters per (cms) second or, often, cubic feet per second (cfs).

Effective population size (Ne)

The number of reproducing individualsin an ideal population that would lose genetic variation
due to genetic drift or inbreeding at the same rate as the number of reproducing adults in the real
population under consideration. Typically, Neisless than either a population’s total number of
sexually mature adults present or the total number of adults that reproduced. Effective population
number can be defined either in terms of the amount of increase in homozygosity (inbreeding
effective number) or the amount of allele frequency drift (variance effective number).
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Glossary and Common Abbreviations

Entrainment
Process by which aquatic organisms are pulled through a diversion, turbine, spillway, or other
device.

ESA
Endangered Species Act (federal).

Extirpated
Elimination of a species from a particular local area.

Fine sediment (fines)
Sediment with particle sizes of 2.0 mm (.08 inch) or less, including sand, silt, and clay.

Fish ladder
A device to help fish swim around a dam.

Floodplain
The land adjacent to a stream channel, typified by flat ground and periodic floodwater
submersion.

Flow regime
The quantity, frequency and seasonal nature of a stream’s flow.

Fluvial bull trout
A life history in which bull trout migrate from tributary streams to larger rivers to mature.
Fluvia bull trout migrate to tributaries to spawn.

Foraging, migrating, and overwintering habitat (bull trout)

Relatively large streams and mainstem rivers, including lakes or reservoirs, estuaries, and
nearshore environments, where subadult and adult migratory bull trout forage, migrate, mature,
or overwinter. This habitat is typically downstream from spawning and rearing habitat and
contains all the physical elements to meet critical overwintering, spawning migration, and
subadult and adult rearing needs. Although use of foraging, migrating, and overwintering habitat
by bull trout may be seasonal or very brief (asin some migratory corridors), it isacritical habitat
component.

Functionally extirpated
Describes a species that has been extirpated from an area; though a few individuals may
occasionally be found, they are not thought to constitute a viable population.

Genotype

The set of aleles (variants of a gene) possessed by an individual at a particular locus or set of
loci.
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Habitat connectivity (stream)
Suitable stream conditions that allow fish and other aguatic organisms to move freely upstream
and downstream. Habitat linkages that connect to other habitat areas.

Headwaters

The source of a stream. Headwater streams are the small swales, springs, creeks, and streams that
are the origin of most rivers. These small streams join together to form larger streams and rivers
or run directly into larger streams and |akes.

Hybridization
A crossing of individuals of different genetic composition, typically different species, that results
in hybrid offspring.

Hydrologic unit code (HUC)

Watersheds that are classified into four types of units: regions, subregions, accounting units, and
cataloging. The units from the smallest (cataloging units) to the largest (regions). Each unit is
identified by a unique hydrologic unit code consisting of two to eight digits based on the four
levels of classification in the hydrologic unit system.

Hyporheic zone
The area of saturated sediment and gravel beneath and beside streams and rivers that contribute
to subsurface flows. Water movement is mainly in a downstream direction.

IMST
Independent Multidisciplinary Science Team.

Intermittent stream

A stream that flows only at certain times of the year as when it receives water from springs (or
by surface water) or when water 1osses from evaporation or seepage exceed the available
streamflow.

I nter specific competition
Competition for limiting, shared resources between two or more different species.

I ntrogr ession (genetic)

The spread of genes from one species into the gene pool of another by hybridization or by
backcrossing (interbreeding between hybrid and parental species or between hybridized
individuals).
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Glossary and Common Abbreviations

L ocal population

A group of bull trout that spawn within a particular stream or portion of a stream system.
Multiple local populations may exist within acore area. A local population is considered to be
the smallest group of fish that is known to represent an interacting reproductive unit. For most
waters where specific information is lacking, alocal population may be represented by asingle
headwater tributary or complex of headwater tributaries. Gene flow may occur between local
populations (e.g., those within a core population), but is assumed to be infrequent compared with
that among individuals within alocal population.

M etapopulation

A group of semi-isolated local populations of bull trout that are interconnected and that probably
share genetic material. May aso include unoccupied habitats depending on the equilibrium
between extinction and recol onization among habitats.

Migratory corridor
Stream reaches used by bull trout to move between habitats. A section of river or stream used by
fish to access upstream spawning areas or downstream lake environments.

Migratory
A life history in which bull trout migrate from spawning and rearing habitat to lakes, reservoirs,
or larger riversto grow and mature, or to seek refuge.

NMFS
National Marine Fisheries Service.

Nonnative species
A species not indigenous to an area, such as brook trout in the western United States.

ODFW
Oregon Department of Fish and Wildlife.

Peak flow (stream)

The greatest stream discharge recorded over a specified period of time, usually ayear, but often a
season. Sometimes also defined by the frequency of occurrence or modeled return interval of
specific flows (e.g., a 100-year peak flow event).

PGE
Portland General Electric.

Phenotype
Expressed physical, physiological, and behavioral characteristics of an organism that may be due
to genetics, the environment, or an interaction of both.

Piscivorous
Describes fish that prey on fish for food.
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Population
A group of individuals that belong to the same species and freely interbreed.

Recovery subunit (bull trout)

Portions of larger recovery units treated separately to improve management efficiency. For
example, the Clark Fork Recovery Unit is divided into Upper Clark Fork, Lower Clark Fork,
Priest, and Flathead recovery subunits.

Recovery unit (bull trout)

The major unit for managing recovery efforts. Each recovery unit is described in a separate
chapter in the recovery plan. A distinct population segment may include one or several recovery
units. Most recovery units consist of one or more major river basins. Several factors were
considered in identifying recovery units, for example, biological and genetic factors, political
boundaries, and ongoing conservation efforts. In some instances, recovery unit boundaries were
modified to maximize efficiency of established watershed groups, encompass areas of common
threats, or accommodate other logistic concerns. Recovery units may include portions of
mainstem rivers (e.g., Columbia and Snake rivers) when biological evidence warrantsinclusion.
Biologically, recovery units are considered groupings of bull trout for which gene flow was
historicaly or is currently possible.

Redd

A nest constructed by female fish of salmonid species in streambed gravels where eggs are
deposited and fertilization occurs. Redds can sometimes be distinguished in the streambed gravel
by a cleared depression, and an associated mound of gravel directly downstream.

Resident
A life history in which bull trout do not migrate, but reside in tributary streams their entire lives.

Riparian area

An areawith distinctive soils and vegetation between a stream or other body of water and the
adjacent upland. It includes wetlands and those portions of floodplains and valley bottoms that
support riparian vegetation.

RM
River Mile.

Salmonid
Fish of the family Salmonidae, including trout, salmon, chars, grayling, and whitefish. In general
usage, the term most often refers to salmon, trout, and chars (subfamily Salmoninae).

Scour

Concentrated erosive action by stream water, as on the outside curve of abend; also, aplacein a
streambed swept clear by a swift current. Scour specifically refers to the transport of riverbed
material by stream flow.
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Smolt
A juvenile salmon or steelhead migrating to the ocean and undergoing physiological changes to
adapt its body from a freshwater environment to a saltwater environment.

Spawning and rearing habitat (bull trout)

Stream reaches and the associated watershed areas that provide all habitat components necessary
for spawning and juvenile rearing for alocal bull trout population. Spawning and rearing habitat
generally supports multiple year classes of juveniles of resident or migratory fish and may also
support sub-adults and adults from local populations of resident bull trout. Most generally
defined by occurrence of suitably cold water temperatures and suitable stream sizes.

Spawning escapement
The number of adult fish from a specific population that survive spawning migrations and enter
Spawning grounds.

Stochastic

Describes a natural event or process that is random or unpredictable. Examplesinclude
environmental conditions such as rainfall, runoff, and storms, or life-cycle events, such as
survival or fecundity rates.

Stock

The fish spawning in a particular lake or stream(s) at a particular season, which to a substantial
degree do not interbreed with any group spawning in a different place, or in the same place at a
different season. A group of fish belonging to the same population, spawning in a particul ar
stream in a particular season.

Subbasin

A smaller drainage area within a basin. The term subbasin is used as it appliesto the designated
subbasins of the Columbia River as defined by the Northwest Power and Conservation Planning
Council.

Subpopulation
Breeding groups within alarger population between which migration is significantly restricted.

Subwater shed
A smaller watershed area within a watershed. The topographic perimeter of the smaller
watershed area containing a tributary stream within a defined watershed.

Transplant
To move naturally reproducing fish from one stream system to another without the use of
artificial propagation.

USACE
United States Army Corps of Engineers.
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USFS
United States Forest Service.

USFWS
United States Fish and Wildlife Service.

Water yield
The quantity of water available from a stream at a given point over a specified duration of time.

W ater shed

The area of land from which rainfall (and/or snow melt) drainsinto a stream or other water body.
Watersheds are also sometimes referred to as catchments, drainage basins, or drainage areas.
Ridges of higher ground generally form the boundaries between watersheds. At these boundaries,
rain falling on one side flows toward the low point of one watershed, while rain falling on the
other side of the boundary flows toward the low point of a different watershed.

WDAFS
Western Division of the American Fisheries Society.

WDFW
Washington Department of Fish and Wildlife.

Woody material

Woody material such as trees and shrubs; includes all parts of atree such as root system, bowl,
and limbs. Large wood refers to the woody material whose average diameter is greater than 24
inches, and whose length is greater than 50 feet.

Glossary - 8



Chapter 1 — History, Status, and Draft Recovery Plan
Guidance for Bull Trout in the Clackamas
River Subbasin

1.1 Introduction

This assessment investigates the feasibility of reintroducing bull trout (Salvelinus confluentus)
into the Clackamas River Subbasin, atributary of the Willamette River (Figure 1. 1). Bull trout
were a historic component of the native fish assemblage in the Clackamas River, but they are
now locally extirpated (Buchanan et a. 1997, Ratliff and Howell, 1992). Although bull trout are
presently widespread within their historic range in the coterminous United States, they have
declined in overall distribution and abundance during the last century (USFWS 2002), and they
were listed in 1998 as threatened under the federal Endangered Species Act (ESA).

For the past two decades, local fish biologists have informally discussed the possibility of
reintroducing bull trout into the Clackamas River Subbasin. In 2004, the Clackamas River Bull
Trout Working Group (CRBTWG) began exploring this more formally. Many fish species
reintroductions have occurred throughout the United States without a thorough assessment or
documented plan. Many of these efforts were unsuccessful and in most cases there was
insufficient documentation to evaluate these failed attempts (Williams et al. 1988).

This assessment represents a collaborative, comprehensive examination of the various factors
involved in determining whether or not a bull trout reintroduction into the Clackamas River is
feasible. Inevitably, it is easy to jump ahead to the various factors and issues involved in
contemplating a potential reintroduction of bull trout into the Clackamas River. Some of these
factors and issues include which is the best donor stock, where should bull trout be released,
what method of translocation should be used, and what are the ecological impacts of
reintroduction? The authors have focused this assessment specifically on the biological
feasibility of reintroduction —that is, “Can areintroduction of bull trout into the Clackamas River
be done?” This specific focus thereby determines the scope of this feasibility assessment. This
assessment, itself, does not attempt to determine “ Should a reintroduction be done?’ or “How
should it be done?” Once the feasibility of areintroduction is established, only then can a
proposed action be devel oped in coordination with multi-agency policy and decision-makersto
investigate the latter two questions further through administrative and regulatory procedures. It is
imperative that reviewers of this assessment understand its breadth and scope. The authors of this
assessment explore, in detail, all of the facets of the first and most fundamental question: “Can a
reintroduction of bull trout into the Clackamas River be done?’ The assessment answersthis
guestion and goes further to provide valuable baseline information that would be useful in
addressing the latter two questions, should areintroduction effort be pursued.
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Chapter 1 — History, Status and Draft Recovery Plan Guidance
for Bull Trout in the Clackamas River Subbasin

Thisfeasibility assessment is based in part on recommendationsin the U. S. Fish and Wildlife
Service's (USFWS) Draft Bull Trout Recovery Plan (draft recovery plan) (USFWS 2002), which
callsfor such assessments in order to restore, where habitat is deemed sufficient, distribution to
previously occupied areas (i.e., historic habitat). Restoring bull trout to historic habitat isamajor
recovery goa and objective listed in the draft recovery plan and it is particularly relevant to
habitats in the western portion of the species range due to the extensive loss of distribution and
the documented extirpation of multiple bull trout populations. The Willamette River, atributary
of the Lower Columbia River, has experienced extirpations of bull trout from three, and perhaps
four, major subbasins, including the Clackamas River.

Although the overall recovery strategy is to reduce and minimize threats affecting bull trout and
their habitat in the Willamette River Basin, the magnitude of bull trout extirpations, combined
with the size of the basin and low probability of natural recolonization, will likely require
reintroductions.

Epifanio et al. (2003) outlined four questions that should be addressed before implementing a
reintroduction program. The CRBTWG reviewed the four questions and adapted them to provide
the focus and structure for this feasibility assessment:

1. Isthereahigh level of confidence that bull trout are no longer present that would serve as a
natural gene bank?

2. Isthere suitable habitat remaining, what conditions or stressors have prevented bull trout
from occupying suitable habitats, and have these been corrected?

3. Issuitable habitat reasonably expected to be recolonized through natural processes if
conditions are improved?

4. Isasuitable or compatible donor population(s) available that can itself tolerate some removal
of individuals?

Thisfeasibility assessment addresses the four questions above, as well as other issues the
CRBTWG identified as necessary to address in an evaluation of a possible bull trout
reintroduction effort in the Clackamas River. An overview of the various sections of the
assessment is provided below.

Each chapter in this assessment begins by outlining the key questions pertinent to that chapter
and ends with a brief summary providing specific recommendations or conclusions where

appropriate.

Chapter 1 reviewsthe history of bull trout and the reasons for their decline, provides a summary
of interagency efforts confirming the absence of bull trout in the Clackamas River Subbasin, and
highlights key recommendations from the draft recovery plan (USFWS 2002).

Chapter 2 assesses important habitat considerations, outlining both the presumed historical
distribution of bull trout in the Clackamas River and the current suitable habitat.

Chapter 3 provides an analysis of potential donor stocks and addresses genetic considerations.
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Chapter 4 addresses potential ecological interactions between bull trout and nonnative brook
trout and between bull trout and native fish species, including those listed under the ESA.
Chapter 4 also examines food web considerations and the adequacy of a prey base to support a
self-sustaining, reintroduced population of bull trout.

Chapter 5 summarizes the preceding chapters, outlines additional considerations should a
reintroduction be proposed, and identifies the need for an adaptive management approach.

An earlier draft of this assessment (November 2006) was prepared and distributed for review. At
the request of the Oregon Department of Fish and Wildlife (ODFW), an independent scientific
review of the earlier draft was completed by the State of Oregon Independent Multidisciplinary
Science Team (IMST). The earlier draft was also reviewed by other local bull trout experts.
Changes to the earlier draft are incorporated into this final assessment based on feedback from
the IMST and other reviewers. A detailed response to each comment made by the IMST is
appended at the end of this document.

Geoqgraphic Area of Focus

The primary geographic area of focus for this assessment is the Clackamas River and its
tributaries upstream of North Fork Dam at river mile (RM) 30 (Figure 1. 2). Approximately 71
percent of the land in this portion of the subbasin is under federal ownership, administered by the
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM). Approximately 2. 8
percent isin tribal ownership on the extreme eastern edge of the watershed (Confederated Tribes
of the Warm Springs Reservation). No suitable bull trout spawning and rearing habitat is known
to occur downstream of the North Fork Dam. The only suitable spawning and rearing habitat for
bull trout occurs in the headwaters of the subbasin on lands administered by the USFS.

In the Clackamas River Subbasin within the National Forests boundary (171,051 hectares), there
are 165,540 hectares (413,850 acres) of National Forest ownership or 96. 8 percent of the land
base, 1,602 hectares (4006 acres) BLM or 1 percent of the land base, and 3,909 hectares (9,772
acres) of private or 2. 2 percent of the land base approximately.

The Upper Clackamas River which consists of the entire watershed upstream of theriver's
confluence with Collawash River and where all suitable bull trout spawning and rearing habitat
is located, encompasses 40,624 hectares (101,560 acres). The majority of this 5" field hydrologic
unit code (HUC) watershed isin U. S. Forest Service ownership at 38,105 hectares (95,263
acres) or 93. 8 percent; 2,240 hectares (5,600 acres) or six percent arein tribal ownership
(outside of the national forest boundary); and 64. 4 hectares (161 acres) or 0. 2 percent arein
private ownership.
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Figure 1. 2. Clackamas River Subbasin Upstream of North Fork Dam.
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The Clackamas River Bull Trout Working Group (CRBTWG)

The Clackamas River Bull Trout Working Group (CRBTWG) is comprised of local fish
biologists who work in the Clackamas River Subbasin. The CRBTWG originated in the early
1990s with three primary partners. ODFW, Portland General Electric (PGE), and USFS.
Beginning in 1999, the federal recovery planning efforts that followed the 1998 listing of bull
trout provided the mechanism to expand the collaborative partnersin the CRBTWG to include
representation from other local, state, federal, and tribal governments. In 2001, efforts were
initiated to begin implementing actions outlined in the draft recovery plan, thus reuniting the
CRBTWG with additional partner representation. Joining the CRBTWG was Clackamas County,
the Confederated Tribes of the Warm Springs (CTWS), and the USFWS.

The key questions to be addressed in Chapter 1 are:
e What isthe historical distribution of bull trout in the Clackamas River?
e Arebull trout still present in the Clackamas River?
e What were the causes/factors for their decline?
e Havethose causes/factors been corrected?

e What are the key recommendations from the draft recovery plan for the Clackamas River
Subbasin?

1.2 Willamette River Basin Overview

The distribution and abundance of bull trout has declined dramatically throughout its range,
especially west of the Cascade Mountainsin Oregon (Ratliff and Howell 1992, Goetz 1994,
Buchanan et a. 1997). Because of the present or threatened destruction, modification or
curtailment of its habitat or range, the USFWS listed bull trout in the lower 48 statesin 1998 as
threatened under the ESA.

With the exception of the McKenzie River, bull trout in the Willamette River Basin of western
Oregon have been extirpated from all subbasins where they were found historically. The dates of
last verified observations of bull trout from each subbasin are: 1963 from the Clackamas River,
1953 in the South Santiam River, 1945 in the North Santiam River, and 1990 in the Middle Fork
Willamette River (Figure 1. 3).
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As noted above, the historic population of bull trout in the Middle Fork Willamette is thought to
have been extirpated. However, a small number of bull trout currently exist in the upper Middle
Fork Willamette River, most likely from an effort to transplant bull trout fry from the McKenzie
River to rearing areas above Hills Creek Reservoir. Transplants of fry occurred from 1997 to
2005 and will continue again starting in 2007. Limited bull trout spawning likely representing
recruitment of adults from these transplants was documented in the Middle Fork Willamette
River in 2005 and 2006.

The McKenzie River currently supports two small isolated populations of bull trout, each
numbering less than 100 spawning adults, and one migratory population in the mainstem
McKenzie River comprised of approximately 130 spawning adults. The two isolated populations
in the McKenzie River resulted from the construction of Trail Bridge Dam in 1963 on the upper
mainstem McKenzie River, and Cougar Dam in 1963 on the South Fork McKenzie River. These
two dams isolated bull trout above them and fragmented what was historically asingle
McKenzie River population.

1.3 Clackamas River Subbasin Overview

The last documented bull trout observation in the Clackamas River system was in 1963 (Goetz
1989), although anecdotal evidence suggests they were present in the subbasin through the early
to mid-1970s (Zimmerman 1999). Compared to other subbasins of the Willamette River
historically occupied by bull trout, arelatively significant amount of information, both verified
and anecdotal, is available for the Clackamas River. Most historical records from the Clackamas
River refer to bull trout as“Dolly Varden” because bull trout were not widely recognized as a
distinct char species until the work of Cavender (1978) and Haas and McPhail (1991). A
chronology of available information is detailed below:

Verified Reports and Citations

e Theoldest record of bull trout in the Clackamas River Subbasin occurred in 1878 when a
specimen collection was made by Livingston Stone. This specimen was located by the
CRBTWG in 2005 and currently resides in the Smithsonian Institute, in Washington D. C.

e Murtagh et al. (1992) cited a newspaper articlein a 1914 edition of the Estacada Progress
that offered aprize for the largest “Dollar-Varden” caught in the Clackamas River.
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Extensive creel surveys of trout anglers were conducted by the Oregon Game
Commission (OGC) in 1941 and 1946. In 1941, 28 “Dolly Varden” were caught in a
seven-mile reach of the Clackamas River (RM 48 to 55) extending from Indian Henry
and the Alder Flat, upstream to one mile above the mouth of the Collawash River
(Nielson and Campbell 1941). The study reach included the extreme lower reaches of the
Oak Grove Fork Clackamas and Collawash rivers. Tota effort during the April 12 to
October 15, 1941 trout season was 7,956 angling hours. “Dolly Varden” comprised 0. 3
percent of the total trout catch, and 12 “Dolly Varden” exceeded 14 inchesin length. In
1946, the study area along the mainstem Clackamas River was shortened by one mile and
the trout season was shortened (May 11- October 10). However, total effort in 1946
(7,734 angling hours) was similar to 1941 (Campbell 1947a). Two “Dolly Varden” were
caught in 1946 and comprised 0. 04 percent of the total trout catch. One “Dolly Varden”
exceeded 16 inchesin length. In addition to bull trout caught within the Clackamas River
study area, Campbell (1947b) reported an additional two “Dolly Varden” were caught in
1946 in the Clackamas or Collawash Rivers outside the study area.

The annual credl census conducted by the OGC included “Dolly Varden” between 12 and
14 inches caught in the Clackamas River in 1960 (Stout 1960).

One“Dolly Varden” was captured in North Fork Reservoir during a 1963 OGC trap net
survey (Stout 1963).

The OGC reported in 1964, “limited numbers of “Dolly Varden”...are widely scattered in
the drainage” (Hutchison and Aney 1964).

Massey and Keeley (1996) reported two 16 to 18 inch bull trout caught by an angler in
1973 from the mainstem Clackamas River near the mouth of the Oak Grove Fork.

Anecdotal Reports

Cole Gardiner recalled catching bull trout in the late 1930s in the Clackamas River at
Memal oose Bridge and the canyon above Faraday. He said that anglers threw them on the
bank (Cole Gardiner, angler, personal communication, September 15, 1997).

Dick Pugh reported that his father, who worked for PGE, fished in the subbasin since the
1920s. He caught “Dolly Varden” as recently as 1953-1954 in the Collawash River and
the Clackamas River near the mouth of the Collawash River. Mr. Pugh did not recall the
size of the fish. The fish were typically hung on fence posts. He never heard of bull trout
being caught in the Oak Grove Fork (Dick Pugh, angler, personal communication,
September 22, 1997).

Eberl and Kamikawa (1992) referred to anecdotal evidence that bull trout were once
“plentiful” in Berry Creek, and probably Cub Creek.

Massey and Keeley (1996) received an anecdotal report of two 18 to 20 inch bull trout
caught by an angler in 1959 from the Collawash River near the mouth of the Hot Springs
Fork.
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e Gene McMullen reported that as a child (late 1930s and 1940s) he used to catch fish that
he suspected were bull trout in the Collawash River and the Big Bottom area of the
Clackamas River. The largest was 12 inches, but he recalled seeing larger fish on the
bottom of a deep pool on the Collawash River near the mouth of the Hot Springs Fork.
Mr. McMullen described the fish as“ char-like,” athough he was uncertain whether the
fish were bull trout, brook trout, or brown trout (Gene McMullen, angler, personal
communication, September 22, 1997).

e Chet Green reported that his father used to catch “Dallies’ in the 1920s in the Clackamas
River above Three Lynx. Mr. Green has never caught a bull trout himself in the
Clackamas River Subbasin, although he has fished extensively in the Oak Grove Fork
and the Collawash River for years (Chet Green, angler, personal communication,
September 22, 1997).

e Brian Nordlund reported that he caught a bull trout about 14 inches long in the spring or
early summer of 1963, but it could have been “ayear or two later. ” The fish was caught
in the pool beneath the short falls right above the Three Lynx/Oak Grove Powerhouse on
the mainstem of the Oak Grove Fork. Mr. Nordlund further stated that his brother caught
asecond “Dolly” acouple years later in the same pool (Brian Nordlund, angler and fish
biologist, personal communication, March 7, 2005).

Based on the size of bull trout recorded in creel records dating from the 1940s and the locations
where fish were caught, at least a portion of the bull trout population in the Clackamas River
Subbasin is strongly suspected to have had afluvial life history.

1.4 Historical Distribution of Bull Trout in the Clackamas River
Subbasin

The historical distribution of bull trout in the Clackamas River Subbasin is approximated using
assembled information on sightings, documented occurrences, and known distribution of extant bull
trout populations elsewhere in the Lower Columbia River Basin. A review by ODFW in 1998 of
historical records and anecdotal accounts suggests that bull trout distribution once extended from
North Fork Reservoir upstream to the Big Bottom area of the mainstem Clackamas River, aswell as
the lower Collawash River and the lower Oak Grove Fork of the Clackamas River (Zimmerman
1999). No information exists regarding historic abundance or the location of bull trout spawning and
rearing areas. The extent to which adult bull trout utilized the lower Clackamas River below the site
of theriver’sfirst hydroelectric dam (Cazadero Dam) is unknown. Bull trout from the Clackamas
River Subbasin conceivably migrated to the upper Willamette River mainstem above Willamette
Falls or to Lower Columbia River tributaries (Zimmerman 1999). Figure 1. 4 shows the presumed
historical distribution of bull trout in the Clackamas River Subbasin for the time period during the
mid- to late-1800s. The CRBTWG assumed that bull trout were not historically present upstream of
waterfall barriers known to impede upstream movement of anadromous salmon and steelhead
species. This assumption is consistent with bull trout presence in other river systemsin the
Willamette River Basin and other basins in the Lower Columbia River Basin. The historical
distribution of bull trout in the Clackamas River Subbasin as reported in Buchanan et a. (1997) was
updated by the CRBTWG based on this primary assumption and additional review of historical
records, sightings, and anecdotal information as previously presented.
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The CRBTWG used atiered approach, described below, to approximate the historical
distribution of bull trout in the Clackamas River Subbasin.

Tier One— All sections of rivers and streams upstream of waterfall barriers known to
impede the upstream movement of anadromous salmon and steelhead species were
excluded.

Tier Two — All site locations where there are confirmed sightings of bull trout from
specimen collections, documented creel surveys, or fish sampling records by state or
federal fish biologists were included. In the upper portion of the subbasin, multiple
confirmed sightings within close proximity of one another (within four to five miles)
were determined to be sufficient by the CRBTWG to map entire segments of river as
confirmed historical bull trout presence. River segments mapped for confirmed historical
bull trout presence in Figure 1. 4 include:

e The Clackamas River from approximately RM 43 (upstream of the Roaring River
confluence) to approximately RM 58 (roughly two miles upstream from the
Collawash River confluence).

e The Oak Grove Fork from its mouth upstream approximately one-half mile.

e The Collawash River from its mouth upstream to the Hot Springs Fork confluence
(RM 0 to ~4).

Two additional confirmed historical sightings occur in the lower and middle portions of
the subbasin. These include a collection in 1878, along the lower section of the
Clackamas River near Clear Creek and another in 1963, in North Fork Reservoir (Stout
1963) along the middle section of the Clackamas River. Since these confirmed historical
sightings are of considerable distance from one another and from those in the upper
portion of the subbasin, the CRBTWG mapped only a short segment of river as
“confirmed presence’ just upstream and downstream of these locations.

Tier Three— All segments of rivers and streams for which there are anecdotal records
(i.e., angler reports) of historical bull trout sightings were mapped. This third tier takesin
a considerable number of river and stream segments in the middle and upper portions of
the subbasin. These include:

e The Clackamas River from below the North Fork Clackamas River confluence
(RM 30) upstream to the Roaring River confluence (RM 42. 8).
e Roaring River from its mouth upstream to awaterfall barrier at RM 3. 5.

e The Clackamas River from approximately RM 58 (roughly two miles upstream
from the Collawash River confluence) upstream to approximately RM 74 at the
confluence of Cub Creek.

e Cub and Berry creeks, tributaries to the upper Clackamas River.
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Tier Four —All remaining segments of rivers and streams were mapped within the
“probable historic distribution” for bull trout. These segments are considered likely to
have contained bull trout historically given the wide-ranging nature of bull trout and
more favorable habitat conditions assumed to exist in the mid- to late-1800s.
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Figure 1. 4. Historical Distribution of Bull Trout in the Clackamas River Subbasin.
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1.5 Overview of Bull Trout Surveys in the Clackamas River Subbasin

One of the earliest documented collections of bull trout (or “Dolly Varden™ as they were known
then) in the Columbia River Basin came from Livingston Stone in the lower Clackamas River in
1878 (Smithsonian Institution 2005). Y et, despite the elapsed time from that early collection,
little else was known about bull trout in the Clackamas River, other than they were present in the
watershed in the 19" Century and much of the 20™. Until the 1980s or later, when focused bulll
trout studies first began, this scarcity of information was common for most river systems
containing these native char (Dodson and Brun 2003).

In the Clackamas River Subbasin, increasing interest in the status of Clackamas River bull trout
began shortly after 1989 when the American Fisheries Society listed the bull trout as a species
“of special concern” (Williams et al. 1989, cited in Buchanan et a. 1997). Bull trout had only
been accepted as a species separate from Dolly Varden in 1980 by the American Fisheries
Society, after Cavender (1978) described their taxonomic status. In October 1992, bull trout were
petitioned to be listed under the federal ESA by several Montana conservation organizations.
These rapid developments spurred biologists from ODFW, PGE, and the USFS to begin
surveying portions of the Clackamas River Subbasin thought most likely to contain a remnant
bull trout population (Eberl and Kamikawa 1992, Zimmerman 1999).

Initial surveysin anumber of streams occurred in 1990, 1991, and 1992, but no bull trout were
found. More extensive surveys occurred in 1992, 1998, 1999, and again in 2004, but all failed to
document the presence of bull trout in the subbasin. The presence/absence surveys that occurred
during this timeframe (1990 — 2004) varied in geographic scope, survey effort, and survey
methodology. These survey efforts are summarized below:

Early 1990s Survey Efforts (1990 — 1992)

ODFW and the Estacada Ranger District of the USFS received occasional, unverified reports of
bull trout caught in the upper tributaries of the Clackamas River Subbasin up to the early 1990s.
These reports, combined with suitable bull trout habitat identified by local fish biologists,
suggested the need for surveysto find any relict local populations. Fish biologists from ODFW
and USFS conducted numerous surveys throughout 1990-1992. A brief summary of these
surveys, as reported in Eberl and Kamikawa (1992) is provided below:

1990 Surveys

e Cub Creek (upper Clackamas River tributary): Electrofished by ODFW in mid-July.
Cutthroat trout were captured.

o Last Creek (tributary to Pinhead Creek): Electrofished by USFS in the summer. Cutthroat
trout of various life stages were captured. This stream was el ectrofished again by ODFW
in 1992.

¢ Pinhead Creek (tributary to the upper Clackamas River): Electrofished by ODFW in mid-
July. It was electrofished again in late-September. All captures were rainbow or cutthroat
trout, young coho salmon, or sculpin. Adult spring Chinook were spawning above the area
of survey.
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e Berry Creek (tributary of Cub Creek): Electrofished in mid-July by ODFW. Cutthroat trout
of different life stages were captured.

e Shellrock Creek (tributary to the Oak Grove Fork): Electrofished in late-July by ODFW.
Cutthroat trout were present.

e Chief Creek (tributary to Shellrock Creek): Electrofished by ODFW in late-July. Various
life stages of cutthroat trout were identified.

e Hunter Creek (tributary to the upper Clackamas River): Electrofished by ODFW in mid-
July. Sculpin and various life stages of cutthroat trout were recorded.

e Lowe Creek (tributary to the upper Clackamas River): Sampled using unknown methods
(assumed to be electroshocking) in mid-July by ODFW. Various age classes of cutthroat
trout were sampled.

¢ Rhododendron Creek (tributary to the upper Clackamas River): Electrofished by ODFW in
mid-July. Various life stages of cutthroat were found.

e Squirrel Creek (tributary of the upper Clackamas River): Electrofished by ODFW in mid-
July. Various life stages of cutthroat trout were captured.

1991 Surveys

e Stone Creek (tributary to the Oak Grove Fork): Electrofished by USFSin August.
Surveyors found moderate numbers of cutthroat trout.

e Collawash River (tributary to Clackamas River): Day-time snorkel survey by USFSin
late-September targeting potential adult bull trout spawners. Native rainbow trout and
Chinook salmon were observed.

e Elk Lake Creek (tributary to Collawash River): Electrofished in mid-September by USFS;
also day-time snorkel survey in late-September by USFS to target potential adult bull trout
spawners. Cutthroat trout and rainbow trout were encountered.

e Upper Clackamas River: day-time snorkel survey in September by USFS targeting
potential adult bull trout spawners. Brook trout were observed spawning in this area.

1992 Surveys

In 1992, amore in-depth sampling of selected streams for bull trout was incorporated into a
cooperative Challenge Cost Share project between the USFS and ODFW. The 1990-1991 survey
efforts summarized above were widely spread throughout the Clackamas River Subbasin with
limited effort devoted to any one stream. Eberl and Kamikawa (1992) selected four streams
thought to have characteristics potentially suitable to support bull trout: Farm, Berry, Pinhead,
and Dickey creeks. These four streams were selected for more intensive surveys because they
were higher elevation and/or cold, spring-fed streams that also contain high levels of cover. All
four streams were surveyed below natural waterfall barriers that limit upstream access for
anadromous fish species (i.e., salmon and steelhead).
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Hankin and Reeves Leve |11 surveys were utilized to identify where stream habitat units having
complex physical characteristics of abundant woody material, substrate cover, and/or undercut
banks might be located. Stream units identified with the above physical complexity that appeared
most suitable for bull trout were subsequently sampled via el ectroshocking. One stream, Pinhead
Creek, was not surveyed with aLevel 111 survey since it had an abundance of complex habitat
and woody material in many of the habitat units and would have consumed prohibitive amounts
of survey time. Dickey Creek was only partially electrofished because of low stream
conductivity, high fish mortality during sampling, and limits on time available. Berry, Farm, and
Pinhead creeks were electrofished as originally planned. Night snorkeling to locate bull trout was
contemplated but deferred when no evidence of bull trout was discovered during electrofishing
efforts.

In addition to the focused efforts on the above four streams, survey crews daytime snorkeled
three major rivers during the late summer to target potential adult bull trout spawners. The three
riversincluded the upper Clackamas River (four miles), Collawash River (four miles), and East
Fork Collawash River (two and one-half miles). No bull trout were observed (Eberl and
Kamikawa 1992).

Late 1990s Survey Efforts (1995 and 1998 — 1999)

In 1995, abull trout snorkel survey effort was implemented on approximately 10 miles of the
mainstem Clackamas River near its headwaters (Zimmerman 1999). No bull trout were reported.

Additional bull trout presence/absence surveys were conducted in 1998 and 1999, but they failed
to find any bull trout in the upper portion of the subbasin. Mark Zimmerman (1999) of ODFW
led the survey effort. Prior to initiating surveys, he reviewed all of the available historic
information known to exist for bull trout in the Clackamas River. His effort compiled historic
agency survey records and anecdotal reports of bull trout in the subbasin. Field surveys were
then completed over two years, with informal walking surveys implemented on ten streamsin
September and October of 1998. Survey crews recorded qualitative physical habitat
characteristics of stream reaches walked. Water temperature and connectivity data was collected
at the lower and upper limits of reaches surveyed. As streams were walked, surveyors also
utilized hook and line sampling with artificial lures. Captured fish were identified and measured
before release.

From Eberl and Kamikawa (1992), atotal of five streams were selected to be snorkel surveyedin
1999. Daytime snorkeling on Berry, Cub, Farm, Dickey, and Elk Lake creeks was decided as the
most effective method, especially for the possibility of observing bull trout fry. Resident
salmonids and one scul pin were recorded in the 1999 snorkel surveys. Hook-and-line sampled
streams documented cutthroat trout in the upper Clackamas and Oak Grove Fork watersheds,
while only rainbow trout were captured in the streams sampled in the Collawash River
Watershed. No bull trout were captured or observed in any of the 1998-1999 surveys
(Zimmerman 1999).
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2004 Survey Effort

As part of thisfeasibility assessment, the CRBTWG discussed the need for a definitive,
statistically valid study to determine if bull trout were still present in suitable habitat remaining
in the Clackamas River Subbasin. Previous presence/absence surveys, although numerous and
widespread, were statistically weak. In order to address the first question raised by Epifanio et al.
(2003); “ Isthere a high level of confidence that bull trout are no longer present that would serve
as a natural gene bank?” ; the CRBTWG in 2004 conducted afinal presence/absence survey for
bull trout in the Clackamas River Subbasin using the survey protocol developed by Peterson et
al. (2002) for the Western Division of the American Fisheries Society (WDAFS). As described
by Strobel (2005):

This protocol estimates sampling efficiencies for different methods and
combine(s) that information with data on the distribution of bull trout densitiesto
estimate detectability of small bull trout (less than 150 mm total length). Single
sample estimates of detectabililty can be combined to estimate the number of
samples required to estimate an acceptably low probability of presence, provided
that bull trout are not detected. Technically, failure to detect bull trout should be
interpreted to mean that bull trout are unlikely to occur with the distribution of
densities assumed in the WDAFS protocol.

A sampling frame or area of habitat was selected for detecting the probability of bull trout
presence. Sampling units were made up of individual stream segments nested within the
sampling frame. These sampling units were completely surveyed. Since water temperatureisa
known major determinant for bull trout presence (Dunham and Chandler 2001; Dunham et al.
2003), areview of all temperature sets for tributaries in the Clackamas River Subbasin upstream
of North Fork Dam were reviewed. Streams with maximum temperatures exceeding 15 degrees
Celsius were not included in the sampling frame. The upper Clackamas River above its
confluence with the Collawash River remained the only watershed with suitable amounts of cold
water stream habitat that fit the desired sampling frame. Additionally, streams found in this
portion of the subbasin that are less than two meters (~seven feet) in summer wetted width or are
too large to night snorkel safely were not selected for sampling units. The Peterson et al. (2002)
protocol calls for sampling units to be bounded by block-nets during snorkel surveys. Since this
requirement was difficult to implement in remote, sometimes hazardous terrain, during darkness,
an alternative was developed by Jason Dunham, a coauthor of the protocol. In lieu of the
protocol’ s 50-meter sampling units enclosed by block nets, sampling units were enlarged to 200
metersin length without enclosure by block nets to reach equivalent detection probabilities.
Using the adjusted protocol, atotal of 40 sampling units were randomly selected.
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Surveys were implemented via single-pass night snorkeling that began on August 18 and were
completed on October 1, 2004. Upper and lower limits of sampling units were flagged or
marked. Each unit was sampled by two or three experienced snorkelers from the USFS, USFWS,
or SWCA Environmental Consultants, who were funded by PGE. The survey protocol called for
all brook trout and bull trout to be counted and estimates of Iengths recorded. Rainbow and
cutthroat trout less than 200 mm total length were estimated in each unit by qualitative rankings
of absent, few, or abundant. These were ranking determinations made by the snorkel surveyors
completing each sampling unit. Other aguatic species were recorded when found and habitat
information of interest, such as instream woody material and overall habitat quality, was also
recorded.

An extension of the WDAFS protocol also allows for the use of earlier collected data and
professional experience, expertise and other forms of prior knowledge to contribute to
assessments of continued bull trout presence (Peterson and Dunham 2003). Strobel (2005)
described its use:

In a system where considerable experience and survey effort have rendered the
possibility of an undetected bull trout population unlikely, and a conservative
level of probability can be assigned to the presence of bull trout, thislevel of
probability can be combined with those derived from individual sampling units to
increase power. Nine local fish biologists with independent knowledge and
experience in the upper Clackamas water shed were individually surveyed to
obtain estimates of the probability of bull trout being present in the basin, based
on professional judgment. Estimates of probability were made without
consideration of the results of the bull trout surveys conducted in the summer of
2004. The results from this survey of local expertise were then summarized and
used to establish a conservative estimate of the probability that bull trout exist in
the upper Clackamas River watershed, based on experience and survey efforts
prior to the 2004 surveys.

The 2004 snorkel surveysfailed to detect bull trout in any of the sampled units. Surveys were
completed for 21 sampling units, equaling 4. 2 kilometers (2. 5 miles) of stream or 9. 3 percent
of the sampling area or frame. The 2004 surveys had an overall power to detect the presence of
bull trout in the upper portion of the subbasin sampled of 88 percent. The Peterson and Dunham
(2003) protocol allows prior surveys, knowledge, and local information by professional fish
biologists to be incorporated into the overall calculation for power of detection. Strobel (2005)
surveyed a number of professional fish biologists with local survey experience in the subbasin
and determined their collective estimates of the probability of bull trout surviving in the subbasin
ranged from 0. 01 to 5. O percent. Considering these estimates by local biologists, Strobel (2005)
used a much more conservative estimate of 10 percent that bull trout might still occur within the
subbasin. The overall power to detect the presence of bull trout increasesto 99 percent using
Strobel’ s conservative estimate of prior knowledge. There remains an extremely low probability
that juvenile bull trout may be present in the upper portion of the subbasin sampled at densities
below the range observed for other populations.
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Additional Fish Surveys and Fish Enumerations in the Clackamas River Subbasin

While the survey efforts summarized above were directed at locating remnant bull trout, many
other fish surveys, inventories, and enumerations have also been conducted in severa riversand
streams within the subbasin over the past several decades. Although too long to specifically list
all of these efforts here, some include: upper limits of fish distribution electrofishing surveys,
steelhead and Chinook spawning surveys, monitoring and evaluation snorkel surveys of habitat
restoration and improvement projects, pre- and post-hydroel ectric development snorkel surveys,
fish trapping and photo counting at hydroel ectric passage facilities, and along-term system of
cooperatively funded smolt traps that have been operated in the upper subbasin. No bull trout
have been detected in any of these other survey or inventory efforts.

Given the cumulative results from past survey efforts and the most recent 2004 statistically
oriented, probabilistic sampling effort, CRBTWG members are confident that bull trout have
been extirpated in the Clackamas River Subbasin.

1.6 Causes for Decline of Bull Trout in the Clackamas River Subbasin

A broad overview of the causes of decline and extirpation of bull trout in the Western United
Statesis presented in Appendix A. A hypothesisfor the local extirpation of bull trout from the
Clackamas River Subbasin is provided in Appendix B. The following section provides a
summary of the primary factors believed responsible for the decline and extirpation of bull trout
in the subbasin.

Dams and Diversions

Asearly as 1890, the State Fish Commission reported a diversion dam across the Clackamas
River near Gladstone that impeded salmon passage. Initially, the dam was a partial barrier to
salmon migration. In 1891, the height of the dam was increased and it became afull passage
barrier to salmon. H. D. McGuire, the Oregon Fish and Game Protector, filed a complaint against
the mill owner (Taylor 1999) and aladder was installed in 1895 correcting the problem (Wallis
1960). Diversion dams for avariety of purposes existed on many tributaries to the lower
Clackamas River from the late 1840s and into the early 1900s. Most of these diversion dams
were built without fish passage provisions (Cramer and Associates 2001).
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Hydroel ectric dams on the mainstem Clackamas River historically presented migration
challengesto bull trout. Cazadero Dam (known today as Faraday Dam) was built on the
Clackamas River in 1904. The original fish ladder providing access over Cazadero Dam washed
out in 1917 and was not rebuilt until 1939. Anadromous fish species, bull trout, and other fish
species were blocked from migratory corridors and passage into the upper portions of the
subbasin during this 22-year timeframe. River Mill Dam was built soon after Cazadero Damin
1912, and is located just a few miles downriver. Thisisthe first dam that fish encounter as they
migrate upstream from the lower Clackamas and Willamette rivers. The original ladder for River
Mill Dam, built in 1912, was modified in 1972 when the entrance was enlarged, attraction flows
increased, and an adult fish trap installed. This steep and winding ladder had been thought to
impede passage of spring Chinook salmon (Murtagh et al. 1992). The present-day Faraday Dam
has a 2. 74-kilometer-long (1. 7 miles) ladder (North Fork fishway) that provides passage past
both the Faraday and North Fork dams. North Fork Dam is the third, most upstream

hydroel ectric dam on the mainstem Clackamas River that was built in 1958. For downstream
migrating fish, North Fork Dam has a collection facility that routes them into a pipeline,
bypassing al three mainstem dams and exiting below River Mill Dam. Downstream migrants
may also leave North Fork Reservoir viathe spillway during high flows or through the turbines.
These fish must then pass downstream through the Faraday and River Mill projects which are not
equipped with juvenile bypass facilities.

Fisheries Management

Historical fisheries management activities were likely amajor factor in ultimately extirpating
bull trout from the Clackamas River Subbasin. Given its close proximity to the Portland
metropolitan area, the Clackamas River historically had and continues to receive heavy angling
pressure. Prior to the 1940s, early fisheries management actions focused largely on three areas:

1. trapping salmon and steelhead to supply eggs for early hatchery operations;
2. designation of early sport harvest limits and enforcement; and

3. stocking of high mountain lakes with fingerling trout (in many instances introducing
nonnative brook trout).

Prior to 1940, the native trout population in the river system was abundant and sport catch of bull
trout was not unusual. Jiggs Pederson, an early USFS employee who worked on trails and roads
in the 1920s and 1930s, recalls anglers fishing for trout and bull trout using everything from red
huckleberries to live mice floated on small pieces of wood (Pederson 2003). Access to much of
the upper subbasin was limited to afew gravel roads or more commonly, foot trails which
limited overall trout harvest. Gene McMullen, who fished the upper waters on the Collawash and
Clackamas riversin the late 1940s and early 1950s, recalled with some regret he and two fellow
anglers coming out of the roadless country with weekly limits amounting to 100 trout. Thiswas
probably commonplace for the time and era. Gene' s understanding was, “that after the road
penetrated this country, the fishing steadily declined” (McMullen 1994).
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With the advance of the road system into the upper subbasin, the native trout populations quickly
became over-fished, and fisheries managers turned to trout stocking as a means to meet the
demand of increased angling pressure. Fisheries managers also recognized that stocking of
fingerling trout would not provide a good return to anglers. Based on investigations completed in
the Clackamas River (Lockwood 1948), the 1947 annual report of the Oregon Fisheries Division
recommended stocking catchable-sized rainbow trout. Beginning in the 1950s, large numbers of
hatchery rainbow trout were being stocked along the roads paralleling the Clackamas and
Collawash rivers. By the 1970s, Whitt (1978) reported that over 100,000 hatchery catchable trout
were being stocked annually in the Clackamas River and its tributaries. Throughout the 1980s
and into 1990s, annual stocking of catchable rainbow trout in the Clackamas River expanded
amost two-fold to near 190,000 per year (Murtagh et al. 1992). The Clackamas River became
one of the largest trout fisheries in the State of Oregon, with more than a quarter million angler
days annually. The large, hatchery supported fishery also negatively affected native steelhead
production. A 1988 creel survey revealed that nearly 10,000 hatchery and 800 wild steelhead
smolts were harvested in the fishery along with 1,000 coho smolts (Murtagh et al. 1992). In
1968, nonnative summer steelhead was introduced from Skamania and Foster stocks to create a
new fishery. Summer steelhead was particularly popular with anglers because they have along
period of freshwater residency and are readily caught. The summer steelhead fishery was
primarily in the Clackamas River above North Fork Dam, the same areas where bull trout were
last reported. By 1979, summer steelhead harvests were averaging over 5,000 fish per year in the
Clackamas River (Murtagh et al. 1992).

In the 1950s and 1960s, during the period of rapid growth in the trout fishery within the
Clackamas River, a strong negative attitude was devel oped towards bull trout. Anglers and
fisheries managers considered bull trout to be a voracious predator on juvenile salmon and
steelhead, and they quickly gained areputation as a*“trash” fish. Anglers were encouraged to kill
bull trout if caught. Fisheries managers even organized fishing derbies and provided bounties to
eradicate bull trout from the Clackamas River.

Bull trout were also likely impacted by early commercial fisheries. Bull trout may have been
intercepted as a by-catch in commercial fishery nets and traps set in the lower Clackamas and
Columbiarivers. As stated earlier, thereis evidence that the historic population of bull trout in
the Clackamas River exhibited a fluvial life history and may have even contained an anadromous
life history component. Bull trout were found historically in the same vicinity as areas of intense
commercial fishing operations on the lower Clackamas and Columbiarivers. For instance,
Livingston Stone established the first operating fish hatchery in the ColumbiaBasin in 1877, at
the confluence of Clear Creek and the Clackamas River (Cramer & Associates 2001). Itis
believed that near this location he secured the Clackamas River “Dolly Varden” specimen during
the winter of 1877-1878 that is kept at the National Museum (Smithsonian Institution 2005).
Overfishing by commercial fisheriesin the vicinity presented a problem for the hatchery in
securing enough adult Chinook for spawning (Mattson 1950).
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In 1876, acommercia harvesting fish trap near the mouth of the Clackamas River nearly closed
off the entire river to upstream migrating salmon (U. S. Commission of Fish and Fisheries 1877,
cited in Taylor 1999). In 1877, more than 1,000 drift nets, many reaching 1,200 feet in length,
were also being set on the Columbia River (Taylor 1999). In 1893, approximately 12,000 adult
spring Chinook were harvested by gillnettersin the lower Clackamas River (Smith 1974). By
1908, salmon abundance had declined to the degree that only five or six commercial fisherman
still operated on the Clackamas River. In 1910, commercia fishing seasons were designated for
the Clackamas River (Taylor 1999).

In the Columbia River estuary, an area often exploited by the historic commercia fisheries, a
recent USFWS review of old State of Oregon seining records at the head of the Columbia River
estuary, indicated bull trout were caught in seines while apparently foraging in that location

(Y oshinaka 2002). Historically, the Clackamas River bull trout population may have utilized the
Columbia River estuary for rearing.

Forest Management

Timber was the most important industry in Clackamas County from the late 1950s through the
early 1990s (Bryson and Levine 1987). More than three-quarters of the lands in the Clackamas
River Subbasin are forested. The USFS (Mt. Hood National Forest) manages over 70 percent of
the lands in the subbasin, most of that occurring in the upper subbasin above North Fork Dam.
The BLM aso manages a small amount of public forestland. Much of the private and county
timberlands are scattered in the lower elevation areas of the subbasin.

Aquatic habitat throughout much of the subbasin has been degraded by past clear-cut, timber
harvesting and removal of treesin the riparian zone, removal of large wood from stream
channels, and road building (Murtagh et al. 1992). Increased sediment |oading throughout much
of the lower subbasin has decreased stream habitat quality, as well asincreased stream
temperatures and altered stream channel stability. Road building and regeneration harvesting of
forest stands affects hydrologic function and increases peak flows. In some areas of the subbasin
the road network is extensive, resulting in high road densities. Prior to the Northwest Forest Plan
(USDA and USDI 1994), many riparian corridors were harvested of old-growth timber, and
salvage logging conducted after the 1964 flood event further reduced large wood available to
streams. It will take decades before these impacted riparian areas will produce mature and ol d-
growth conifersthat will once again provide full streamside shading and contribute to large wood
recruitment in streams (Horning 1999). Many streams were “cleaned” of large wood in mistaken
attempts to improve fish passage during the 1960s and 1970s. The loss of complex, in-stream
habitat has had a negative effect on fish habitat productivity.
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Aqgricultural Practices

Bryson and Levine (1987) reported agriculture as second in economic importance to timber
production in Clackamas County. Agricultural lands occur at lower elevations primarily in the
lower portion of the subbasin and make up approximately one-eighth of the total 1andbase.
Primary crops include berries, fruit, field crops, trees (both Christmas tree farming and
nurseries), and livestock. Agricultural activities commonly result in the direct loss of streamside
vegetation and an increase in withdrawal of water for irrigation (Murtagh et a. 1992). Likely
impacts to aquatic habitat include loss of streamside shade hence increased water temperature,
loss of large wood recruitment hence a decrease in habitat complexity, increased bank erosion
and sedimentation, and loss of habitat through lack of instream flows.

Residential Development and Urbanization

The majority of residential, commercial, and municipa development has taken place in the lower
portion of the subbasin. Major cities within the subbasin include Gladstone and Oregon City near
the confluence of the Clackamas and Willamette rivers, Happy Valley, Damascus, Boring,
Sandy, Estacada, and Colton. While less than 10 percent of the land base is classified as
residential or commercial, recent growth and urban expansion in the last two decades has
resulted in alarge footprint on the lower mainstem and tributaries. Aquatic habitat-related
impacts likely include an increase in impervious surfaces hence altered streamflow regimes and
more rapid runoff, loss of riparian vegetation, conversion of forested uplands and |0ss of
wetlands, stream channelization, and reduced water quality through increases in use and run-off
of pollutants and pesticides.

1.7 Curtailment of the Causes for Decline of Bull Trout in the
Clackamas River Subbasin

It has been over four decades since the last verified and documented capture of abull trout in the
Clackamas River (Zimmerman 1999). While angler reports of bull trout catch followed for
approximately a decade after the last verified report, abundance was likely so low that the
population was no longer viable. By this time, the population likely entered an unrecoverable
population trajectory where extinction was inevitable. Any small impact, individual or
cumulative, was likely to send the population into an extinction vortex (Gilpin and Soulé 1986).
At about this time, sport angling for catchable rainbow trout and summer steelhead in the upper
portion of the subbasin above North Fork Dam was just beginning to boom. Since bull trout are
known to be extremely voracious and susceptible to anglers, it is conceivable that heavy sport
angling pressureis what finally claimed this population (Post et al. 2003).
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Investigating the curtailment of the causes for decline and extirpation of bull trout in the
Clackamas River is necessary to evaluate the essential factors which would most influence the
success of areintroduction effort. The CRBTWG has identified primary factors essential to
successful reintroduction efforts as fisheries management (particularly sport fishing upstream of
North Fork Dam), forest management (i.e., aquatic habitat protection), and hydroelectric dams
(passage and screening). Curtailment of other factors (i.e., agricultural practices, residential
development and urbanization) that likely contributed to the extirpation of bull trout in the
Clackamas River are addressed below; however, the curtailment of these other factors are
believed to be secondary in ensuring the success of areintroduction effort.

Dams and Diversions

Historic diversion dams present in the late 1800s and early 1900s no longer exist in the lower
Clackamas River Subbasin on river or stream segments that would impede bull trout migration.

Beginning in the late 1990s, PGE began federal relicensing proceedings for its hydroelectric
damsin the Clackamas River Subbasin. In their final license application to the Federa Energy
Regulatory Commission (FERC) and in an accompanying Settlement Agreement amongst more
than 30 local, state, federal, and tribal governments, non-governmental organizations, and other
interested stakeholders, PGE proposed to make severa upstream and downstream fish passage
improvements for the three dams along the mainstem Clackamas River. One improvement,
already completed, was the reconstruction of the River Mill Dam fish ladder. Other
improvements include upgrades to the downstream fish collection facility and bypass at North
Fork Dam, construction of a new fish trap and handling facility at the North Fork fishway, and
new downstream fish passage facilities at River Mill Dam.

The USFWS has not finalized passage and screening criteria specific to bull trout. In the interim,
the criteria devel oped by the National Marine Fisheries Service (NMFS) for anadromous
salmonids have guided fish passage facility improvements for the Clackamas River mainstem
hydroelectric dams, and it is believed they should be effective for bull trout.
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Fisheries Management

With the ESA listings of salmon and steelhead in the late 1990s, fisheries management practices
(i.e., sport fishing regulations and stocking of catchable rainbow trout) for the portion of the
subbasin upstream of North Fork Reservoir changed substantially. Stocking of catchable rainbow
trout within the Clackamas River became restricted to reservoirs (i.e., North Fork Reservoir,
Lake Harriet, and Timothy Lake) and was discontinued altogether along the mainstem and
tributaries upstream of North Fork Reservoir. As such, sport fishing regulations changed
substantially. Bag limits became restricted to adipose fin-clipped trout only, effectively turning
all of the river and tributary sections upstream of North Fork Reservoir into a catch-and-release
fishery on native trout. Additionally, angling is restricted to the use of artificial fliesand lures
only. No bag limit or size restrictions are imposed for brook trout. The changes in sport fishing
regulations also curtailed angling for salmon or steelhead upstream of North Fork Dam, asthis
areais considered awild fish sanctuary and no hatchery salmon or steelhead are allowed
upstream of North Fork Dam. Sport fishing in the lower subbasin downstream of North Fork
Dam is focused on hatchery salmon and steelhead. All waters in the Willamette Zone for the
State of Oregon’s sport fishing regulations are closed to angling for bull trout. Commercial
fisheries have not operated in the Clackamas River Subbasin since the early 1900s. Commercial
fisheriesin the Columbia River mainstem and estuary are limited to tribal fisheries and limited
gillnet fisheries for Chinook and coho salmon.

Beginning in 2003, the ODFW and USFS began collaborating on stocking of high mountain
lakes in the upper portion of the subbasin. ODFW no longer stocks brook trout in lakes with
outlets to rivers and streams that provide suitable bull trout spawning and rearing habitat.

With the significant changes in angling regulations, primarily in the upper subbasin above North
Fork Dam, the CRBTWG believes this factor for decline has been addressed. Additional changes
to angling regulations in the upper portion of the subbasin are believed unnecessary to support a
successful reintroduction of bull trout.

Forest Management

The majority of lands in the upper portion of the subbasin are public forestlands administered by
the USFS and BLM. These lands are managed in accordance with Mt. Hood National Forest
Land and Resource Management Plan (USFS 1990) and Salem District BLM Resource
Management Plan (USDI 1995), respectively, as amended by the 1994 Northwest Forest Plan
(USDA and USDI 1994). The 1994 Northwest Forest Plan established an Aquatic Conservation
Strategy (ACS) with protective measures, standards and guidelines, and land allocations to
maintain and restore at-risk fish species of which bull trout were included. The ACS Riparian
Reserve land allocation extends two full site potential tree heights (300 feet minimum) on both
sides of all fish-bearing streams and prohibits scheduled timber harvest. These plans provide
substantial protections for watersheds and aquatic habitats on public lands in the upper subbasin
administered by the USFS and BLM.
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Forest management activities on non-federal lands are regulated by the State of Oregon Forest
Practices Rules. County, state, and private timberlands managed in accordance with these rules
occur primarily in the lower portion of the subbasin most likely outside of historical bull trout
spawning and rearing habitat. However, streams within the lower portion of the subbasin (i.e.,
Rock, Clear, Richardson, Deep, and Eagle creeks) may have provided important rearing,
overwintering and foraging habitat for bull trout historically. These streams, while currently
impacted to some degree by urbanization, may still provide overwintering and foraging habitat
for bull trout if areintroduced population in the upper subbasin were to expand into the lower
Clackamas River Subbasin and the Willamette River. No additional changes or protections
regarding forest management activities on public or non-public forest lands are believed
necessary to support a successful reintroduction of bull trout in the Clackamas River Subbasin.

Agricultural Practices

Similar to non-federal timberlands, agricultural lands occur primarily in the lower portion of the
subbasin, most likely outside historical bull trout spawning and rearing areas. Although degraded
to adegree from agricultural practices, streams within the lower portion of the subbasin could
provide important migratory habitat for sub-adult or adult bull trout. No additional changes or
protections regarding agriculture practices are believed necessary to support a successful
reintroduction of bull trout in the Clackamas River Subbasin.

Residential Development and Urbanization

Residential development and urban growth is likely to continue to expand in the lower portion of
the subbasin. Areas where expansion is expected to continue are located in sub-watersheds to
tributaries in the lower portion of the subbasin, similar to where non-federal timberlands and
agricultural lands are located. The difference here isthat anticipated residential, commercial, and
industrial expansions will likely be tied much more closely to urban centers which are
predominantly in the lower portions of tributary streamsin the lower subbasin outside of likely
historical spawning and rearing habitat for bull trout.

1.8 Key Recommendations from the Willamette Chapter of the Draft
Bull Trout Recovery Plan

Bull trout were listed as threatened in the Columbia and Klamath River Distinct Population
Segments (DPS) on June 10, 1998 (50 CFR 17, Vol. 63(111):31647-31673). Concurrently, a
proposed rule was published to list all remaining bull trout within three additional DPS' s in the
contiguous U. S. (Coastal/Puget Sound, Jarbidge River, and St. Mary/Belly Rivers). In
November, 1999, afinal rule determined threatened status for “all populations of bull trout
within the United States,” thus making the original listing coterminous (50 CFR 17, Vol.
64(210):58910-58936), meaning the five DPSs were consolidated into one listed taxon.
Furthermore this rule stated that: “for the purposes of consultation and recovery, we (USFWS)
recognize these five DPSs (Columbia River, Klamath River, Coastal-Puget Sound, Jarbridge
River, and St Mary-Belly River) asinterim recovery units’ because of their uniqueness and
significance.
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At the time of publication of the draft bull trout recovery plan (October 2002), the Willamette
Basin was identified as a“recovery unit,” one of 27 recovery units described within the
coterminous listing. Almost immediately upon publication, the USFWS recognized that these
units may not meet the USFWS standard for “recovery units’ and decided to call them
“management units. ” Consequently, “recovery units’ as described in the draft bull trout
recovery plan are interchangeable with “management units”.

The Willamette River Bull Trout Recovery Unit Team (Recovery Unit Team) identified the
Upper Willamette River asa“core ared’ (i.e., the closest approximation of a biologically
functioning unit for bull trout). This core areaincludes the McKenzie and Middle Fork
Willamette rivers, and the short stretch of the Willamette River that connects these two
subbasins. The Recovery Unit Team identified the Clackamas River Subbasin as “core habitat,”
which is defined as habitat that could supply all the necessary elements for the long-term security
of bull trout, including spawning, rearing, foraging, migrating, and overwintering.

Bull trout were also documented historically in the North and South Santiam subbasins, but these
river systems were not designated core habitat in the draft recovery plan because of uncertainties
regarding their current ability to support bull trout. The North and South Santiam rivers are
considered “research need” areas.

Recovery Goals and Objectives

The overall recovery goal identified in the draft bull trout recovery plan isto ensure the long-
term persistence of self-sustaining, complex, interacting groups of bull trout distributed
throughout the species native range so that the species can be delisted from the ESA. To achieve
this goal, the following objectives were identified for bull trout in the Willamette River Recovery
Unit:

Maintain current distribution of bull trout and restore, where habitat is deemed sufficient,
distribution to previously occupied areas within the Willamette River Recovery Unit.

Maintain stable or increasing trends in abundance of adult bull trout.

Maintain and restore suitable habitat conditions for all bull trout life history stages.

Conserve genetic diversity and provide opportunity for genetic exchange.
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Recovery Criteria

Draft recovery criteriafor the Willamette River Recovery Unit reflect the stated objectives,
evaluation of population status, and recovery actions necessary to achieve the overall goal. Draft
recovery criteria address population distribution, popul ation abundance, population trends, and
habitat connectivity.

Distribution criteriawill be met when bull trout are distributed among three or more local
populationsin the recovery unit: two in the Upper Willamette River core area and one in the
Clackamas River core habitat. In addition to thisfeasibility assessment, similar assessments are
needed to evaluate the feasibility of reintroducing bull trout into historic habitats in the Middle
Fork Willamette River Subbasin (Salt Creek, Salmon Creek, and the North Fork Middle Fork
Willamette River) and North and South Santiam subbasins.

Draft abundance criteriawill be met when estimated abundance of adult bull trout isfrom 900 to
1,500 or more individuals in the Willamette River Recovery Unit. The recovered abundance
range was derived from the professional judgment of the Willamette River Bull Trout Recovery
Unit Team in estimating the productive capacity of identified local populations and potential
habitat. These abundance goals may be refined as more information becomes available through
monitoring and research.

Trend criteriawill be met when adult bull trout exhibit stable or increasing trends in abundance
in the Willamette River Recovery Unit based on a minimum of 15 years of monitoring data.

Connectivity criteriawill be met when intact migratory corridors among all local populations
provide opportunity for genetic exchange and diversity. In the Upper Willamette River core area,
meeting connectivity criteriawill require the establishment of upstream and downstream fish
passage facilities at Cougar, Trail Bridge, Dexter, Lookout Point, and Hills Creek dams.

The Willamette River Recovery Unit and Strategy for Recovery

The combination of core habitat and a core population (i.e., bull trout inhabiting a core habitat)
constitutes the basic core area upon which to gauge recovery within arecovery unit. Within a
core area, many local populations may exist. The Clackamas River is designated core habitat, not
acore area, because it currently does not contain any known local populations, but does contain
habitat thought to be suitable for bull trout. The Clackamas River Subbasin has been identified as
apotential areafor reintroducing bull trout. Successful reestablishment of bull trout in the
Clackamas River would contribute to meeting recovery criteriafor bull trout in the Willamette
River Basin by restoring distribution to a previously occupied area, improving the long-term
outlook for bull trout recovery in the Willamette River Recovery Unit, and by safeguarding bull
trout persistence by spreading potential extinction risks.
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The Role of Reintroduction in Recovery

Section 3(3) of the ESA lists artificial propagation and transplantation (or reintroduction) as
methods that may be used for the conservation of listed species. While transplantation has played
an important role in the recovery of other listed fish species, the overall recovery strategy for bull
trout in the Willamette River Recovery Unit, where possible, will emphasize identifying and
correcting threats affecting bull trout and their habitat.

However, due to the size of the Willamette River Basin and the extirpation of bull trout in
multiple subbasins, transplantation, in addition to the current effort to rehabilitate bull trout in the
Middle Fork Willamette River Subbasin, will likely be necessary for bull trout recovery within
the Willamette River Recovery Unit. The Willamette Chapter of the draft recovery plan (USFWS
2002) describes several information needs required for transplantation. Transplantation actions
will follow the joint policy of the USFWS and the NMFS regarding transplants of listed species
(65 FR 56916). Also, an appropriate plan would need to be approved to consider the effects of
transplantation on other species, as well as on the donor bull trout population(s). Transplanting
listed species must be authorized by the USFWS through a 10(a)(1)(A) recovery permit or other
applicable regulatory tools, and methods must meet applicable state fish-handling and disease
policies.

Therefore, to achieve recovery in the time frame that is specified in the Willamette Chapter of
the draft recovery plan, some form of reintroduction islikely necessary. The current Willamette
River bull trout local populations have been isolated and functioning at low abundance for along
period of time. As aresult, a program to immediately increase the number of individual fishin
the core area and to infuse new genetic material into existing populationsto avoid loss of aleles
and heterozygosity (Spruell et a. 1999) is warranted. The Willamette Chapter of the draft
recovery plan suggests that feasibility assessments should be completed to identify streams with
the greatest potential to support local populations of bull trout and to identify the best available
source of genetic material (donor population).
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This chapter investigates the various habitat considerations involved in assessing the feasibility of
bull trout reintroduction in the Clackamas River Subbasin. Historical occupancy of the subbasinis
examined to highlight those areas that were likely inhabited. Next, key habitat requirements for bull
trout are examined as a precursor to evaluating current conditions and determining those areas
providing suitable habitat. Key questions addressed in this chapter include:

e What are the key habitat requirements for bull trout?

¢ |sthere suitable habitat present in the Clackamas River Subbasin of sufficient quantity to
support areintroduction of bull trout? And, if so,

e What are the characteristics of these suitable habitat areas (referred to as patches) and how are
they spatially arranged on the landscape in relationship to what is known about bull trout
ecology, life histories, and habitat use.

2.1 Key Habitat Requirements for Bull Trout

Bull trout have more specific habitat requirements than most other salmonids (Rieman and
Mclintyre 1993). Habitat components that influence the species’ distribution and abundance include
water temperature, cover, channel form and stability, valley form, spawning and rearing substrate,
and availability of migratory corridors (Fraley and Shepard 1989; Goetz 1989; Hoel scher and
Bjornn 1989; Howell and Buchanan 1992; Pratt 1992; Rich 1996; Rieman and Mclntyre 1993;
Rieman and Mclntyre 1995; Sedell and Everest 1991; Watson and Hillman 1997). Watson and
Hillman (1997) concluded that watersheds must have specific physical characteristicsto provide the
habitat requirements necessary for bull trout to successfully spawn and rear, but these specific
characteristics are not necessarily present throughout all watersheds. Because bull trout exhibit a
patchy distribution, even in pristine habitats (Rieman and Mclntyre 1993), individuals of this
species should not be expected to simultaneously occupy all available habitats (Rieman et al. 1997).

Temperature

Bull trout are found primarily in cold streams, athough individual fish are found in larger, warmer
river systems throughout the Columbia River Basin (Buchanan and Gregory 1997; Fraley and
Shepard 1989; Rieman et al. 1997; Rieman and Mclntyre 1993; Rieman and Mclntyre 1995).
Water temperature above 15 degrees Celsius (59 degrees Fahrenheit) is believed to limit bull trout
distribution, alimitation that may partially explain the patchy distribution within a watershed
(Dunham et a. 2003).
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Spawning areas are often associated with cold water springs, groundwater inputs (i.e., subsurface
flow), and the streams with the coldest summer water temperatures in a given watershed (Baxter et
al. 1999; Pratt 1992; Rieman et al. 1997; Rieman and Mclintyre 1993). Water temperatures during
spawning generally range from five to nine degrees Celsius (41 to 48 degrees Fahrenheit) (Goetz
1989). The requirement for cold water during egg incubation has generally limited the spawning
distribution of bull trout to high elevations in areas where the summer climate is warm (McPhail
and Baxter 1996). Rieman and Mclntyre (1995) found in the Boise River Basin that no juvenile bull
trout were present in streams below 1,613 meters (5,000 feet) (Rieman and Mcintyre 1995).
Similarly, in the Sprague River Basin of south-central Oregon, Ziller (1992) found in four streams
with bull trout that “ numbers of bull trout increased and numbers of other trout species decreased as
elevation increased. In those streams, bull trout were only found at elevations above 1,774 meters
(5,500 feet).”

Goetz (1989) suggested optimum water temperatures of about seven to eight degrees Celsius (44 to
46 degrees Fahrenheit) for rearing bull trout and two to four degrees Celsius (35 to 39 degrees
Fahrenheit) for egg incubation. For Granite Creek, |daho, Bonneau and Scarnecchia (1996)
observed that juvenile bull trout selected the coldest water [eight to nine degrees Celsius (46 to 48
degrees Fahrenheit), within a temperature gradient of eight to 15 degrees Celsius (46 to 60 degrees
Fahrenheit)] available in a plunge pool.

Bull trout more typically occupy rivers and streams with cold temperatures. However, in some
instances bull trout have been found in rivers and streams with warmer water temperatures. In
Nevada, adult bull trout have been collected at sites with awater temperature of 17.2 degrees
Celsius (63 degrees Fahrenheit) in the West Fork of the Jarbidge River (SelenaWerdon, U. S. Fish
and Wildlife Service, personal communication, August 5, 1998) and have been observed in Dave
Creek where maximum daily water temperatures were 17.1 to 17.5 degrees Celsius (62.8 to 63.6
degrees Fahrenheit) (Werdon 2001). In the Little Lost River, Idaho, bull trout have been collected
in water having temperatures up to 20 degrees Celsius (68 degrees Fahrenheit); however, these fish
made up less than 50 percent of al salmonids when maximum summer water temperature exceeded
15 degrees Celsius (59 degrees Fahrenheit) and less than 10 percent of al salmonids when
temperature exceeded 17 degrees Celsius (63 degrees Fahrenheit) (Gamett 1999). In the Lostine
River system in northeast Oregon, migratory bull trout were observed in waters exceeding 21
degrees Celsius (daily maximum temperature) for several weeks (Phil Howell, U.S. Forest Service,
personal communication).

Suitable Habitat or “Patch” Size

Although bull trout are widely distributed over alarge geographic area, they exhibit a patchy
distribution, even in pristine habitats (Rieman and MclIntyre 1993). Increased habitat fragmentation
reduces the amount of available habitat and increases isolation from other populations of the same
species (Saunders et al. 1991). Burkey (1989) concluded that when species are isolated by
fragmented habitats, low rates of population growth are typical in local populations and their
probability of extinction is directly related to the degree of isolation and fragmentation. Without
sufficient immigration, growth for local populations may be low and probability of extinction high
(Burkey 1989, 1995).
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M etapopulation concepts of conservation biology theory have been suggested relative to the
distribution and characteristics of bull trout, although direct empirical evidenceislimited to a case
study in central Idaho (Dunham and Rieman 1999; Rieman and Dunham 2000; Rieman and
Mclntyre 1993). A metapopulation is an interacting network of local populations with varying
frequencies of migration and gene flow among them (Meffe and Carroll 1994). For inland bull
trout, metapopulation theory is likely most applicable in larger river basins where habitat consists of
discrete patches or collections of habitat capable of supporting local populations. Local populations
are, for the most part, independent and represent discrete reproductive units. Long-term, low-rate
dispersal patterns among component populations influences the persistence of at least some of the
local populations (Rieman and Dunham 2000). Ideally, multiple local populations distributed
throughout a watershed provide a mechanism for spreading risk because the simultaneous loss of all
local populationsis unlikely. However, habitat alteration, primarily through the construction of
impoundments, dams, and water diversions has fragmented habitats, eliminated migratory corridors,
and in many cases isolated bull trout in the headwaters of tributaries (Dunham and Rieman 1999;
Rieman and Dunham 2000; Rieman et al. 1997; Spruell et a. 1999). Accordingly, human-induced
factors aswell as natural factors affecting bull trout distribution have likely limited the expression
of the metapopulation concept for bull trout to patches of habitat within the overall distribution of
the species (Dunham and Rieman 1999). However, despite the theoretical fit, the relatively recent
and brief time period during which bull trout investigations have taken place does not provide
certainty asto whether a metapopulation dynamic is occurring (e.g., a balance between local
extirpations and recol onizations) across the range of bull trout or whether the persistence of bull
trout in large or closely interconnected habitat patches (Dunham and Rieman 1999) is simply
reflective of ageneral deterministic trend towards extinction of the species where the larger or
interconnected patches are relics of historically wider distribution (Rieman and Dunham 2000).
Recent research (Whiteley et a. 2003) does, however, provide stronger genetic evidence for the
presence of a metapopulation process for bull trout, at least in the Boise River Basin of 1daho.

Connectivity and Migratory Corridors

Multiple local populations distributed and interconnected throughout a watershed provide a
mechanism for spreading risk from stochastic events (Hard 1995; Healy and Prince 1995; Rieman
and Allendorf 2001; Rieman and Mclntyre 1993; Spruell et al. 1999). Current patternsin bull trout
distribution and other empirical evidence, when interpreted in view of conservation theory, indicate
that further declines and local extinctions are likely (Dunham and Rieman 1999; Rieman and
Allendorf 2001; Rieman et al. 1997; Spruell et al. 2003). Based in part on guidance from Rieman
and Mclntyre (1993), bull trout core areas with fewer than five local populations are at increased
risk of extirpation; core areas with between 5 to 10 local populations are at intermediate risk of
extirpation; and core areas which have more than 10 interconnected local populations are at
diminished risk of extirpation.

Maintaining and restoring connectivity between existing populations of bull trout isimportant for
the persistence of the species (Rieman and Mclntyre 1993). Migration and occasional spawning
between populations increases genetic variability and strengthens population variability (Rieman
and Mclntyre 1993). Migratory corridors alow individual s access to unoccupied but suitable
habitats, foraging areas, and refuges from disturbances (Saunders et al. 1991).
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Bull trout in the coterminous United States are distributed over a wide geographic area consisting of
various environmental conditions. Bull trout also exhibit considerable genetic differentiation
among populations. Therefore, we expect there should be considerable phenotypic variability
related to variability in environmental conditions and possibly local adaptation in some cases.
However, direct evidence supporting this hypothesisislacking. Some readily observable examples
of differentiation between populations include external morphology and behavior (e.g., size and
coloration of individuals; timing of spawning and migration). Conserving many popul ations across
the range of the speciesis crucial to adequately protect genetic and phenotypic diversity of bull
trout (Hard 1995; Healy and Prince 1995; Leary et a. 1993; Rieman and Allendorf 2001; Rieman
and Mclntyre 1993; Spruell et al. 1999; Taylor et a. 1999). Changesin habitats and prevailing
environmental conditions are increasingly likely to result in extinction of bull trout if genetic and
phenotypic diversity islost.

Migratory corridors link seasonal habitats for all bull trout life stages. For example, in Montana,
migratory bull trout make extensive migrations in the Flathead River system (Fraley and Shepard
1989), and resident bull trout in tributaries of the Bitterroot River move downstream to overwinter
in tributary pools (Jakober 1995). The ability to migrate isimportant to the persistence of bull trout
(Rieman and Mclintyre 1993, Gilpin 1997, Rieman et al. 1997). Migrations facilitate gene flow
among local populations when individuals from different local populations interbreed, or stray, to
non-natal streams. Local bull trout populations that are extirpated by catastrophic events may also
become reestablished by migrants (Rieman et al. 1997).

Road Density

Roads have the potential to adversely affect several habitat features, (e.g., water temperature,
substrate composition and stability, sediment delivery, habitat complexity, and connectivity)
(Baxter et al. 1999; Trombulak and Frissell 2000). Roads may also isolate streams from riparian
areas, causing alossin floodplain and riparian function. Roads located within riparian areas may
reduce the amount of woody material recruited to the stream system and may also narrowly
constrict a stream channel reducing its floodplain area. The aquatic assessment portion of the
Interior Columbia Basin Ecosystem Management Project provided a detailed analysis of the
relationship between road densities and bull trout status and distribution (Quigley and Arbelbide
1997). The assessment found that bull trout are less likely to use streamsin highly roaded areas for
spawning and rearing, and do not typically occur where average road densities exceed 1.1
kilometers per square kilometer (1.7 miles per square mile).

Roads may affect aquatic habitats considerable distances away. For example, increasesin
sedimentation, debris flows, and peak flows affect streams longitudinally so that the area occupied
by aroad can be small compared to the entire downstream area subjected to its effects (Jones et al.
2000; Trombulak and Frissell 2000). Upstream from road crossings, large areas of suitable habitats
may become inaccessible to bull trout due to fish passage barriers (e.g., culverts). Within the Boise
River basin of central Idaho, it was found that road density was negatively related to occurrence of
bull trout, but this influence was weak in relation to the influences of habitat size and isolation
(Dunham and Rieman 1999)
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Other Habitat Variables (woody material, pools, spawning substrate, etc.)

All life stages of bull trout are associated with complex forms of cover, including large woody
material, undercut banks, boulders, and pools (Fraley and Shepard 1989; Goetz 1989; Hoel scher
and Bjornn 1989; Pratt 1992; Rich 1996; Sedell and Everest 1991; Sexauer and James 1997,
Thomas 1992; Watson and Hillman 1997). Jakober (1995) observed bull trout overwintering in
deep beaver ponds or pools containing large wood in the Bitterroot River drainage, Montana, and
suggested that, because of the need to avoid anchor ice in order to survive, suitable winter habitat
may be more restricted than summer habitat. Juvenile and adult bull trout frequently inhabit side
channels, stream margins, and pools with suitable cover (Sexauer and James 1997). These areas are
sensitive to activities that directly or indirectly affect stream channel stability and alter natural flow
patterns. For example, altered stream flow in the fall may disrupt bull trout during the spawning
period, and channel instability may decrease survival of eggs and young juvenilesin the gravel from
winter through spring (Fraley and Shepard 1989; Pratt 1992; Pratt and Huston 1993).

Bull trout tend to use spawning habitat that consists of low-gradient stream reaches with loose,
clean gravel according to Fraley and Shepard (1989). In the Swan River, Montana, abundance of
bull trout redds (spawning areas) was positively correlated with the extent of bounded aluvial
valley reaches, which are likely areas of groundwater to surface water exchange (Baxter et al.
1999). In acomparison of hyporheic flowsto springs, the survival of bull trout embryos planted in
stream areas of groundwater upwelling used by bull trout for spawning were significantly higher
than embryos planted in areas of surface-water recharge not used by bull trout for spawning (Baxter
and McPhail 1999). Pratt (1992) indicated that increases in fine sediment reduce egg survival and
emergence.

2.2 Habitat Suitability Analysis

The CRBTWG used athree-tiered approach in completing the bull trout habitat suitability analysis
for the Clackamas River Subbasin. The CRBTWG set out first to answer the second key question
posed at the beginning of this chapter: “ Is there suitable habitat present in the Clackamas River of
sufficient quantity to support a reintroduction of bull trout?” Next, available suitable habitat for
bull trout was geographically organized into sub-watershed boundaries, representing discrete
“patches.” Sub-watershed boundaries used to delineate patches were primarily at the 7" field HUC
scale. A patch isdefined as a sub-watershed area containing a sufficient quantity of suitable habitat
for bull trout spawning and rearing. Finally, once suitable habitat patches were defined across the
landscape, data were compiled and summarized to characterize each patch and evaluate their
interconnectedness. In summary, the three-tiered approach used in the habitat suitability analysisis
asfollows:

Tier One— Isthere suitable habitat remaining in the Clackamas River Subbasin to support a
reintroduction of bull trout?

Tier Two — If so, how is the habitat organized across the landscape in terms of patches?

Tier Three—What are the characteristics of each patch and how are they interconnected
across the landscape?
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Tier One: Is There Suitable Habitat Remaining in the Clackamas River Subbasin?

There are various habitat categories for different life stages of bull trout (i.e., migratory, spawning,
rearing, etc.). These different categories of habitat have differing thresholds for determining
suitability. For example, adult and sub-adult bull trout may endure higher water temperatures when
traveling through migratory corridors but then seek out much colder streams or tributaries for
spawning. Rather than focus on all of various habitat categories for the different life stages of bull
trout, the CRBTWG focused on the category of habitat where the criteria are most stringent and
likely to be most limiting in the subbasin. Hence, the habitat analysis focuses exclusively on
combined spawning and rearing habitat, where cold water temperature is the primary criterion in
determining suitability (Dunham et al. 2003).

Clackamas River Subbasin from North Fork Reservoir to Collawash River Confluence

Theinitia area of focus for determining presence of suitable spawning and rearing habitat for bull
trout in the Clackamas River Subbasin isthat portion upstream of North Fork Dam at RM 30
(Figure 1.2). Thislarger, initial focus areaincludes major tributaries such as the North Fork
Clackamas River, South Fork Clackamas River, Fish Creek, Roaring River, Oak Grove Fork,
Collawash River, and upper Clackamas River (above the Collawash River confluence). Stream
temperature monitoring datafor all of the tributaries entering the Clackamas River from North Fork
Dam to the Collawash River confluence were examined in relationship to threshold values for
determining suitable bull trout spawning and rearing habitat. Based on available literature (Dunham
et a. 2003), the CRBTWG established a criterion of 15 degrees Celsius maximum stream
temperature for determining suitable spawning and rearing habitat. None of the tributaries to the
mainstem Clackamas River downstream of the Collawash River confluence maintain stream
temperatures below the 15 degrees Celsius maximum criterion set by the CRBTWG. Therefore,
none of these tributaries were investigated further for spawning and rearing habitat suitability.
Special attention was given to the Oak Grove Fork because it provides cold water flows that are
diverted at Lake Harriet Dam by Portland General Electric (PGE) for hydroelectric power
generation. Under PGE’s current license, no minimum flow releases are required at Lake Harriet
Dam located at RM 5.1. Consequently, all streamflow in the lower Oak Grove Fork is derived
primarily from tributary flows downstream from the dam. The current summer streamflow in the
lower Oak Grove Fork does not meet the 15 degrees Celsius maximum water temperature criterion
set forth by the CRBTWG. However, PGE is currently undergoing relicensing of its project, and a
settlement agreement offered by PGE and the relicensing collaborative stakeholders to the Federal
Energy Regulatory Commission provides for the release of minimum instream flows below Lake
Harriet Dam that would likely cool the water temperature in the lower Oak Grove Fork. The
resultant cooling of water temperatures from the proposed minimum instream flows have been
estimated from awater temperature model, but are not expected to be below the 15 degrees Celsius
maximum water temperature criterion (Tim Shibahara, Portland General Electric, personal
communication).
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Clackamas River Subbasin upstream of (including) the Collawash River

A more detailed spawning and rearing habitat suitability analysis was conducted in the Clackamas
River upstream of the Collawash River confluence, including the Collawash River Watershed
(Figure 2.1). Several groundwater-fed, cold water tributaries are known to contribute flows to the
mainstem Clackamas River upstream of the Collawash River. This portion of the subbasin (i.e., that
area upstream from and not including the Collawash River) is hereafter referred to as the Upper
Clackamas River Subbasin. Known groundwater-fed, cold tributaries in the Upper Clackamas
River Subbasin include Pinhead, Last, Hunter, Cub, Berry, and Lemiti creeks.

Streams and rivers of particular interest in the Collawash River Watershed (i.e., those believed most
likely to meet the 15 °C maximum water temperature criterion) include Dickey Creek, East Fork
Collawash River, Elk Creek, and upper Hot Springs Fork above the Bagby Research Natural Area
(RNA).
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Figure 2.1. Clackamas River Subbasin Upstream of Collawash River.
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Extent of Accessible Bull Trout Spawning and Rearing Habitat

Therivers and streams investigated for suitable bull trout spawning and rearing habitat include only
those portions historically accessible to anadromous salmon and steelhead, as stated previously.
Figure 2.2 identifies the extent of accessible bull trout spawning and rearing habitat for rivers and
streams in the Clackamas River Subbasin upstream of and including the Collawash River. Asseen
in Figure 2.2, there are numerous small streams mapped as potential bull trout spawning and rearing
streams. These include small, narrow streams of short distance for which there are no natural
barriers that would limit upstream migration of anadromous species. Upon closer review of these
small streams, the CRBTWG questioned whether or not they would be capable of supporting bull
trout spawning and rearing.
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Figure 2.2 Extent of Accessible Bull Trout Spawning and Rearing Habitat; Clackamas River
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Stream Size

The CRBTWG conducted an informal review of river systems containing bull trout to develop a
relationship between stream size and bull trout presence. The CRBTWG found that most streams
known to contain local populations of bull trout have summer low-flow widths of two meters (6.6
feet) or greater (Dunham and Rieman 1999). Therefore, the CRBTWG assumed streams less than
two meters (6.6 feet) in summer low-flow width are too small to support bull trout spawning and
rearing. Stream size was then used as another suitable spawning and rearing habitat delineation
criterion. All stream survey data collected by the U.S. Forest Service in the Upper Clackamas River
Subbasin were examined to devel op arelationship between watershed size and summer low-flow
width. A logarithmic regression was developed (Figure 2.3). Watersheds less than 1,742 acresin
size likely to contain streams or stream segments that are less than two meters (6.6 feet) in summer
low-flow width.

Summer Low Flow Width = 29.8(Log;oWatershed Area) - 89.6
90
2_
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Figure 2.3. Relationship Between Watershed Size and Stream Size (summer low-flow width)
in the Clackamas River Subbasin Upstream of and Including the Collawash River.

Geographic Information System (GIS) analysis was completed using a stream coverage derived
from a 10-meter tau-DEM (digital elevation model) to screen out small, narrow streams from
further consideration. GIS computed watershed areafor every stream segment at its nearest
downstream node (e.g., point of tributary intersect). Streams and stream segments with watershed
areas less than 1,742 acres in size were highlighted (Figure 2.4) and excluded from further suitable
habitat analysis.

Chapter 2 -11



Clackamas River Bull Trout Reintroduction Feasibility Assessment

/
//
o
T\ ‘“““\i_{
- %,
Va r &, < “
/ ( 2 \("_i. N
f ) : e \ /
e E‘-': / \
T B

L — / ¥ < |
’ J ! i g —
- A s
{ o8 N P, ) «}(
¢ e A AN T
\ {7 . DR
L T % lk"“— g (\ U L
/ "r'r:f’ ) j
= 4
e,
P4 |,'I' v, ]I e
‘7‘ / e — \K_/ 5 -
/ = e at¥
L X S o ;J“/\
( A\ %
: Ry
£ 7% ok G
S A /i
f /) | -~ -\\ s )I"‘\
Vi -{)9 J
A "\_\ ]
o
i j:( D D S
by o\ ,
N\ g \/'." \ \\
3 N
R -

/[__
)l’
—
fiy
f Jssams i
2 .
; et
g o

) _/L'_\'
A |

: e N s P f O
| :.') uqe) r | < ,l""h ( A e o S './&\\\‘
\ hS
| Ry §— [ wet ket s
:S” s T Y5 N 2
A . z v, Ly
& I\ lk\h_ ™ ._: o1 "é J“F = 5 /j/ /_
9 N L Y5 N Py
z 5\ b 7Y <4 *o, (o :
- 2" ~, f /"\l LA // J danumpy J
b ewse ( \
b = \ \‘\ ? /_/ | (
— iz | / (
AL ;o F o4 F A { o
,/ d_/—"_"d_ ( .. )
7 . kot B 2 LAY
I — } ] ( <\ / - \ %—(P\,\ :
_ L LU v

-

——

o~

LH"_“'“-\.H_\

]
= “y\\_\
/7 Bale Cr

T

—

Accessible Bull Trout Habitat
Where Streams are too Small
Streams Outside the Range

of Accessible Bull Trout Habitat

of Suitable Stream Width
Accessible Bull Trout Habitat

Al p
RN i

Miles

1:170,000

Figure 2.4. Extent of Accessible Bull Trout Spawning and Rearing Habitat of Suitable Stream

Width; Clackamas River Subbasin Upstream of Collawash River.

Chapter 2 -12




Chapter 2 - Habitat

Water Temperature

Water temperature is a critical component to the survival and distribution of bull trout. The
CRBTWG reviewed existing literature on the relationship between bull trout presence and water
temperature. Based on this review, the CRBTWG established another suitable spawning and
rearing habitat delineation criterion based on water temperature. The CRBTWG assumed rivers and
streams with an hourly maximum water temperature greater than 15 degrees Celsius would not be
suitable for bull trout spawning and rearing. The CRBTWG recognizes there is arange of water
temperatures for which bull trout spawning, egg incubation/emergence, and rearing take place. The
working group selected 15 degrees Celsius as the criterion so that it would not underestimate the
amount of suitable habitat. This criterion applies to the period of summer temperature record (June
through September) when the daily maximum temperature for a single hourly reading exceeds 15
degrees Celsius (Dunham et al. 2003).

The CRBTWG used available water temperature data to determine suitable habitat for bull trout.
Continuous summertime, water temperature data were not available for several streamsin the
Collawash River Watershed (i.e., Pansey, Blister, Nohorn, Whetstone, and Buckeye creeks).
However, point measurements made during low-flow stream surveys conducted over the last two
decades by U.S. Forest Service fish biologists indicate these streams are typically quite warm in the
summer months (greater than 15 degrees Celsius maximum water temperature) and therefore, were
considered unlikely suitable. As stated earlier, streams originally identified by the CRBTWG
within the Collawash River Watershed thought to contain water temperatures cold enough to
provide suitable spawning and rearing habitat for bull trout included Dickey Creek, East Fork
Collawash River, Elk Creek, and the upper Hot Springs Fork above the Bagby RNA. Large
portions of Dickey Creek, Elk Creek, and the upper Hot Springs Fork are within the Bull of the
Woods Wilderness Area and contain intact, old-growth riparian reserves that offer full shading to
these streams and their tributaries. Point measurements made near the mouth of the East Fork
Collawash River in the mid-1990s indicated cold water temperatures, suggesting the possibility that
this river may meet the suitable bull trout spawning and rearing habitat criterion. However, a
continuous recording water temperature thermograph placed at mouth of the East Fork Collawash
River during the summer of 2004 indicated several periodsin July and August with high water
temperatures (Figure 2.5).

Continuous water temperature data have been collected sporadically over the years and in many
areas of the subbasin. Figure 2.5 identifies the maximum water temperatures for rivers and streams
in the Clackamas River Subbasin upstream of, and including, the Collawash River. In order to
capture maximum stream temperature, the majority of water temperature data were collected during
summer months. Hourly temperatures were recorded for each of the rivers and streams shown in
Figure 2.5. Hourly temperatures were analyzed to separate the rivers and streams into the following
categories: lessthan 9 degrees Celsius, 9.1 — 12 degrees Celsius, 12.1 — 15 degrees Celsius, and
greater than 15 degrees Celsius.
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Only two streams in the Collawash River Watershed were found to be below the maximum
temperature criterion: Farm and Dickey creeks, both westside tributaries to the mainstem
Collawash River upstream from the Hot Springs Fork confluence. Given the short distances of
available habitat (0.5 milesand 1.4 milesfor Farm and Dickey creeks, respectively) and their
isolation from other nearby cold water rivers or streams, the CRBTWG dismissed these streams
from further consideration, thereby turning attention exclusively to the Upper Clackamas River
Subbasin.

The mgjority of cold water rivers and streams capable of providing suitable bull trout spawning and
rearing habitat are located in the Upper Clackamas River Subbasin. A comprehensive effort was
made, in 2004, to collect continuous summertime water temperature data in streams throughout the
Upper Clackamas River Subbasin. All streams believed large enough to support bull trout
spawning and rearing were evaluated. All available continuous summer water temperature datais
summarized in Table 2.1. Table 2.1 also provides areview of compliance with the Department of
Environmental Quality (DEQ) standard for bull trout spawning of 12 degrees Celsius. Therolling
seven-day average of maximum daily temperatures was computed for each site where water
temperature data were collected to determine compliance with the DEQ bull trout spawning
standard. Both the rolling seven-day average of maximum daily temperatures and the number of
days the DEQ standard was exceeded are given in Table 2.1.

Streams within the Upper Clackamas River Subbasin capable of providing suitable bull trout
spawning and rearing habitat ranked from coldest to warmest are:

L ess than 9 degrees Celsius Maximum Water Temperature [Coldest]

e Pinhead Creek
o Last Creek
e upper Clackamas River (above Squirrel Creek)

9.1 — 12 degrees Celsius Maximum Water Temperature

Rhododendron Creek

upper Clackamas River (from Cub Creek upstream to Squirrel Creek)
upper Cub Creek (above Berry Creek)

Lemiti Creek

Squirrel Creek

12.1 — 15 degrees Celsius Maximum Water Temperature [Warmest]

upper Clackamas River (throughout the Big Bottom reach)
Hunter Creek

lower Cub Creek (mouth to Berry Creek)

Berry Creek
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Stream temperatures in the Upper Clackamas River Subbasin tend to be cold, reaching or exceeding 15
degrees Celsius at only three locationsin 2004. The only streams to exceed 9 degrees Celsius mean
temperature in September during the expected peak spawning period (McPhail and Baxter 1996) were
the Clackamas River below Cub Creek confluence, Lowe Creek, Hunter Creek, and lower Cub Creek.
The mainstem of the Clackamas River below Cub Creek confluence consistently exceeded the DEQ bull
trout spawning standard (12 degrees Celsius seven-day rolling average of maximum daily temperatures),
as did Lowe Creek, Hunter Creek, and Berry Creek in 2004. Lower Cub Creek exceeded the standard in
2004, but remained below it in 1999. All other river and stream sites evaluated (Table 2.1) met the DEQ
bull trout spawning temperature standard in the years that they were monitored. The DEQ spawning
temperature standard is conservatively lower compared to the actual range of temperatures for which
bull trout have been observed during spawning (Dunham et al. 2003).

Table 2.1. Summary of Water Temperature Data for River Segments and Streams in the
Upper Clackamas River Subbasin.

Max. Aug. Sept. DEQ compliant?

River Temp Mean Mean (°c, # days

Stream km Year ‘c) ‘c) ‘o) exceeded)
Clackamas River 91.7 2004 16.6 13.2 10.9 NO (16.1, 93)
Clackamas River 105.1 2000 14.8 11.1 NO (14.2, 69)
Clackamas River 105.1 2001 135 104 9.1 NO (13.0, 32)
Clackamas River 105.1 2002 13.8 9.9 8.6 NO (13.4, 32)
Clackamas River 105.1 2003 13.9 10.5 9.1 NO (13.5, 60)
Clackamas River 105.1 2004 14.7 10.8 9.1 NO (13.6, 63)
Clackamas River 112.7 1997 13.7 10.4 8.9 NO (13.2, 39)
Clackamas River 112.7 2004 15.7 11.6 9.4 NO (15.1, 73)
Clackamas River 119.9 2004 10.6 8.6 7.3 YES (10.2, 0)
Clackamas River 127.1 2004 8.9 5.8 5.1 YES (8.6, 0)
Pot Creek 0.1 1998 9.0 7.3 6.6 YES (8.8, 0)
Pinhead Creek 0.5 1996 8.8 7.0 6.5 YES (8.5, 0)
Pinhead Creek 0.5 2004 9.4 7.3 6.9 YES (9.2, 0)
Last Creek 0.1 2001 7.8 6.8 6.5 YES (7.5, 0)
Last Creek 0.1 2004 8.3 7.3 6.9 YES (8.1, 0)
Fall Creek 0.0 2004 9.4 6.8 6.4 YES (9.2, 0)
W. Fork Pinhead 0.0 2002 7.0 6.3 6.6 YES (7.0, 0)
Lowe Creek 1.0 2004 15.3 12.9 9.8 NO (14.9, 51)
Rhododendron Creek 0.0 2001 11.3 9.9 8.6 YES (11.2, 0)
Hunter Creek 0.4 2004 15.0 11.4 9.3 NO (14.5, 66)
Cub Creek 0.0 1999 12.2 9.9 7.8 YES (11.7, 0)
Cub Creek 0.0 2004 14.3 11.4 9.2 NO (13.8, 59)
Cub Creek 6.3 2004 10.3 8.6 7.7 YES (10, 0)
Berry Creek 0.0 2004 14.0 11.0 8.9 NO (13.5, 51)
Lemiti Creek 0.0 1998 11.7 9.8 8.7 YES (11.3, 0)
Squirrel Creek 0.1 2004 115 7.6 6.3 YES (10.5, 0)
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Potential Global Climate Change Implications

Several scientists have made recent predictions of global climate changes and their associated
impacts relating to stream temperatures and streamflow regimes in the Pacific Northwest (ISAB
2007, Poff et al. 2002). These predictions indicate a general trend towards stream temperature
warming and altered precipitation regimes that could lead to increased rain-on-snow events, lower
snow packs, and changesin high and low streamflows. The CRBTWG acknowledges this newly
emerging body of information and science and the potential for implications relating to future
suitability of bull trout spawning and rearing habitat in the Clackamas River Subbasin. The
majority of suitable bull trout spawning and rearing streams in the Upper Clackamas River
Subbasin are ground-water or spring-fed, and the CRBTWG assumes they would be largely
buffered from potential water temperature increases that could arise from predicted global climate
changes. Moreover, many of the suitable habitat patches contain streams that are very cold and
would have to warm up by several degrees Celsius before they would become unsuitable. Climate
changeis an uncertainty that cannot be dismissed. However, extrapolating from existing work to
local changes in climate and stream environmentsis not possible, even if there was certainty around
predicted regional climate changes. The recent work on bull trout and climate change is based on
air temperature and elevation isoclines. In the dataset analyzed by Dunham et a. (2003), air
temperature only explained 20 percent of the variability in actual stream temperatures. Climate
changes would have to be quite extreme in order to affect the large amount of suitable, coldwater
bull trout habitat present in the Clackamas River Subbasin.

Tier Two: How is the Suitable Habitat Organized in Terms of Patches?

The CRBTWG used athree-step process to determine bull trout spawning and rearing habitat
suitability for the area of the Clackamas River Subbasin upstream of, and including, the Collawash
River Watershed (Figure 2.6). Thisincluded a sequential analysis where all available habitat within
the extent of historically accessible habitat was first considered, then very small streams (i.e., less
than 6.6 feet summer low-flow width) were removed, and finally a water temperature criterion
selectively refined the focus to a smaller subset of river segments and streams within the Upper
Clackamas River Subbasin. The three-step process excluded all streams within the Collawash River
Watershed, narrowing the scope of focus to river and stream segments within the Upper Clackamas
River Subbasin only (i.e., that portion of the subbasin upstream from the Collawash River). Figure
2.7 displays the suitable bull trout spawning and rearing habitat within the Upper Clackamas River
Subbasin.
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Step 1 - All Accessible Streams.

'

Step 2 — All Accessible Streams with Upper Clackamas River Subbasin Focus
Watershed Area >1,742 Acres Area.
| U
~J'
My

;

Step 3 — All Accessible Streams with A
Watershed Area >1,742 Acresand < 15°C

Figure 2.6. Three-step Process Used for Bull Trout Habitat Suitability Analysis for the
Clackamas River upstream of (including) the Collawash River.
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In Tier Two, the CRBTWG identified individual bull trout spawning and rearing habitat patches. A
patch is defined as a group of river segments and/or streams within close geographic proximity that
provide suitable habitat for bull trout spawning and rearing. Patch boundaries were developed at a
watershed scale in amanner that largely conforms to watershed boundaries at the 7" field HUC
scale. Therefore, patches are somewhat geographically separated from one another. The CRBTWG
is not presupposing how bull trout might actually utilize suitable habitat within a patch, rather it
recognized the need to organize available habitat into logical groupings to provide a more detailed
assessment of watershed conditions and fish habitat quality. A total of six habitat patches are
identified in the Upper Clackamas River Subbasin (Figure 2.8). These include:

1.

2.

Clackamas River mainstem and small tributaries along the Big Bottom Area
Pinhead Creek Watershed (including Last Creek)

Upper Clackamas River mainstem above Cub Creek (including Lemiti, Squirrel, and
Ollalie Creeks)

Cub Creek Watershed (including Berry Creek)
Hunter Creek Watershed

Rhododendron Creek Watershed
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Figure 2.7 Suitable Bull Trout Spawning and Rearing Habitat in the Upper Clackamas River
Subbasin.
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Suitable Bull Trout
Spawning and Rearing Habitat

Streams Outside the Range
~ of Potential Bull Trout Habitat

1. Clackamas River Mainstem (Big Bottom)
2. Pinhead Creek Watershed

3. Upper Clackamas River (above Cub Cr)
4. Cub Creek Watershed

5. Hunter Creek Watershed %{ﬁ‘ — —— —
6. Rhododendron Creek Watershed Mols il

Figure 2.8 Suitable Bull Trout Spawning and Rearing Habitat Patches in the Upper
Clackamas River Subbasin.
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Tier Three: Patch Characterization

The six suitable bull trout spawning and rearing habitat patches located in the Upper Clackamas
River Subbasin (Figure 2.8) differ from one another in several characteristics. This section of
Chapter 2 describes the characteristics of the six patches under four broad categories and also
describes the connectivity between them. The four broad categories used to characterize the patches
include physical characteristics, watershed conditions, land management allocations, and fish
habitat. Patch connectivity examines how the patches are distributed across the aquatic |andscape
and how they are interconnected in relation to bull trout occupancy and dispersal.

Four of the six habitat patches contain two or more sub-watersheds. Each sub-watershed
contributes available bull trout spawning and rearing habitat to the overall patch. For example,
Patch 1 (Clackamas River Mainstem along Big Bottom) is comprised of four separate sub-
watersheds. Big Bottom, Cabin Creek, Pot Creek, and the Upper Clackamas River near Austin Hot
Springs. Patch 5 (Hunter Creek Watershed) and Patch 6 (Rhododendron Creek Watershed), on the
other hand, are each comprised of one sub-watershed only. Sub-watersheds approximate the size
and actual boundaries of watersheds delineated at the 7" field HUC scale.

Physical Characteristics

Table 2.2 summarizes the physical characteristics of the six habitat patches in the Upper Clackamas
River Subbasin. The habitat patches range in size from 4,104 acresto 25,572 acres. Patch 3 (Upper
Clackamas River above Cub Creek) isthe largest in size, while Patch 5 (Hunter Creek Watershed)
and Patch 6 (Rhododendron Creek Watershed) are roughly equivalent in size and are smallest;
4,151 and 4,104 acres, respectively. Patch 3 (Upper Clackamas River above Cub Creek) also

contains the greatest amount of total stream miles, 67.0 miles, with a drainage density of 1.6 mi/miZ.
Patch 6 (Rhododendron Creek Watershed), contains the lowest amount of stream miles, 6.9 miles,
with a drainage density of 1.1 mi/mi%. Total stream milesinclude all ephemeral, intermittent, and
perennial stream channelsin the watershed, therefore including more lineal stream distance than the
amount of available bull trout spawning and rearing habitat.

A watershed' s flow regime can be characterized by its dominant parent geology: High Cascades
versus Western Cascades (Tague and Grant 2004). Watersheds in the High Cascades strata are
younger geologically, tend to be more stable in regards to earthflows and landslides, and typically
contain stable streamflows derived primarily from cold groundwater and springs. Watershedsin the
Western Cascades strata are geologically older, tend to be much less stable in regards to earthflow
and landslide activity, and have more flashy streamflows derived primarily from surface waters.
The Upper Clackamas River Subbasin is heavily influenced by its dominant parent geology and
hence is more characteristic of the Upper McKenzie River system than to other Willamette River
tributaries.
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Table 2.2. Physical Characteristics of Suitable Habitat Patches in the Upper Clackamas
River Subbasin.

Watershed Size Streams Flow Regime Landslide Potential
Total
Miles High Western
Sq. (all Drainage | Cascades | Cascades
"Ce Acres Miles | streams) Density Geology Geology Low Medium High
g % % % % %
Name Watershed acres mi? mi mi/mi? wirshd wtsrhd wtrshd | wtrshd | wtrshd
Big Bottom 9,592.7 15.0 25.5 1.7 14% 86% 57% 23% 20%
1 (R::sglr(amas Cabin Cr 3,150.8 4.9 5.4 1.1 28% 72% 61% 22% 17%
(Big Bottom) Upper Clack 74818 | 117 15.6 1.3 0% 100% 48% 14% 38%
Total 20,225.0 31.6 46.5 1.5 11% 89% 54% 20% 26%
Pinhead Cr 7,486.6 11.7 15.2 1.3 100% 0% 64% 32% 4%
2 | Pinhead Creek | | 55t or 96108 | 15.0 18.6 1.2 100% 0% 63% 28% 9%
Total 17,097.0 26.7 33.8 1.3 100% 0% 64% 30% 7%
Upper Clack 11,551.0 18.0 36.9 2.0 100% 0% 91% 8% 1%
Lemiti Cr 9,425.1 14.7 20.6 1.4 100% 0% 92% 8% 0%
3 Upper S. Fk
Clackamas Lemiti Cr 2,227.3 35 3.1 0.9 100% 0% 100% 0% 0%
Olallie Cr 2,368.0 5.1 6.3 1.2 100% 0% 89% 11% 0%
Total 25,572.0 41.4 67.0 1.6 100% 0% 92% 7% <1%
Cub Cr 9,127.7 14.3 22.3 1.6 100% 0% 86% 14% 0%
4 | Cub Creek Berry Cr 5,373.7 8.4 10.1 1.2 100% 0% 73% 27% 0%
Total 14,501.0 22.7 32.3 1.4 100% 0% 81% 19% 0%
5 | Hunter Creek Hunter Cr 4,151.0 6.5 8.0 1.2 100% 0% 86% 6% 7%
6 Rhododendron Rhododen-
Creek dron Cr 4,104.0 6.4 6.9 1.1 19% 81% 60% 29% 11%

Patch 2 (Pinhead Creek Watershed), Patch 3 (Upper Clackamas River above Cub Creek), Patch 4
(Cub Creek Watershed), and Patch 5 (Hunter Creek Watershed) occur entirely within the High
Cascades geology. Consequently, these patches not only contain stable, cold groundwater-
contributed streamflows but are also geologically stable (i.e., the majority of watershed areaisin
the Low category for landslide potential). Both Patch 1 (Clackamas River Mainstem along Big
Bottom) and Patch 6 (Rhododendron Creek Watershed) are dominated by Western Cascades
geology, 89 percent and 81 percent, respectively. Patch 6 (Rhododendron Creek Watershed), in
particular, tends to be characteristically more flashy in regards to streamflows offering lower
summer baseflows and more rain-on-snow influenced winter flows. These streamflow
characteristics tend to be less pronounced for Patch 1 (Clackamas River Mainstem along Big
Bottom) given the large amount of upstream contributing watershed areas dominated by High
Cascades geology (Figure 2.9).

Patch 1 (Clackamas River Mainstem along Big Bottom) contains the greatest percentage of
watershed area, 26 percent, in the High landslide potential category. Patch 3 (Upper Clackamas
River above Cub Creek) and Patch 4 (Cub Creek Watershed) are considered the most geologically
stable of the six suitable habitat patches in the Upper Clackamas River Subbasin. Figure 2.10
displays the landslide potential for each patch.
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High Cascades

Western Cascades
Suitable Bull Trout
Spawning and Rearing Habitat

Streams Outside the Range
of Potential Bull Trout Habitat

1. Clackamas River Mainstem (Big Bottom)

2. Pinhead Creek Watershed

3. Upper Clackamas River (above Cub Cr)

4. Cub Creek Watershed N . , . .

5. Hunter Creek Watershed ‘7;‘5‘ e S—
6. Rhododendron Creek Watershed
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Figure 2.9. Underlying Geologies for Suitable Habitat Patches in the Upper Clackamas River
Subbasin.
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Figure 2.10. Landslide Potential for Suitable Habitat Patches in the Upper Clackamas River

Subbasin.
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Watershed Conditions

Table 2.3 summarizes the watershed conditions for the six habitat patches in the Upper Clackamas
River Subbasin. Patch 1 (Clackamas River Mainstem along Big Bottom) contains the greatest
mileage of roads and has the highest road density of 3.6 mi/mi. Patch 3 (Upper Clackamas River
above Cub Creek) has atotal of 88.6 miles of road but the lowest road density at 2.1 mi/mi2. Figure
2.11 showsthe road density for each of the six habitat patches in the Upper Clackamas River
Subbasin. As stated earlier, roads may affect watershed condition in several ways. increased
sediment production, altered timing of hydrograph, and loss of riparian shade and large wood
recruitment. Thereis, however, no evidence that road density has affected peak flows in the Upper
Clackamas River Subbasin (USFS 1995). Thisis probably due to the spring-fed nature of much of
the Upper Clackamas River Subbasin. Inventories of possible culvert-related fish passage barriers
by U.S. Forest Service fish biologists indicate that none of the roads within each of the six suitable
habitat patches pose a migration barrier to resident or anadromous fish species within the river and
stream segments identified as suitable bull trout spawning and rearing habitat. Given the geologic
stability of the Upper Clackamas River Subbasin (USFS 1995), the CRBTWG does not believe the
current road network would deter success of a bull trout reintroduction effort.

The composition of riparian reserves within a watershed serves as an indicator of watershed
condition and is primarily indicative of past timber harvesting practices prior to the 1994 Northwest
Forest Plan. Past timber harvesting occurred within riparian reserves primarily along ephemeral
and intermittent streams but also along perennial streams, with varying degrees of streamside
buffers retained, from the late 1940s through the early 1990s (USFS 1995). Therefore, various
portions of the riparian reserve network within the watersheds do not currently meet the desired
future conditions associated with late seral (typically old-growth) characteristics. Patch 1
(Clackamas River Mainstem along Big Bottom) contains the greatest percentage of riparian reserve
in the late seral condition, whereas Patch 6 (Rhododendron Creek Watershed) contains the greatest
percentage of riparian reserve in the early seral condition (Table 2.3).

Hydrologic recovery is ameasure of how hydrologically impaired awatershed is as aresult of past
clear-cut timber harvest practices. When large vegetative openings are created from clear-cut
timber harvesting, snow tends to accumul ate at greater depths as compared to undisturbed sites with
forested canopies. These areas of greater snow accumulation are then subject to rapid melt and run-
off during warmer precipitation events within the rain-on-snow zone of the watershed. The result
can be an increase in streamflows, channel erosion, and sediment production and transport. The
Aggregate Recovery Percentage (ARP) Model is used to indicate a watershed' s degree of
hydrologic impairment from past clear-cut timber harvesting. The lower the ARP value, the greater
degree of hydrologic impairment indicated. Patch 6 (Rhododendron Creek Watershed) has the
lowest ARP value at 76.3 percent, indicating the greatest degree of hydrologic impairment. Patch 3
(Upper Clackamas River above Cub Creek) has the highest ARP value at 88.7 percent, indicating
the least degree of hydrologic impairment.
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Table 2.3. Watershed Conditions of Suitable Habitat Patches in the Upper Clackamas River
Subbasin.

Hydrologic
Roads Riparian Reserves Recovery
Amount
= Total Road Total in Early Amount in Amount in
% Miles Density Acres Seral Mid Seral Late Seral ARP
& | Name Watershed mi mi/mi? ac | % wtrshd % wtrshd % wtrshd %
Big Bottom 55.1 3.7 | 2355 12% 32% 57% 82.5%
1 g:\"‘/‘g'r(amas Cabin Cr 19.9 4.0 704 8% 31% 61% 81.4%
(Big Bottom) Upper Clack 38.6 3.3 1,682 14% 22% 64% 85.0%
Total 113.6 3.6 | am 12% 28% 60% 83.3%
Pinhead Cr 35.5 3.0 847 23% 28% 49% 78.8%
2 | Pinhead Creek | | 551 or 54.6 3.6 | 1,064 18% 15% 67% 76.7%
Total 90.1 3.4 | 1912 21% 21% 58% 77.6%
Upper Clack 48.1 2.7 2,975 5% 45% 50% 91.8%
Lemiti Cr 29.7 2.0 758 1% 90% 9% 83.8%
3 | Upper S. Fk
Clackamas Lemiti Cr 5.9 1.7 306 3% 95% 2% 92.1%
Olallie Cr 49 1.0 204 33% 29% 38% 90.4%
Total 88.6 21| 47242 5% 56% 39% 88.7%
Cub Cr 37.9 2.7 | 2028 18% 29% 53% 85.0%
4 | Cub Creek Berry Cr 28.1 33| 1413 15% 26% 59% 84.8%
Total 66.0 29 | 3441 17% 28% 55% 84.9%
5 | HunterCreek | pynter cr 21.1 3.2 839 17% 35% 48% 81.7%
6 Rhododendron Rhododen-
Creek dron Cr 15.7 2.4 844 27% 20% 53% 76.3%
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Figure 2.11. Road Densities for Suitable Habitat Patches in the Upper Clackamas River
Subbasin.
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Land Allocations

There are many different land allocations within the Upper Clackamas River Subbasin, as identified
in the 1990 Mt. Hood National Forest Land and Resource Management Plan (USFS 1990) and
amended by the 1994 Northwest Forest Plan (USDA and USDI 1994). A broad-scale overview of
the major land allocations within the Upper Clackamas River Subbasin was completed looking at
three general categories. Administratively Withdrawn Areas (AWAS), Late-Successional Reserves
(LSRs), and Matrix. Riparian Reserves are also aland allocation but were summarized above under
the Water shed Condition section of this chapter. AWAswere created under the 1994 Northwest
Forest Plan to recognize those areas identified in local national forest and BLM land management
plans that include recreation and visual areas, back country, and other areas where management
emphasis precludes scheduled timber harvest. LSRs are large management areas created under the
1994 Northwest Forest Plan to protect and enhance conditions of late-successiona and old-growth
forest ecosystems, which serve as habitat for late-successional and old-growth forest related species.
Limited stand management (i.e., timber harvest) is permitted within LSRs, but is subject to review
by the Regional Ecosystem Office (REO). Matrix isaland allocation that comprises all other
federal lands that occur outside of AWAS, LSRs, and Riparian Reserves. A scheduled timber
harvest is programmed for all Matrix lands. Future timber harvest and road building activities are
expected on Matrix lands. Table 2.4 summarizes the three major Northwest Forest Plan land
allocations for the six suitable habitat patchesin the Upper Clackamas River Subbasin.

AWA s occur within five of the six suitable habitat patches. Patch 5 (Hunter Creek Watershed) is
the only patch without an AWA. Thelargest AWA isan A5 Unroaded Recreation Arealocated just
east of Sisi Butte (USFS 1990) which straddles the ridge extending into two suitable habitat
patches. Patch 2 (Pinhead Creek Watershed) and Patch 3 (Upper Clackamas River above Cub
Creek) (see Figure 2.12), accounting for 6 percent and 5 percent of the watershed areas within each
patch, respectively. The primary management goal of an A5 Unroaded Recreation Areaisto
provide avariety of year-round unroaded recreation opportunitiesin a semi-primitive, non-
motorized setting and undevel oped forest environment. Patch 4 (Cub Creek Watershed) contains an
AWA that isdesignated as an A9 Key Site Riparian Area (USFS 1990), comprising 5 percent of its
watershed area. The A9 Key Site Riparian Area occurs along Berry Creek and lower Cub Creek
where the primary land management goal isto maintain or enhance habitat and hydrologic
conditions of selected riparian areas, notable for their exceptional diversity, high natural quality and
key role in providing for the continued production of riparian dependent resource values. Another
A9 Key Site Riparian Area occurs on the eastern side of Rhododendron Ridge in the headwaters of
Patch 6 (Rhododendron Creek Watershed), comprising 5 percent of its watershed area. Patch 1
(Clackamas River Mainstem along Big Bottom) contains afairly large A9 Key Site Riparian Area
along the river’s mainstem throughout the Big Bottom Area. However, the mgjority of this
particular A9 Key Site Riparian Areaisoverlaid by amuch larger LSR as seenin Figure 2.12,
hence the only acreage listed in Table 2.4 isfor that small areafalling outside of the more restrictive
L SR land allocation boundary.
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Table 2.4. Northwest Forest Plan Land Allocations for Suitable Habitat Patches in the Upper

Clackamas River Subbasin.

Administratively
Withdrawn Late Reserves Matrix
= Total Total
% Acre % Wtrshd Acres % wtrshd Total Acres % wtrshd
2 | Name Watershed ac % wtrshd ac % wtrshd ac % wtrshd
Big Bottom 90 <1% 1,301 14% 8,202 86%
Clackamas Cabin Cr 57 2% 163 5% 2,931 93%
1 River
(Big Bottom) Upper Clack 5 0% 2,839 38% 4,638 62%
Total 152 1% 4,303 21% 15,771 78%
Pinhead Cr 1,071 14% 2,410 32% 4,006 54%
2 | Pinhead Creek | | 55t cr 0 0% 1,243 13% 8,366 87%
Total 1,071 6% 3,653 21% 12,372 72%
Upper Clack 0 0% 11,297 98% 255 2%
Lemiti Cr 1,273 14% 1,640 17% 3,635 39%
3 | Upper S. Fk
Clackamas Lemiti Cr 0 0% 1,015 46% 577 26%
Olallie Cr 0 0% 1,102 47% ** **
Total 1,273 5% 15,054 59% 4,467 17%
Cub Cr 474 5% 3,227 35% 5,426 59%
4 | Cub Creek Berry Cr 280 5% 0 0% 5,094 95%
Total 754 5% 3,227 22% 10,520 73%
5 | Hunter Creek Hunter Cr 0 0% 139 3% 4,012 97%
6 Rhododendron Rhododendron
Creek Cr 194 5% 75 2% 3,834 93%

** |_and outside Forest boundary.

A single large L SR, the Upper Clackamas L SR, occurs throughout much of the Upper Clackamas
River Subbasin as seen in Figure 2.12. The LSR followsthe river corridor along the Clackamas River
and broadens into the uplands as it extends into the headwaters of the watershed (USDA and USDI
1998). Assuch, the mgjority of the LSR occurs within Patch 3 (Upper Clackamas River above Cub
Creek) occupying 59 percent of its watershed area. The L SR occupies 22 percent of the watershed
areain Patch 4 (Cub Creek Watershed) and 21 percent in both Patch 1 (Clackamas River Mainstem
along Big Bottom) and Patch 2 (Pinhead Creek Watershed). It occursin asmall portion of Patch 5
(Hunter Creek Watershed) and Patch 6 (Rhododendron Creek Watershed); 3 percent and 2 percent,
respectively.

The Matrix land allocation dominates the land area of all suitable habitat patches except for Patch 3
(Upper Clackamas River above Cub Creek), where it constitutes only 17 percent of the watershed area.
Matrix lands heavily dominate Patch 5 (Hunter Creek Watershed) and Patch 6 (Rhododendron Creek
Watershed), 97 percent and 93 percent, respectively. In the remaining three suitable habitat patches,
Matrix lands represent roughly three-quarters of the watershed area: Patch 1 (Clackamas River
Mainstem along Big Bottom) at 78 percent, Patch 2 (Pinhead Creek Watershed) at 72 percent, and
Patch 4 (Cub Creek Watershed) at 73 percent. Even as such, the Mt. Hood Land and Resource
Management Plan (as amended by the Northwest Forest Plan) provides strong management direction
and guidance to maintain and restore the riparian resources that provide for suitable bull trout habitat.
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Figure 2.12. Northwest Forest Plan Land Allocations for Suitable Habitat Patches in the
Upper Clackamas River Subbasin.
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Fish Habitat

Thereisatotal of 70.1 miles (112.8 kilometers) of suitable bull trout spawning and rearing habitat
among the six habitat patches in the Upper Clackamas River Subbasin (Table 2.5). Patch 3 (Upper
Clackamas River above Cub Creek) contains 20.4 miles of suitable bull trout spawning and rearing
habitat; the most habitat of all six patches. Patch 1 (Clackamas River Mainstem along Big Bottom)
and Patch 2 (Pinhead Creek Watershed) contain similar amounts of suitable spawning and rearing
habitat at 17.6 milesand 17.0 miles, respectively. Patch 4 (Cub Creek Watershed) provides a total
of 10.1 miles of habitat, roughly half the amount compared to Patch 3. Patch 5 (Hunter Creek
Watershed) and Patch 6 (Rhododendron Creek Watershed) are considerably smaller in watershed
size and hence provide far less suitable spawning and rearing habitat than the other patches; 2.1
miles and 2.9 miles, respectively.

The majority of streams contributing habitat in each of the patches have been surveyed by U.S.
Forest Service fish biologists for habitat conditions (Table 2.5). Datafrom U.S. Forest Service
stream surveys were collected in accordance with an inventory and data collection protocol
originally developed for the USDA Forest Service Pacific Northwest Region in 1989. The protocol
isreviewed and updated annually. The most recent version of the protocol is Stream Inventory
Handbook, Level | and I1, Pacific Northwest Region, Region 6, 2007, ~Version 2.7.

Patch 1 (Clackamas River Mainstem along Big Bottom) has not been surveyed in its entirety since
this area along the Clackamas River contains a very complex system of braided channels, side
channels, and backwaters making it difficult to conduct a standardized survey. The dominant
character of this habitat patch is defined by the mainstem river and its complex channel network.
Therefore, even though stream survey data are available for the other streams within this patch, the
CRBTWG decided against using that data to characterize the overall habitat patch. Given this, the
habitat analysis presented below focuses only on streams surveyed within Patches 2 through 6.
Survey data are collected at the reach scale for individual streams; however, the habitat summaries
and comparisons below (presented in metric units of measurement) standardize and aggregate all
data for the various reaches and streams surveyed within each patch and are reported as a function
of the total habitat area (meters’) available within the patch.

Stream Gradient

Stream reaches surveyed in Patches 2 through 6 range in gradient from one to 13 percent. Reaches
4 and 5 of Cub Creek in Patch 4 (Cub Creek Watershed) and reaches 3 and 5 of Lemiti Creek in
Patch 3 (Upper Clackamas River above Cub Creek) are one percent gradient. Reach 2 of
Rhododendron Creek in Patch 6 (Rhododendron Creek Watershed) represents the steepest stream
reach at 13 percent gradient (Figure 2.13).

Pool Habitat
Pool habitat data is summarized based on three different metrics. habitat composition (% pool

habitat available), pool density (total # pools per kilometer), and primary pool density (# pools>3
feet maximum depth per kilometer).

Chapter 2 -32



Chapter 2 - Habitat

Table 2.5. Amount of Suitable Bull Trout Spawning and Rearing Habitat in the Upper
Clackamas River Subbasin.

Amount of
Suitable
Spawning and | Stream Survey
Rearing Habitat | Data Available
Patch Name Watershed mi km | source
Big Bottom 7.4 11.9 | Not surveyed
1 Clackamas River | Cabin Cr 4.7 7.5 | USFS 1992
(Big Bottom) Upper Clack 55| 88| USFS 1991 and 1997
17.6 28.3
Pinhead Cr 7.5 12.1 | USFS 1996 and 2002
2 Pinhead Creek Last Cr 9.4 | 15.2 | USFS 1990 and 2002
17.0 27.3
Upper Clack 7.3 11.7 | USFS 1991 and 1997
Lemiti Cr 8.4 13.5 | USFS 1998
3 Upper o
Clackamas S. Fk Lemiti Cr 2.0 3.2 | USFS 1998
Olallie Cr 2.8 4.5 | Not surveyed
20.4 32.9
Cub Cr 7.7 12.4 | USFS 1993 and 1999
4 Cub Creek Berry Cr 2.4 3.8 | USFS 1989
10.1 16.2
Hunter Creek Hunter Cr 2.1 3.4 | USFS 1990
Rhododendron
Creek Rhododendron Cr 2.9 4.7 | USFS 1990 and 2001
Total 70.1 | 112.8
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Figure 2.13. Channel Gradients for Stream Reaches Surveyed in Suitable Habitat Patches in
the Upper Clackamas River Subbasin.

The percentage of available pool habitat varies greatly for stream reaches surveyed in Patches 2
through 6. Reach 2 of Pinhead Creek in Patch 2 (Pinhead Creek Watershed) has the highest pool
habitat composition at 61 percent, while Reach 2 of Last Creek located in the same patch has the
lowest pool habitat composition at |ess than one percent. Assessing Patches 2 through 6 overall,
streams in Patch 4 (Cub Creek Watershed) have the highest percentage of pool habitat available,
followed by Patch 3 (Upper Clackamas River above Cub Creek), Patch 2 (Pinhead Creek
Watershed), Patch 6 (Rhododendron Creek), and Patch 5 (Hunter Creek Watershed) from highest to
lowest (Figure 2.14).
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Figure 2.14. Pool Habitat Composition (% pool habitat available) for Stream Reaches
Surveyed in Suitable Habitat Patches in the Upper Clackamas River Subbasin.
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Pool density (total # of pools per kilometer) also varies greatly for those stream reaches surveyed in
Patches 2 through 6. Reach 2 of Pinhead Creek in Patch 2 (Pinhead Creek Watershed) has the
highest pool density of 72 pools per kilometer, while Reach 2 of Last Creek also in the same patch
has the lowest pool density at less than one pool per kilometer. Overall, streamsin Patch 6
(Rhododendron Creek Watershed) have the highest pool density, followed by Patch 4 (Cub Creek
Watershed), Patch 3 (Upper Clackamas River above Cub Creek), Patch 2 (Pinhead Creek
Watershed), and Patch 5 (Hunter Creek Watershed) from highest to lowest (Figure 2.15).
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Figure 2.15. Pool Density (total # of pools per km) for Stream Reaches Surveyed in Suitable
Habitat Patches in the Upper Clackamas River Subbasin.

Primary pool density isametric similar to pool density, but only includes deep pools> 3 feet in
maximum depth at summer low flow. Reach 4 of the Upper Clackamas River above Cub Creek in
Patch 3 (Upper Clackamas River above Cub Creek) has the highest primary pool density at 9.4
pools >3 feet maximum depth per kilometer while Reach 1 of Last Creek in Patch 2 (Pinhead Creek
Watershed) has the lowest at 0.3 pools >3 feet maximum depth per kilometer. Overall, streamsin
Patch 3 (Upper Clackamas River above Cub Creek) have the highest primary pool density, followed
by Patch 4 (Cub Creek Watershed), Patch 5 (Hunter Creek Watershed), Patch 2 (Pinhead Creek
Watershed), and Patch 6 (Rhododendron Creek Watershed) from highest to lowest (Figure 2.16).
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Figure 2.16. Primary Pool Density (# pools 23 ft. max. depth per km) for Stream Reaches
Surveyed in Suitable Habitat Patches in the Upper Clackamas River Subbasin.

Large Wood

Large wood density is extremely variable for stream reaches surveyed in suitable habitat patchesin
the Upper Clackamas River Subbasin. Large wood is considered a piece of wood occurring within
the stream channel’ s bankfull width that is>24 inches in average diameter and >50 feet in length.
Large wood density ranges from a high of 178 pieces per kilometer for Reach 1 of Last Creek in
Patch 2 (Pinhead Creek Watershed) to alow of |ess than one piece per kilometer for Reach 5 of
Lemiti Creek in Patch 3 (Upper Clackamas River above Cub Creek). Assessing large wood density
overall for surveyed stream reaches within Patches 2 through 6, Patch 2 (Pinhead Creek Watershed)
has the highest large wood density overall followed by Patch 4 (Cub Creek Watershed), Patch 6
(Rhododendron Creek Watershed), Patch 3 (Upper Clackamas River above Cub Creek), and Patch 5
(Hunter Creek Watershed) from highest to lowest (see Figure 2.17).
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Large Woody Debris Density (pieces per kilometer)
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Figure 2.17. Large Wood Density (# pieces per km) for Stream Reaches Surveyed in Suitable
Habitat Patches in the Upper Clackamas River Subbasin.

Bankfull Width to Summer Wetted Width Ratio

The bankfull width to summer wetted width ratio is afish habitat evaluation metric developed by
the CRBTWG to assess year-round stability in streamflow. The bankfull channel width represents
the channel-forming flow, which on average is equivalent to a 1.3 year flow event for watersheds in
the Western Cascades of Oregon. Channels with streamflow that are derived primarily from
groundwater and springs fluctuate (i.e., rise and fall) very little seasonally throughout the year,
particularly during periods of environmental extremes. Therefore, the difference between the
channel-forming flow (bankfull) and summer wetted width is small. Channels with these more even
and regular streamflows throughout the year typify those types of streams known to be occupied by
remnant, extant populations of bull trout found in the Lower Columbia River Basin (i.e., Metolius
River, South Fork McKenzie River, and Rush Creek — tributary to the Lewis River). The
CRBTWG established the ratio of bankfull channel width to summer wetted channel width asa
measure of seasonal streamflow stability. Asthisratio approaches 1.0, a channel’ s seasonal
streamflows are likely to vary only dlightly throughout the year. The larger thisratio is, the more
variation there is likely to be in achannel’ s seasonal streamflows. Stream channels with a higher
ratio would tend to have more pronounced high winter flows and low summer baseflows, typical of
a“flashy” stream in the Western Cascades geology.
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Bankfull width to summer wetted width ratio varies from approximately 1.0 for several reaches
[Reach 1 on Pinhead Creek, Reach 3 on Last Creek, and Reach 1 on West Fork Last Creek in Patch
2 (Pinhead Creek Watershed); Reaches 5 and 8 on the Upper Clackamas River in Patch 3 (Upper
Clackamas River above Cub Creek); and Reach 2 on Cub Creek in Patch 4 (Cub Creek Watershed)]
to 1.9 for Reach 2 on Rhododendron Creek in Patch 6 (Rhododendron Creek Watershed). Overall,
when assessing this particular fish habitat evaluation metric for Patches 2 through 6, Patch 2
(Pinhead Creek Watershed) appears to offer the most stable streamflow environments year-round
that are typically considered to be more favorable for bull trout spawning and rearing, followed by
Patch 4 (Cub Creek Watershed), Patch 3 (Upper Clackamas River above Cub Creek), Patch 5
(Hunter Creek Watershed), and Patch 6 (Rhododendron Creek Watershed) from most stable to least
(Figure 2.18).
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Figure 2.18. Bankfull width to Summer Wetted Width Ratio for Stream Reaches Surveyed in
Suitable Habitat Patches in the Upper Clackamas River Subbasin.
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Patch Connectivity

The Upper Clackamas River Subbasin contains atotal of 70.1 miles of suitable bull trout spawning
and rearing habitat organized into six separate habitat patches. These patchesrangein size (i.e.,
watershed ared), availability of bull trout spawning and rearing habitat, and condition. The largest
patch, Patch 3 (Upper Clackamas River above Cub Creek), occurs in the headwaters of the subbasin
and contains very cold, stable year-round flows. Patch 1 (Clackamas River Mainstem along Big
Bottom), occurs lowest in the subbasin and is predominantly occupied by theriver’s mainstem. As
described above, this section of river contains amyriad of braided channels and off-channel areas.
This particular patch is unique and different from the other five patchesin this respect. Members of
the CRBTWG believe this patch would serve as a primary foraging area for migratory adult and
sub-adult bull trout since it is also utilized by juvenile salmon and steelhead. 1n addition to
providing suitable spawning and rearing habitat, Patch 1 (Clackamas River Mainstem along Big
Bottom) may also function as an important ecological areafor the reestablishment of bull trout in
the Upper Clackamas River Subbasin —that is, serving as a primary foraging grounds for adult and
sub-adult migratory bull trout that spawn and rear in other nearby patches. Patch 1 illustrates how
connectivity between patches isimportant for ecological reasons as well as providing for gene flow
and recol onization potential.

Table 2.6 displays a matrix illustrating the migration distances between various patches in the patch
network for the Upper Clackamas River Subbasin. Patch 1 (Clackamas River Mainstem along Big
Bottom) and Patch 2 (Pinhead Creek Watershed) adjoin one another, as do Patch 3 (Upper
Clackamas River above Cub Creek) and Patch 4 (Cub Creek Watershed). The greatest migratory
distance between the patchesis 5.9 miles along the mainstem Clackamas River between Patches 1
or 2 and Patches 3 or 4.

Table 2.6. Matrix of Patch Interconnectedness for Suitable Habitat Patch Network in the
Upper Clackamas River Subbasin: Migration distances between patches (miles).

1 2 3 4 5 6

S Clackamas
c River (Big Pinhead Upper Hunter Rhododendron
2 | Name Bottom) Creek Clackamas | Cub Creek Creek Creek
1 Clackamas River

(Big Bottom) -- Adjoining 5.9 5.9 5.4 2.9
2 | Pinhead Creek Adjoining - 5.9 5.9 5.4 2.9
3 Upper Clackamas

River 5.9 5.9 -- Adjoining 0.6 3.0
4 | Cub Creek 5.9 5.9 Adjoining - 0.6 3.0
S | Hunter Creek 5.4 5.4 0.6 0.6 - 2.5
6 Rhododendron

Creek 2.9 2.9 3.0 3.0 2.5
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Although many rivers and streams in the Clackamas River Subbasin upstream of North Fork
Reservoir have water temperatures that are determined unsuitable for bull trout spawning or rearing,
none of those reaches pose a migration barrier based on water temperature or water quality.
Additionally, upstream and downstream fish passage is provided around all three of PGE’s

hydroel ectric dams on the Lower Clackamas River by fish ladders and ajuvenile bypass facility.
Bull trout would have access to the Clackamas River below the hydroel ectric projects and have the
potential to be connected to other bull trout popul ations through the Willamette and Columbia river
systems.

2.3 Summary and Conclusions

Bull trout occurred historically throughout much of the entire Clackamas River Subbasin prior to
human created migration barriers, intentional removal efforts, and habitat modifications during the
post-European settlement era beginning after the mid-1800s. Bull trout require cold, clean water in
complex river and stream habitats with low levels of fine sediments. These habitat requirements are
most stringent for the spawning and rearing life stages of bull trout. The portion of the Clackamas
River Subbasin providing suitable spawning and rearing habitat today is limited to that area of the
mainstem and its tributaries in the headwater area of the subbasin upstream of the Collawash River
confluence. This portion of the subbasin, referred to as the Upper Clackamas River Subbasin,
contains atotal of 70.1 miles of suitable spawning and rearing habitat organized into six separate
habitat patches. These patches range in size, configuration, and condition. The most downstream
patch occurs along the mainstem Clackamas River known as Big Bottom. This complex reach of
the river, provides suitable spawning and rearing habitat, and would also likely serve as an
important foraging area for migratory adult and sub-adult bull trout. The other patches occur either
adjacent to, or up to, a maximum distance of 5.9 river miles upstream into the headwaters of the
subbasin. The amount of suitable habitat and patch characteristics in the Clackamas River Subbasin
compare very favorably to other river systems in the Lower Columbia River with extant bull trout
populations (e.g., Lewis, McKenzie, and Deschutesrivers).
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Chapter 3 — Conservation Genetic Considerations
and Donor Stock Suitability

A primary concern in any reintroduction effort is the preservation of genetic fitness of both the
donor stock and newly founded population. Genetic information can significantly enhance the
proper selection of a source stock (Williams et al. 1988) and may prove valuable in ensuring the
likely future success of the founding population. This chapter summarizes the conservation
genetic issues that the CRBTWG considered in evaluating the feasibility of reintroducing bull
trout into the Clackamas River. This chapter does not address specific reintroduction strategies.
However, an overview of possible reintroduction strategiesis given in Appendix C. Appendix C
summarizes previous bull trout propagation efforts, other bull trout reintroductions within the
State of Oregon, and advantages and disadvantages of three possible reintroduction strategies:
artificial propagation, captive rearing, and transplantation. This chapter is not intended to be an
all-inclusive summary of conservation genetic issues associated with reintroduction efforts, but
rather, it touches on some of the key topics that are central to determining the feasibility of
undertaking such an effort in the Clackamas River Subbasin. The following questions are
addressed in this chapter:

e Isthere agenetically suitable donor stock(s) of bull trout for use in the Clackamas River
Subbasin?

o What are the potential genetic impacts to the donor stock(s) as aresult of lost
individuals?

A donor stock should be comprised of fish that most closely resemble the bull trout that
historically inhabited the Clackamas River (e.g., genotype, phenotype, behavior, and life history
expression). However, because little is known about the biology and evolutionary history of bull
trout that historically occupied the Clackamas River, and no genetic material is available for
analysis, the CRBTWG was limited to an assessment of biological information from other local
populations, existing studies of the evolution and biogeography of bull trout, information derived
from historical creel datafrom the Clackamas River, and from recent regional bull trout genetic
analyses. A synthesis of thisinformation will assist in determining the most appropriate donor
stock(s) to consider in areintroduction of bull trout.
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Clackamas River Bull Trout Reintroduction Feasibility Assessment

3.1 Life History Strategies Likely Used by Clackamas River Bull Trout

Historically, the closest bull trout populations to the Clackamas River would have been above
Willamette Fallsin the Santiam, McKenzie, and Middle Fork Willamette Basins; the Lewis
River Basin downstream from the confluence of the Willamette and Columbiariversin
Washington; or the Hood, Klickitat and Deschutesrivers at the east-end of the Columbia River
Gorge. Willamette Falls, located just above the confluence of the Clackamas and Willamette
rivers, was a historic barrier to fish migrating upstream in summer and fall (i.e., coho, fall
chinook and summer steelhead), but flows in the winter and spring permitted passage of spring
chinook, winter steelhead, and likely bull trout. Bull trout populations still exist in the Lewis,
Hood, Klickitat and Deschutes river basins, but they have been extirpated from several subbasins
in the Willamette River Basin including the North and South Santiam and the Middle Fork
Willamette rivers.

Bull trout exhibit both resident and migratory (i.e., fluvia) life-history strategies, as do many
other salmonids. Resident bull trout spend their entire life within the stream or tributary within
which they spawn and rear. Migratory bull trout spawn in tributary streams where they rear for
up to four years, after which they migrate to either alarger river, lake, reservoir, or coastal
waters, where they continue to forage for several years until they make a return migration back
to the smaller (usually the natal) tributary to spawn (Rieman and Mclntyre 1993). Resident fish
may range from 150 to 300 millimetersin length while migratory fish may exceed 600
millimeters (Rieman and Mclntyre 1993).

Some migratory bull trout populations have exhibited the ability to convert from fluvial to
adfluvial life history forms where large dams have formed reservoirs. Examples of bull trout
populations that exhibit this behavior from the lower Columbia River tributaries include the
South Fork McKenzie River population above Cougar Dam in the Willamette River Basin, the
Laurance Lake population above Clear Branch Dam in the Hood River Basin, the Lake Billy
Chinook population above Round Butte Dam in the Deschutes River Basin, and the popul ations
in Swift and Yaereservoirsin the Lewis River Basin.

With two exceptions, the Klickitat River Basin and portions of the Deschutes River Basin, no
bull trout populationsin the lower Columbia River exhibit aresident life history type, nor is
there evidence they existed historically. In the Deschutes River Basin, adfluvial and resident bull
trout overlap in the Metolius River upstream of Lake Billy Chinook. The dual life history
strategy (i.e., migratory and resident) islikely an important part of the life history strategy of bull
trout and other salmonids. Such life history diversity as cited in Rieman and Mclntyre (1993) is
thought to stabilize populations in highly variable environments or to enable refounding
segments of populations that have disappeared. A particular life history strategy may dominate
under stable conditions, but another life-history strategy may dominate under a changing or
unstable environment (Rieman and Mclntyre 1993).
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Based on the dominant life history characteristics from other lower Columbia River bull trout
populations, the CRBTWG believes that the historic bull trout population in the Clackamas River
was likely fluvid (i.e., migratory). Historical Clackamas River creel data further confirmsthis
because the relative size and locations of observed bull trout catch is representative of what
would be expected for afluvia population versus aresident population (e.g., large fish observed
in medium to large riversin the subbasin). Furthermore, resident bull trout populations generally
reside in headwater areas of river systems that are relatively less impacted by anthropogenic
activities that typically impact migratory populations of bull trout such as logging, road building,
construction and operation of dams, and over-fishing. If aresident population of bull trout
historically existed in the Clackamas River, the CRBTWG expects there to be a higher likelihood
it would still be present. However, as discussed in Chapter 1, the possibility of aremnant bull
trout population in the Clackamas River has been thoroughly investigated over the last two
decades and the CRBTWG has concluded that bull trout are extirpated from the subbasin.

3.2 Spatial Processes

Asdescribed in Spruell et al, 2003, bull trout population structure can be divided into at |east
three major genetically differentiated groups (or lineages) of bull trout. These lineages are
depicted in Figure 3.1 and are characterized as. (1) “Coastal,” including the Deschutes River and
all of the Columbia River drainage downstream, as well as most coastal streamsin Washington,
Oregon, and British Columbia; (2) “ Snake River,” which includes the John Day, Umatilla, and
WalaWallarivers; and (3) “Upper Columbia River,” which includes the entire basin in Montana
and northern Idaho. More detail regarding the three lineages is presented in Appendix D.

Choosing a donor stock, or perhaps multiple stocks, from the “coastal” evolutionary bull trout
lineage, which includes popul ations from the lower Columbia River tributaries including, and
downstream of, the Deschutes River, would best preserve and protect the lineage. Based on
available genetic and biogeographic information, there is no obvious reason to exclude the
possibility of considering any “coastal” bull trout populations for a donor stock, such as
populations from the Olympic Peninsula or Puget Sound. However, there is a higher likelihood
that bull trout from lower Columbia River tributaries shared genetic material among each other,
more so than with other populations north or south of the Columbia River. Nearby bull trout
popul ations would be subject to more similar environmental conditions and likely better adapted
to conditionsin the Clackamas River Subbasin than more distant populations. The use of bull
trout from other lineages (i.e., the upper Columbia or Snake lineages) may undermine the coastal
lineage by introducing mal adapted fitnesstraits (i.e., alleles). Any of the coastal lineage local
bull trout populations are likely to carry the alleles to preserve and protect the coastal lineage
regardless of localized and specific adaptations. Local adaptations confer increased fitness for
individualsin agiven set of environmental conditions. Although these adaptations are important
locally, each of the local populationsislikely to contain the evolutionary potential that is
characteristic of the coastal evolutionary lineage. This evolutionary potential isimportant, since
it would alow for future adaptations of bull trout specific to the Clackamas River Subbasin.
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The extent to which the lower Columbia River bull trout populations mixed historically is
unknown. Aggregations of bull trout populations once may have acted as metapopulations, but
may now be too fragmented, depressed, or contracted to be recognized as metapopul ations
(Whitesel et a. 2004). Bull trout populations are usually connected through low rates of
migration and there is evidence of some partially isolated local populations of bull trout that have
some degree of gene flow among them (USFWS 2002). Migration and gene flow among local
populations ensures that alleles within a metapopulation will be present in most local breeding
populations and can be acted upon by natural selection (Allendorf and Leary 1986).

Extant populationsin the lower Columbia River included in the “ coastal” lineage include bull
trout from the Willamette, Lewis, Hood, Klickitat, and Deschutes rivers (Figure 3.2). The
dominant life history form of these populationsis migratory (fluvial), supporting the
CRBTWG's conclusion that the historical bull trout population in the Clackamas River was also
fluvial. Although intuitively it seems most appropriate to chose a within-basin donor stock (i.e.,
Willamette River Basin) for a Clackamas River reintroduction, available information on genetic
relationships suggests there are genetic differences among most populations in the lower
Columbia River (Spruell et al. 2003), consistent with bull trout throughout their range (Costello
et a. 2003; Spruell et al. 2003; Taylor et a. 2001; Whiteley et al. 2003). For example, substantial
differentiation has been observed among physically connected habitats in the upper and lower
Deschutes River (Spruell 2005), the Clark Fork system (Neraas and Spruell 2001), and the South
Fork of the Boise River (Whiteley et al. 2006). Therefore, the historical bull trout population
from the Clackamas River may not have been any more closely related to bull trout from the
McKenzie River (Willamette River Basin) than to bull trout from the Lewis or Deschutes rivers.
From an evolutionary lineage perspective, the best available information suggests no one donor
population from lower Columbia River tributaries is better suited than another for a Clackamas
River reintroduction. The potential lower Columbia River tributary donor populations of bull
trout are depicted in Figure 3.2 and include tributaries of the Willamette, Lewis, Hood, Klickitat,
and Deschutes rivers. Each nearby donor stock is located a considerable distance away from the
Clackamas River Subbasin and in many cases the presence of migration barriers make natural
recolonization highly unlikely. Therefore, a translocation would be necessary in order to
reestablish bull trout in the subbasin.

In order to evaluate potential risks to donor stocks, the CRBTWG relied on earlier efforts by the
USFWS to provide the necessary background and theoretical basis for describing bull trout
evolutionary/genetic theory and maintaining genetic diversity asit relates to long-term
persistence of the species. The USFWS's May 2004 publication, “Bull Trout Recovery Planning:
A review of the science associated with population structure and size” (Whitesel et al. 2004),
contains a synthesis of our current understanding of bull trout conservation genetic issuesand is
the basis for examining questions associated with the reintroduction feasibility assessment for the
Clackamas River Subbasin. Appendix D, Genetic Conservation Considerations, is an excerpt
taken from the USFWS' s May 2004 publication by Whitesel et al. (2004).
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In brief, population structure is often complicated and dynamic. Isolated local populations
function autonomously, demographically independent of other local populations. Local
populations that are not isolated may exchange genetic material on aregular basis and be
structured as part of alarger metapopulation. In addition, relatively large groups of local
populations or groups of metapopulations that share an evolutionary trajectory may be structured
as evolutionary (or conservation) units. Effective population size is associated with the
population unit being considered and has both atemporal and spatial element (Allendorf and
Ryman 2002; Waples 2002). When N less than 50 for an isolated population, inbreeding
depression may be expected to occur over relatively few generations (e.g., 2-5 generations).
When N, less than 500 for an isolated population or single metapopulation, 10ss of genetic
variation due to genetic drift may be expected to occur over tens of generations. When Ng less
than 5,000 for an entire species or evolutionary lineage within which some gene flow occurs,
loss of evolutionary potential may be expected to occur over hundreds of generations.

Bull trout specific benchmarks have been developed concerning the minimum Ne necessary to
maintain genetic variation important for short-term fitness and long-term evolutionary potential.
These benchmarks are based on the results of a generalized, age structured, simulation model,
VORTEX (Miller and Lacy 1999), used to relate N to the number of adult bull trout spawning
annually under arange of life histories and environmental conditions (Rieman and Allendorf
2001). In this study, the authors estimated N for bull trout to be between 0.5 and 1.0 times the
mean number of adults spawning annually. Rieman and Allendorf (2001) concluded that an
average of 100 (i.e., 50/0.5 = 100) adults spawning each year would be required to minimize
risks of inbreeding in a population and that 1,000 adults (i.e., 500/0.5 = 1,000) are necessary to
prevent loss of genetic variation due to genetic drift. This later value of 1,000 spawners may also
be reached with a collection of local populations among which gene flow occurs.
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3.3 Synthesis of Potential Donor Populations

This chapter has thus far described several parameters that may be used for the identification of a
suitable donor stock of bull trout for reintroduction into the Clackamas River. These parameters
can be thought of as “filters’ for narrowing the options among available local populations across
the species range. By exploring issues associated with life history strategy, metapopul ation
dynamics, biogeography, and genetic considerations, the CRBTWG has identified bull trout
populationsin the “coastal” lineage as the most likely source for a donor population (see Section
3.2). Any of the coastal lineage local bull trout populations are likely to carry the allelesto
preserve and protect the coastal lineage regardless of localized and specific adaptations.
Although these local adaptations are important, each of the local populationsislikely to contain
the evolutionary potential that is characteristic of the coastal evolutionary lineage. In afurther
refinement, local donor populations from Lower Columbia River tributaries would be most
appropriate (Figure 3.2). The potential Lower Columbia River donor populations of bull trout
include fish in five river basins, the Willamette River, Hood River, Lewis River, Deschutes
River, Klickitat River basins.

Acknowledging that Lower Columbia River tributaries are the most likely candidates for further
consideration, additional refinement includes considerations regarding the 50/500 rule. In order
to utilize the 50/500 rule “filter,” an up-to-date synthesis of current information on the five
potential donor populations was necessary (i.e., population status, abundance, trend, life history
strategies, etc.). Appendix E provides a detailed summary of the donor populations being
considered in the Lower Columbia River, and it summarizes information down to the local
population level in each river basin where that level of detailed information is available. A
summary of the detailed information in Appendix E isprovided in Table 3.1. In Table 3.1, the
best estimate is made for adult abundance of each local population along with a confidence
rating for the data available to arrive at that estimate. Additionally, expected heterozygosity
(from Spruell et al. 2003), and population trend (2000 to 2005) information are displayed. Table
3.1 presents data and information as it has been collected, and for several local populations data
arerefined at a much finer scale.
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Table 3.1. Summary of Potential Local Donor Populations from Five River Basins in the
Lower Columbia River Portion of the Coastal Evolutionary Group.

Adult
Abundance
& Data Expected Population
Local Confidence | Heterozygosity | Trend
Population Rating (from Spruell (2000 to
Name (A,B,C)* et al. 2003) 2005) Comments **

Willamette River Basin (McKenzie River Subbasin

—three local populations

Mainstem

Adult abundance estimate based on 3yr.
average (2003 to 2005) generated by redd

McKenzie 130 (A) .183 Dselz:glirrllte counts at 2.0 fish p/redd. 61 redds observed in
River 2005 (Anderson Creek, Olallie Creek and
mainstem McKenzie River combined).
Adult abundance estimate based on 3yr.
South Fork .
McKenzie Slight average (2003 t'o 2005) gengrated from Vaki
) 40 (A) .106 Riverwatcher, video, & trapping. 35 redds & 50
River — above Increase L .
individual spawners documented in 2005
Cougar Dam - !
(Roaring River).
Upper Adult abundance estimate based on 3yr.
M?:pKenzie average (2003 to 2005) generated by redd
) Slight counts at 2.0 fish p/redd. 19 redds observed in
River — above 38 (B) Unknown k and O
Trail Bridge Increase 2005 (Swgetwater Creek an McKenZ|e River
Dam above Trail Bridge Dam combined). See Table
E2 (and footnote) in Appendix E.
Hood River Basin —two local populations
Clear Branch Adult abundance estimate based on 3yr.
_ Upstream of Sliaht average (2003 to 2005) generated by redd
P 42 (B) .238 9 counts at 2.0 fish p/redd. 31 redds observed in
Clear Branch Increase .
2005 (Pinnacle and Clear Branch creeks
Dam ;
combined).
Hood River —
downstream of Bull trout detected in very low numbers, limited
Clear Branch Unknown (C) Unknown Unknown information and data available at the local
Dam & population level.
tributaries
Lewis River Basin — three local populations
Elunsehag?eek Adult abundance estimate based on 3yr.
Local average (2002 to 2004) generated by
. . mark/recapture studies in Swift Reservoir.
Populations 996 (B) .249 Increasing : : : .

; Adult population estimate combines Pine and
Combined . ) .
(Swift Ru_sh creek populat_lon_s._ Adult_populatlon size

. estimated at 1,287 individuals in 2004.
Reservoir)
Cougar Creek Adult abundance estimate based on 3yr.
(Yale 107 (B) 211 Unknown averliilge (20|(()3I-2005). (_Zognts generatlc(sdeyl/
Reservoir) weekly snorkel counts in Cougar creek (July-

Nov.).
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Table 3.1 Summary of Potential Local Donor Populations from Five River Basins in the
Lower Columbia River Portion of the Coastal Evolutionary Group (continued).

Adult
Abundance
& Data Expected
Local Confidence Heterozygosity Population
Population Rating (from Spruell et | Trend (2000
Name (A,B,C)* al. 2003) to 2005) Comments**
Lower Deschutes River Basin — two local populations
Adult abundance estimate generated by redd
Stable — but counts, weir trapping & video. Though 5-year
W N trend is stable, the 2005 redd count (n=56)
arm 100 to 150 256 significant was the lowest since surveys began in 1998
Springs River (A) ’ 2005 decline S Urveys beg :
in redd #s CTWSR biologists estimate the current adult
’ population to be approximately 100 to 150
individuals.
Adult abundance estimate generated by redd
counts, weir trapping & video. Though 5-year
trend is stable, the 2005 redd count (n=27)
Stable — but | Was the lowest since surveys begar_1 in 19_9_8.
200 to 250 significant Video recorded 238 adult fish entering Shitike
Shitike Creek A) .082 2005 decline Creek March-Septe_mber 2005. I_-I_owever, 100
inredd #s. | Were recorded moving out of Shitike Creek

prior to spawning perhaps due to artificial
passage barriers) The 2005 redd count
represents a decline of 86.8% from the 2002
high of 204 redds

Lower Deschut

es River Basin (Metolius River Sub

basin) — three interacting local populations

Whitewater Creek was not surveyed for redds
in 2005 due to poor water clarity during

Whitewater spawning season. Last accurate redd counts
River 50(B) 106 Unknown occurred in 1998 (n=14) and 1999 (n=30).
CTWSR biologists estimate the current adult
population to be approximately 50 individuals.
Jefferson Adult abundance estimate based on 5yr.
' average (2001 to 2005) generated by redd
Candle, and X
Abbot River . counts (2.3 fish p/redd). 92 redds were
Complex 299 (A) .207 Increasing | observed in 2005.
P Adult abundance estimate for Candle Creek
Jefferson
. based on 5yr. average (2001-2005) generated
Creek 340 (A) Unknown Increasing -
by redds counts (2.3 fish p/redd). 124 redds
Candle Creek >
were observed in 2005.
Adult abundance estimate based on 5yr. average
374 (A) Unknown Increasing (2001 to 2005) generated by redd counts (2.3 fish
Canyon, Jack, p/redd). 146 redds were observed in 2005.
Heising, and Adult abundance estimate based on 5yr. average
Mainstem 318 (A) Unknown Increasing (2001 to 2005) generated by redd counts (2.3 fish
Metolius River p/redd). 196 redds were observed in 2005.
Complex Adult abundance estimate based on 5yr. average
508 (A) .158 Increasing (2001 to 2005) generated by redd counts (2.3 fish
Canyon Creek p/redd). 221 redds were observed in 2005.
Roaring Creek Adult abundance estimate based on 5yr. average
Jack Creek 86 (A) Unknown Increasing (2001 to 2005) generated by redd counts (2.3
Heising fish p/redd). 65 redds were observed in 2005.
Cr./Spring Adult abundance estimate based on 5yr. average
Me_tollus River (2001 to 2005) generated by redd counts (2.3 fish
mainstem 34 (A) Unknown Stable p/redd). 22 redds were observed in 2005.
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Table 3.1 Summary of Potential Local Donor Populations from Five River Basins in the
Lower Columbia River Portion of the Coastal Evolutionary Group (continued).

Adult
Abundance &
Data Expected
Local Confidence Heterozygosity Population
Population Rating (from Spruell et | Trend (2000
Name (A,B,C)* al. 2003) to 2005) Comments**

Klickitat River Basin

Little data currently available. Bull trout

West Fork juveniles have been observed in the West Fork
Klickitat Unknown (C) Unknown Unknown of the Klickitat River as recently as 2001. Bull
River trout in the Klickitat Basin may exhibit resident

behavior, rather than fluvial.

* A =High Confidence (comprehensive redd counts, weir/screw trap counts on spawning tributaries, use of PIT
tagging, video and/or VAKI fish counters).

B = Moderate Confidence (redd counts on index reaches, mark/recapture studies, some extrapolation of datato
reach estimated abundance.

C = Low Confidence (very little survey data or redd counts, few observations of adult fish, little or no documented
spawning.

** Where possible, adult abundance estimates were generated from redd counts utilizing established fish per redd
ratios (i.e., South Fork McKenzie and Metolius bull trout populations). However, if fish per redd data were not
available, then a default of 2.0 fish per redd was used (Hood River, mainstem McKenzie River and Trail Bridge bull
trout populations).

Although adult abundance is useful in examining population status, N is a more informative
metric to consider. Recall from section 3.2 and Appendix D, the best estimate of N for most bull
trout populations is thought to be between 0.5 and 1.0 times the mean number of adults returning
to spawn (Rieman and Allendorf 2001). This correlates to adult spawning abundances of 100 and
1,000 (using the more conservative value of N¢/0.5). Thus, one hundred spawning adults are
needed to reduce the risks of inbreeding and 1,000 spawning adults are needed to maintain
genetic variation (i.e., reduce genetic drift). Unfortunately, little information exists to accurately
determine N for Lower Columbia River bull trout populations. The best available information
(i.e., spawning adult abundance as a function of redd count data) and how population abundances
were determined is displayed in the comments column of Table 3.1.

The CRBTWG evaluated each local population and groups of interacting local populations of
bull trout within the five river basinsin the Lower Columbia River as a potential donor based on
current status and trend (Table 3.1). Bull trout from two of the five river basins, Lewis River and
Deschutes River, contain groups of interacting local populations that meet or exceed abundance
criteria (approximately 1,000 spawning adults, see Table 3.1) and would confer alow level of
genetic risk due to reduced effective population size (Ne). For the Lewis River Basin, this
includes the combined Pine Creek and Rush Creek local populations that occur above Swift
Dam. For the Deschutes River Basin, thisincludes the three interacting local populations present
in the Metolius River Subbasin.
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In alocal population or group of interacting local populations that contain a total spawner
abundance in excess of 1,000 individuals, thereislower “genetic” risk (i.e., loss of unique alleles
or reduction in heterozygosity to the donor population) associated with removal of an appropriate
number of individuals. In the case of the Pine Creek and Rush Creek local populationsin the
Lewis River Basin, this low risk assumes that the donor population is able to maintain its current
abundance while serving as a donor stock. The Pine Creek and Rush Creek local populations
display an abundance trend with a positive trgjectory since 1994, increasing the CRBTWG's
confidence in the genetically low risk ranking for these two combined local populations.
Furthermore, the expected heterozygosities observed in bull trout samples from the Lewis River
Basin are comparable to values observed for bull trout elsewhere (Neraas & Spruell 2004,

Spruell et al. 2003). That is, there are relatively low levels of intrapopulation variation, but high
levels of interpopulation variation. In particular, the expected heterozygosity for the combined
Pine Creek and Rush Creek local populations was found to be 0.249 (see Table 3.1) (Spruell et
al. 2003) and in amore recent study, 0.330 (Neraas & Spruell 2004). For the loci examined, the
expected heterozygosity isthe highest of all the lower Columbia River tributaries for which there
is data available. Although bull trout sampled from two different local populations, Pine Creek
and Rush Creek, show differentiation (Fst = 0.188, Neraas & Spruell 2004), thislevel of
discreteness is not unexpected given that Pine Creek experienced significant mudflows during
the eruption of Mt. St. Helensin 1980. Bull trout in Pine creek likely experienced a severe
genetic bottleneck due to extremely low numbers of individuals (i.e., the founder effect). Ina
population structure estimate using the program STRUCTURE, 11 to 18.5 percent of individuals
were assigned to the opposite creek (i.e., bull trout collected in Pine Creek were
assigned/grouped to individualsin Rush Creek and the converse) (Nerass & Spruell 2004). Even
after this catastrophic event, the expected heterozygosity of bull trout sampled from Pine and
Rush creeks were 0.277 and 0.240, respectively, and are still among the most genetically diverse
and resilient local populations of bull trout in the Lower Columbia River Basin.

Having information regarding potential gene flow (i.e., migration and exchange of alleles
between local populations) can significantly alter how to view the level of genetic risk associated
with serving as a donor. Table 3.1, divides the Deschutes River Basin into Lower Deschutes
River Basin and Lower Deschutes River Basin (Metolius Subbasin). The Metolius River
Subbasin contains three interacting local populations, for which thereis likely gene flow between
these local populations given their close geographic proximity. Because bull trout typically
display low levels of intrapopulation variation there is reason to expect that there is gene flow
among the three Metolius River Subbasin local populations. As part of alarger study of Metolius
River bull trout (Ratliff et al. 1996), a radio-tagging effort was implemented that reveal ed
information regarding spawning fidelity. Of 127 recaptures of spawning adults tagged during
previous spawning migrations, eight bull trout were documented changing spawning tributaries.
Although spawning tributary fidelity was not the goal of the study, the results suggest that at
least six percent of bull trout strayed during the study period (1993-1994). This straying provides
additional support that there is gene flow among the three bull trout local populationsin the
Metolius River Subbasin even in the presence of high natal stream fidelity.
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For the above reasons, it is likely the metapopul ation dynamics of the Metolius River Subbasin
bull trout result in an adult abundance value that is a combination of all three local populations
(i.e., adult abundance of approximately 2,009 adults). Because thereislikely significant
connectivity among the Metolius River Subbasin local populations, the reproducing adult
abundance value (higher than any other in the coastal lineage) suggests that the Metolius River
Subbasin bull trout are the least “at risk” of the potential donors and would likely serve asan
acceptable donor stock with avery low chance of adverse impacts genetically. To verify this
conclusion, the USFWS along with other partners are implementing a study that will characterize
the genetic discreteness of each of the Metolius River Subbasin local populations of bull trout.
Study results are expected in the winter of 2007.

The majority of local populations examined for use as potential donor stock have a higher risk of
reduced genetic fitness associated with the removal of individuals. Within these higher risk local
populations thereis a higher level of concern in regard to negatively impacting the genetic
fitness of the donor population and there is greater uncertainty in regard to whether enough
donors would be available to confer long-term persistence for the newly founded population in
the Clackamas River (i.e., loss of fithess through inbreeding depression/founder effects). Local
populations included in this higher risk category include: South Fork McKenzie River, Upper
McKenzie River, Clear Branch, Hood River, Cougar Creek, and West Fork Klickitat River.
Many of the potential local populations currently have a high level of risk for reduced genetic
fitness and fail to meet the minimum criteria necessary to preclude the immediate negative
effects of inbreeding depression (i.e., less than 100 spawning adults derived from the 50/500
rule).

As expected, there are also potential local populations that are intermediate to the low and high
risk populations. Local populationsincluded in thisintermediate risk category include:
Mainstem McKenzie River, Warm Springs River, and Shitike Creek. These local populations
have adult abundance levels between 100 and 1,000. These intermediate-risk potential local
populations require further consideration as there is much variability within the category. For
example, the Mainstem McKenzie River Local Population is estimated at approximately 130
spawning adults, which is more than the 100 adult criteria that may be considered at an elevated
risk for experiencing accelerated rates of inbreeding depression or loss of diversity as the result
of removing individuals. On the other hand, the Shitike Creek Local Population is larger and
estimated between 200 and 250 adults. In contrast, the Shitike Creek Local Population would be
less likely to experience the loss of unique alleles or experience areduction in heterozygosity as
aresult of removing a discrete number of individuals. There is agradient of risk associated with
each local population of bull trout that fall in the adult abundance category of 100 to 1,000
individuals, with risk decreasing as adult abundance approaches 1,000 individuals.
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It is also important to consider factors other than reproducing adult abundance (100/1,000) or
other surrogates of Ne. Adult abundance trends or trajectories observed for local populations are
an important consideration. Keeping with the example above, the Mainstem McKenzie River
Mainstem Local Population has been experiencing a slightly downward trend over the past five
years. Trends in abundance help further refine the level of risk associated with use of alocal
population or groups of interacting local populations as a donor stock. Information regarding risk
can also be informed by examining the expected levels of heterozygosity for each local
population (Spruell et a. 2003) found in Table 3.1, or by other metrics such as Fg which isthe
reduction in heterozygosity of alocal population due to genetic drift (Hartl 1988) and can be
used as an indicator of relative levels of gene flow. Thisinformation can provide insight
regarding the dynamics or interactions between local populations.

3.4 Summary and Conclusions

After considering the information regarding the evolutionary lineage of bull trout, current
demographic trends, connectivity, potential for gene flow, and expected levels of heterozygosity
within bull trout local populations, two river basins contain interacting local populations that
likely contain the necessary characteristics and associated low level of risk (both
demographically and genetically) to serve as donor stocks for areintroduction into the
Clackamas River. The purpose of this chapter is not to rank potential donor stocks for
reintroduction into Clackamas River, but rather, highlight the theoretical basis and current
synthesis of information in such a manner to identify relative levels of risk to each donor.

The two river basins containing local populations that likely have the lowest level of genetic risk
(i.e., loss of unique alleles or reduction in heterozygosity) associated with serving as donors
include bull trout from the Lewis River Basin (Pine Creek and Rush Creek local populations)
and the Lower Deschutes River Basin, Metolius River Subbasin (Whitewater River; Jefferson,
Candle, and Abbot River Complex; and Canyon, Jack, Heising, and Mainstem Metolius River
Complex local populations). It isimportant to note that the Metolius River Subbasin local
populations are considered at low risk for detrimental genetic effects only if they are grouped
together, which appears to be appropriate as described in Section 3.4. As such, any efforts
utilizing Metolius River Subbasin bull trout as a donor stock must include a carefully crafted
implementation strategy that does not place a disproportionate amount of pressure (i.e.,
extraction) on asingle local population. If areintroduction effort into the Clackamas River is
pursued, these options will need to be further evaluated depending on the specific strategy of
implementation.

In addition to the low risk potential donor populations, the synthesis provided herein also
suggests there are local populations of bull trout in the costal lineage that have an elevated level
of risk associated with serving as donor stocks. At intermediate level of risk for harmful genetic
drift are the following local populations. Mainstem McKenzie River, Warm Springs River, and
Shitike Creek. At higher risk, and likely not suitable for serving as donor stocks include the
following local populations: South Fork McKenzie River, Upper McKenzie River, Clear
Branch, Hood River, Cougar Creek, and West Fork Klickitat River. Not only might there be an
elevated level of concern in regard to negatively impacting the genetic fitness of these higher risk
local populations, but it is likely that not enough individuals would be available to confer long-
term persistence for the newly founded loca population in the Clackamas River.
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Chapter 4 — Ecological Interactions and Food Web
Considerations

Chapter 4 considers food web dynamics and important ecological interactions in the Clackamas
River Subbasin, and how these may relate to the reintroduction of bull trout. The key questions
addressed in this chapter include:

e What are the potential interactions between bull trout and nonnative brook trout and their
implications for reintroduction of bull trout into the Clackamas River?

e What are the potential interactions between bull trout and other native fish species present in
the Clackamas River?

e What isthe nature of the prey base in the Clackamas River that would be needed to support
abull trout reintroduction?

e What are the fish diseases and pathogens of concern regarding atranslocation of bull trout
from one or more potential donor stocks into the Clackamas River?

4.1 Potential Interactions Between Bull Trout and Nonnative Brook
Trout and Implications to a Reintroduction of Bull Trout in the
Clackamas River

Brook trout (Salvelinus fontinalis), a char native to eastern North America, have been introduced in
cold water streams and |akes throughout western North America (MacCrimmon and Campbell
1969; Meehan and Bjornn 1991) and they have successfully invaded many waters beyond where
they were intentionally stocked. The majority of these introductions were intended to provide
recreational fisheries (Dunham et al. 2004), especially in high mountain lakes previously devoid of
fish, many with outlets to downstream environments inhabited by native trout. A growing body of
evidence suggests nonnative trout can substantially change aquatic ecosystems wherever they are
present (Simon and Townsend 2003) as well as threaten native fish through competition, predation
and hybridization. However, the popularity of recreational fisheries, and the difficulty of eradicating
established populations of nonnative species, suggests nonnative trout will remain in many aquatic
ecosystems into the foreseeable future (Dunham et al. 2004).
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Brook trout are widespread throughout the native range of bull trout and are considered an
important threat to the persistence of bull trout (Rieman et al. 1997). The influence of nonnative
brook trout on bull trout may depend in part on local habitat features. Rich et a. (2003) examined
the influence of habitat features on the distribution and co-occurrence of nonnative brook trout and
bull trout. The study suggested that bull trout and brook trout may partition themselves naturally
based on habitat type and stream temperature, and that bull trout may be more susceptible to brook
trout invasion in small, low-gradient streams where brook trout may have a competitive advantage
(Nagel 1991, Paul and Post 2001). Brook trout appear to adapt better to degraded habitats and
higher water temperatures than bull trout (Clancy 1993, Dunsmoor 1997, Rich 1996). Yet in areas
of clean, cold water with complex habitat, bull trout may successfully compete with brook trout
(Paul and Post 2001; Dunham and Rieman 1999; Dunham et al. 1999).

Hybridization is most common where isolated or remnant bull trout populations overlap with brook
trout (Cavender 1978; Leary et al. 1983, 1991; Markle 1992). Small resident populations are
particularly susceptible to hybridization from co-occurring brook trout because individuals of
spawning age are similar in size, and both spawn in the fall and utilize similar spawning habitat.

Stocking of nonnative brook trout for recreational angling began in the Clackamas River in the early
1900s, and continues today in high elevation lakes. Over time, some lakes have developed naturally
reproducing populations of brook trout while others require regular stocking. Past stocking in lakes
with outlet streams has resulted in self-sustaining populations of brook trout in some streams in the
Clackamas River Subbasin.

Specific Areas of Concern with Brook Trout Present

Stream surveys and biological inventories completed by USFS fish biologists over the last two
decades provide areliable source for documenting observations of brook trout in particular river
segments and streams. However, little to no quantitative data exists to characterize their abundance
relative to that of native species. Given the lack of systematic, quantitative surveys for brook trout,
the CRBTWG was only able to map brook trout presence by identifying the river and stream
segments where they have been observed (Figure 4.1). Brook trout have been observed in one of the
six patches containing suitable bull trout spawning and rearing habitat; Patch 3 Upper Clackamas
River (above Cub Creek). Within Patch 3, brook trout have been observed in Squirrel and Ollalie
creeks, and in the upper Clackamas River above its confluence with Squirrel Creek, representing
approximately six of the 20 miles (30 percent) of suitable bull trout spawning and rearing habitat in
this patch. This corresponds to less than 10 percent of the total available bull trout spawning and
rearing habitat in the six habitat patchesidentified in Chapter 2.

Brook trout originated in the river segments and streams shown in Figure 4.1 from historic stocking
in headwater, mountain lakes with tributary outlets. Brook trout were repeatedly stocked over many
decades by ODFW in various lakes throughout the Ollalie Lakes complex and in other |akes that
feed Ollalie and Squirrel creeks. Beginning in 2003, a coordinated effort was begun between
ODFW and the USFS that led to a discontinuation of stocking brook trout into lakes with tributary
outlets to the upper Clackamas River and its tributaries containing suitable bull trout spawning and
rearing habitat.
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Figure 4.1. Brook Trout Presence in the Upper Clackamas River Subbasin.
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4.2 Adequacy of Prey Base to Support a Reintroduced Bull Trout
Population

Bull trout are opportunistic feeders and if reintroduced into the Clackamas River would likely prey
on avariety of native and nonnative fish species. In many locations, mountain whitefish (Prosopium
williamsoni) are a preferred bull trout prey species and in the Clackamas River watershed adult
mountain whitefish are commonly found in large pool habitats of the Clackamas and Collawash
rivers (Murtagh et al. 1992, Ratliff 2003, Beauchamp and Van Tassel 2001, Pratt 1992, Bergamini
2005). Largescale sucker (Catostomus macrocheilus) is aso common in larger pool habitatsin this
watershed (Bergamini 2005). Large numbers of anadromous salmonids rear as pre-smoltsin the
upper Clackamas River. The five year average for smolt outmigrants annually passing North Fork
Dam (all anadromous species 2001-2005) was 139,152 smolts (PGE 2001, 2002, 2003, 2004, 2005).
Older juvenile and adult bull trout would be expected to prey upon rearing juvenile anadromous
salmonids. Resident coastal cutthroat trout (Oncorhynchus clarki clarki), sculpin (genus Cottus),
and a diverse assemblage of aquatic macroinvertebrates are found in abundance in many of the
smaller tributary streams within the Clackamas River Subbasin and also would likely be preyed
upon by bull trout.

Fish Species Found in the Clackamas River

If reintroduced, bull trout would add to the already highly diverse assemblage of fish species, native
and nonnative, found in the Clackamas River Subbasin. The Clackamas River supports naturally
reproducing populations of early and late-run stocks of coho salmon (O. kisutch), spring Chinook
salmon (O. tshawytscha), and winter steelhead (O. mykiss), all of which are federally listed as
threatened under the ESA. A small, remnant run of fall Chinook salmon utilize the lower Clackamas
River and asmall population of sea-run coastal cutthroat trout also persistsin this part of the
subbasin. The upper subbasin, above PGE’s North Fork Dam, is managed as awild fish sanctuary
and all anadromous salmonids identified as hatchery origin (i.e., those that are adipose fin clipped),
are captured at the North Fork Dam fish trap and prevented from migrating past the dam. Pacific
lamprey (Lampetra tridentata) also occur upstream of North Fork Dam.

Downstream of North Fork Dam, hatchery produced spring Chinook, coho, and winter and summer
steelhead are released each year at a number of locations. Other fish species present throughout the
subbasin include resident and fluvial cutthroat trout, rainbow trout, mountain whitefish, largescale
sucker, Pacific lamprey, sculpin, mountain sucker (C. platyrhynchus), longnose dace (Rhinichthys
cataractae), western brook lamprey (L. richardsoni), northern pikeminnow (Pytchocheilus
oregonensis), chisel mouth (Acrocheilus alutaceus), redside shiner (Richardsonius balteatus),
threespine stickleback (Gasterosteus aculeatus), and peamouth (Mylocheilus caurinus). Introduced
exotic fish species, such as bluegill (Lepomis macrochirus), pumpkinseed (L. gibbosus), brown
bullhead (Ameiurus nebulosus), American shad (Alosa sapidissima), smallmouth bass (Micropterus
dolomieu) and other species are encountered in some habitats in the lower watershed below
Rivermill Dam (Murtagh et a. 1992).

Chapter 4 - 4



Chapter 4 — Ecological Interactions and Food Web Considerations

Recovery of Anadromous Species in the Upper Clackamas River Subbasin During the Early 1900s
After the Rebuilding of Cazadero Fish Ladder

Salmon and steelhead populations in the Clackamas River declined dramatically in the early 1900s
as aresult of intense pressure from commercial fisheries, egg-taking practices for hatchery
supplementation, and hydropower development. The most significant declines resulted from failure
of the fish ladder at Cazadero Dam in 1917, which resulted in a complete blockage of passage into
the upper portion of the subbasin. The original fish ladder at Cazadero partially functioned to pass
fish from 1905 to 1917, although it was racked by local hatchery managers for egg-taking purposes.
Most of the egg-taking focused on Chinook, and it is not clear from records and documentation
whether coho and steelhead were allowed to pass. It is possible that few, if any, fish passed into the
upper Clackamas River Subbasin between 1905 and 1917, and there was no passage from 1917 to
1939 (Cramer and Cramer 1994).

In 1939, the fish ladders at Cazadero and Rivermill dams were re-built, restoring passage to historic
spawning and rearing areas in the upper subbasin (Taylor 1999). Restoration of passage, combined
with reductions in egg-taking for hatchery production, greatly increased the number of adult salmon
and steelhead that successfully reached natural spawning habitat in the upper subbasin. Cazadero
Dam failed in January 1965 and was rebuilt later in the year and renamed Faraday Diversion Dam
(Cramer and Cramer 1994).

PGE constructed the North Fork Dam along with the 1.7 mile long North Fork fishway in 1958. The
fishway alows fish to migrate past both the Faraday Diversion Dam and North Fork Dam. At North
Fork Dam, downstream migrants are diverted into ajuvenile bypass pipeline that provides passage
around the North Fork, Faraday, and Rivermill dams. Downstream migrants that are not diverted
into the bypass pipeline must pass through turbines or over the spillways at the dams. The
construction of North Fork Dam and the associated fish ladder and downstream migrant pipeline
substantially increased anadromous fish production in the upper portion of the subbasin (Cramer
and Cramer 1994).

Despite modifications to hatchery operations and improvements implemented at the mainstem
hydroel ectric dams, alarge amount of land development in the lower Clackamas and Willamette
rivers began in the 1940s and is thought to have limited the recovery of anadromous fish due to
habitat degradation. Increasesin road construction and development in the upper portion of the
subbasin also occurred during this timeframe, and also reduced the amount and quality of spawning
and rearing habitat available. Development of new roads into the upper subbasin was coupled with
large increases in the harvesting of timber. By 1954, timber harvest occurred on more than 29
percent of the upper subbasin and, combined with other development activities, reduced the quality
and quantity of fish habitat (Taylor 1999).
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By the 1950s, anadromous salmonid runs began to rebuild primarily through natural production in
the upper subbasin. Coho salmon and steelhead recovered more quickly than spring Chinook since
they were not the focus of hatchery production and had more opportunity to utilize habitat in the
lower subbasin below hatchery egg racks and hydroelectric dams. The USFWS operated afish trap
at the exit of Rivermill Fish Ladder for five years beginning in 1950 and documented the improving
fish runs (Taylor 1999). During the five-year period, coho counts numbered 416, 741, 1,378, 1,122,
and 1,155, respectively; steelhead counts numbered 1,484, 1,954, 1,559, 1,616, and 950,
respectively; and Chinook counts numbered 366, 496, 668, 533, and 407, respectively (Taylor
1999). Figure 4.2 shows counts of winter and summer steelhead from the period of 1963 through
2005. Figure 4.3 shows counts of spring Chinook and coho from the period of 1950 through 2005.
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Figure 4.2. Adult Steelhead Fish Counts at North Fork Fish Ladder from 1963 to 2005.
[Winter steelhead were counted by run year from November to October, and summer
steelhead are counted by calendar year. Summer steelhead were not counted prior to 1972,
since they were introduced in 1970.]

Winter Seelhead

The number of adult winter steelhead passing North Fork Dam peaked in the early 1970s with 4,349
fish passing in 1971. Winter steelhead numbers declined between 1971 and 1999 with alow of 156
winter steelhead passing in 1999. The dramatic declinein returning adultsislikely dueto a
combination of harvest and freshwater habitat-related impacts combined with extremely poor ocean
survival. Recent returns have rebounded in part due to protections afforded by the ESA listing of
steelhead in 1998. Improved ocean survival also played arolein the increase of adult winter
steelhead that passed North Fork Dam since 1999. Over the past five years, an average of 1,187
winter steelhead passed North Fork Dam with a maximum of 2,073 fish passing in 2004. Despite
recent gains between 2001 and 2005, only 429 wild winter steelhead were seen at the North Fork
fish trap in 2006.
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Figure 4.3. Adult Spring Chinook and Coho Fish Counts at North Fork Fish Ladder from
1950 to 2005. [Spring Chinook runs for each year are counted from August to July; coho are
counted from March to April. No data available for 1956.]

Soring Chinook

Spring Chinook did not recover for anumber of years after passage was restored to the upper
Clackamas River Subbasin. Between 1950 and 1979, the number of spring Chinook passing North
Fork Dam averaged 393 fish, with alow count of 25 adultsin 1957 and a high count of 909 adults
in 1969. The low escapement of spring Chinook was likely due to a number of reasons, including
intense harvest pressure from commercial and sport fisheries, hatchery egg-taking procedures,
degradation of habitat, and poor out-migrant survival.

Adult spring Chinook escapement began to increase substantially after 1980, when the first adult
returns from the present-day Clackamas River fish hatchery returned to the subbasin. In 1980, the
combination of hatchery and wild spring Chinook adults passing North Fork Dam was 2,188 fish.
Hatchery and wild fish could not be distinguished from one another until 2002 due to the lack of
external marking on all hatchery produced fish. Combined returns of hatchery and wild spring
Chinook counted at North Fork Dam between 1980 and 2001 averaged 2,437 fish, with alow count
of 888 adultsin 1996 and a high count of 4,584 adults in 1991. Between 2002 and 2005, the number
of wild spring Chinook averaged 3,447 fish, with alow count of 2,170 adultsin 2002 and a high
count of 5,236 adults in 2004. During the same time period, the number of hatchery origin spring
Chinook counted at North Fork Dam averaged 5,088 fish, with alow count in 2005 and a high
count in 2004.
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Coho Salmon

Two separate stocks of coho salmon occur in the Clackamas River Subbasin. The early-run stock is
present throughout the subbasin and islikely descended from hatchery releases primarily from the
Eagle Creek National Fish Hatchery. The early-run stock spawns from October through November.
Early-run coho juveniles or adults have not been released in the Clackamas River above North Fork
Dam since 1980 and 1972, respectively (Murtagh 1992). The late-run, or wild stock, is separated
spatialy and temporally from the early-run stock. The late-run stock spawns in the upper portion of
the subbasin above North Fork Reservoir from December through March.

The number of coho adults passing North Fork Dam from 1950 through 1958 averaged about 1,100
fish. Coho counts at North Fork Dam increased to an average of 2,088 adults after production from
the Eagle Creek National Fish Hatchery began to return to the subbasin. The number of returning
coho has been highly variable over the past 50 years, averaging 1,889 adults with alow count of 87
adultsin 1996 and a high count of 5,530 adultsin 2001. Adult coho counts reached an extremely
low level in the late-1990s due to poor ocean survival combined with harvest effects from the
commercial and sport fisheries. However, adult coho counts rebounded by 2001, reaching the
highest recorded. One major change has been a shift in the overall contribution of the two coho
stocks. The late-run coho stock used to be the stronger of the two stocks, dominating the overall
returns. However, the early-run stock presently comprises a greater proportion of the overall return.
It is believed the early-run stock takes advantage of an expanded spawning distribution in the Big
Bottom area resulting from warmer water temperatures throughout the upper subbasin during mid-
fall months.

Fall Chinook

Historically, the Clackamas River is believed to have had a substantial run of fall Chinook salmon
(Fulton 1968). There are limited references to fall Chinook likely due to the overwhelming
importance of spring Chinook salmon in the subbasin and confusion over identification of fall
versus spring Chinook at hatcheries and counting stations (Murtagh 1992).

Fall Chinook are known to have spawned above the town of Estacada prior to development of the
North Fork Hydroelectric Project (Fulton 1968). The impacts from loss of upstream fish passage at
Cazadero Dam in the early 1900s, combined with extensive harvest in lower Columbia and
Clackamas river terminal fisheries, likely reduced the fall Chinook population to very low numbers.
Native fall Chinook in the Clackamas River Subbasin were likely extirpated during this time period
but have since been replaced with a“tule” stock, first released in the subbasin in 1952 (Murtagh
1992). Currently, it is estimated that between 300 and 600 “tule” fall Chinook naturally reproduce
in the lower subbasin below Rivermill Dam.
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Cutthroat Trout

Very little is known about the status and life history of sea-run cutthroat trout in the Clackamas
River Subbasin (Murtagh 1992). There is limited evidence of sea-run cutthroat trout passing
upstream at Rivermill or North Fork dams according to historic documentation and trap counts by
PGE staff. However, there is some evidence of sea-run cutthroat trout presence in tributaries to the
lower subbbasin, based on smolt trap monitoring of Clear, Deep, and Eagle creeks by the USFS.
Unfortunately, there has been little effort made to monitor the life history and population trends of
cutthroat trout.

4.3 Potential Bull Trout Interactions with Native Fish Species, Predatory
Behavior, Dietary Composition, and Consumption Rates of Bull
Trout

Bull Trout Interactions with Native Fish Species in the Clackamas River

The intent of this section is to provide information on potential interactions between a reintroduced
population of bull trout and other native fish species within the Clackamas River, with emphasis on
interactions between bull trout and other salmonids (i.e., coastal cutthroat trout, rainbow trout,
steelhead, Chinook, and coho). The focus on interactions between bull trout and other native
salmonids in the Clackamas River is driven not only by the recreational and economic values put on
these species by the general public, but also by concerns regarding recovery of other ESA listed fish
species in the subbasin.

Unfortunately our current understanding of predator/prey relationships between bull trout and other
speciesislimited, asisinformation on general interactions between bull trout and anadromous fish.
Underwood (1995) examined interactions between Chinook, steelhead, and bull trout. However, the
life history strategy utilized by the bull trout population studied was resident (piscivory was not the
primary feeding strategy) and no predator/prey relationships were noted. Instead the study focused
on examining and confirming habitat partitioning between the three species, atrait common among
species that evolve together. Habitat partitioning among sympatric species allows the utilization of
different resources thereby reducing direct competition. This strategy was documented in several
studies investigating interactions between bull trout and cutthroat trout (Marnell 1985; Nakano et al.
1992) and bull trout and rainbow trout (McPhail and Baxter 1996).

Although few studies have attempted to quantify bull trout predation impacts on sympatric fish
species, the reputation of bull trout as an apex predator is not undeserved as there is an abundance
of literature noting the aggressive piscivorous nature of this species. This reputation led to fish
management actions that for many years included bounties, rotenone treatments, and trap and
removal that ultimately extirpated many populations and in part led to afederal ESA listing of the
species as threatened. Despite these actions there were no attempts that the CRBTWG is aware of to
guantify impacts of bull trout predation on anadromous or resident fish populations, relative to the
array of other variables that determine population sizes such as predation by other piscivorous fish
and birds, sport and commercial angling, habitat conditions, migratory conditions, water quality and
ocean conditions to name afew.
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Bull trout are opportunistic feeders and prey on whatever fish species or aguatic organisms (e.g.,
crayfish, aquatic macroinvertebrates, etc.) are present and in the most abundance. In many rivers
within the native range of bull trout, juvenile anadromous salmonids historically, and in many cases
currently, provide the most significant forage base for bull trout. Over the last century, the decline
in abundance and distribution of anadromous salmonids in many rivers in the western United States
precipitated a forage base shift for many bull trout populations to other fish species. The reduction,
and in many cases complete loss of juvenile anadromous fish within portions of the range of bull
trout has had unknown consequences. In some areas other species may have filled the niche
previously occupied by anadromous fish and bull trout may not have been negatively affected.
Conversely, the forage base in other areas may not have been replaced by other species and bull
trout populations may have responded accordingly by reductions in abundance and distribution.

Within the native range of bull trout, many populations historically and currently overlap with the
distribution of anadromous Pacific salmon. In Oregon, bull trout, Chinook salmon and steelhead
trout co-occur in a number of riversincluding the McKenzie (Willamette River Basin), Hood, John
Day, Warm Springs (Deschutes River Basin), Wenaha, Minam, Lostine and other tributaries of the
Grand Ronde River in northeast Oregon, and in the Walla Walla and Umatillarivers. The status of
Pacific salmon and bull trout in each of these river systems ranges from healthy to depressed.
Although the CRBTWG is not aware of any studies assessing interactions between bull trout and
anadromous fish in these watersheds, it likewise is unaware of any premise that bull trout within
these watersheds are a limiting factor in anadromous fish production.

A reintroduction of bull trout to the Clackamas River would require a Section 7 ESA consultation
between the USFWS and NMFS due to the presence of federally listed anadromous fish in the
Clackamas River that may be impacted by the reintroduction. The biological assessment and
biological opinion developed as part of the consultation process would provide a more in-depth
analysis of potential effects to anadromous fish than is possible in this feasibility assessment. The
CRBTWG anticipates that a biological opinion by NMFS would include recommendations and
guidance for monitoring.

Predatory Behavior and Feeding of Bull Trout

Large bull trout are widely recognized as predators of fish but because of their diverse life history
forms (resident, anadromous, fluvial, and adfluvial) and habitats that range from small mountain
lakesto large turbid, northern Canadian rivers, it is best not to generalize too greatly about food
preferences of these char (Budy et a. 2004; Goetz et al. 2004; Johnston 2005; McPhail and Baxter
1996; Post and Johnston 2002; Wilhelm et a. 1999). Bull trout appear to be opportunistic in their
feeding behavior and prey items range from midges to small mammals. Another element in bull
trout feeding behavior istheir increased activity during periods of low light (Goetz et a. 2004,
Muhlfeld et a. 2003). For example, hydro-acoustic surveys of Lake Chester Morse by the Seattle
Water Department indicated peak activity on dark, moonless nights and little activity by bull trout
during the day (McPhail and Baxter 1996). Bull trout generally appear to be most visible at night
during snorkeling surveys and during day time far fewer bull trout are typically visible (Spangler
and Scarnecchia 2001; Peterson et a. 2002).
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Juvenile Diet and Feeding Behavior

During night snorkeling in Idaho, Spangler and Scarnecchia (2001) found age-0 bull trout rearing in
shallow, low velocity stream margin habitats in the summer. A possible advantage listed for
summer shallow water feeding by small juvenile bull trout (less than 66 mm) was avoiding
encounters with larger piscivorous bull trout and other aquatic predators. Fraley and Shepard (1989)
also found young-of-the-year bull trout distributed more often along stream margins and in side
channel locations in the Flathead River Basin, feeding on Diptera and Ephemeroptera aguatic
invertebrates. Another 1daho study reported juvenile bull trout (70-170 mm) using pools more
frequently than riffle habitat. In this study, other bull trout were apparently not feeding during the
day and could be found hiding in the substrate or resting on the bottom (Bonneau and Scarnecchia
1998).

Juvenile bull trout are generally consumers of aquatic insects (Goetz et a. 2004; Budy et al. 2004;
Fraley and Shepard 1989). Fraley and Shepard (1989) found that bull trout greater than 110 mmiin
the upper Flathead River consumed small trout and sculpin. Underwood et al. (1995) found bull
trout (less than 200 mm) from three southeast Washington streams feeding on a wide range of food
sources including mayfly nymphs, midge larva, rainbow trout, and frogs.

Sub-adult Diet and Feeding Behavior

In general, juvenile and sub-adult fluvial and adfluvial bull trout start to migrate to larger river or
lake habitats after age-2 or 3 and begin feeding on larger prey with fish becoming an increasing part
of their diets (Pratt 1992; Ratliff and Howell 1992). Ratliff et al. (1996) found most Metolius River
bull trout spawned for the first time at age 5 and were at least 450 mm long. Some Metolius River
bull trout did not become adfluvial but reared in the river system in afluvial life history pattern and
spawned earlier at age-4. Some of the age-2 and older bull trout in the Metolius River system did
not continue to disperse downstream from early juvenile rearing habitats but instead moved into
adjacent warmer tributaries not utilized by bull trout for spawning. Ratliff et a. (1996) suggests that
bull trout movement into these warmer tributariesis apparently for feeding opportunities on
abundant sculpin.

In the upper Flathead River in winter, sub-adult bull trout (less than 400 mm) were observed
concealed in deep pools and runs during daylight. At night these same fish were observed leaving
the former habitats and utilizing shallow, low-velocity stream margin habitats during full darkness.
The observers believed that these sub-adult bull trout were feeding on juvenile mountain whitefish
or other small fish found in the shallow margin habitat (Muhlfeld et al. 2003). In the Flathead River,
areas with concentrations of yearling whitefish often were the same locations where sub-adult bull
trout were captured (Pratt 1992).

The opportunistic feeding behavior of sub-adult bull trout also apparently includes cannibalism of
bull trout fry and juveniles (Goetz 1989, Post and Johnson 2002). Observations by Horner in 1978
of bull trout actually digging into the stream substrate to prey on juvenile bull trout and cutthroat
was cited in Spangler and Scarnecchia (2001). In the South Fork Walla Walla and North Fork
Umatillarivers, the rate of bull trout cannibalism was found to be relatively high (Budy et al. 2004)
despite information suggesting that bull trout in both systems feed on a high proportion of aquatic
insects. In Lake Billy Chinook, as much as 10 percent of identifiable prey in sub-adult bull trout
stomachs was cannibalized smaller bull trout (Beauchamp and Van Tassel 2001).
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Adult Diet and Feeding Behavior

Goetz et al. (2004) considers large adult, migratory bull trout “apex predators’ that feed
opportunistically based on what food items are most available at any one time or location. This may
include cannibalism of other bull trout by larger adults (Beauchamp and Van Tassel 2001, Spangler
and Scarnecchia 2001). In northern Canada, large adult bull trout are found in big turbid rivers such
as the mainstem Peace and Laird rivers, feeding as wandering fluvial migrants. McPhail and Baxter
(1996) presumed that the small numbers of widely scattered, large bull trout (some exceeding 900
mm) in these northern mainstem rivers was attributable to their position as top predatorsin these
riverine habitats, where their diet includes suckers, grayling, red backed voles and mice. Adult bull
trout diets can differ greatly depending on the ecosystems and locations they are found in. In
Alberta s Harrison Lake, where bull trout are the only fish present, their diet was primarily small
insects and zooplankton, even for adults (Wilhelm et a. 1999).

Other evidence suggests that adult bull trout change their diet as prey abundance varies. The large
adfluvial bull trout of Lake Billy Chinook Reservoir in Oregon, have adiet largely of fish, with
kokanee salmon and other salmonids (including whitefish) showing the highest percentages as prey
items. Longnose dace, sculpins, and suckers were also prey species regularly selected. Bull trout
utilization of the above prey varied in abundance seasonally. For example, adult bull trout in
autumn preyed heavily on age-2 and age-3 kokanee salmon, while in summer adult bull trout
primarily consumed mountain whitefish (Beauchamp and Van Tassell 2001). Goetz et al. (2004) in
studies of anadromous bull trout in Puget Sound reported, “...anadromous bull trout
opportunistically utilize forage fish species (surf smelt, Pacific herring, and Pacific sand lance)
almost exclusively when they are present in the nearshore marine environments.” Goetz et .
(2004) further concluded that bull trout feeding habits vary according to prey abundance, season,
size, and competition and that bull trout will adjust to utilize the prey sources that are available.

Piscivory By Other Native Fish Species

Although adult bull trout are known for a diet large on fish, it is also important to remember the
context of the other fish they are cohabitating with. Bull trout consume other fish that are capable
themselves of being piscivorous predators. Sculpin, rainbow/steelhead trout, cutthroat trout and
other salmonid species of the Clackamas River are also piscivorous and are known to consume
other fish, including anadromous salmon fry and juveniles. During USFS smolt trapping in the
Clackamas in 2007, wild coho juveniles were documented cannabilizing coho fry. In addition,
juvenile rainbow trout/steelhead smolts were documented foraging on coho fry (Tom Horning,
biologist, USFS, personal comm., 2007). At the yearling stage, coho salmon are known in some
rivers to supplement their insect diets by cannibalizing their own fry or fry of other species. In
California, Chinook salmon fry have been known to be eaten in large numbers by yearling coho
outmigrants. In some locations coho less than 30 mm were heavily preyed upon by torrent sculpins
(Groot and Margolis 1991). Mobrand et al. (2005) in areview of hatchery effects on natural fish
populations, determined that yearling hatchery coho, stream-type Chinook, and steelhead smolts are
the most likely predators on wild salmonid fry because of their larger size when rel eased.
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4.4 Disease Considerations Associated with an Out-of-Basin Transfer
of Bull Trout to the Clackamas River

Unwanted parasites and diseases frequently have been introduced through fish transfers (Hoffman
and Schubert 1984). To avoid these unintended consequences, transl ocations of fishes between
major river basins should be preceded by athorough investigation into the potential transfer of
pathogens from the donor source, as well as the resistance of the donor stock to any known
pathogens present in the receiving habitat.

The development of abull trout reintroduction plan for the Clackamas River would include a
thorough investigation into the potential impact of pathogens on the success of the effort, aswell as
an assessment of risk to other fish speciesin the receiving watershed (Clackamas River). The
USFWS' Lower Columbia Fish Health Center (LCFHC) has offered to provide assistance to the
CRBTWG in addressing fish health concerns if a future reintroduction of bull trout to the
Clackamas River were to occur (Susan Gutenberger, Lower Columbia Fish Health Center, personal
communication, August 2006). In addition to working with the Lower Columbia Fish Health
Center, the CRBTWG would work closely with fish pathologists from the states of Oregon and
Washington to examine, and if necessary collect, relevant disease information.

In considering disease issues in areintroduction, the transfer of wild stocks within their native
ranges presents lower risks (Minckley 1995) due to previous exposure and resistance capabilities to
potential pathogens. All potential donor stocks investigated in this assessment inhabit the lower
Columbia River and thus historically were equally exposed to the same suite of pathogens.
However, artificial propagation and widespread stocking of native and nonnative salmonids
throughout the lower Columbia River over the last century have resulted in unintended
introductions of nonnative pathogens.

In the lower Columbia River, anumber of bull trout populations have been isolated for many years
above impassable dams, including potential donor populations in the Deschutes (Metolius), Hood,
and Lewisriver basins. In many cases their isolation from anadromous fish and other stocked
resident salmonids protected them from exposure to pathogens recently introduced, but not native,
to the lower Columbia River and its tributaries. The isolation of bull trout in the Metolius River
above the Pelton Round Butte Dam Complex provides an example of how fragmentation of the
environment, combined with the biology of the fish pathogens, can influence the character of
disease transmission within a watershed.

The Pelton Round Butte Dam Complex was completed in 1964, effectively cutting off migration of
anadromous salmonids into the Metolius, Deschutes and Crooked rivers above the dam. After
several years of failed efforts to move anadromous fish up and down over the two dams, transport
was abandoned in 1968 in favor of operating a hatchery facility below the dams. In the late 1990s,
studies were initiated to examine the possibility of reintroducing anadromous fish above the dams.
As part of the effort, ODFW conducted a fish disease risk analysis to assess the risk to native
resident fish from reintroducing anadromous fish and their associated organisms into waters above
the Pelton Round Butte Dam Complex (Engelking 2003).
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The study concluded that certain pathogens, in particular, Type 2 strain infectious hematopoietic
cecrosis (IHN) and M. cerebralis (whirling disease) are now present in fish below the dams but not
in fish sampled above them, and that if these pathogens were introduced above the dams native fish
stocks may be at risk. The study noted additional evaluations are underway to further assess the risk
of these pathogens to native fish above the dams.

The information presented in Engelking (2003) underscores the importance of arigorous disease
evaluation prior to implementing afish reintroduction, even when returning fish to historic habitat.
An abundance of information exists on fish pathogens in the Deschutes River Basin due to the
ODFW analysis discussed above, as well as other disease studies associated with the federal
relicensing of the Pelton Round Butte Project dams and the effort to restore anadromous fish
production above the project. Thislevel of information is not available in other basins inhabited by
potential donor stocks for a Clackamas River bull trout reintroduction. However, before selection of
adonor stock and moving forward with implementing a reintroduction, additional analysis would
likely be needed to satisfy state and federal requirements, as well as to provide the best chance of a
successful reintroduction and to ensure the least risk to other fish in the reintroduction area.

4.5 Summary and Conclusions

The evidence that nonnative brook trout can have significant negative effects on bull trout
distribution and abundance is highly variable. In some places, brook trout appear to have a strong
negative impact, whereas in others there is no apparent impact — a situation paralleling impacts of
brook trout on native cutthroat trout (Dunham et a. 2002). The Clackamas River has abundant cold
water, including water temperatures cold enough to potentially limit the success of brook trout
relative to bull trout (Rieman et al. 2006; Benjamin et al. 2007). Although brook trout are found in
the Upper Clackamas River, their distribution is limited to less than 10 percent of the identified bull
trout spawning and rearing habitat where a reintroduction could take place. Brook trout presencein
one of six bull trout habitat patches could influence where translocated bull trout would be stocked,
but the CRBTWG does not believe the limited presence of brook trout would deter the success of an
attempted bull trout reintroduction in the Clackamas River.

Bull trout coexisted with amany of other native fish speciesin the Clackamas River for thousands
of years, likely feeding on avariety of different species. Historically, anadromous Pacific salmon
were likely the most abundant fish in the subbasin and they probably comprised a significant
portion of the bull trout diet. However, current abundance and distribution of anadromous salmon in
the subbasin is reduced from historic levels. Bull trout, if reintroduced, may be more dependent
upon other native species as a prey base, such as mountain whitefish and largescal e sucker, both of
which are present and abundant along with other potential prey such as dace, sculpin, northern pike
minnow, and several species of trout. Available information on bull trout popul ations from other
areas in the Lower Columbia River Basin suggest that, while possibly important, bull trout
persistence is not dependent upon the presence of anadromous salmon.
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Despite evidence that bull trout prey on juvenile anadromous salmonids when they are available, no
data were found that suggests predation is afactor in the status of Pacific salmon across the
hundreds of watersheds where they co-occur in the western United States. Although the distribution
and abundance of Pacific salmon in the Clackamas River is reduced from historical levels, the
remaining native fish assemblage is assumed to be healthy. For these reasons, the CRBTWG
believes there is a sufficient forage base to support a bull trout reintroduction in the Clackamas
River.

Review of available information on interactions between bull trout and other sympatric fish species
suggestsit will be exceedingly difficult to predict in advance the food web effects of a
reintroduction of bull trout into the Clackamas River. The CRBTWG fully anticipatesthat if a
reintroduction occurs and is successful, that some predation of juvenile anadromous fish by bull
trout will occur. However, given that bull trout will also be eating other predators of juvenile
anadromous fish (i.e. resident rainbow and cutthroat trout, pike minnow, and sculpin), it is uncertain
whether the overall impact to anadromous fish will be negative or positive.

Other uncertainties also make predicting food web effects difficult. Although the amount of bull
trout spawning and rearing habitat was quantified in Chapter 2, the carrying capacity of the system
for bull trout (i.e., future abundance) cannot be predicted with any certainty. The actual abundance
and distribution of bull trout within the Clackamas River Subbasin, if reintroduced, and its use of
the watershed for rearing, foraging and overwintering also present additional uncertainty in regard
to predicting food web effects. Finally, the expression of life history form (e.g., resident, fluvial,
adfluvial, or combinations thereof) creates even further uncertainty.

Although the CRBTWG acknowledges a significant amount of uncertainty regarding the food web
effects of areintroduction of bull trout into the Clackamas River, the best available information
suggests the impact to listed anadromous fish and other native fish in the subbasin is unlikely to be
significant. Furthermore, we believe accurately measuring food web effects from a reintroduction of
bull trout would be a difficult, if not impossible endeavor. However, should a means be identified to
accurately measure food web effects, and in particular predation effectsto listed anadromous fish,
than the CRBTWG would further explore this type of monitoring. If areintroduction of bull trout
into the Clackamas River takes place and is later identified through monitoring as alimiting factor
in the recovery of anadromous salmonids, the CRBTWG believes the reintroduction effort is
reversible.
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5.1 Overall Summary

Bull trout were an historic component of the fish assemblage in the Clackamas River Subbasin, a
major tributary in the Willamette River Basin. Once abundant and widely distributed throughout the
subbasin, bull trout are now locally extirpated. Bull trout were listed as threatened under the ESA
by the USFWS in 1998. The 2002 draft bull trout recovery plan specifies completing an assessment
to determine the feasibility of reintroducing bull trout into the Clackamas River Subbasin. This
assessment investigated that feasibility. This assessment does not evaluate all of the various factors
and issues involved in contemplating a potential reintroduction. Instead, it focuses specifically on
whether or not areintroduction is possible (i.e., “Can it be done?’). This assessment examines four
questions that were adapted from Epifanio et a. (2003):

1. Isthereahigh level of confidence that bull trout are no longer present that would serve as a
natural gene bank?

2. Isthere suitable habitat remaining, what conditions or stressors currently prevent bull trout
from occupying suitable habitats, and have these been corrected?

3. Issuitable habitat expected reasonably to be recolonized through natural processes if
conditions are improved?

4. Isasuitable or compatible donor population(s) available that can itself tolerate some
removal of individuals?

This assessment does not attempt to determine, “ Should a reintroduction be done?’ or, “How should
it be done?’ These two latter questions can be addressed after a proposed action is developed
amongst multiple agencies and stakeholders with full public involvement.

Bull trout historically occurred throughout much of the Clackamas River Subbasin prior to the post-
European settlement era beginning after the mid-1800s. The CRBTWG has a high confidence that
bull trout have been extirpated from the Clackamas River Subbasin because extensive sampling
targeting bull trout occurred from the 1990s to 2004. The factors leading to the decline of bull trout
began in the early 20" Century and extended into the 1970s. The primary factors for their decline
include migration barriers from hydroelectric and diversion dams, direct and incidental harvest in
the sport and commercial fisheries, targeted eradication with bounty fisheries, and habitat and water
quality degradation from forest management and agricultural activities. A more detailed explanation
of bull trout extirpation in the Clackamas River Subbasin is provided in Appendix B. The causative
factors responsible for the decline of bull trout in the Clackamas River Subbasin are believed to be
sufficiently remedied so as not to impede or negatively influence the success of areintroduction
effort.
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Suitable habitat for bull trout was examined using atiered approach. Bull trout require very cold
water for spawning and rearing. The portion of the Clackamas River Subbasin providing suitable
bull trout spawning and rearing habitat today islocated in the Clackamas River mainstem and its
tributaries in the headwaters of the subbasin upstream of the Collawash River confluence. This
portion of the subbasin contains approximately 70 miles of suitable spawning and rearing habitat
configured into six separate habitat patches. Habitat patches range in size, configuration, and
condition. The most downstream habitat patch occurs along the mainstem Clackamas River known
as Big Bottom. This unique and complex reach of the river provides suitable spawning and rearing
habitat, and would also likely serve as an important foraging area for migratory adult and sub-adult
bull trout. Other habitat patches occur either adjacent to or up to a maximum distance of
approximately six river miles upstream into the headwaters of the subbasin.

Three evolutionary lineages of bull trout are found in the Columbia River Basin: Coastal, Snake
River, and Upper Columbia River. The CRBTWG refined its review of potential donor stocks to the
Lower Columbia River portion of the Coastal evolutionary lineage. The nearest five donor stocks
for consideration come from the Willamette, Lewis, Hood, Klickitat, and Deschutes river basins.
Each nearby donor stock is located a considerable distance away from the Clackamas River
Subbasin and in many cases the presence of migration barriers makes natural recolonization highly
unlikely.

After considering the information regarding the evolutionary lineage of bull trout, current
demographic trends, connectivity, potential for gene flow, and expected levels of heterozygosity
within bull trout local populations, two river basins contain local populations that likely have the
necessary characteristics and associated low level of risk (both demographically and genetically) to
serve as adonor stock for areintroduction into the Clackamas River:

e LewisRiver Basin — Two interacting local populations. Pine Creek and Rush Creek.

e Lower Deschutes River Basin (Metolius River Subbasin) — Three interacting local
populations. Whitewater River; Jefferson, Candle, and Abbot River Complex; and Canyon,
Jack, Heising, and Mainstem Metolius River Complex.

In addition, the synthesis of available data reveaed three intermediate risk local populations. 1) the
Mainstem McKenzie River Loca Population in the Willamette River Basin (McKenzie River
Subbasin), 2) the Warm Springs River Local Population in the Lower Deschutes River Basin and 3)
the Shitike Creek Local Population in the Lower Deschutes River Basin. At higher risk and likely
not suitable for serving as donor stocks are the following local populations: South Fork McKenzie
River, Upper McKenzie River, Clear Branch, Hood River, Cougar Creek, and West Fork Klickitat
River. Not only might there be an elevated level of concern in regard to negatively impacting the
genetic fitness of these higher risk local populations, but it islikely that not enough individuals
would be available to confer long-term persistence for the newly founded local population in the
Clackamas River.
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This assessment also investigated ecological interactions between bull trout and native and
nonnative fish species. Nonnative brook trout can have significant negative effects on bull trout
distribution and abundance. However, recent studies suggest that certain habitat variables play a
strong role in determining the level of effect. Brook trout distribution is limited to one of the six
suitable habitat patches where a bull trout reintroduction could take place. Brook trout are present in
low abundance. For several decades, ODFW stocked high mountain lakes within the habitat patch
with brook trout. Brook trout escaped via outflow tributaries connected to downstream suitable bull
trout habitat reaches. ODFW no longer stocks brook trout in headwater lakes within the Upper
Clackamas River Subbasin that contain tributary outlets to streams determined as suitable bull trout
spawning and rearing habitat. As such, brook trout is not considered to be a significant factor that
would affect the success of areintroduction of bull trout into the Clackamas River.

Bull trout coexisted with a multitude of other native fish species in the Clackamas River for
thousands of years, likely feeding on avariety of different species. Historically, anadromous Pacific
salmon were likely the most abundant fish in the subbasin and they probably comprised a
significant portion of the bull trout diet. However, current abundance of anadromous salmon and
steelhead in the subbasin is greatly reduced from historic levels. Bull trout, if reintroduced, may be
more dependent upon other native species as a prey base, such as mountain whitefish and large-
scaled suckers, both of which are present and abundant along with other potential prey such as dace,
sculpin, northern pike minnow, and several species of trout. Available information on bull trout
populations from other areas in the Lower Columbia River Basin suggest that, while possibly
important, bull trout persistence is not dependent upon the presence of anadromous salmon.

Due to the multitude of variables that contribute to the mortality of juvenile Pacific salmon,
including other fish and avian predators, the rate of bull trout predation on juvenile salmon and the
potential effect of that predation are unquantifiable. Despite evidence that bull trout prey on juvenile
anadromous salmonids when they are available, no data were found that suggests this predation is a
factor in the status of salmon and steelhead across the hundreds of watersheds where they co-occur
in the western United States. Although the abundance of Pacific salmon in the Clackamas River is
reduced significantly from historical levels, the remaining native fish assemblage is assumed to be
healthy. For these reasons, it is believed there is a sufficient forage base to support a bull trout
reintroduction in the Clackamas River and further, that if reintroduced, predation on juvenile
salmon would not likely negatively affect the status of salmon and steelhead populations in the
subbasin.

In conclusion, the CRBTWG believes, based on this analysis, that a reintroduction of bull trout into
the Clackamas River Subbasin is feasible because:

e Thereisahigh level of confidence that bull trout have been locally extirpated.
e The causesfor their decline have been sufficiently rectified.

e High quality habitat is available in sufficient amounts.

e Nearby donor stocks are unlikely to naturally recol onize the subbasin.

e Compatible donor stocks are available that can withstand extraction of individuals.
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e Nonnative brook trout presence is restricted to a small portion of the suitable habitat and
they occur in low abundance.

e A diverse and abundant fish assemblage would serve as a sufficient prey base.
5.2 Additional Areas for Consideration

Several other factors need to be considered in the next steps of developing a proposed action for
reintroduction. These include:

¢ Establishment of specific bull trout reintroduction goals and objectives.

| dentification of specific donor stock(s) to be used.

Age class, duration, and quantity of individuals to be extracted from the donor bull trout
stock(s).

Method(s) of translocation to the Clackamas River.

Fish disease screening.

Specific location(s), timing, and habitat patch(es) for release of individuals.

Additional management actions needed in order to ensure bull trout reintroduction success.
e Specific monitoring and evaluation criteriafor the recipient and donor populations.

Once a proposed action is developed collaboratively with multiple agencies and stakeholders

including public review and input, several other analyses would need to be completed. These

include:

e S0cio-economic impacts.

Ecological affects to other native fish species present.

Evaluation of the potential donor stock hybridization with brook trout.

Endangered Species Act compliance by affected agencies and parties.

Evaluation of achieving recovery goals identified in the Draft Bull Trout Recovery Plan
(USFWS 2002) in the absence of an active reintroduction effort.
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5.3 Adaptive Management: Monitoring and Evaluation Considerations

Many translocations of fishes have occurred over the past several decades. Translocation success
varies by species and location. Simons et a. (1989) reported an 18 percent translocation success rate
for Gilatopminnow (Poeciliopsis 0. occidentalis) in southern Arizona. Hendrickson and Brooks
(1991) reported a 35 percent translocation success rate for 39 taxa of desert fishes in southwest
North American. Harig et al. (2000) reported a 38 percent translocation success rate in the case of
greenback cutthroat trout (Oncorhynchus clarki stomias) in Colorado. An 80 percent translocation
success rate was reported for Gilatrout (O. gilae gilae) in New Mexico by Propst et a. (1992).
Hepworth et a. (1997) reported an 83 percent transl ocation success rate for Bonneville cutthroat
trout (O. clarki utah) in southwestern Utah. In every instance, fisheries managers and decision
makers implemented these trand ocation efforts with the very best intention. However, any one of a
number of factors may have contributed to the uncertainty around a particular situation and
ultimately led to afailed transl ocation attempt.

If areintroduction of bull trout into the Clackamas River isto be undertaken, there will be a number
of uncertainties even with this assessment. Ludwig et al. (1993) acknowledge that a great deal of
uncertainty often faces decision makers when confronted with natural resource and fisheries
management decisions. Given this, they recommend managers and decision makers “consider a
variety of plausible hypotheses ..., (consider) avariety of possible strategies, favor actions that
arerobust to uncertainties, favor actions that are informative, probe and experiment, and monitor
results....”

Following the guidance from Ludwig et a. (1993) and employing an adaptive management
approach offers the highest likelihood for ensuring success should a bull trout reintroduction effort
be initiated. Establishing realistic goals with measurable objectives and specific benchmarks for
achievement isimperative in developing a proposed action. Identifying the key areas of uncertainty
would also be imperative in order to develop arobust monitoring and evaluation strategy for both
the donor and recipient populations. Key information obtained from monitoring would shed light on
the uncertainties identified and allow for necessary adjustments during implementation to ensure
success. The CRBTWG encourages that knowledge learned during a bull trout reintroduction effort,
if implemented, is shared within the fisheries management and scientific communities.

Chapter 5-5



References

Adams, S. 1992. Bull Trout: Big Fishin alLittle Stream. Women in Natural Resources; Vol . 13,
no. 4 (June 1992).

Adams, S. B. 1994. Bull trout distribution and habitat use in the Weiser River drainage, |daho.
M.S. Thesis, University of 1daho, Moscow, Idaho.

Adams, S. B. 1996. Factors affecting distribution and co-occurrence of eastern brook trout and
other fishes in the northern Rocky Mountains. Annual Progress Report for U.S. Forest
Service, Intermountain Research Station, Boise, Idaho. Contract # 94953-RIVA.

Adams, S. B. and T. C. Bjornn. 1997. Bull trout distribution related to temperature regimesin
four central Idaho streams. in W.C. Mackay, M.K. Brewin and M. Monita, editors.
Friends of the Bull Trout Conference Proceedings. Bull Trout Task Force (Alberta), c/o
Trout Unlimited Calgary, Alberta, Canada. 371-380.

Allendorf, F. W. and R. Leary. 1986. Heterozygosity and fitness in natural populations of
animals. Chapter 4 in (M.E. Soulé, editor) Conservation biology: the science of scarcity
and diversity. Sinauer Associates, Sunderland, M assachusetts.

Allendorf, F. W. and N. Ryman. 1987. Genetic management of hatchery stocks. Pages 141-159
in (N. Ryman and F. Utter — editors), Population genetics and fishery management.
University of Washington Press, Seattle.

Allendorf, F. W. and N. Ryman. 2002. The role of genetics in population viability analysis.
Pages 50- 85in S.R. Beissinger and D.R. McCullough (eds). Population Viability
Analysis. The University of Chicago Press, Chicago, IL.

Allendorf, F. W., D. Bayles, D. L. Bottom, K. P. Currens, C. A. Frissell, D. Hankin, J. A.
Lichatowich, W. Nehlsen, P. C. Trotter, and T. H. Williams. 1997. Prioritizing Pacific
salmon stocks for conservation. Conservation Biology [Conserv. Biol.] 11:140-152.

Baxter, C. V., C. A. Frissall, and F. R. Hauer. 1999. Geomorphology, L ogging Roads, and the
Distribution of Bull Trout Spawning in a Forested River Basin: Implications for
Management and Conservation. Transactions of the American Fisheries Society [Trans.
Am. Fish. Soc.]. 128:854-867.

Baxter, J. S. and J. D. McPhail. 1999. The influence of redd site selection, groundwater
upwelling, and over-winter incubation temperature on survival of bull trout (Salvelinus
confluentus) from egg to alevin. Canadian Journa of Zoology/Revue Canadien de
Zoologie [Can. J. Zool./Rev. Can. Zool.]. 77:1233-1239.

References- 1



Clackamas River Bull Trout Reintroduction Feasibility Assessment

Beauchamp, D.A. and J.J. Van Tassell. 2001. Modeling seasonal trophic interactions of adfluvial
bull trout in Lake Billy Chinook, Oregon; Transactions of the American Fisheries Society
130: 204-216, 2001.

Benjamin, J. R., J. B. Dunham, and M. R. Dare. 2007. Invasion by nonnative brook trout in
Panther Creek, Idaho: Roles of local habitat quality, biotic resistance, and connectivity to
source habitats. Transactions of the American Fisheries Society 136:875-888.

Berg, R. K. and E. K. Priest. 1995. Appendix Table 1: A list of stream and lake fishery surveys
conducted by U.S. Forest Service and Montana Fish, Wildlife and Parks fishery
biologistsin the Clark Fork River drainage upstream of the confluence of the Flathead
River the 1950's to the present. Montana Fish, Wildlife, and Parks, Job Progress Report,
Project F-78-R-1, Helena, Montana.

Beschta, R. L., R. E. Bilby, G. W. Brown, L. B. Holtby, and T. D. Hofstra. 1987. Stream
temperature and aguatic habitat: fisheries and forestry interactions. E. D. Saloand T. W.
Cundy, eds. Streamside Management Forestry and Fisheries Interactions. Institute of
Forest Resources, University of Washington, Seattle, Washington, Contribution No. 57.
191-232.

Bodurtha, T. 1995. Memo on bull trout threats from active hydropower development in
Washington, to Shelley Spalding, Montana Fish, Wildlife and Parks, Helena, Montana.
10 pages. U.S. Fish and Wildlife Service.

Bond, C. E. 1992. Notes on the nomenclature and distribution of the bull trout and the effects of
human activity on the species. in P. J. Howell, and D. V. Buchanan, eds., Proceedings of
the Gearhart Mountain Bull Trout Workshop, Oregon Chapter of the American Fisheries
Society, Corvallis, Oregon. 1-4.

Bonneau, J. L. and D. L. Scarnecchia. 1996. Distribution of juvenile bull trout in athermal
gradient of aplunge pool in Granite Creek, Idaho. Transactions of the American Fisheries
Society [TRANS. AM. FISH. SOC.] 125:628-630.

Bonneau J. L. and D. L. Scarnecchia. 1998. Seasonal and diel changes in habitat use by juvenile
bull trout (Salvelinus confluentus) and cutthroat trout (Oncorhynchus clarki) in a
mountain stream. Can. J. Zool. 76: 783 — 790.

Booth, D. B. 1991. Urbanization and the natural drainage systems - impacts, solutions and
prognoses. The Northwest Environmental Journal 7:93-118.

Brown, L. 1992a. On the zoogeography and life history of Washington native char Dolly Varden
(Salvelinus malma) and bull trout (Salvelinus confluentus). Washington Department of
Wildlife, Fisheries Management Division Report, Olympia, Washington.

Brown, L. 1992b. Draft Management Guide: For the Bull Trout on the Wenatchee National
Forest. Prepared for Wenatchee National Forest by Larry G. Brown, Area Fish Biologist,
Washington Department of Wildlife, Wenatchee, Washington.

References - 2



References

Brun, C. V. 1999. Bull trout life history, genetics and habitat needs on the Confederated Tribes
of Warm Springs Reservation, Oregon. Prepared for the U. S. Dept. of Energy,
Bonneville Power Administration, Project Number 94-95.

Brun, C. V. and R. D. Dodson. 2000. Bull trout distribution and abundance in the waters on and
bordering the Warm Springs Reservation. Prepared for the U. S. Dept. of Energy,
Bonneville Power Administration, Project Number 9405400.

Brun, C. V. and R. D. Dodson. 2001. Bull trout distribution and abundance in the waters on and
bordering the Warm Springs Reservation. Prepared for the U. S. Dept. of Energy,
Bonneville Power Administration, Project Number 9405400.

Brun, C. V. and R. D. Dodson. 2002. Bull trout distribution and abundance in the waters on and
bordering the Warm Springs Reservation. Prepared for the U. S. Dept. of Energy,
Bonneville Power Administration, Project Number 9405400.

Bryson, T. and C. Levine, editors. 1987. Oregon Bluebook 1987-88. Barbara Roberts, Secretary
of State. Salem, Oregon.

Buchanan, D. M. and S. V. Gregory. 1997. Development of water temperature standards to
protect and restore habitat for bull trout and other cold water speciesin Oregon. in W.C.
Mackay, M.K. Brewin and M. Monita, editors. Friends of the Bull Trout Conference
Proceedings. Bull Trout Task Force(Alberta), c/o Trout Unlimited Calgary, Alberta,
Canada 1-8.

Buchanan, D. V., M. L. Hanson, and R. M. Hooton. 1997. Status of Oregon's Bull Trout. Oregon
Department of Fish and Wildlife, Portland, Oregon. 168 p.

Budy P., R. Al-Chokhachy, and G. P. Thiede. 2004. Bull trout population assessment and life-
history characteristics in association with habitat quality and land use: atemplate for
recovery planning. USGS Utah Cooperative Fish and Wildlife Research Unit, Utah State
University, Logan, Utah.

Burchell, R. D. and C. V. Brun. 2005. Bull trout distribution and abundance in the waters on and
bordering the Warm Springs Reservation. Annual Report prepared for the U.S.
Department of Energy, Bonneville Power Administration, Project Number 1994-054-00.

Burkey, T. V. 1989. Extinction in nature reserves:. the effect of fragmentation and the importance
of migration between reserve fragments. Oikos 55:75-81.

Burkey, T. V. 1995. Extinction rates in archipelagoes: Implications for populationsin
fragmented habitats. Conservation Biology [Conserv. Biol.] 9:527-541.

Cacek, C. C. 1989. The relationship of mass wasting to timber harvest activitiesin the Lightning

Creek basin, Idaho and Montana. M.S. Thesis, Eastern Washington University,
Ellensburg.

References - 3



Clackamas River Bull Trout Reintroduction Feasibility Assessment

Campbell, C. J. 1947a. Second annual progress report, Clackamas River Study. Oregon State
Game Commission, Portland, Oregon.

Campbell, C. J. 1947b. Supplemental report, Clackamas River Study. Oregon State Game
Commission, Portland, Oregon.

Carrell, V. 2003. E-mail reply to retired Forest Service District Ranger Bud Unruh; Interview
guestionsto Vigil R. (Bus) Carrell on early Forest Service history in Clackamas
Watershed, Estacada, Oregon, June 4, 2003.

Cavender, T. M. 1978. Taxonomy and distribution of the bull trout (Salvelinus confluentus) from
the American Northwest. California Fish and Game. 64(3):139-174.

CBBTTAT (Clearwater Basin Bull Trout Technical Advisory Team). 1998. Lower Clearwater
River problem assessment. Prepared for the State of 1daho. November 1998.

Cederholm, C. J.,, R. E. Bilby, P. A. Bisson, T. W. Bumstead, B. R. Fransen, W. J. Scarlett, and
J. W. Ward. 1997. Response of Juvenile Coho Salmon and Steelhead to Placement of
Large Woody Debrisin a Coastal Washington Stream. North American Journal of
Fisheries Management 17:947-963.

Chad, E. 1997. Altered streambanks in Olympic National Park; balancing a dual mandate.
Olympic National Park unpublished report, Port Angeles, Washington.

Chamberlain, T. W., R. D. Harr, and F. H. Everest. 1991. Timber harvesting, silviculture and
watershed processes. In W. R. Meehan, editor. Influences of forest and rangeland
management on salmonid fishes and their habitats. American Fisheries Society Special
Publication 19:181-205.

Clancy, C. G. 1993. Statewide fisheries investigations: Bitterroot Forest inventory. Montana
Fish, Wildlife, and Parks, Job Completion Report. Project F-46-R-4, Helena, Montana.

Costello, A. B., T. E. Down, S. M. Pollard, C. J. Pacas, and E. B. Taylor. 2003. The influence of
history and contemporary stream hydrology on the evolution of genetic diversity within
species: an examination of microsatellite DNA variation in bull trout, Salvelinus
confluentus (Pisces: Salmonidae). Evolution. 57(2):328-344.

Craig, S. D. and R. C. Wissmar. 1993. Habitat conditions influencing a remnant bull trout
spawning population, Gold Creek, Washington. (draft report) Fisheries Research
Institute, University of Washington. Seattle, Washington.

Cramer, D. P. and S. P. Cramer. 1994. Status and Population Dynamics of Coho Salmon in the
Clackamas River. Technical Report. Portland General Electric Company.

Cramer, S. P. & Associates. 2001. Documentation of Existing and Historic Habitat, and Native
and Introduced Fish in the Clackamas Basin. Issue F2. Prepared for Portland General
Electric Company. September 2001.

References- 4



References

Crow, J. F. and M. Kimura. 1970. An introduction to population genetics theory. Harper and
Row, New Y ork.

Danzmann, R. G., M. M. Ferguson, and F. W. Allendorf. 1985. Does enzyme heterozygosity
influence developmental rate in rainbow trout? Heredity 56:417-425.

Dodson, R. D. and C. V. Brun. 2003. Bull trout distribution and abundance in the waters on and
bordering the Warm Springs Reservation. 2003 Annual Report. Report to the U.S.
Department of Energy, Bonneville Power Administration. Project Number 1994-054.

Donald, D. B. and D. J. Alger. 1993. Geographic distribution, species displacement, and niche
overlap for lake trout and bull trout in mountain lakes. Canadian Journal of
Zoology/Revue Canadien de Zoologie [CAN. J. ZOOL./REV. CAN. ZOOL.] 71:238-
247.

Dorratcaque, D. E. 1986. Final report-Lemhi River habitat improvement study. Report to U.S.
Department of Energy, Bonneville Power Administration. Project Number 84-28.

Duncan, S. 2002. Geology as Destiny: Cold Waters Run Deep in Western Oregon. Feature
articlein Science Findings: recent Cascades research by PNW research hydrol ogist
Gordon Grant. Pacific Northwest Research Station, USDA Forest Service, Portland,
Oregon. December 2002.

Dunham, J. B. and B. E. Reiman. 1999. Metapopulation structure of bull trout: influences of
physical and geometrical landscape characteristics. Ecological Applications 9:642-655.

Dunham, J. B. and G. L. Chandler. 2001. Models to predict suitable habitat for juvenile bull trout
in Washington State. Final Report to U.S.D.1. Fish and Wildlife Service, Lacey,
Washington.

Dunham, J. B., M. M. Peacock, B. E. Rieman, R. E. Schroeter, and G. L. Vinyard. 1999. Local
and geographic variability in the distribution of stream-living Lahontan cutthroat trout.
Transactions of the American Fisheries Society 128:875-889.

Dunham, J. B., B. E. Rieman, and J. T. Peterson. 2002. Patch-based models of species
occurrence: lessons from salmonid fishes in streams. Pages 327-334 in Scott, JM.,
Heglund, P. J.,, Morrison, M., Raphael, M., Haufler, J. and Wall B. (editors). Predicting
species occurrences. issues of scale and accuracy. Island Press. Covelo, CA.

Dunham, J. B., B. Rieman, and G. Chandler. 2003. Influences of temperature and environmental
variables on the distribution of bull trout within streams at the southern margin of its
range. North American Journal of Fisheries Management 23:894-904.

Dunham, J. B., D. S. Pilliod, and M. K. Y oung. 2004. Assessing the Consequences of Non-native
Trout in Headwater Ecosystems in Western North America. Fisheries 29 (6):18-26.

References - 5


http://www.fs.fed.us/rm/boise/publications/fisheries/rmrs_2002_dunhamj003.pdf
http://www.fs.fed.us/rm/boise/publications/fisheries/rmrs_2002_dunhamj003.pdf

Clackamas River Bull Trout Reintroduction Feasibility Assessment

Eberl, J. and D. Kamikawa. 1992. Upper Clackamas River bull trout survey. Unpublished
synopsis of U.S. Forest Service sampling efforts for bull trout from 1990-92.

Engelking, M. H. 2003. Fish Disease Risk Study Associated with Potential Anadromous Fish
Passage at the Pelton Round Butte Project: Summary Report 1997-2002. Oregon
Department of Fish and Wildlife, Fish Pathology Section.

Epifanio, J., G. Hass, K. Pratt, B. Rieman, P. Spruell, C. Stockwell, F. Utter, and W. Y oung.
2003. Integrating conservation genetic considerations into conservation planning: a case
study of bull trout in the Pend Oreille - lower Clark Fork River system. Fisheries 28(8):
10-24.

Faler, M. P. and T. B. Bair. 1991. Migration and distribution of adfluvial bull trout in Swift
Reservoir, the North Fork Lewis River and tributaries. Draft Report. U.S. Forest Service,
Wind River Ranger District, Carson, Washington.

Fisher, R. A. 1930. The Genetical Theory of Natural Selection. Claredon Press, Oxford.

Fisher, R. A. 1949. The theory of inbreeding. London and Endinburgh. Oliver and Boyd.

Fraley, J. J. and B. B. Shepard. 1989. Life history, ecology and population status of migratory
bull trout (Salvelinus confluentus) in the Flathead L ake and river system, Montana.
Northwest Science [NORTHWEST SCI.] 63:133-143.

Frankel, O. H. and M. E. Soulé. 1981. Conservation and Evolution, Cambridge University Press,
Cambridge, England.

Frankham, R. 1995. Effective population size/adult population size ratiosin wildlife: areview.
Genetical Research 66:95-107.

Franklin, 1. R. 1980. Evolutionary changesin small populations. In: M. E. Soulé and B. A.
Wilcox, editors. Conservation biology: An evolutionary-ecological perspective. Sinauer
Associates, Sunderland, Massachusetts 135-149.

Franklin, I. R. and R. Frankham. 1998. How large must populations be to retain evolutionary
potential? Animal Conservation 1:69-70.

Fredenberg, W. 2000. Lake trout in the Pacific northwest - "When good fish go bad." Abstract
in Proceedings of the 10th International Aquatic Nuisance Species and Zebra Mussel
Conference. Toronto, Canada.

Fredenberg, W., P. Dwyer, and R. Barrows. 1995. Experimental bull trout hatchery progress
report 1993-1994. U.S. Fish and Wildlife Service, Kalispell, Montana.

Fredericks, J. 1999. Exotic fish removal: Upper Priest and Lightning Creek drainages. Annual
progress report. Idaho Department of Fish and Game. Coeur d'Alene, Idaho.

References - 6



References

Frissell, C. A. 1993. Topology of extinction and endangerment of native fishes in the Pacific
Northwest and California (U.S.A.). Conservation Biology [CONSERYV. BIOL.] 7:342-
354.

Fulton, L. A. 1968. Spawning areas and abundance of Chinook salmon (Oncorhynchus
tshawytscha) in the Columbia River Basin--past and present. United States Department of
Commerce, Specia Scientific Report, Fisheries No. 571, Washington, D.C.

Furniss, M. J., T. D. Roelofs, and C. S. Yee. 1991. Road construction and maintenance.
American Fisheries Society Special Publication 19:297-323.

Gamett, B. 1999. The history and status of fishesin the Little Lost River drainage, |daho.
Salmon-Challis National Forest, |daho Department of Fish and Game, U.S. Bureau of
Land Management, Sagewillow, Inc. May 1999 draft.

Gilpin, M. 1997. Bull trout connectivity on the Clark Fork River, letter to Shelly Saplding,
Montana Department of Fish, Wildlife and Parks, Helena, Montana. 5 pages.

Gilpin, M. and M. E. Soulé. 1986. Minimum viable populations. processes of species
extinctions. Pages 19-34 in M. E. Soulé, editor. Conservation Biology: the science of
scarcity and diversity. Sinauer Associates, Sunderland, M assachusetts.

Goetz, F. 1989. Biology of the bull trout, Salvelinus confluentus, literature review. U.S.
Department of Agriculture, U.S. Forest Service, Willamette National Forest, Eugene,
Oregon.

Goetz, F. 1994. Distribution and juvenile ecology of bull trout (Salvelinus confluentus) in the
Cascade Mountains. M.S. Thesis. Oregon State University, Corvallis, Oregon.

Goetz, F., E. Jeanes, E. Beamer and contributing G. Hart, C. Morella, M. Camby, C. Ebel, E.
Conner, and H. Berge. 2004. Bull Trout in the Nearshore . Preliminary draft, U.S. Army
Corps of Engineers, Sesattle, Washington.

Groot, C. and L. Margolis. 1991. Pacific salmon life histories. UBC Press, University of British
Columbia, Vancouver.

Haas, G. R. and J. D. McPhail. 1991. Systematics and distributions of Dolly Varden (Salvelinus
malma ) and bull trout (Salvelinus confluentus ) in North America. Canadian Journal of
Fisheries and Aquatic Sciences[CAN. J. FISH. AQUAT. SCI.] 48:2191-2211.

Haas, G. R. and J. D. McPhail. 2001. The post-Wisconsinan glacial biogeography of bull trout
(Salvelinus confluentus): a multivariate morphometric approach for conservation biology
and management. Canadian Journal of Fisheries and Aquatic Sciences [Can. J. Fish.
Aquat. Sci./J. Can. Sci. Halieut. Aquat.]. 58:2189-2203.

References- 7



Clackamas River Bull Trout Reintroduction Feasibility Assessment

Hankin, D. G. and G. H. Reeves. 1988. Estimating total fish abundance and total habitat areain
small streams based on visual estimation methods. Canadian Journal of Fisheries and
Aquatic Sciences 45:834-844.

Hansen, B. and J. DosSantos. 1997. Distribution and management of bull trout populations on
the Flathead Indian Reservation, western Montana, USA. In W.C. Mackay, M.K. Brewin
and M. Monita, editors. Friends of the Bull Trout Conference Proceedings. Bull Trout
Task Force (Alberta), c/o Trout Unlimited Calgary, Alberta, Canada 249-253.

Hanski, I. and M. E. Gilpin. 1997. Metapopul ation Biology. Ecology, Genetics & Evolution.
Academic Press, London 512.

Hard, J. 1995. A quantitative genetic perspective on the conservation of intraspecific diversity.
American fisheries Society Symposium 17:304-326.

Harig, A. L., K. D. Fausch, and M. K. Y oung. 2000. Factors Influencing Success of Greenback
Cutthroat Trout Translocations. North American Journal of Fisheries Management
20:994-1004.

Hartl, D. L. 1988. A primer of population genetics. 2nd ed. Sinauer Associates, Sunderland,
M assachusstts.

Healy, M. C. and A. Prince. 1995. Scales of variation in life history tactics of Pacific salmon and
the conservation of phenotype and genotype. American Fisheries Society Symposium 17:
176-184.

Hedrick, P. W. and S. T. Kalinowski. 2000. Inbreeding depression in conservation biology.
Annual Review of Ecology and Systematics 31:139-162.

Hendrickson, D. A. and J. E. Brooks. 1991. Transplants of short-lived fishes of southwest North
American deserts -- areview, assessment, and recommendations. Pp. 283-298 In: Battle
Against Extinction - Desert Fish Management in the American Southwest. W. L.
Minckley and J. E. Deacon (eds.). University of Arizona Press.

Henjum, M. G,, J. R. Karr, D. L. Bottom, D. A. Perry, J. C. Bednarz, S. G. Wright, S. A.
Beckwitt, and E. Beckwitt. 1994. Interim protection for late-successional forests,
fisheries, and watersheds. National forests east of the Cascade Crest, Oregon, and
Washington. A report to the Congress and President of the United States Eastside Forests
Scientific Society Panel. American Fisheries Society, American Ornithologists Union
Incorporated, The Ecological Society of America, Society for Conservation Biology, The
Wildlife Society. The Wildlife Society Technical Review 94-2.

Hepworth, D. K., M. J. Ottenbacher, and L. N. Berg. 1997. Distribution and abundance of native

Bonneville cutthroat trout (Oncorhynchus clarki utah) in southwestern Utah. Great Basin
Naturalist 57:11-20.

References - 8



References

Hill, W. G. 1972. Effective size of populations with overlapping generations. Theoretical
Population Biology 3:278-2809.

Hoelscher, B. and T. C. Bjornn. 1989. Habitat, density and potential production of trout and char
in Pend Oreille Lake tributaries. Project F-71-R-10, Subproject 111, Job No. 8. Idaho
Department of Fish and Game, Boise, |daho.

Hoffman, G. L., and G. Schubert. 1984. Some parasites of exotic fishes. Pages 233-261 in W.R.
Courtenay, Jr. and J.R. Stauffer, Jr.,

Holland, D. 1962. The Trout Fisherman’s Bible. Doubleday Publishers.

Horning, T. 1999. U. S. Forest Service. Fax communication with Mary Hanson (Oregon
Department of Fish and Wildlife) about Clackamas limiting factors. July 2, 1999.

Howell, P. J. and D. V. Buchanan. 1992. Proceedings of the Gearhart Mountain Bull Trout
Workshop. Oregon Chapter of the American Fisheries Society, Corvallis, Oregon.

Hutchinson, J. M. and W. W. Aney. 1964. The fish and wildlife resources of the lower
Willamette River Basin, Oregon, and their habitat use requirements. Oregon State Game
Commission. Federal Aid to Fish Restoration Project Number F-69-R-1, Portland,
Oregon.

IDHW (Idaho Department of Health and Welfare). 1991. Salmon River basin status report.
Interagency summary for the basin area meeting implementing the anti- degradation
agreement. Idaho Department of Health and Welfare, Division of Environmental Quality.

ISAB (Independent Science Advisory Board). 2007. Climate change impacts on Columbia River
Basin fish and wildlife. 1SAB Climate Change Report ISAB 2007-2, May 11, 2007.

Jakober, M. 1995. Autumn and winter movement and habitat use of resident bull trout and west
slope cutthroat trout in Montana. M.S. Thesis, Montana State University, Bozeman,
Montana.

Johnson, H. E. and C. L. Schmidt. 1988. Clark Fork Basin Project Status Report and Action Plan.
Clark Fork Basin Project. Office of the Governor, Helena, Montana.

Johnston, F. D. 2005. Demographic and life-history responses of an over-exploited bull trout
(Salvelinus confluentus) population to zero harvest regulations. M.S Thesis, University of
Calgary, Cagary, Alberta.

Jones, J. A., F. J. Swanson, B. C. Wemple, and K. U. Snyder. 2000. Effects of roads on

hydrology, geomorphology, and disturbance patches in stream networks. Conservation
Biology [Conserv. Biol.] 14:76-85.

References- 9



Clackamas River Bull Trout Reintroduction Feasibility Assessment

Kanda, N. 1998. Genetics and Conservation of Bull Trout: Comparison of Population Genetic
Structure Among Different Genetic Markers and Hybridization With Brook Trout. Ph.D.
Dissertation, University of Montana. Missoula, MT.

Kanda, N. and F. W. Allendorf. 2001. Genetic Population Structure of Bull Trout from the
Flathead River Basin as Shown by Microsatellites and Mitochondrial DNA Markers.
Transactions of the American Fisheries Society [Trans. Am. Fish. Soc.]. 130:92-106.

Ketcheson, G. L. and W. F. Megahan. 1996. Sediment production and down slope sediment
transport from forest roads in granitic watersheds. U.S. Forest Service, Intermountain
Research Station, Boise, Idaho, Research Paper INT-RP-486.

Kincaid, H. L. 1983. Inbreeding in fish populations used for aguaculture. Aquaculture 33:215-
227.

Kleinschmidt Associates and K. L. Pratt. 1998. Clark Fork River native salmonid restoration
plan. Washington Water and Power Company, Clark Fork Relicensing Team Fisheries
Working Group.

Kripichinikov, V. S. 1981. Genetic base for fish selection. Springer-Verlag, New Y ork.

Laikre, L., editor. 1999. Conservation Genetic Management of Brown Trout (Salmo trutta) in
Europe. Report by the Concerted action on identification, management and exploitation
of genetic resources in the brown trout (Salmo trutta). "TROUTCONCERT"; EU FAIR
CT97-3882).

Lande, R. 1995. Mutation and Conservation. Conservation Biology [Conserv. Biol.] 9:782-791.

Leary, R. F. and F. W. Allendorf. 1997. Genetic confirmation of sympatric bull trout and Dolly
Varden in Western Washington. Transactions of the American Fisheries Society
[TRANS. AM. FISH. SOC.]. 126:715-720.

Leary, R. F. and H. Booke. 1990. Starch gel electrophoresis and species distinction. In (C.
Schreck and P. Moyle, editors), Methods for Fish Biology. American Fisheries Society,
Bethesda, Maryland.

Leary, R. F., F. W. Allendorf, and S. H. Forbes. 1991. Conservation genetics of bull trout in the
Columbia and Klamath river drainages. Wild Trout and Salmon Genetics Lab. Rep.
Missoula, MT; University of Montana, Division of Biological Sciences. 32 p.

Leary, R. F., F. W. Allendorf, and S. H. Forbes. 1993. Conservation genetics of Bull trout in the
Columbia and Klamath River drainages. Conservation Biology [CONSERV. BIOL .]
7:856-865.

Leary, R. F., F. W. Allendorf, and K. L. Knudsen. 1983. Consistently high meristic countsin
natural hybrids between brook trout and bull trout. Systematic Zoology. 32:369-376.

References - 10



References

Leary, R. F., F. W. Allendorf, and K. L. Knudsen. 1985. Developmental instability asan
indicator of reduced genetic variation in hatchery trout. Transaction of American
Fisheries Society 114:230-235.

Light, J., L. Herger, and M. Robinson. 1996. Upper Klamath basin bull trout conservation
strategy, a conceptual framework for recovery. Part one. The Klamath Basin Bull Trout
Working Group.

Lockwood, C. A. 1948. Annual Report, Fisheries Division 1947; by State Game Supervisor.
Oregon State Game Commission. January 1948.

Ludwig, D., R. Hilborn, and C. Walters. 1993. Uncertainty, Resource Exploitation, and
Conservation: Lessonsfrom History. Ecological Applications 3(4):547-549.

Lynch, M. 1990. Mutation load and the survival of small populations. Evolution. 44:1725-1737.

Lynch, M. and R. Lande. 1998. The critical effective size for a genetically secure population.
Animal Conservation 1:70-72.

MacCrimmon, H. R. and J. S. Campbell. 1969. World distribution of brook trout (Salvelinus
fontinalis). Journal of the Fisheries Research Board of Canada 26:1699-1725.

Maclay, D. J. 1940. Tentative fish management plan - St. Joe National Forest.

Markle D. F. 1992. Evidence of bull trout x brook trout hybrids in Oregon. In: Howell, P. J. and
D. V. Buchanan. eds. Proceedings of the Gearhart Mountain bull trout workshop; 1992
August; Gearhart Mountain, OR. Corvallis, OR: Oregon Chapter of the American
Fisheries Society:58-67.

Marnell, L. 1985. Bull trout investigationsin Glacier National Park, Montana. P33-35In D. D.
MacDonald (ed.) Flathead River Basin bull trout biology and population dynamics
modeling information exchange. Fisheries Branch, British Columbia Ministry of
Environment, Cranbrook, British Columbia.

Marnell, L. 1995. National Park Service - Letter discussing bull trout in Glacier National Park to
Wade Fredenberg, U.S. Fish and Wildlife Service, Kalispell, Montana. 4 pages.

Martin, S. B. and W. S. Platts. 1981. Influence of forest and rangeland management on
anadromous fish habitat in western North America, effects of mining. U.S. Forest
Service, Intermountain Forest and Range Experiment Station, General Technical Report
PNW-1109.

Massey, J. and P. Keeley. 1996. Fish management review. Columbia Region, Lower Willamette
Fish District. Oregon Department of Fish and Wildlife. Portland, Oregon.

References - 11



Clackamas River Bull Trout Reintroduction Feasibility Assessment

Mattson, C. R. 1950 (est.). Abstracts and notes from reports of U.S. Commission of Fish and
Fisheries and Successors Regarding operations on Clackamas, 1877-1902. From Oregon
Fish and Wildlifefiles.

Mauser, G. R., R. W. Vogelsang, and C. L. Smith. 1988. Enhancement of trout in large north
Idaho lakes. Idaho Department of Fish and Game. Project No. F-73-R10.

MBTSG (Montana Bull Trout Scientific Group). 1995a. Bitterroot River drainage bull trout
status report. Montana Bull Trout Restoration Team. Helena, Montana.

MBTSG (Montana Bull Trout Scientific Group). 1995b. Blackfoot River drainage bull trout
status report. Montana Bull Trout Restoration Team. Helena, Montana.

MBTSG (Montana Bull Trout Scientific Group). 1995c. Flathead River drainage bull trout status
report (including Flathead L ake, the North and Middle forks of the Flathead River and
the Stillwater and whitefish River). Montana Bull Trout Restoration Team. Helena,
Montana.

MBTSG (Montana Bull Trout Scientific Group). 1995d. South Fork Flathead River drainage bull
trout status report (upstream of Hungry Horse Dam). Montana Bull Trout Restoration
Team. Helena, Montana.

MBTSG (Montana Bull Trout Scientific Group). 1995e. Upper Clark Fork River drainage bull
trout status report (including Rock Creek). Montana Bull Trout Restoration Team.
Helena, Montana.

MBTSG (Montana Bull Trout Scientific Group). 1996a. Assessment of methods for removal or
suppression of introduced fish to aid in bull trout recovery. Montana Bull Trout
Restoration Team. Helena, Montana.

MBTSG (Montana Bull Trout Scientific Group). 1996b. Lower Clark Fork River drainage bull
trout status report (Cabinet Gorge Dam to Thompson Falls). Montana Bull Trout
Restoration Team. Helena, Montana.

MBTSG (Montana Bull Trout Scientific Group). 1996c. Lower Kootenai River drainage bull
trout status report (below Kootenai Falls). Montana Bull Trout Restoration Team. Helena,
Montana.

MBTSG (Montana Bull Trout Scientific Group). 1996d. Middle Clark Fork River drainage bull
trout status report (from Thompson Fallsto Milltown, including the lower Flathead River
to Kerr Dam). Montana Bull Trout Restoration Team. Helena, Montana.

MBTSG (Montana Bull Trout Scientific Group). 1996e. Middle Kootenai River drainage bull

trout status report (between Kootenai Falls and Libby Dam). Montana Bull Trout
Restoration Team. Helena, Montana.

References - 12



References

MBTSG (Montana Bull Trout Scientific Group). 1996f. Swan River drainage bull trout status
report (including Swan Lake). Montana Bull Trout Restoration Team. Helena, Montana.

MBTSG (Montana Bull Trout Scientific Group). 1996g. The role of stocking in bull trout
recovery. Montana Bull Trout Restoration Team. Helena, Montana.

MBTSG (Montana Bull Trout Scientific Group). 1996h. Upper Kootenai River drainage bull
trout status report (including Lake Koocanusa, upstream of Libby Dam). Montana Bull
Trout Restoration Team. Helena, Montana.

MBTSG (Montana Bull Trout Scientific Group). 1998. The relationship between land
management activities and habitat requirements of bull trout. Montana Bull Trout
Restoration Team. Helena, Montana.

Mclntosh, B. A., J. R. Sedéll, J. E. Smith, R. C. Wissmar, S. E. Clarke, G. H. Reeves, and L. A.
Brown. 1994. Management history of eastside ecosystems: Changes in fish habitat over
50 years, 1935 to 1992. U.S. Forest Service, Pacific Northwest Research Station, General
Technical Report. PNW-GTR 321.

McMahon, T., A. Zale, J. Selong, and R. Barrows. 1998. Growth and survival temperature
criteriafor bull trout. Annual report 1998. Montana State .

McMahon, T., A. Zale, J. Selong, and R. Barrows. 1999. Growth and survival temperature
criteriafor bull trout: Annual report 1999 (year two). Montana State University and U.S.
Fish and Wildlife Service Bozeman Fish Technology Center. Bozeman, Montana.

McMullen, G. 1994. Fishing the Upper Clackamas Country in the very late 1940s and very early
1950s. Letter to Forest Service fisheries biologist Bob Deibel, June 1994. Clackamas
River Ranger District files, Mt. Hood National Forest.

McNeill, M. E., J. Frederick, and B. Whalen. 1997. Jarbidge River Watershed Analysis. Jarbidge
Ranger District, Humboldt-Toiyabe Nationa Forests.

McPhail, J. D. and J. S. Baxter. 1996. A review of bull trout (Salvelinus confluentus) life-history
and habitat use in relation to compensation and improvement opportunities. Department
of Zoology, University of British Columbia. Fisheries Management Report No. 104.
Vancouver, British Columbia, Canada

MDHES (Montana Department of Health and Environmental Sciences). 1994. M ontana water
quality 1994. The Montana 305(b) Report. Water Quality Division, Helena, Montana.

Meehan, W. R. 1991. Influences of Forest and Rangeland Management on Salmonid Fishes and
Their Habitats. American Fisheries Society Special Publication 19.

References - 13



Clackamas River Bull Trout Reintroduction Feasibility Assessment

Meehan, W. R. and T. C. Bjornn. 1991. Salmonid distributions and life histories. Pages 47-82 in
W. R. Meehan, editor. Influences of forest and rangeland management on salmonid fishes
and their habitats. American Fisheries Society, Special Publication 19, Bethesda,
Maryland.

Meffe, G. K. and C. R. Carroll. 1997. Principles of Conservation Biology, 2nd edition. Sinauer
Associates, Sunderland, Massachusetts, 673 p.

MFWP (Montana Fish, Wildlife and Parks). 1997. Montana warm water fisheries management
plan 1997-2006. Unpublished Report. Montana Fish, Wildlife and Parks. Helena,
Montana.

MFWP (Montana Fish, Wildlife and Parks). 1999. Region 1 news release concerning single lake
trout caught in the Swan River. Montana Fish, Wildlife and Parks. December 16, 1999.

Miller, P. S. and R. C. Lacy. 1999. VORTEX: A stochastic simulation of the extinction process.
Version 8 user's manual. Conservation breeding specialists group (SSC/IUCN), Apple
Valley, MN.

Minckley, W.L. 1995. Translocation as atool for conserving imperiled fishes: experiencesin
Western United States. Biological Conservation. 72:297-3009.

Mobrand, L. E., J. Barr, L. Blankenship, D. E. Campton, T. T. P. Evelyn, T. A. Flagg, C. V. W.
Mahnken, L. W. Seeb, P. R. Seidel, and W. W. Smoker. 2005. Hatchery reform in
Washington State: Principles and emerging issues. Fisheries (Bethesda) 30 (6):18-23.

Moore, J. N., S. N. Luoma, and D. Peters. 1991. Downstream effects of mine effluent on an
intermontane riparian system. Canadian Journal of Fisheries and Aquatic Sciences [CAN.
J. FISH. AQUAT. SCl.] 48:222-232.

Moyle, P. B. 1976. Inland Fishes of California. University of California Press, Berkeley,
Cdlifornia

Muhlfeld, C. C., S. Glutting, R. Hunt, D. Daniels, and B. Marotz. 2003. Winter diel habitat use
and movement by sub-adult bull trout in the upper Flathead River, Montana. North
American Journal of Fisheries Management 23:163-171.

Mullan, J. W., K. R. Williams, G. Rhodus, T. W. Hillman, and J. D. Mclntrye. 1992. Production
and habitat of salmonidsin Mid-Columbia River tributary streams. U.S. Fish and
Wildlife Service. Monograph I.

Murtagh, T., R. Rohrer, M. Gray, E. Olsen, T. Rien, and J. Massey. 1992. Clackamas Subbasin
fish management plan. Oregon Department of Fish and Wildlife, Portland, Oregon.

Nagel, J. W. 1991. Is the decline of brook trout in the southern Appalachians resulting from
competitive exclusion and/or extinction due to habitat fragmentation? Journal of the
Tennessee Academy of Science 66:141-143.

References - 14



References

Nakano, S, K. D. Fausch, T. Furukawa-Tanaka, K. Maekawa, and H. Kawanabe. 1992.
Resource utilization by bull char and cutthroat trout in a mountain stream in Montana,
U.S.A. Japanese J. of Ichthyology 39:211-217.

NDEP (Nevada Division Environmental Protection). 1998. Water temperature standards for the
Jarbidge River. Fax from John Heggeness, to Bob Hallock, U.S. Fish and Wildlife
Service, Spokane, Washington. 6 pages.

Nehlsen, W., J. Williams, and J. Lichatowich. 1991. Pacific salmon at the crossroads; stocks at
risk from California, Oregon, Idaho, and Washington. Fisheries 16(02):4-21.

Nelson, M. L. 1999. Evaluation of the potential for "resident" bull trout to reestablish the
migratory life-form. M.S. Thesis, Montana State University, Bozeman.

Neraas, L. P. and P. Spruell. 2001. Fragmentation of riverine systems: the genetic effects of
dams on bull trout (Salvelinus confluentus) in the Clark Fork River system. Molecular
Ecology [Moal. Ecol.]. 10:1153-1164.

Neraas, L. P. and P. Spruell. 2004. Genetic Analysis of Lewis River Bull Trout. Final Report
WTSGL04-101 to Pacificorp, February 2004. 11pgs.

Nedler, T. P. and E. P. Bergersen. 1991. Mysids in fisheries: Hard lessons from headlong
introductions. American Fisheries Society Symposium 9.

Newton, J. A. and S. Pribyl. 1994. Bull trout population summary: Lower Deschutes River
subbasin. Oregon Department of Fish and Wildlife, The Dalles, Oregon. Oregon
administrative rules, proposed amendments to OAR 340-41-685 and OAR 340-41-026.
January 11, 1996.

Nielson R. S. and C. J. Campbell. 1941. First annual progress report, Clackamas River study.
Fish and Wildlife Service and Oregon State Game Commission.

NMFS (National Marine Fisheries Service). 1991a. Factors for decline. A supplement to the
notice of determination for Snake River fall Chinook salmon under the Endangered
Species Act. NMFS, Environmental and Technical Services Division, 911 N.E. 11th
Avenue, Room 620, Portland, OR. 55 pg.

NMFS (National Marine Fisheries Service). 1991b. Factors for decline. A supplement to the
notice of determination for Snake River spring/summer Chinook salmon under the
Endangered Species Act. NMFS, Environmental and Technical Services Division, 911
N.E. 11th Avenue, Room 620, Portland, OR. 72 pg.

NMFES (National Marine Fisheries Service). 1991c. Summary of factors affecting the species. In:

Endangered and threatened species. proposed rules for Snake River sockeye salmon. 56
FR 14055.

References - 15



Clackamas River Bull Trout Reintroduction Feasibility Assessment

NMFS (National Marine Fisheries Service). 2000. Endangered Species Act Section 7 Biological
Opinion on the Re-initiation of Consultation on Operation of the Federal Columbia River
Power System, Including the Juvenile Fish Transportation Program, and 19 Bureau of
Reclamation Projects in the Columbia Basin. December 21, 2000. Northwest Region.

NRC (National Research Council). 1996. Upstream: Salmon and Society in the Pacific
Northwest. NRC, Washington, D.C.

ODFW (Oregon Department of Fish and Wildlife). 2001a. Review of T & E, sensitive and stocks
of concern. Unpublished report. South Willamette Watershed District, Springfield,
Oregon.

ODFW (Oregon Department of Fish and Wildlife). 2001b. Hood River recovery unit team
meeting notes from meeting on March 26, 2001. Oregon Department of Fish and
Wildlife, Portland, Oregon.

ODFW (Oregon Department of Fish and Wildlife). 2003. Willamette Spring Chinook
Disposition. Unpublished Report. January 8, 2003. Corvallis, Oregon.

ODFW (Oregon Department of Fish and Wildlife). 2004. Bull Trout Survey Data. Unpublished
Report. Suzanne M. Knapp. District Manager. South Willamette Watershed District.
Corvallis, Oregon.

ODFW (Oregon Department of Fish and Wildlife). 2007. Middle Fork Willamette Basin Bull
Trout Rehabilitation and Monitoring Project. October 2005 through September 2006. J.
Vincent Tranquilli.

ODFW and USFS (Oregon Department of Fish and Wildlife and U.S. Forest Service). 1998.
Rehabilitation of the Middle Fork Willamette bull trout population. Risk analysis and
monitoring plan. Unpublished report. Springfield, Oregon.

Olsen, E. 2004. Hood River and Pelton Ladder Evaluation Studies, 2003-2004. Annua Report,
Project No. 198805304, 278 electronic pages, (BPA Report DOE/BP-00004001-3).

Oregon. 1996. Oregon administrative rules, proposed amendments to OAR 340-41-685 and OAR
340-41-026. January 11, 1996.

Oregon Chapter AFS (American Fisheries Society). 1990. A Training in Stream Rehabilitation —
Workshop. Rippling River Resort, Welches, Oregon.

Overton, C. K., M. A. Radko, and R. L. Nelson. 1993. Fish habitat conditions; using the
northern/intermountain region's inventory procedures for detecting differences on two
differently managed watersheds. U.S. Forest Service Intermountain Research Station,
Boise, Idaho. INT-300.

PacifiCorp. 2002. Results of bull trout monitoring activitiesin the Lewis River -- 2001. E. Lesko.
PacifiCorp; Portland, Oregon. January, 2002.

References - 16



References

Palmisano, J. and V. Kaczynski. 1997. Northwest Forest Resource Council: Comments of the
NFRC on the proposed ruleto list bull trout in the Klamath River and Columbia River to
Robert Ruesink, U.S. Fish and Wildlife Service, Boise, Idaho.

Patten, R. and J. Penzkover. 1996. Panhandle National Forest -- 1995 flood assessment for |daho
Panhandle National Forest. Dave Wright, Idaho Panhandle National Forest, Coeur
d'Alene, Idaho.

Paul, A .J. and J. R. Post. 2001. Spatial distribution of native and non-native salmonids in
streams of the eastern slopes of the Canadian Rocky Mountains. Transactions of the
American Fisheries Society 130:417-430.

PBTTAT (Panhandle Bull Trout Technical Advisory Team). 1998. Coeur d'Alene Lake Basin
Bull Trout Problem Assessment. Prepared for the State of 1daho. Draft, December 1998.

Pederson, Jiggs. 2003. Interview of 95 year old former assistant Ranger, Jiggs Pederson by Tom
Horning, August 2003. Estacada, Oregon.

Peterson, J., J. Dunham, P. Howell, R. Thurow, and S. Bonar. 2002. Protocol for Determining
Bull Trout Presence. Western Division of the American Fisheries Society. 53 p.

Peterson, J. T. and J. B. Dunham. 2003. Combining inferences from models of capture
efficiency, detectability, and suitable habitat to classify landscapes for conservation of
threatened bull trout. Conservation Biology 17(4):1070-1077.

PGE (Portland General Electric). 2001. Portland General Electric fish passage facility reports,
North Fork (monthly reports). Estacada, Oregon.

PGE (Portland General Electric). 2002. Portland General Electric fish passage facility reports,
North Fork (monthly reports). Estacada, Oregon.

PGE (Portland General Electric). 2003. Portland Genera Electric fish passage facility reports;
North Fork (monthly reports). Estacada, Oregon.

PGE (Portland General Electric). 2004. Portland General Electric fish passage facility reports,
North Fork (monthly reports). Estacada, Oregon.

PGE (Portland General Electric). 2005. Portland General Electric fish passage facility reports,
North Fork (monthly reports). Estacada, Oregon.

Platts, W., M. Hill, W. Hillman, and R. Miller. 1993. Preliminary status report on bull trout in
California, Idaho, Montana, Nevada, Oregon and Washington. Prepared for the
Intermountain Forest Industries Association, Coeur d'Alene, Idaho.

Platts, W., M. Hill, and I. Hopkins. 1995. Historical trendsin bull trout abundance in Idaho,
Montana, Oregon, and Washington (draft report). Unpublished Report, Intermountain
Forest Industry Association, Coeur d'Alene, Idaho.

References - 17


http://www.fs.fed.us/rm/boise/publications/fisheries/rmrs_2003_petersonj001.pdf
http://www.fs.fed.us/rm/boise/publications/fisheries/rmrs_2003_petersonj001.pdf
http://www.fs.fed.us/rm/boise/publications/fisheries/rmrs_2003_petersonj001.pdf

Clackamas River Bull Trout Reintroduction Feasibility Assessment

Poff, N. L., M. M. Brinson, and J. W. Day, Jr. 2002. Aquatic ecosystems and global climate
change: Potential impacts on inland freshwater and coastal wetland ecosystemsin the
United States. Prepared for the Pew Center on Global Climate Change. 56 p.

Post, J. R. and F. D. Johnston. 2002. Status of the bull trout (Salvelinus confluentus) in Alberta.
Alberta Sustainable Resource Development, Fish and Wildlife Division, and Alberta
Conservation Association, Wildlife Status Report No. 39, Edmonton, Alberta.

Post, J. R., C. Mushens, A. Paul, and M. Sullivan. 2003. Assessment of alternative harvest
regulations for sustaining recreational fisheries: Model development and application to
bull trout. North American Journal of Fisheries Management [N. Am. J. Fish. Manage.].
23:22-34.

Pratt, K. L. 1992. A review of bull trout life history, in P. J. Howell, and D. V. Buchanan, eds.,
Proceedings of the Gearhart Mountain Bull Trout Workshop. Oregon Chapter of the
American Fisheries Society, Corvallis, Oregon. 5-9.

Pratt, K. L. and J. E. Huston. 1993. Status of bull trout (Salvelinus confluentus) in Lake Pend
Oreille and the lower Clark Fork River. Draft report. Prepared for the Washington Water
Power Company. Spokane, Washington.

Pribyl, S., C. Ridgley, and J. A. Newton. 1996. Bull trout population summary Hood River
Subbasin. The Dalles, Oregon.

Propst, D. L., J. A. Stefferud, and P. R. Turner. 1992. Conservation and status of Gilatrout,
Oncorhynchus gilae. Southwestern Naturalist 37:117-125.

PSWQAT (Puget Sound Water Quality Action Team). 2000. 2000 Puget Sound update: Seventh
Report of the Puget Sound Ambient Monitoring Program. Puget Sound Water Quality
Action Team. Olympia, Washington.

Quigley, T. M. and S. J. Arbelbide. 1997. An assessment of ecosystem componentsin the
Interior Columbia Basin and portions of the Klamath and Great Basins. volume 111. Gen.
Tech. Rep. PNW-GTR-405. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station. 4 vol. Volume I11, chapter 4.

Ramsey, K. J. 1997. Biological Evaluation for Bull Trout; Jarbidge Canyon Road Reconstruction
Proposal and Alternatives. U.S. Forest Service, Humboldt- Toiyabe National Forest.
Elko, Nevada.

Ratliff, D. E. 2003. Fish of the Metolius River. Don Ratliff (Portland General Electric) public

presentation at Portland State University sponsored by the Native Fish Society. Portland,
Oregon.

References - 18



References

Ratliff, D. E. and P. J. Howell. 1992. The status of bull trout populationsin Oregon. In: P. J.
Howell and D. V. Buchanan, editors. Proceedings of the Gearhart Mountain bull trout
workshop. Oregon Chapter of the American Fisheries Society, Corvallis, Oregon. pages
10-17.

Ratliff, D. E., S. L. Thiesfeld, W. G. Weber, A. M. Stuart, M. D. Riehle, and D. V. Buchanan.
1996. Distribution, life history, abundance, harvest, habitat, and limiting factors of bull
trout in the Metolius River and Lake Billy Chinook, 1983 - 1994. Information Report 96-
7. Oregon Department of Fish and Wildlife. Corvallis, Oregon.

Ratliff, D., E. Schulz, and S. Padula. 2001. Pelton Round Butte Project fish passage plan, second
edition, 2001. Portland General Electric. Portland, Oregon. The Confederated Tribes of
the Warm Springs Reservation of Oregon. Warm Springs, Oregon.

Rich, C. F., Jr. 1996. Influence of abiotic and biotic factors on occurrence of resident bull trout in
fragmented habitats, western Montana. M.S. Thesis, Montana State University, Bozeman,
Montana.

Rich, C. F. J., T. M. McMahon, B. E. Rieman and W. L. Thompson. 2003. Local Habitat,
Watershed, and Biotic Features Associated with Bull Trout Occurrence in Montana
Streams. Transactions of the American Fisheries Society. 132:1053-1064.

Rieman, B. E. and F. W. Allendorf. 2001. Effective Population Size and Genetic Conservation
Criteriafor Bull Trout. North American Journal of Fisheries Management [N. Am. J.
Fish. Manage.]. 21:756-764.

Rieman, B. E. and J. B. Dunham. 2000. M etapopul ations and salmonids. a synthesis of life
history patterns and empirical observations. Ecology of Freshwater Fish [Ecol. Freshwat.
Fish]. 9:1-2.

Rieman, B. E. and J. D. Mclntyre. 1993. Demographic and habitat requirements for conservation
of bull trout. General Technical Report INT_302. U.S. Department of Agriculture, Forest
Service, Intermountain Research Station. Ogden, Utah.

Rieman, B. E. and J. D. Mclntyre. 1995. Occurrence of bull trout in naturally fragmented habitat
patches of varied size. Transactions of the American Fisheries Society [TRANS. AM.
FISH. SOC.] 124:(3) 285-296.

Rieman, B. E., D. C. Lee, and R. F. Thurow. 1997. Distribution, status, and likely future trends
of bull trout within the Columbia River and Klamath River basins. North American
Journal of Fisheries Management [N. AM. J. FISH. MANAGE.]. 17:1111-1125.

Rieman, B. E., J. T. Peterson, and D. L. Myers. 2006. Have brook trout (Salvelinus fontinalis)

displaced bull trout (Salvelinus confluentus) along longitudinal gradientsin central 1daho
streams? Can. J. Fish. Aquat. Sci. 63:63-78.

References - 19



Clackamas River Bull Trout Reintroduction Feasibility Assessment

Rinne, J. N., J. E. Johnson, B. L. Jensen, A. W. Ruger, and R. Sorenson. 1986. The role of
hatcheries in the management and recovery of threatened and endangered fishes. In Fish
culturein fisheries management, ed. R. H. Stroud. American Fisheries Society, Bethesda,
Maryland, pp. 271-285.

Rode, M. 1990. Bull trout, Salvelinus confluentus suckley, in the McCloud River: status and
recovery recommendations. Administrative Report Number 90-15. California Department
of Fish and Game. Sacramento, California

Ryman, N., P. E. Jorde, and L. Laikre. 1995. Supportive breeding and variance effective
population size. Conservation Biology [Conserv. Biol.] 13:673-676.

Saunders, D. A., R. J. Hobbs, and C. R. Margules. 1991. Biological consequences of ecosystem
fragmentation: A review. Conservation Biology [Conserv. Biol.] 5:18-32.

Schill, D. J. 1992. River and stream investigations. Job Performance Report, Project F-73-R-13.
|daho Department of Fish and Game, Boise, Idaho.

Sedell, J. R. and F. H. Everest. 1991. Historic changesin pool habitat for Columbia River Basin
salmon under study for TES listing. Draft U.S. Department of Agriculture Report, Pacific
Northwest Research Station. Corvallis, Oregon.

Sexauer, H. M. and P. W. James. 1997. Microhabitat use by juveniletrout in four streams |located
in the eastern Cascades, Washington. in W. C. Mackay, M. K. Brewin and M. Monita,
editors. Friends of the Bull Trout Conference Proceedings. Bull Trout Task Force
(Alberta), c/o Trout Unlimited Calgary, Alberta, Canada. 361-370.

Simon, K. S. and C. R. Townsend. 2003. The impacts of freshwater invaders at different levels
of ecological organization, with emphasis on salmonids and ecosystem consequences.
Freshwater Biology 48:982-994.

Simons, L. H., D. A. Hendrickson, and D. Papoulias. 1989. Recovery of the Gilatopminnow: a
success story? Conservation Biology 3:11-15.

Smith, M. 1974. Memos to Larry Korn from Max Smith; Notes on the Early History of
Clackamas River Spring Chinook Runs. October 14, 1974. Oregon Department of Fish
and Wildlife Files.

Smithsonian Institution. 2005. National Museum of Natural History Fish Collection. 2005
Website — National Museum.

Soulé, M. E. 1980. Thresholds for survival: maintaining fitness and evolutionary potential. In:

M. E. Soulé and B. A. Wilcox, editors. Conservation biology: An evolutionary-ecological
perspective. Sinauer and Associates, Sunderland, Massachusetts 151-170.

References - 20



References

Spangler, R. E. and D. L. Scarnecchia. 2001. Summer and fall microhabitat utilization of
juvenile bull trout and cutthroat trout in a wilderness stream, |daho. Hydrobiologia 452:
145-154.

Spence, B. C., G. A. Lomincky, R. M. Hughes, and R. P. Novitzki. 1996. An ecosystem
approach to salmonid conservation. Management Technologies Inc., for the National
Marine Fisheries Service, U.S. Fish and Wildlife Service, and Environmental Protection
Agency. TR-4501-96-6057.

Spencer, C. N. and C. L. Schelske. 1998. Impact of timber harvest on sediment depositionin
surface waters in Northwest Montana over the last 150 years. a paleolimnological study.
In M. K. Brewinand D. M. A. Monita, technical coordinators. Forest-Fish Conference:
Land Management Practices Affecting Aquatic Ecosystems. Proceedings of the Forest-
Fish Conference, Calgary, Alberta, May 1-4, 1996. Natural Resources Canada, Canadian
Forest Service, Northern Forestry Centre. Information report NOR-X-356 187-201.

Spruell, P. 2005. Genetic Considerations for Bull Trout Reintroductions with Special Focus on
the Clackamas River, Oregon. Report PSCC 05-01. University of Montana Conservation
Genetics Lab, University of Montana. Missoula, Montana.

Spruell, P. and F. Allendorf. 1997. Nuclear DNA analysis of Oregon bull trout. Final report to
the Oregon Department of Fish and Wildlife. Division of Biological Sciences, University
of Montana.

Spruell, P., A. A. Hemmingsen, P. J. Howell, N. Kanda, and F. W. Allendorf. 2003.
Conservation genetics of bull trout: Geographic distribution of variation at microsatellite
loci. Conservation Genetics 4:17-29.

Spruell, P, B. E. Rieman, K. L. Knudsen, F. M. Utter, and F. W. Allendorf. 1999. Genetic
population structure within streams. microsatellite analysis of bull trout populations.
Ecology of Freshwater Fish [Ecol. Freshwat. Fish]. 8:114-121.

Stillwater Sciences. 2006. Fish population distribution and abundance at the Carmen-Smith
Hydroel ectric Project, upper McKenzie River basin, Oregon. Final report. Prepared by
Stillwater Sciences, Arcata, Californiafor Eugene Water & Electric Board, Eugene,
Oregon.

Stout, W. H. 1960. Lower Willamette. Pages 75-88 in C. J. Campbell and F. E. Locke, editors.
1960 Annual Report. Fishery Division, Oregon State Game Commission. Portland,
Oregon.

Stout, W. H. 1963. Lower Willamette. Pages 82-107 in C. J. Campbell and F. E. Locke, editors.

1963 Annual Report. Fishery Division, Oregon State Game Commission. Portland,
Oregon.

References - 21



Clackamas River Bull Trout Reintroduction Feasibility Assessment

Strobel, B. 2005. A Statistical Survey to Determine the Presence or Absence of Bull Trout in the
Upper Clackamas River Watershed. USDA Forest Service, Pacific Northwest Research
Station for the Clackamas River Bull Trout Working Group. February, 2005. 9 p.

Swanson, R. H., R. D. Wynes, and R. L. Rothwell. 1998. Estimating the cumulative long-term
effects of forest harvests on annual water yield in Alberta. In: M. K. Brewinand D. M.
A. Monita, technical coordinators. Forest-Fish Conference: Land Management Practices
Affecting Aquatic Ecosystems. Proceedings of the Forest-Fish Conference, Calgary,
Alberta, May 1-4, 1996. Natural Resources Canada, Canadian Forest Service, Northern
Forestry Centre. Information report NOR-X-356. 83-93.

Tague, C. and G. E. Grant. 2004. A geological framework for interpreting the low-flow regimes
of Cascade streams, Willamette River Basin, Oregon. Water Resour. Res., Vol. 40.

Taylor, B. 1999. Salmon and steelhead runs and related events of the Clackamas River Basin — A
historical perspective. Report prepared for Portland General Electric Company. Portland,
Oregon.

Taylor, B. E., S. Pollard, and D. Louie. 1999. Mitochondrial DNA variation in bull trout
(Salvelinus confluentus) from northwestern North America: implications for
zoogeography and conservation. Molecular Ecology [Moal. Ecol.]. 8:1155-1170.

Taylor, E. B., Z. Redenbach, A. B. Costello, S. M. Pollard, and C. J. Pacas. 2001. Nested
analysis of genetic diversity in northwestern North American char, Dolly Varden
(Salvelinus malma) and bull trout (Salvelinus confluentus). Can. J. Fish. Aquat. Sci./J.
Can. Sci. Halieut. Aquat. 58:406-420.

Taylor, G. A. and A. Reasoner. 2000. Bull trout, Salvelinus confluentus, population and habitat
surveysin the McKenzie and Middle Fork Willamette basins. Oregon Department of Fish
and Wildlife annual report 1999. Report to the Bonneville Power Administration. Contract
No. 00000226, Project No. 199505300 (BPA Report DOE/BP-00000226-1). 28 p.

Thom, R. M., D. K. Shreffler, and K. Macdonald. 1994. Shoreline armoring effects on coastal
ecology and biological resourcesin Puget Sound, Washington, Coastal Erosion
Management Studies, Volume 7. Report 94- 80. Shorelands and Coastal Zone
Management Program, Washington Department of Ecology. Olympia, Washington.

Thomas, G. 1992. Status of bull trout in Montana. Report prepared for Montana Department of
Fish, Wildlife and Parks. Helena, Montana.

Thompson, C. G. 1991. Determining minimum viable populations under the Endangered Species
Act. NOAA Technical Memorandum, NMFS F/NMC-198. Seattle, Washington.

Thurow, R. 1985. Middle Fork Salmon River fisheriesinvestigations. Federal Aid in Fish

Restoration, Job Completion Report, Project F-73-R-6. Idaho Department of Fish and
Game. Boise, Idaho.

References - 22



References

Trombulak, C. S. and A. C. Frissell. 2000. Review of Ecological Effects of Roads on Terrestrial
and Aquatic Communities. Conservation Biology [Conserv. Biol.]. 14:18-30.

Uberuaga, R. D. 1993. Biological evaluation of the effects of the proposed Steen Creek fire
salvage timber sale on bull trout (Salvelinus confluentus) and redband trout
(Oncorhynchus mykiss gibbsi). U.S. Forest Service, Payette National Forest. Council,
Idaho.

Underwood, K., S. Martin, M. Schuck, and A. Scholz. 1995. “Investigations of Bull Trout
(Salvelinus confluentus), Steelhead Trout (Oncor hynchus mykiss), and Spring Chinook
Salmon (O. tshawytscha). Interactions in Southeast Washington Streams.” Project No.
1990-05300, 186 electronic pages, (BPA Report DOE/BP-17758-2).

USDA and USDI (U. S. Department of Agriculture and U. S. Department of Interior). 1994.
Record of decision [ROD] for amendments to Forest Service and Bureau of Land
Management planning documents within the range of the northern sported owl; S& Gs for
management of habitat for late-successional and old-growth forest related species within
the range of the northern spotted owl. USDA Forest Service and USDI Bureau of Land
Management. April 1994. 74 p. and appendices.

USDA and USDI (U. S. Department of Agriculture and U. S. Department of Interior). 1995.
Decision Notice/Decision Record Finding of No Significant Impact, Environmental
Assessment for the Interim Strategies for Managing Anadromous Fish-producing
Watersheds in Eastern Oregon, and Washington, Idaho, and portions of California
(PACFISH).

USDA and USDI (U. S. Department of Agriculture and U. S. Department of Interior). 1996.
Status of the Interior Columbia Basin, Summary of Scientific Findings.

USDA and USDI (U. S. Department of Agriculture and U. S. Department of Interior). 1997.
Interior Columbia River Basin Ecosystem Management Project, Upper Columbia River
Basin Draft Environmental Impact Statement. Vol I., Vol I, Vol [lI.

USDA and USDI (U. S. Department of Agriculture and U. S. Department of Interior). 1998.
North Willamette L SR Assessment: Mt. Hood National Forest and Cascade Resource
Area, Salem BLM. USDA Forest Service and USDI Bureau of Land Management.

USDI (U. S. Department of Interior). 1995. Record of Decision and Resource Management Plan.
Bureau of Land Management, Salem District, Oregon.

USFS (U. S. Forest Service). 1990. Land and Resource Management Plan: Mt. Hood National
Forest. USDA Forest Service, Pacific Northwest Region, Mt. Hood National Forest.

USFS (U. S. Forest Service). 1993. Clackamas Wild and Scenic River and State Scenic

Waterway Environmental Assessment and Management Plan. Pacific Northwest Region,
Mt. Hood National Forest, Clackamas and Estacada Ranger Districts.

References - 23



Clackamas River Bull Trout Reintroduction Feasibility Assessment

USFS (U. S. Forest Service). 1994. Watershed Analysis, Fish Creek Watershed. Pacific
Northwest Region, Mt. Hood National Forest. September 1994.

USFS (U. S. Forest Service). 1995. Watershed Analysis: Upper Clackamas Watershed. Pacific
Northwest Region, Mt. Hood Nationa Forest. March 1995. 202 p.

USFS (U. S. Forest Service). 1996a. East Fork Hood River watershed analysis. Hood River
Ranger District, Pacific Northwest Region, Mt. Hood National Forest, Parkdale, OR.

USFS (U. S. Forest Service). 1996b. West Fork of Hood River Watershed Analysis. Hood River
Ranger District, Pacific Northwest Region, Mt. Hood National Forest, Parkdale, OR.

USFS (U. S. Forest Service). 1999. Bull trout survey information from a variety of methods
through 1998. Hood River Ranger District. U.S. Department of Agriculture, Mt. Hood
National Forest, Parkdale, Oregon.

USFS (U. S. Forest Service). 2003. Bull trout survey information from a variety of methods
through 2003. Hood River Ranger District. U.S. Department of Agriculture, Mt. Hood
National Forest, Parkdale, Oregon.

USFS (U. S. Forest Service). 2004. Bull Trout Spawning Data. McKenzie Ranger District,
Willamette National Forest. Dave Bickford. Fish Biologist. McKenzie Bridge, Oregon.

USFS (U. S. Forest Service). 2005. Bull trout survey information from a variety of methods
through 2005. Hood River Ranger District. U.S. Department of Agriculture, Mt. Hood
National Forest, Parkdale, Oregon.

USFS (U. S. Forest Service). 2006. Bull trout snorkel efficiency study. Hood River Ranger
Digtrict. U.S. Department of Agriculture, Mt. Hood National Forest, Parkdale, Oregon.

USFSand BLM (U. S. Forest Service and Bureau of Land Management). 1995. Eagle Creek
Watershed Analysis. Pacific Northwest Region.

USFWS (U.S. Fish and Wildlife Service). 1994. Memorandum: Warranted , But Precluded;
Administrative 12-month Finding on a Petition to List the Bull Trout under the
Endangered Species Act. From Regional Director, Fish and Wildlife Service, Region 1,
Portland, Oregon.

USFWS (U.S. Fish and Wildlife Service). 1998a. Biological Opinion for the effects to bull trout
from continued implementation of Land and Resource Management Plans and Resource
Management Plans as amended by the Interim Strategy for Managing Fish-producing
Watersheds in Eastern Oregon and Washington, Idaho, Western Montana, and Portions of
Nevada (INFISH), and the Interim Strategy for Managing Anadromous Fish-producing
Watersheds in Eastern Oregon and Washington, Idaho, and Portions of California
(PACFISH). U.S. Fish and Wildlife Service, Portland, Oregon.

References - 24



References

USFWS (U.S. Fish and Wildlife Service). 1998b. U.S. Fish and Wildlife Service. Klamath River
and Columbia River bull trout population segments: status summary and supporting
document lists. Prepared by the Bull Trout Listing Team.

USFWS (U.S. Fish and Wildlife Service). 2002. In: Bull Trout (Salvelinus confluentus) Draft
Recovery Plan. U.S. Fish and Wildlife Service, Portland, Oregon.

USNPS (U. S. National Park Service). 2000. Environmental assessment on Hoh road reroute,
Olympic National Park, Washington. Olympic National Park, Division of Natural
Resources Management. Port Angeles, Washington.

Vashro, J. 2000. Montana Fish, Wildlife and Parks -- M ontana unauthorized fish introduction
database. February, 2000. 2 pages with attachment.

Vidergar, D. T. 2000. Population estimates, food habits and estimates of consumption of selected
predatory fishesin Lake Pend Oreille, Idaho. M.S. Thesis, University of Idaho. Moscow,
Idaho.

Viggs, S. and C. Burley. 1991. Temperature - dependent maximum daily consumption of
juvenile salmonids by northern squawfish (Ptychocheilus oregonensis) from the
Columbia River. Canadian Journal of Fisheries and Aquatic Sciences 48:2491-2498.

Wagner, E. and T. Hinson. 1993. Evaluation of adult fallback through McNary Dam Juvenile
bypass system. Financed by U.S. Army Corps of Engineers. Contract Number DACWG68-
82-C-0077.

Wagner, E. P. |. 1973. Evaluation of fish facilities and passage at Foster and Green Peter Dams
on the South Santiam River drainage in Oregon. Financed by U.S. Army Corps of
Engineers-Portland District. Contract Number DACW57- 68-C-0013.

Wagner, P. 1991. Evaluation of the use of the McNary bypass system to divert adult fallbacks
from the turbine intakes. Final Report prepared for U.S. Army Corps of Engineers,
modification contract DACWG68-82-C-0077, Task Order Number 9. Washington
Department of Fisheries, Habitat Management Division. Olympia, Washington. 18 pages.

Wallis, J. 1960. A Brief History of Hatchery Operations of the Clackamas River, Oregon Fish
Commission. May 4, 1960.

Wang, S, J. J. Hard, and F. Utter. 2002. Salmonid inbreeding: areview. Reviewsin Fish
Biology and Fisheries 11:301-3109.

Waples, R. S. 1990. Conservation genetics of Pacific salmon Il. Effective population size and the
rate of loss of genetic variability. Journal of Heredity 81:267-276.

References - 25



Clackamas River Bull Trout Reintroduction Feasibility Assessment

Waples, R. S. 2002. Definition and estimation of effective population size in the conservation of
endangered species. Pages 147-168 in S. R. Beissinger and D. R. McCullough (eds.).
Population Viability Analysis. The University of Chicago Press. Chicago, IL.

Washington. 1997. Water quality standards for surface waters of the state of Washington.
Washington administrative code, chapter 173-201A WAC. November 18, 1997.

Watson, G. and T. W. Hillman. 1997. Factors affecting the distribution and abundance of bull
trout: Aninvestigation at hierarchical scales. North American Journal of Fisheries
Management [N. AM. J. FISH. MANAGE.]. 17:237-252.

WDE (Washington Department of Ecology). 1992. 1992 statewide water quality assessment.
305(B) report.

WDFW (Washington Department of Fish and Wildlife). 1998. Washington State salmonid stock
inventory: bull trout/dolly varden. Washington Department of Fish and Wildlife, Fish
Management. Olympia, WA. 437 pp.

WDW (Washington Department of Wildlife). 1992. Bull trout/Dolly Varden management and
recovery plan. Washington Department Number 92-22, Fisheries Management Division.
Olympia, Washington.

Weaver, T. 1993. Montana Department of Fish, Wildlife and Parks -- Inter-office memo of 1993
bull trout spawning runs - Flathead Basin to Fish Staff. 9 pages.

Werdon, S. 2001. Email message to Sam Lohr, U.S. Fish and Wildlife Service, from Selena
Werdon concerning bull trout observed in Dave Creek, Jarbidge River basin, during
temperature monitoring survey conducted in 1999.

Whiteley, A. R., P. Spruell, B. E. Rieman, and F. W. Allendorf. 2006. Fine-scale genetic
structure of bull trout at the southern limit of their distribution. Transactions of the
American Fisheries Society 135:1238-1253.

Whiteley, A. R., P. Spruell, and F. W. Allendorf. 2003. Population genetics of Boise Basin bulll
trout (Salvelinus confluentus). Final report to Rocky Mountain Research Station,
Contract: RMRS # 00-JV-1122014-561.

Whitesel, T. A. and 7 coauthors. 2004. Bull Trout Recovery Planning: A review of the science
associated with population structure and size. Science Team Report # 2004-01, U.S. Fish
and Wildlife Service, Regional Office. Portland, Oregon.

Whitt, C. R. 1978. An Evaluation of Existing and Potential Fishery Resourcesin the Clackamas

River Land Management Unit. A report to the Land Use Planning Team. Mt. Hood
National Forest. May, 1978.

References - 26



References

Wilhelm F. M., B. R. Parker, D. W. Schindler, and D. B. Donald. 1999. Seasonal food habits of
bull trout from a small apine lake in the Canadian Rocky Mountains. Transactions of the
American Fisheries Society 128:1176-1192.

Williams J. E., D. W. Sadaand C. D. Williams. 1988. American Fisheries Society Guidelines for
Introductions of Threatened and Endangered Fishes. Fisheries. 13 (5):5-11.

Williams, R. N., R. P. Evans, and D. K. Shiozawa. 1995. Mitochondrial DNA diversity in bull
trout from the Columbia River basin. Idaho Bureau of Land Management Technical
Bulletin No. 95-1.

Willis, R. A., M. Coallins, and R. Sams. 1960. Environmental Survey Report Pertaining to
Salmon and Steelhead in Certain Rivers of Eastern Oregon and the Willamette River and
its Tributaries. Part I1. Survey Reports of the Willamette River and its Tributaries. Fish
Commission of Oregon, Research Division. Clackamas, Oregon.

Wissmar, R. C., J. E. Smith, B. A. MclIntosh, H. W. Li, G. H. Reeves, and J. R. Sedell. 1994. A
history of resource use and disturbance in riverine basins of eastern Oregon and
Washington (early 1800s-1990s). Northwest Science [NORTHWEST SCI.] 68:1-35.

Wright, S. 1931. Evolution of Mendelian populations. Genetics 16:97-159.

Wright, S. 1969. Evolution and the genetics of populations, volume 2. The theory of gene
frequencies. University of Chicago Press, Chicago.

Y oshinaka, M. 2002. Presentation on Bull Trout in the Mainstem Columbia and Snake Rivers at
the 2002 Salvelinus Confluentus Curiosity Society (SCCS) Workshop, Wallowa Lake,
Oregon, 2002.

Ziller, J. S. 1992. Distribution and relative abundance of bull trout in the Sprague River subbasin,
Oregon. In P. J. Howell, and D. V. Buchanan, eds., Proceedings of the Gearhart
Mountain Bull Trout Workshop. Oregon Chapter of the American Fisheries Society.
Corvallis, Oregon. pages 18-29.

Ziller, J. S., and G. A. Taylor. 2000. Using partnerships for attaining long term sustainability of
bull trout, Salvelinus confluentus, populations in the upper Willamette basin, Oregon. In:
Wild trout V11 management in the new millennium: are we ready? Y ellowstone National
Park. October 1-4, 2000.

Zimmerman, M. P. 1999. Upper Clackamas River Basin Bull Trout Surveys, 1998-1999. Oregon

Department of Fish and Wildlife, Columbia River Investigations. December 1999.
Clackamas, Oregon. 24 p.

References - 27



Appendix A — Causes for Decline of Bull Trout in the
Western United States

Bull trout distribution, abundance, and habitat quality have declined range-wide (Bond 1992,
McPhail and Baxter 1996; Newton and Pribyl 1994; Rieman and Mclntyre 1993; Schill 1992;
Thomas 1992; Ziller 1992). Several local extirpations have been documented, beginning in the
1950s (Berg and Priest 1995; Buchanan et al. 1997; Donald and Alger 1993; Goetz 1994; Light
et a. 1996; Newton and Pribyl 1994; Ratliff and Howell 1992; Rode 1990; WDFW 1998). Bulll
trout were extirpated from the southernmost portion of their historic range, the McCloud River in
California, around 1975 (Moyle 1976; Rode 1990). Bull trout have been functionally extirpated
(i.e., few individuals may occur there but do not constitute a viable population) in the Coeur
d'Alene River Basin in Idaho and in the Lake Chelan and Okanogan River basinsin Washington
(USFWS 1998b). These declines resulted from the combined effects of habitat degradation and
fragmentation, blockage of migratory corridors, degradation of water quality, angler harvest and
poaching, entrainment into diversion channels and dams, and introduced nonnative species.
Specific land and water management activities that have depressed bull trout popul ations and
degraded habitat include dams and other diversion structures, forest management practices,
livestock grazing, agriculture, agricultural diversions, road construction and maintenance,
mining, and urban and rural development (Beschta et al. 1987; Chamberlain et al. 1991; Craig
and Wissmar 1993; Frissell 1993; Furnisset al. 1991; Henjum et al. 1994; Light et al. 1996;
MBTSG 19954, b, c, d, e, 1996b, c, d, e, f, h; McIntosh et a. 1994; Meehan 1991; Nehlsen et al.
1991; Sedell and Everest 1991; USDA and USDI 1995, 1996, 1997; Wissmar et al. 1994).

Dams

Dams affect bull trout by altering habitat; flow, sediment, and temperature regimes; migration
corridors; and creating additional interspecific interactions, mainly between bull trout and
nonnative species (Bodurtha 1995; Craig and Wissmar 1993; Rieman and Mcintyre 1993; Rode
1990; USDA and USDI 1996, 1997; WDW 1992; Wissmar et al. 1994). Impassable dams have
caused declines of bull trout by preventing migratory fish from reaching spawning and rearing
areas in headwaters and recolonizing areas where bull trout have been extirpated (MBTSG 1998;
Rieman and Mclntyre 1993).

The extirpation of bull trout in the McCloud River Basin, California, has been attributed
primarily to construction and operation of McCloud Dam, which began operation in 1965 (Rode
1990). The McCloud Dam flooded bull trout spawning, rearing, and migratory habitats. The dam
also resulted in elevated water temperatures.

Although dams negatively affect bull trout (Gilpin 1997; Rieman and Mclntyre 1993), some
dams can benefit bull trout by blocking introduced nonnative species from upstream areas
(MBTSG 1995d). Some dams also increase the potential forage base for bull trout by creating
reservoirs that support prey species (Faler and Bair 1991, Pratt 1992).
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Some of the major effects to bull trout resulting from the Federal Columbia River Power System
and from operation of other hydropower, flood control, and irrigation diversion facilities include
the following: (1) fish passage barriers, (2) entrainment of fish into turbine intakes and irrigation
canals, (3) inundation of fish spawning and rearing habitat, (4) modification of streamflows and
water temperature regimes, (5) dewatering of shallow water zones during power peaking
operations, (6) reduced productivity in reservoirs, (7) periodic gas super-saturation of waters
downstream of dams, (8) water level fluctuations interfering with retention of riparian vegetation
along reaches affected by power peaking operations, (9) establishment of nonnative riparian
vegetation along reaches affected by power peaking operations, and (10) severe reductions in
reservoir levels to accommodate flood control operations.

Hungry Horse, Libby, Albeni Falls, Dworshak, Chief Joseph, Keechelus, Tieton, and Grand
Coulee dams, as well as othersin the Columbia River Basin and throughout the range of bull
trout in the conterminous United States, were built without fish passage facilities and are barriers
to bull trout migration. These barriers have contributed to the isolation of local populations of
migratory bull trout. Bull trout have been observed using upstream fish passage facilities at many
of the hydropower projects on the Snake and Columbiarivers. However, even dams with fish
passage facilities may be afactor inisolating bull trout local populationsif they are not readily
passable by bull trout or if they do not provide an adult downstream migration route.

Entrainment of bull trout may also occur at various projects in the Columbia River Basin
including Libby, Hungry Horse, Albeni Falls, Rocky Reach, Rock Island,Wells, Dworshak,
Bonneville, Ice Harbor, Lower Monumental, Little Goose, and Lower Granite dams. Fish can be
killed or injured when passing the dams. Potential passage routes include spill through the
turbines or the juvenile bypass systems, but the relative passage success of these routes for adult
salmonids has not been thoroughly investigated. However, one study of fish facilities at Foster
and Green Peter dams on the South Santiam River, Oregon, conducted in the early 1970s
revealed that passage through turbines resulted in a 22 to 41 percent mortality rate for adult
steelhead (Wagner 1973). Additionally, a 40 to 50 percent injury rate for adult salmonids passing
through the juvenile fish bypass system at McNary Dam has been noted (Wagner and Hinson
1993; Wagner 1991). Adult bull trout may experience similar mortality rates. In addition, those
adult fish that survive downstream passage at dams without upstream passage facilities are
isolated in downstream reaches away from their natal (native) streams. Asindicated above, the
loss of these larger, more fecund migratory fish is detrimental to their natal populations.
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The creation of mainstem Columbia and Snake river reservoirs (i.e., the areas of slow moving
water behind the dams) combined with introductions of piscivorous species[e.g., bass
(Micropterus spp), walleye (Stizostedion vitreum)] have aso affected the habitat of bull trout and
other salmonids. An increase in predator populations, both native [e.g., northern pikeminnow
(Ptychocheilus oregonensis)] and nonnative, as aresult of creating artificial habitat and
concentrating prey may be afactor in the decline of listed Snake River salmon species (NMFS
19914, b, ). Ideal predator foraging environments have been created in these pools, particularly
for warmwater species in the summer. Smolts that pass through the projects are subjected to
turbines, bypasses, and spillways that may result in disorientation and increased stress,
conditions that reduce their ability to avoid predators below the dams. Creation of the pools
above the dams has resulted in low water velocities that increase smolt travel time and increase
predation opportunity. Increased water temperatures, also aresult of the impoundment of the
river, have also been shown to increase predation rates on salmonid smolts (Viggs and Burley
1991). Because bull trout are apex (top) predators of other fish, negative effects to the salmonid
smolt prey base, and the resulting decline in adult returns, are likely to affect bull trout
negatively aswell. Additionally, increased water temperatures, influenced by the presence of
dams, also decreases the suitability of the lower Snake and Columbiariver pools for bull trout in
the late spring through early fall.

Uncontrolled spill over dams, or even high levels of managed spill, at hydropower projects can
produce extremely high levels of total dissolved gas that may impact bull trout and other species.
These high levels of gas super-saturation can cause gas bubble disease traumain fish. Gas bubble
disease is caused by gas being absorbed into the bloodstream of fish during respiration. Effects
can range from temporary debilitation to mortality, and super-saturation can persist for several
miles below dams where spill occurs. The states of Oregon and Washington have established a
111 percent total dissolved gaslevel as State water quality standards. However, total dissolved
gas levels of up to 120 percent have been experienced during recent years of managed spill in the
Federal Columbia River Power System, with involuntary spill episodes resulting in total
dissolved gas levels of as high as 140 percent at some sites (NMFS 2000). At levels near 140
percent, gas bubble disease may occur in over three percent of fish exposed. At levels of up to
120 percent the incidence of gas bubble disease decreases to a maximum of 0.7 percent of fish
exposed (NMFS 2000).

Manipulated flow releases from storage projects alter the natural flow regime, affect water
temperature, have the potential to destabilize downstream streambanks, alter the natural sediment
and nutrient loads, and cause repeated and prolonged changes to the downstream wetted
perimeter (MBTSG 1998). Power peaking operations, which change the downstream flow of the
river on afrequent basis, cause large areas of the river margins to become alternately wet and
then dry, adversely affecting aquatic insect survival and production. Changesin water depth and
velocity asaresult of rapid flow fluctuations, and physical loss or gain of wetted habitat, can
cause juvenile trout to be displaced, thus increasing their vulnerability to predation. Additionally,
rapid flow reductions can strand young fish if they are unable to escape over and through
draining or dewatered substrate. These effects also indirectly adversely affect bull trout by
degrading the habitat of their prey (small fish) and the food upon which they depend (aguatic
insects).

Appendix A -3



Clackamas River Bull Trout Reintroduction Feasibility Assessment

Reservoirs created by dams have also inundated bull trout habitat. For example, reservoirs
created by the construction of Libby and Hungry Horse dams have inundated miles of mainstem
river and tributary habitat previously used by many local populations of bull trout. Reservoir
water level manipulations can create migration barriers at the confluence of tributaries entering
the reservoir, as well as negatively affecting littoral rearing habitats for prey species of bull trout.
Reservoir levels are often drawn down substantially during drought years, or annually as
operators evacuate flood control reservoirs to make room for spring snow melt runoff. Reduced
volumes of water in reservoirs can affect their overall productivity that may ultimately reduce the
food base of predators such as bull trout. Other reservoirs are unproductive and provide poor
habitat for bull trout compared to natural riverine habitats (e.g., Noxon and Cabinet Gorge).
However, reservoirs such as Libby, Hungry Horse, and Dworshak now provide suitable habitat
for adfluvial populations of bull trout that was not available prior to dam construction.

Forest Management Practices

Forest management activities, including timber extraction and road construction, affect stream
habitats by altering recruitment of large wood, erosion and sedimentation rates, runoff patterns,
the magnitude of peak and low flows, water temperature, and annual water yield (Cacek 1989;
Furniss et al. 1991; Spence et al. 1996; Spencer and Schelske 1998; Swanson et al. 1998;
Wissmar et al. 1994). Activities that promote excessive substrate movement reduce bull trout
production by increasing egg and juvenile mortality, and reducing or eliminating habitat (e.g.,
poolsfilled with substrate) important to later life-history stages (Brown 1992a; Fraley and
Shepard 1989). The length and timing of bull trout egg incubation and juvenile development
(typically more than 200 days during winter and spring) and the strong association of juvenile
fish with stream substrate make bull trout vulnerable to changes in peak flow alterations or
disturbances to channels and substrates (Goetz 1989; MBTSG 1998; McPhail and Baxter 1996;
Pratt 1992).

Roads constructed for forest management are a prevalent feature on managed forested and
rangeland landscapes. Roads have the potential to adversely affect several habitat features, (e.g.,
water temperature, substrate composition and stability, sediment delivery, habitat complexity,
and connectivity) (Baxter et al. 1999; Trombulak and Frissell 2000). Roads may also isolate
streams from riparian areas, causing aloss in floodplain and riparian function. The aquatic
assessment portion of the Interior Columbia Basin Ecosystem Management Project provided a
detailed analysis of the relationship between road densities and bull trout status and distribution
(Quigley and Arbelbide 1997). The assessment found that bull trout are less likely to use streams
in highly roaded areas for spawning and rearing, and do not typically occur where average road
densities exceed 1.1 kilometers per square kilometer (1.7 miles per square mile).

Although bull trout occur in watersheds where timber has been harvested, bull trout strongholds
primarily occur in watersheds with little or no past timber harvest, such as the wilderness areas
of central Idaho and the South Fork Flathead River drainage in Montana (Henjum et al. 1994,
MBTSG 1995d; Rieman et al. 1997; USDA and USDI 1997). However, the Swan River Basin,
Montana, has had extensive timber harvest and road construction, and is abull trout stronghold
(Watson and Hillman 1997). The overall effects of forestry practices on bull trout in parts of the
Swan River Basin are difficult to assess because of the complex geomorphology and geology of
the drainage (MBTSG 1996f).
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Roads may affect aguatic habitats considerable distances away. For example, increasesin
sedimentation, debris flows, and peak flows affect streams longitudinally so that the area
occupied by aroad can be small compared to the entire downstream area subjected to its effects
(Jones et al. 2000; Trombulak and Frissell 2000). Upstream from road crossings, large areas of
suitable habitat may become inaccessible to bull trout due to fish passage barriers (e.g., culverts).

Forest management activities have also altered the frequency and duration of floods or high
flows (USDA and USDI 1997). Roads and clear-cutting of forested areas tend to magnify the
effects of floods, leading to higher flows, erosion, and bedload that scour channels (Mclntosh et
al. 1994; Spencer and Schelske 1998; Swanson et al. 1998; USDA and USDI 1997), and degrade
bull trout habitat (Henjum et al. 1994). Erosion from road landslides increases bedload to stream
flows (Furniss et al. 1991). Increased bedload increases the scouring effect of high stream flows,
increasing channel width and instability and loss of habitat diversity, especially pools (Henjum et
al. 1994; Mcintosh et al. 1994). Bull trout eggs and fry in the gravels during scouring likely
survive at low rates (Henjum et al. 1994), as do those with large sediment loading. For instance,
hundreds of landslides associated with roads on the Clearwater and Panhandle national forests
resulted from high flow eventsin 1995 (Patten and Penzkover 1996), likely reducing survival of
bull trout eggs and fry. Habitat degradation has a so reduced the number and size of bull trout
spawning areas (USDA and USDI 1997).

Livestock Grazing

Improperly managed livestock grazing degrades bull trout habitat by removing riparian
vegetation, destabilizing streambanks, widening stream channels, promoting incised channels
and lowering water tables, reducing pool frequency, increasing soil erosion, and altering water
quality (Henjum et al. 1994; Howell and Buchanan. 1992; MBTSG 19953, b, €, Mullan et al.
1992; Overton et al. 1993; Platts et al. 1993; Uberuaga 1993; USDA and USDI 1996, 1997).
These effects reduce cover, increase summer water temperatures, cause habitat degradation, and
promote formation of anchor ice (e.g., ice attached to the bottom of an otherwise unfrozen
stream, often covering stones, etc.) in winter, and increase sediment in spawning and rearing
habitats.

Negative effects of livestock grazing on bull trout habitat may be minimized if grazing is
managed appropriately for conditions at a specific site. Practices generally compatible with the
preservation and restoration of bull trout habitat include fences to exclude livestock from riparian
areas, rotation schemes, relocation of water and salting facilities away from riparian areas, and
use of herders.
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Agricultural Practices

Agricultural practices, such as cultivation, irrigation diversions, and chemical application,
contribute to non-point source pollution (i.e., water quality impairment) and loss of instream
flows in some areas within the range of bull trout (IDHW 1991; MDHES 1994; WDE 1992).
These practices can release sediment, nutrients, pesticides, and herbicides into streams; increase
water temperature; reduce riparian vegetation; and alter hydrologic regimes, typically by
reducing flows in spring and summer. Irrigation diversions also affect bull trout by altering
stream flow, dewatering streams, and entrainment. The effects of the myriad of small irrigation
diversion projects throughout the range of bull trout may be an even greater significance than the
large hydropower and flood control projects. Many of these diversions are located high in the
watershed and either physically block fish passage by means of a structure (i.e., adam), or
effectively block passage by periodically dewatering a downstream reach (e.g., diversion of
flows through a penstock to a powerhouse; diversion of flows for the purposes of irrigation).
Reduced stream flows can also result in structural and thermal passage barriers. Additional
effects include water quality degradation resulting from irrigation return flows and runoff from
fields and entrainment of bull trout into canals and fields (MBTSG 1998). Some irrigation
diversion structures are reconstituted annually with a bulldozer as “ push up” dams and not only
affect passage, but aso significantly degrade the stream channel. Even though these “push up”
dams are not legal, there is a prevalence of these structures throughout the range of bull trout
which hasresulted in the isolation of bull trout populations in the upper watersheds in many
areas. Bull trout may enter unscreened irrigation diversions and become stranded in ditches and
agricultural fields. Diversion dams without proper passage facilities prevent bull trout from
migrating and may isolate groups of fish (Dorratcaque 1986; Light et al. 1996). Other effects of
agricultural practices on aquatic habitat include stream channelization and large wood removal
(Spence et a. 1996).

Transportation Networks

Roads degrade bull trout habitat by creating flow constraints in ephemeral, intermittent, and
perennial channels; increasing erosion and sedimentation; creating passage barriers; channelizing
stream reaches; and reducing riparian vegetation (Furniss et al. 1991; Ketcheson and Megahan
1996; Trombulak and Frissell 2000). In the Clearwater River Basin of Idaho, for example,
Highway 12 is adjacent to much of the Clearwater River, and crosses theriver at eight different
bridge sites. The highway has constrained the river in some areas and highway maintenance may
negatively affect bull trout and their habitats (CBBTTAT 1998). Moreover, the proximity of the
highway to the Clearwater River increases the likelihood of hazardous materials or fuel spills
entering the river. Similar situations exist along primary and secondary highways across the
range of bull trout.
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A dirt road is adjacent to much of the West Fork of the Jarbidge River in Nevada and Idaho.
McNeill et al. (1997) determined that construction and maintenance of the Jarbidge Canyon
Road has influenced the morphology and function of the river. Within asingle 4.8 kilometer (3
mile) reach, there are seven bridge crossings, and the largest bridge spans only 62 percent of the
average width of theriver (McNeill et al. 1997). Maintenance of the road and bridges requires
frequent channel and floodplain modifications that affect bull trout habitat, such as
channelization; removal of riparian trees and beaver dams; and placement of rock, sediment, and
concrete (Jay Frederick, U. S. Forest Service, personal communication, February 6, 1998;
McNeill et al. 1997).

Transportation networks also affect bull trout habitat in protected areas such as National Parks.
Roads have been constructed to provide access to the Hoh River and Quinault River basins,
including areas within Olympic National Park. These roads were typically built following river
valleys and often constrain the floodplains. As aresult, these roads have been subjected to high
flow events and shiftsin river channels, forcing extensive streambank armoring to maintain them
(Chad 1997; USNPS 2000). Bank armoring impairs bull trout habitat through reduced habitat
complexity, stream channelization, reduced riparian vegetation, and bank erosion downstream.
Within the Olympic National Park, about 1,770 meters (5,476feet) of rip-rap were documented
along the Hoh River in 1997 (Chad 1997), and additional bank stabilization projects have
occurred since then.

Mining

Mining degrades aquatic habitat used by bull trout by altering water chemistry (e.g., pH);
atering stream morphology and flow; disturbing channel substrates; initiating channel incision
and headcuts; and causing sediment, fuel, and heavy metals to enter streams (Martin and Platts
1981; Spence et al. 1996). The types of mining that occur within the range of bull trout include
extraction of hard rock minerals, coal, gas, oil, and sand and gravel. Past and present mining
activities have adversely affected bull trout and their habitat in Idaho, Oregon, Montana, Nevada,
and Washington (Johnson and Schmidt 1988; MBTSG 1995b, e, 1996b, d; McNeill et al. 1997;
Mooreet al. 1991; Platts et al. 1993; Ramsey 1997; WDW 1992).

For example, it is thought that bull trout were widely distributed in the Coeur d'Alene River
Drainage, Idaho (Maclay 1940). However, extensive mining and associated operations have
modified and degraded stream channels and floodplains, created barriers to fish movement, and
released toxic substances, especialy in the South Fork Coeur d'Alene River (PBTTAT 1998).
Portions of the system were essentially devoid of aquatic life during surveys conducted in the
1940s, and bull trout have been functionally extirpated in the Coeur d'Alene River Basin since
1992 (USFWS 1998h).
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Residential Development and Urbanization

Residential development is rapidly increasing within many portions of the range of bull trout.
Residential development alters stream and riparian habitats through building next to streams,
contaminant inputs, and increased stormwater runoff, resulting in changesin flow regimes,
streambank modification and destabilization, increased nutrient loads, and increased water
temperatures (MBTSG 1995a). Indirectly, urbanization within floodplains aters groundwater
recharge by rapidly routing water into streams through drains rather than through more gradual
subsurface flow (Booth 1991).

Urbanization negatively affects the lower reaches of many of the large rivers and their associated
side channels, wetlands, estuaries, and near-shore areas. Activities such as dredging; removing
large wood (e.g., snags, log jams, drift wood); installing revetments, bulkheads, and dikes; and
filling side channels, estuarine marshes, and mud flats have led to the reduction, simplification,
and degradation of habitats (PSWQAT 2000; Spence et al. 1996; Thom et al. 1994). Pollutants
associated with urban environments such as heavy metals, pesticides, fertilizers, bacteria, and
organics (oil, grease) have contributed to the degradation of water quality in streams, lakes, and
estuaries (NRC 1996; Spence et al. 1996).

Fisheries Management

Introductions of nonnative species by the Federal government, State fish and game departments,
and private parties, across the range of bull trout have contributed to declines in abundance, local
extirpations, and hybridization of bull trout (Bond 1992; Donald and Alger 1993; Howell and
Buchanan. 1992; Leary et al. 1993; MBTSG 19953, ¢, 1996a, g; Palmisano and Kaczynski 1997;
Platts et al. 1995; Pratt and Huston 1993).

Introduced brook trout (Salvelinus fontinalis) threaten bull trout through hybridization,
competition, and possibly predation (Clancy 1993; Leary et al. 1993; MBTSG 1996a; Rieman
and Mclntyre 1993; Thomas 1992; WDW 1992). Hybridization between brook trout and bull
trout has been reported in Montana (Hansen and DosSantos. 1997; MBTSG 19953, e, 19964, e,
f), Oregon (Markle 1992; Ratliff and Howell 1992), Washington (WDFW 1998), and Idaho
(Adams 1996; Tim Burton, U. S. Forest Service, personal communication, July 1, 1997).
Hybridization results in offspring that are frequently sterile (Leary et a. 1993), although recent
genetic work has shown that reproduction by hybrid fish is occurring at a higher level than
previously suspected (Kanda 1998). Hybrids may be competitors. Brook trout mature at an
earlier age and have a higher reproductive rate than bull trout. This difference may favor brook
trout over bull trout when they occur together, often leading to replacement of bull trout with
brook trout (Clancy 1993; Leary et al. 1993; MBTSG 1995a). The magnitude of threats from
nonnative fishesis highest for resident bull trout because they are typically isolated and exist in
low abundance.
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Brook trout apparently adapt better to degraded habitats than bull trout (Clancy 1993; Rich
1996), and brook trout also tend to occur in streams with higher water temperatures (Adams
1994; MBTSG 1996(). Because elevated water temperatures and sediments are often indicative
of degraded habitat conditions, bull trout may be subject to stresses from both interactions with
brook trout and degraded habitat (MBTSG 19964). In laboratory tests, growth rates of brook
trout were significantly greater than those for bull trout at higher water temperatures when the
two species were tested aone, and growth rates of brook trout were greater than those for bull
trout at all water temperatures when the species were tested together (McMahon et al. 1998,
1999).

Nonnative lake trout (Salvelinus namaycush) (i.e., west of the Continental Divide) also
negatively affect bull trout (Donald and Alger 1993; Fredenberg 2000; MBTSG 1996a). A study
of 34 lakesin Montana, Alberta, and British Columbia, Canada, found that 1ake trout likely limit
foraging opportunities and reduce the distribution and abundance of migratory bull trout in
mountain lakes (Donald and Alger 1993). Over 250 introductions of lake trout and other
nonnative species have occurred in nearly 150 western Montana waters within the range of bull
trout (Vashro 2000). The potential for introduction of lake trout into the Swan River Basin and
Hungry Horse Reservoir on the South Fork Flathead River, both in Montana, is considered a
threat to bull trout (MBTSG 1995d, 1996f). The presence of severa lake trout has been recently
documented in Swan Lake (MFWP 1999). In Idaho, lake trout and habitat degradation were
factorsin the decline of bull trout from Priest Lake (Mauser et a. 1988; Pratt and Huston 1993).
Lake trout have invaded Upper Priest Lake and are athreat to the bull trout there (Fredericks
1999). Juvenile lake trout are also using some riverine habitats in Montana, possibly competing
with bull trout (MBTSG 1996a).

Introduced brown trout (Salmo trutta) are established in several areas within the range of bull
trout and likely compete for food and space and prey on bull trout (Platts et al. 1993; Pratt and
Huston 1993; Ratliff and Howell 1992). In the Klamath River Basin, for example, brown trout
occur with bull trout in three streams and have been observed preying on bull trout in one (Light
et a. 1996). Brown trout may compete for spawning and rearing areas and superimpose redds on
bull trout redds (Light et al. 1996; MBTSG 1996a; Pratt and Huston 1993). Elevated water
temperatures may favor brown trout over bull trout in competitive interactions (MBTSG 1996a).
Brown trout may have been a contributing factor in the decline and eventual extirpation of bull
trout in the McCloud River, California, after dam construction altered bull trout habitat (Rode
1990).

Nonnative northern pike (Esox lucius) have the potential to negatively affect bull trout. Northern
pike were introduced into Swan Lake in the 1970s (MFWP 1997), and predation on juvenile bull
trout has been documented (MBTSG 1996f), but the bull trout population has not declined.
Northern pike were also introduced into Salmon, Inez, Seeley, and Alvalakesin the Clearwater
River Basin, and atributary to the Blackfoot River, Montana (MBTSG 1996f). Northern pike
numbers have increased in Salmon Lake and Lake Inez, having a negative effect on bull trout.
Northern pike in Seeley Lake and Lake Alva are also expected to increase in numbers (Rod
Berg; Montana Fish, Wildlife, and Parks; persona communication; November 13, 1997).
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Introduced bass (Micropterus spp.) may negatively affect bull trout (MFWP 1997). In the Clark
Fork River, Montana, Noxon Rapids Reservoir supports fisheries for both smallmouth bass (M.
dolomieui) and largemouth bass (M. salmoides). Both have been high priority sport fish species
in management of Noxon Rapids Reservoir. The Montana fishery management objective for
Cabinet Gorge Reservoir, downstream of Noxon Rapids Reservoir, is to enhance bull trout while
managing the existing bass fishery (MFWP 1997). However, a 1999 Federal Energy Regulatory
Commission settlement with the Avista Corporation for dam relicensing makes recovery of bull
trout a management priority (Kleinschmidt Associates and Pratt 1998).

Managers are now attempting to balance these potentially conflicting objectives. In the North
Fork Skokomish River, Washington, Cushman Reservoir supports largemouth bass, that may
prey on juvenile bull trout rearing in the reservoir and lower river above the reservoir (WDFW
1998).

Opossum shrimp (Mysisrelicta), a crustacean native to the Canadian Shieldrea, was widely
introduced in the 1970s as supplemental forage for kokanee salmon (Oncor hynchus nerka) and
other salmonids in several lakes and reservoirs across the northwest (Nesler and Bergersen
1991). The introduction of opossum shrimp in Flathead L ake changed the lake's trophic
dynamics resulting in expanding lake trout populations and causing increased competition and
predation on bull trout (MBTSG 1995c¢; Weaver 1993). Conversely, in Swan Lake, Montana,
introduced opossum shrimp and kokanee increased the availability of forage for bull trout,
contributing to the significant increase in bull trout numbers in the Swan River Basin (MBTSG
1996f).

Nonnative fish threaten bull trout in relatively secure, unaltered habitats, including roadless
areas, wildernesses, and national parks. For instance, brook trout occur in tributaries of the
Middle Fork Salmon River within the Frank Church-River of No Return Wilderness, including
Elk, Camas, Loon, and Big creeks (Thurow 1985) and Sun Creek in Crater Lake National Park
(Light et al. 1996). Glacier National Park has self-sustaining populations of introduced nonnative
species, including lake trout, brook trout, rainbow trout (Oncorhynchus mykiss), Y ellowstone
cutthroat trout (Oncorhynchus clarki bouvieri), lake whitefish (Coregonus clupeaformis), and
northern pike (MBTSG 1995c). Although stocking in Glacier National Park was terminated in
1971, only afew headwater lakes contain exclusively native species, including bull trout. The
introduction and expansion of lake trout into the relatively pristine habitats of Kintla Lake,
Bowman Lake, Logging Lake, and Lake McDonald in Glacier National Park has nearly
extirpated the bull trout due to predation and competition (Fredenberg 2000; Marnell 1995;
MBTSG 1995c¢).

Some introduced species, such as rainbow trout and kokanee, may benefit large adult bull trout
by providing supplemental forage (Faler and Bair 1991; Pratt 1992; Vidergar 2000). However,
introductions of nonnative game fish can be detrimental due to increased angling and subsequent
incidental catch and harvest of bull trout (Bond 1992; MBTSG 1995c¢; Rode 1990; WDW 1992).
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Isolation and Habitat Fragmentation

Although bull trout are widely distributed over alarge geographic area, the effects of human
activities over the past century have reduced their overall distribution and abundance, aswell as
fragmented their habitat. This fragmentation reduces the amount of available habitat and
increases isolation from other populations of the same species (Saunders et al. 1991). Burkey
(1989) concluded that when species are isolated by fragmented habitats, low rates of population
growth aretypical inlocal populations and their probability of extinction isdirectly related to the
degree of isolation and fragmentation. Without sufficient immigration, growth for local
populations may be low and probability of extinction high (Burkey 1989, 1995).

M etapopulation concepts of conservation biology theory have been applied to the distribution
and characteristics of bull trout (Dunham and Rieman 1999; Rieman and Mclintyre 1993). A
metapopulation is an interacting network of local populations with varying frequencies of
migration and gene flow among them (Meffe and Carroll 1997). Local populations may be
extirpated, but can be reestablished by individuals from other local populations. Thus, multiple
local populations distributed throughout a watershed provide a mechanism for spreading risk
because the simultaneous loss of all local populationsis unlikely. Habitat alteration, primarily
through the construction of impoundments, dams, and water diversions, has fragmented habitats,
eliminated migratory corridors, and isolated bull trout in the headwaters of tributaries (Dunham
and Rieman 1999; Rieman and Dunham 2000; Rieman et al. 1997; Spruell et a. 1999). Based on
population genetics, there is more divergence among bull trout than among salmon (Leary and
Allendorf 1997), indicating less genetic exchange among bull trout populations. The
recolonization rate for bull trout is very low and recolonization may require avery long time,
especialy in light of the man-made isolation of various bull trout populations.

Migratory corridors allow individuals access to unoccupied but suitable habitats, foraging areas,
and refuges from disturbances (Saunders et a. 1991). Maintenance of migratory corridors for
bull trout is essential to provide connectivity among local populations, and enables the
reestablishment of extinct populations. Where migratory bull trout are not present, isolated
popul ations cannot be replenished when a disturbance makes local habitats unsuitable (Rieman
and Mclntyre 1993; USDA and USDI 1997). Moreover, limited downstream movement was
observed for resident bull trout in the Bitterroot River Basin (Nelson 1999) suggesting that
reestablishment of migratory fish and potential re-founding of extinct bull trout populations may
be aslow process, if it occurs at all.
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Because isolation and habitat fragmentation resulting from migratory barriers have negatively
affected bull trout by: (1) reducing geographical distribution; (2) increasing the probability of
losing individual local populations (Rieman and Mclntyre 1993); (3) increasing the probability
of hybridization with introduced brook trout (Rieman and Mclntyre 1993); (4) reducing the
potential for movements in response to developmental, foraging, and seasonal habitat
requirements (MBTSG 1998); and (5) reducing reproductive capability by eliminating the larger,
more fecund migratory form from many local populations (MBTSG 1998; Rieman and Mclntyre
1993), restoring connectivity and restoring the frequency of occurrence of the migratory form
will be an important factor in providing for the recovery of bull trout. The manner and degree to
which individual dams and diversions affect specific bull trout local populationsislikely to vary
depending on the specific physical factors at play and the demographic attributes of the local
population in question.

Evidence suggests that landscape disturbances, such as floods and fires, have increased in
frequency and magnitude within the range of bull trout (Henjum et al. 1994; USDA and USDI
1997). Passage barriers and unsuitable habitat that prevent recolonization, have resulted in bull
trout extirpation through these landscape disturbances (USDA and USDI 1997). Also, isolated
populations are typically small, and more likely to be extirpated by local events than larger
populations (Rieman and Mclntyre 1995), and can exhibit negative genetic effects.

Inadequacy of Existing Water Quality Standards

Temperature regime is one of the most important water quality factors affecting bull trout
distribution (Adams and Bjornn 1997; Rieman and Mclntyre 1995). Given the temperature
requirements of bull trout (Buchanan and Gregory 1997), existing water quality criteria
developed by the States under sections 303 and 304 of the Clean Water Act may not adequately
support spawning, incubation, rearing, migration, or combinations of these life-history stages (62
FR 41162) (NDEP 1998; Oregon 1996; Washington 1997).

Elevated levels of contaminants may result in either lethal (e.g., mortality) or sublethal effectsto
bull trout. Sublethal impacts may include reduced egg production, reduced survival of any life
stage, changes in behavior, reduced growth, impaired osmoregulation, and many subtle
endocrine, immune, and cellular changes. Contaminants may also affect the food chain and
indirectly harm bull trout by reducing prey availability due to reduced habitat suitability for prey
species. Lethal impacts from contaminant inputs are most likely from spills, whereas sublethal
impacts may occur from such land uses as agriculture, residential/urban, mining, grazing, and
forestry.
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Introduction

Impacts to the bull trout population in the Clackamas River have been numerous and sometimes
complex since large scal e settlement began in the 1840s. The many threats responsible for the
rangewide decline in bull trout discussed in Appendix A were also present in the Clackamas River
Subbasin. The causes for decline described below on the Clackamas River bull trout population
included hydroelectric dams, water diversion dams, timber harvest and forest management practices,
conversion and elimination of riparian forest habitat, road building and transportation networks,
livestock grazing, agricultural practicesincluding irrigation and chemical applications, mining,
residential development and urbanization, harvest of bull trout in the sport and commercial fisheries,
fisheries management practices, habitat fragmentation and isolation, and overall water quality
degradation.

Premise

The history of deleterious human impacts to anadromous salmonids in the Clackamas River over the
last 150 yearsis parallel to that for bull trout. Most historical documentation of human effectsto
Clackamas River salmonids focuses on the economically important anadromous stocks; Chinook and
coho salmon in particular. Bull trout, or “Dolly Varden” as they were commonly known, appear as
footnotes in much of the historical documentation, if mentioned at all. Asin many river systems, the
presence of bull trout was recognized, but little else was known about them until recent investigations
(Dodson and Brun, 2003). In examining the reasons for the decline of bull trout, the historic record
and documented observations on other Clackamas River salmonids provide the best clues to what
happened to bull trout in this river system. The evidence available indicates anadromous salmonids
and bull trout encountered many direct and indirect impacts in the late 19™ and early 20™ centuries.
These impacts were likely detrimental to bull trout, just as they were to the better documented salmon
and steelhead populations. Y et, evidence suggests some bull trout persisted, despite major
disruptions to their environment, until the 1970s (Murtagh et a. 1992).

A case can be made that increased public access to the upper Clackamas River Subbasin and rapidly
expanding fishing pressure beginning in the late 1940s and continuing through the mid-1990s, was
the final threat that drove the bull trout into an extinction vortex. The Clackamas River bull trout
population, already severely depressed by many anthropogenic pressures, was especially vulnerable
when tens of thousands of hatchery reared rainbow trout were stocked in the same rearing habitat
during the mid-20™ Century. Heavy rainbow trout stocking was followed by intense sport angling
pressure accompanied by liberal bag limits (Whitt 1978). Bull trout, known to be exceptionally
vulnerable to sport fishing, were subjected to thisintense fishing pressure over several decades. In
fact, bounty fisheries were offered to eradicate bull trout as reported by Murtagh et al. (1992): “An
articlein a 1914 edition of the Estacada Progress, alocal newspaper, offered a prize for the largest
‘dollar-varden’ caught on the Clackamas River.” Earlier habitat destruction combined with
overharvest is probably what finally eliminated bull trout from the Clackamas River.
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Background

Commercial Fisheries

Bull trout in the Clackamas River were impacted directly and indirectly by commercial fisheries.
Indirectly, bull trout were affected by the loss of large spawning populations of Chinook, coho, and
steelhead that were intercepted in the fisheries. The juveniles and smolts from these anadromous fish
populations are likely to have constituted a considerable part of the bull trout’s prey base. Many bull
trout were directly affected when caught in the nets themselves and most likely perished. Thereis
strong evidence that sub-adult and/or adult fluvial bull trout were found historically in the same
vicinity as areas of intense commercial fishing operations on the lower Clackamas and Columbia
rivers. For instance, Livingston Stone established the first operating fish hatchery in the Columbia
River Basin in 1877 at the confluence of Clear Creek and the Clackamas River (Cramer and
Associates 2001). It is believed that near this location he secured the Clackamas River “Dolly
Varden” (Salvelinus confluentus) specimen that isin the National Museum (Smithsonian Inst. 2005)
during the winter of 1877-1878. Commercial fisheriesin the vicinity were often a problem for the
hatchery in securing enough adult Chinook salmon for spawning (Mattson 1950). In 1876, atrap
near the mouth of the Clackamas River nearly closed off the entire river to upstream migrating
salmon (U.S. Commission of Fish and Fisheries1877, cited in Taylor 1999). In 1877, more than
1,000 drift nets, many reaching 1,200 feet in length, were also being set on the Columbia River
(Taylor 1999). Inthe Columbia River estuary, an area often exploited by the historic commercial
fisheries, arecent USFWS review of old State of Oregon seining records for the head of the estuary
shows bull trout being caught in seines while apparently foraging at that |ocation (Y oshinaka 2002).
Historically, Clackamas River bull trout may have been one of the bull trout populations that utilized
the Columbia River estuary. Another historical record indicating heavy commercial fishing activity
includes an 1893 report of approximately 12,000 adult spring Chinook salmon harvested by gill-
nettersin the lower Clackamas River (Smith 1974). By 1908, salmon numbers had declined to such a
degree that only five or six commercial fisherman still operated on the Clackamas River itself. Until
1910, there no commercial fishing seasons designated on the Clackamas River (Taylor 1999).

Diversions and Dams

Aswith commercial fishing, there were direct and indirect effectsto bull trout from dams and
diversions. Bull trout and their associated prey base of other migratory and non-migratory fish
species probably encountered similar threats due to dams and diversions. Likely impacts for bull
trout and associated migratory salmonids included partial or complete barriersto migration, delaysin
migration, fragmentation of habitat, entrainment of fish and associated injury or death, greater
exposure to predators, reduction in prey base, and degrading of water quality conditions. Historical
records indicate well over 100 years of impacts from dams and diversionsin the Clackamas River to
fish populations, especially migratory fish.

On the Clackamas River as early as 1890, the State Fish Commission reported that a diversion dam
across the Clackamas River near Gladstone impeded the passage of salmon. Although it is unclear
from the reports, this dam may have been in existence for several years. Initially, the dam wasa
partial barrier and ayear later became a compl ete barrier to adult salmon passage after the height was
increased. H.D. McGuire, the Oregon Fish and Game Protector, filed a complaint against the mill
owner which resulted in the installation of afish ladder in 1895 (Wallis 1960 and Taylor 1999).
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Diversion damsfor avariety of purposes existed on many tributaries to the lower Clackamas River
from the late 1840s and into the early 1900s. While it is not recorded whether these diversion
structures impeded fish passage, most of them were built without fish passage provisions (Cramer
and Associates 2001).

Thefirst large hydroelectric facility and diversion dam on the mainstem Clackamas River was
completed in 1907, named Cazadero Dam and now called Faraday Dam, which is less than two miles
upstream of the town of Estacada (Taylor 1999). When construction began on the facilitiesin 1902,
Oregon’s Master Fishwarden had communicated his concerns to the project owners about effects on
Chinook salmon. Subsequently, afish ladder was installed with cooperation of the dam’s owners
upon completion in 1907. Historical Oregon Department of Fisheries reports indicate that
construction of Cazadero Dam was responsible for the failure of the federal egg collecting facility in
the upper Clackamas River Subbasin in 1905 and 1906. Thereafter, the state started an experimental
egg collection facility at Cazadero Dam in an effort to remedy the problem (Report of the Master
Fishwarden 1902, and 1907 and 1908; cited in Smith 1974). Additional impacts to bull trout were
likely due to the fish ladder being blocked with aweir in order to capture Chinook salmon to collect
eggs for hatchery propagation. Fish may have been allowed to climb the Cazadero fish ladder during
some seasons, even though historical reports don't provide much information. Additionally, after
several flood events, which threatened the integrity of the dam and the fish ladder, aflood in 1917
damaged the Cazadero fish ladder and a decision was made to not repair or replace it until 1939.
During that time, all Chinook salmon were intercepted downstream at River Mill Dam, the second
mainstem dam on the Clackamas River |ocated about one mile downstream of the town of Estacada
and approximately three miles downstream of the Cazadero Dam site. Construction of the River Mill
Dam begun in 1909 and was completed in 1911. Construction of afish ladder on River Mill Dam
was completed in 1912, but the ladder was racked to block fish passage during runs of Chinook
salmon in order to collect eggs for fish propagation, thus influencing the decision not to repair the
upstream fish ladder at Cazadero Dam. This continued until 1940, when fish passage was restored at
Cazadero Dam (Taylor 1999).

The North Fork Dam; the third, furthest upstream, and largest of the Clackamas River dams at 207
feet high; was constructed by Portland General Electric in 1958. North Fork Dam provides upstream
and downstream fish passage facilities.

Another diversion dam, the Lake Harriet Dam, on the Oak Grove Fork of the Clackamas River was
built in 1924. While upstream of a natural, impassable waterfall on the Oak Grove Fork upstream of
historic bull trout occurrence, Lake Harriet Dam likely impacted bull trout habitat in the lower 3.5
miles by diverting the entire river flow, except during high flow spill events. The Oak Grove Fork is
avery cold tributary of the Clackamas River, and there are reports of bull trout in this tributary in the
1930s (Carrell 2003).
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The early mainstem dams likely had significant impact on the Clackamas River bull trout population
both during construction and operation. Upstream fish passage was either not available or not
provided until ladders were constructed. These same, early twentieth century fish ladders, also would
become damaged and inoperable after large flood events. Intermittently before 1917, and completely
after that year for 22 years, all upstream fish passage was blocked at Cazadero Dam on the mainstem
Clackamas River until 1939 (Murtagh et al. 1992). The 22 years of complete blockage of upstream
fish passage effectively eliminated a large part of the potential food source for bull trout, specifically
the large runs of spring Chinook salmon, steelhead, and coho salmon that utilized the upper portion
of the subbasin before the early 1900s. Bull trout are a highly migratory, fluvial speciesin the
Willamette River Basin, and were subjected to many of the same suppressing factors as anadromous
steelhead and salmon when the dams were built (Buchanan et a. 1997). Early dam construction
fragmented habitat and fish populations as they blocked adult migrants from their spawning habitat
higher in the subbasin. By the time North Fork Dam was completed in 1958, many of the earlier fish
passage problems had been ameliorated. Although fish passage and population connectivity
problems still remained, especially for downstream juvenile migrants, naturally reproducing coho
salmon and steelhead trout utilized the rebuilt ladders at the dams to build runsin excess of 1,500
fish during the 1950s and 1960s. Although to alesser extent, spring Chinook salmon also began to
re-populate the river above the dams, with runs averaging around 500 fish by the early 1960s
(Murtagh et al. 1992).

Water Quality Impacts

In the 1870s, water quality was close to pristine conditions in much of the Clackamas River
Subbasin. Much of the subbasin was forested with mature and old growth stands and human
population was low and concentrated near the mouth of the Clackamas River. Before settlement,
only the occasional large forest fire and rare natural events, such aslarge floods, volcanic eruptions,
and earthquakes, had a negative effect on water quality for bull trout and other salmonids. Water
quality changed rapidly in the lower Clackamas in the latter part of the 19" Century, asincreasing
settlement resulted in land logged for timber and then developed for farming. No regulations
inhibited early logging or land clearing. As streambanks and hillsides were stripped of their
protective forest cover, instream habitat and water conditions declined. Instream sediment levels
increased with the growing area of cleared land. Farmers and others began to divert water out of
lower Clackamas River and its tributaries for irrigation and for mill development in the late 1800s.
Gravel mining in and adjacent to the lower Clackamas River was also common (Cramer and
Associates 2001). By the 1890s, sawdust and other mill byproducts were frequent pollutants in many
Oregon streams. Further damage to water quality came from log drives that utilized the Clackamas
River and tributaries for moving logs that resulted in scoured stream channels and damaged instream
and riparian habitat (Oregon Fish Commission 1889-1890, cited in Taylor 1999).
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Although almost no historical records are available, development in the lower portion of the subbasin
negatively affected water temperatures in tributaries by the removal of large areas of riparian forest
cover aong low elevation stream areas. Land clearing; coupled with diversions, irrigation, and
subsurface well withdrawals; only exacerbated a decline in water quality for lower elevation
Clackamas River tributaries like Clear and Deep creeks. Deteriorating water quality conditions
downstream in the lower Willamette River also impacted salmon, steelhead, and other fish including
bull trout. By the early 1920s, untreated waste from growing municipalities, pulp and paper mills,
and a host of other industries had reached high levels that contaminated the lower Willamette River
and Portland Harbor areas. Fisheries authorities were concerned about the pollution impacting
migrating salmonids headed for the upper subbasin (Gleeson 1972, cited in Taylor 1999 and Willis et
al. 1960).

Hydroel ectric dams and reservoirs constructed on the Clackamas River and upstream tributaries may
affected water quality. At times, the reservoirs on the Clackamas River produce large algae blooms
that sometimes include a noxious blue green algae that would not have concentrated in the
historically, free-flowing waters of the river. Reservoirs can also be sinks for nutrients and solar
energy. Past, present, and future impacts to Clackamas River fish resources from water quality
changes caused by the reservoirsis generally unknown but under investigation by PGE as part of
their FERC relicensing procedures.

More than three-quarters of the Clackamas River Subbasin is forested land (Murtagh et a. 1992).
The bulk of this forested landscape is in the higher elevations of the middle and upper portions of the
subbasin, primarily on National Forest lands with small blocks of Bureau of Land Management land.
Substantial amounts of forested land are aso held by private industrial forest ownersin two
tributaries to the Clackamas River; Clear and Eagle creeks. Most of the middlie and upper portions of
the subbasin were largely untouched by human activities until World War 11. At that time and
following the war, demand for timber products pushed road construction and timber harvest into
many areas previously inaccessible except by trail. Clear-cut logging was the typical method of
timber harvest, and removal of streamside vegetation was common (USFS 1994). Loss of streamside
shade would have contributed to higher stream temperatures until vegetation could recover.
Increased timber harvest led to an expansion of the road system into the middle and upper portions of
the subbasin resulting in increased delivery of sediment. Roads generally contribute sediment to
streams via road surfaces, cutslopes, and interception of surface and subsurface waters and may
destabilize steep slopes depending on road construction methods (USFS and BLM 1995, USFS
1994). Therelative impacts of roads, logging, and other human caused disturbances on the land and
the effects to water quality can be directly tied to geologic differences in the subbasin.
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The two underlying geologies of the Cascades determine how resilient each landscape is to activities
such as road building and timber harvesting (Tague and Grant 2004). In watersheds of the Western
Cascades, the landscape has undergone the processes of erosion for alonger period than the High
Cascades and the rock strata are more deeply weathered, older volcanic rocks. The landscapeis
generally steep and well dissected by extensive networks of streams that deliver water quickly into
the larger streams. Western Cascade streams receive much of their flow via surface and shallow
subsurface runoff and generally have higher summer water temperatures.  Winter flood runoff in
large Willamette River Basin streams (including the Clackamas River) primarily comes from
Western Cascade watersheds. High Cascade geology is younger, at higher elevation, less eroded, and
usually a much more permeable geology to melting snow and rain.  Water is more likely to percolate
into this geologic material, rather than flow over it. With water infiltrating into the younger,
permeable High Cascade geology, large cold springs fed by deep underground aquifers are common
(Duncan 2002). Portions of the subbasin dominated by High Cascades geology (e.g., the upper
Clackamas River above the confluence with the Collawash River and most of the Oak Grove Fork)
arelikely to be less impacted by road building and timber harvesting activities due to greater
permeability, lower relief, and lower drainage density. In contrast, portions of the subbasin
dominated by Western Cascades geology (i.e., Collawash River, Fish Creek, North Fork Clackamas
River, and South Fork Clackamas River) are likely to be more impacted by these same activities.
These portions of the subbasin tend to be more sensitive to land management activities.

Road building and logging in the upper portions of the subbasin throughout the 1940s to 1970s
impacted fish habitat and populations. Removal of the forest cover to the edge of streamswas
common throughout the Pacific Northwest during this era (Cederholm et al. 1997, Murtagh et al.
1992). In some cases, tractor logging and skidding occurred directly through small tributaries on
harvested blocks of timber in the 1950s and 1960s. Even after tractor logging through small streams
was stopped, logging of al timber to the stream’ s edge was common into the 1980s, via skyline
yarder logging (Sue Helgeson, U. S. Forest Service, personal communication, 2005). Until about
1980, removal of large instream wood was aso common and thought to be beneficial to fish for fish
passage (USDA 1995, Oregon Chapter AFS 1990). Despite these negative impacts to water quality
and riparian habitat, by the 1970s native salmon and steelhead populations were still common and
were in some cases slowly recovering, although under mounting pressure with expanding hatchery
programs and the ensuing sport and commercial fish harvest. During the 1970s, occasional bull trout
were still being reported by anglers (Massey and Keeley 1996, cited in Zimmerman 1999, Nordlund
2005).

Fisheries Management and Sport Harvest

Early fisheries management (before 1940) in the Clackamas River Subbasin consisted largely of
trapping salmon and steelhead runs to supply eggs to early hatchery operations, the designation of
early sport harvest limits and enforcement, and the stocking of high mountain lakes with fingerling
trout. Despite the blockage of all Clackamas River salmon and steelhead runs above Cazadero Dam
(Faraday) prior to 1940, trout populations were abundant in these same waters and encounters with
bull trout were sparse but not unusual. Jiggs Pederson, an early Forest Service employee who
worked on trails and roads in the 1920s and 1930s, recalls anglers fishing for trout and bull trout
using everything from red huckleberries to live mice floated on small pieces of wood (Pederson
2003, Carrell 2003). Accessto much of the upper portion of the subbasin was limited to afew
gravel roads or more commonly, foot trails which limited overall sport angling harvest. Gene
McMullen, who fished the upper waters on the Collawash and Clackamas riversin the late 1940s and
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early 1950s, recalled with some regret that he and two fellow anglers would come out of the roadless
country with weekly limits amounting to 100 trout. Thiswas probably commonplace for the time and
era. Gene'sunderstanding was, “that after the road penetrated this country, the fishing steadily
declined” (McMullen 1994).

With the advance of the road system into the upper subbasin it was quickly recognized by fisheries
authorities that the native trout populations would not meet the demand of a growing human
population. It was aso recognized that stocking fingerling trout would not provide a good return to
the credl in streams. The 1947 annual report of the Oregon Fisheries Division recommended stocking
catchable sized rainbow trout based on investigations completed on the Clackamas River (Lockwood
1948). By the 1950s, large numbers of hatchery rainbow trout were being stocked along the roads
that paralleled the Clackamas and Collowash rivers. Expanding and sometimes booming human
population growth in nearby communities helped fuel demand for fishing. Clackamas County’s
population grew by 45.7 percent between 1970 and 1980 aone (Oregon Employment Division 1992,
cited in USFS 1993). By the 1970s, over 100,000 hatchery catchable trout were being stocked in the
Clackamas River and its tributaries on an annual basis (Whitt 1978). The Clackamas River provided
one of the largest trout fisheries in Oregon, with more than a quarter million angler days annually,
supported by the stocking of tens of thousands of catchable sized, hatchery rainbow trout. Thislarge,
hatchery supported fishery also negatively affected steelhead production at thetime. A 1988 survey
documented nearly 10,000 hatchery and 800 wild steelhead smolts harvested in the fishery along with
1,000 coho smolts (Murtagh et a. 1992). Starting in 1968, an additional hatchery fishery was started
in the Clackamas River with the first releases of Skamania/Foster summer steelhead pre-smolts and
smolts. These steelhead were particularly popular with anglers because they have along period of
freshwater residency and bite well. This summer steelhead fishery was primarily in the Clackamas
River above North Fork Dam, the same areas where bull trout were last reported. By 1979, summer
steelhead harvests were averaging over 5,000 fish in the Clackamas River (Murtagh et al. 1992).

Summary and Conclusion

Based on available historical notes and records, the evidence indicates bull trout likely suffered many
of the same impacts as did other Clackamas River salmonids (i.e., native spring Chinook salmon). In
the 19™ Century, spreading settlement with little or no regulations to protect natural resources
impacted fish populations, including bull trout. Individual land owners could use the land and water
for any purpose with no regulation or restriction. Thisincluded fish culture and trapping of
Clackamas River salmon runsto collect eggs for hatchery rearing which also impacted salmon,
steelhead, and the bull trout found. Since bull trout or “Dolly Varden” as they were known then,
were recognized as predators of salmon, fisheries workers probably had a negatively biased view of
any bull trout captured with salmon (Adams 1992, Holland 1962, Brown 1992b) and did little to
conserve or protect them.

Increasing regulation of commercial and sport fisheries was offset by the construction of mainstem
hydroel ectric dams and diversions which impeded or blocked upstream and downstream fish passage.
Hatchery weirs on fish ladders at the dams also expedited the decline of anadromous salmon runsin
the upper portion of the subbasin. These passage barriers also affected migratory bull trout that
utilized the lower Clackamas, Willamette, and Columbiarivers. From 1917 to 1939, there was no
fish passage and during this period of migratory blockage, bull trout were able to persist in the upper
portions of the subbasin without the benefit of a juvenile salmon prey base or access to lower
mainstem foraging areas.
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Road access into the upper portion of the subbasin was limited at thistime, and as early anglers have
reported, trout populations were abundant until road access became available. 1n the 1960s and
1970s, road and highway access expanded which aided in development of alarge and popular
hatchery trout fishery that may have been the final causative factor that sent the remaining bull trout
population into an extinction vortex. The late 1960s stocking and development of a hatchery summer
steelhead fishery in the upper subbasin contributed even more angling pressure as hundreds of
anglers bait fished every deep holein theriver. Ratliff and Howell (1992) observed that bull trout are
aggressive and can be readily caught by lures and bait and thus, are very susceptible to angler
pressure. Bull trout can also be more vulnerable in mixed species fisheries because they usually
don’t sexually mature until they are four to six years old, in contrast to faster maturing species like
rainbow trout (Adams 1992). In Oregon’s Grand Ronde River Basin, overharvest was considered a
limiting factor for bull trout in streams that were being stocked with hatchery, catchable rainbow
trout (Buchanan et al. 1997). On the Wenatchee National Forest in Washington, increased fishing
pressure was considered a“major contributor” to native bull trout mortality (Brown 1992b). Inthe
Flathead River system in the late 1980s, it was felt that any increase in fishing pressure in any
particular area or subbasin could cause a drop in the overall bull trout population in Flathead Lake
(Fraley and Shepard 1989). The Metolius River Subbasin in Oregon is considered to be an example
where overharvesting of bull trout apparently was one of the magjor limiting factors for the
population. After a catch-and-release fishery was instituted for al trout in the Metolius River in
1983, the bull trout spawning population grew more than ten-fold in nine years (Buchanan et al.
1997). The USFWS documented in 1994, when considering the October 1992 petition to list the bull
trout as an endangered species, that overharvest (both legal and illegal) can seriously threaten
popul ations already reduced by other factors (USFWS 1994). Heavy angling pressure and barriers
are thought to have caused the ultimate |oss of the Clackamas River bull trout population (Don
Ratliff, Portland General Electric, personal communication, January 1990).

By the 1980s, angler reports documenting bull trout in the Clackamas River ceased. In the early
1990s as interest and concern for bull trout increased, the first field surveys to locate remnant bull
trout began. For over a decade, multiple surveys throughout the subbasin failed to document
persistence of aremnant bull trout population. In hindsight, it isironic that about the time bull trout
were finally discerned to be a separate speciesin 1978, the Clackamas River bull trout was likely
extirpated.
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Appendix C - Overview of Reintroduction Strategies:
Artificial Propagation, Captive Rearing,
and Transplantation

Conservation efforts for imperiled fishes in the western United States have included numerous
reintroductions (and introductions) utilizing a number of different strategies. The goal has
generally been to increase population size and dispersion while maintaining genetic diversity,
thus increasing probability of survival (Minckley 1995). Many of these efforts were called for in
federal recovery plans as shown in areview by Williams et al. (1988) that indicated a majority
(32 of 39) of recovery plans for threatened and endangered fishes in the United States called for
one or more forms of introductions.

A decision to move forward with a reintroduction will require the development of an
implementation plan, consistent with, and building from, this feasibility assessment. An
implementation plan would provide a greater level of detail on the strategy and logistics of
implementing the reintroduction than the level of analysis and investigation in this feasibility
assessment. However, the CRBTWG believesit is appropriate to provide a brief summary of
potential reintroduction strategies herein, aswell as abrief review of known information on the
propagation of bull trout and bull trout reintroductions that have occurred in Oregon.

The three strategies that would be considered as a precursor to developing a reintroduction
proposal include:

1. Artificial Propagation, in which wild donor stock are moved into a hatchery
environment for development of a captive broodstock program with resulting progeny
released into the wild.

2. Captive Rearing, in which fertilized eggs, fry or juveniles are taken into a hatchery
environment for short-term holding before transl ocation into the wild.

3. Transplantation, in which wild fish (fertilized eggs, fry, juveniles, sub-adults or adults)
are taken from the wild and transported directly into the receiving habitat.

A reintroduction program may conceivably utilize more than one strategy, and any strategy that
involves the transfer of fish from one basin to another would need to meet applicable State,
Federal, and Tribal fish handling and disease policies. Also, inherent with any of the strategies
outlined above is the need to address: 1) risk to the donor population; 2) life stage to introduce;
3) number to introduce to fully reflect the genetic composition and survival capabilities of donor
stock; and 4) how long to conduct the transfer (i.e., over how many years or generations).
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Artificial Propagation

Section 3(3) of the ESA lists artificial propagation as a method that may be used for the
conservation of listed species. Hatcheries have been used in recovery efforts of other listed fish
species (Rinne et al. 1986). The draft bull trout recovery plan (USFWS 2002) recognized that
certain recovery units may require the use of artificial propagation techniquesin order to meet
recovery criteria. Artificial propagation could involve the use of Federal, State, or Tribal
hatcheriesto assist in recovery efforts (Buchanan et al. 1997; USFWS 1998a).

Any artificial propagation program instituted for bull trout would need to follow the joint policy
of the USFWS and NMFS regarding controlled propagation of listed species (65 FR 56916).
Defined in the context of the policy, controlled propagation refers to the production of
individuals, generally within a managed environment, for the purpose of supplementing or
augmenting awild population(s), or reintroduction into the wild to establish new populations.

The overall guidance of this policy isthat every effort should be made to recover a speciesin the
wild before implementing an artificial propagation program. Because recovery for bull trout
entails the identification and correction of threats affecting bull trout, artificial propagation
programs should not be implemented until the reasons for decline have been addressed. The
reasons for decline of bull trout in the Clackamas River Subbasin and the cessation of those
threats are addressed in Chapter 1 of this assessment. The intent of the policy isto provide
guidance and establish consistency for use of controlled propagation as a component of alisted
species recovery strategy. The policy will help to ensure smooth transitions between various
phases of conservation efforts such as propagation, reintroduction and monitoring, and foster
efficient use of available funds. The policy’s list of appropriate uses of artificial propagation
includes supporting recovery related research, maintaining refugia populations, providing plants
or animals for reintroduction or augmentation of existing populations, and conserving species or
populations at risk of imminent extinction or extirpation.

The Montana Bull Trout Scientific Group (MBTSG 19960) evaluated seven strategies for the
potential use of artificial propagation in the recovery of bull trout. The report evaluated the use
of hatcheriesin establishing genetic reserves, restoration stocking, research activities,
supplementation programs, introductions to expand distribution, and the establishment of “put,
grow, and take” fisheries. The report concluded that the potential use of hatcheriesin bull trout
recovery should be limited to the establishment of genetic reserves for declining populations,
restoration stocking (reestablishment of a self-sustaining bull trout populations in habitat where
they have been extirpated), and some research activities including the evaluation of
hybridization. The report concluded the use of hatcheries for bull trout supplementation
programs, “put, grow, and take” stocking, and introductions outside historic range are not

appropriate.
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History of Bull Trout Propagation

Bull trout are probably the most geographically widespread char native to North America that
has not been extensively cultured in hatcheries (MBTSG 1996). As aresult, little information
exists on bull trout propagation, especially in regards to stocking individualsin the wild. The
most extensive information available originates from propagation efforts beginning in 1993 by
Creston National Fish Hatchery in Montana. In addition to successfully propagating bull trout,
experiments were undertaken to evaluate the effects of water temperature, diet, structure, cover,
and rearing density on growth and behavior and to evaluate time of imprinting by juvenile bull
trout viathyroid hormone analysis (Fredenberg et al. 1995). Due to various concerns, no progeny
from these experiments have been stocked into the wild.

Other experimentsin bull trout cultivation occurred by Montana Fish, Wildlife and Parksin the
1940s and 1950s within the Clark Fork and Kootenai River drainages. One effort in 1949 and
1950 involved the collection of 876,000 eggs from bull trout in the Clark Fork River drainage.
Subsequently, during 1950 to 1952, about 10,000 of these fish were planted into Lake Pend
Oreille and about 65,000 into Flathead Lake (Pratt and Huston 1993).

More recently, severa experimentsin bull trout cultivation occurred in Idaho and Canada. From
1989 t01991, Idaho Fish and Game conducted a small experimental hatchery program at Cabinet
Gorge Hatchery to investigate techniques for egg taking, egg incubation and hatchery rearing
(Pratt and Huston 1993). Canada’ s Kootenay Trout Hatchery in British Columbia conducted
experimental work with bull trout in the early 1980s and that work continued at Hill Creek
Hatchery in the headwaters of the Columbia River drainage as part of a mitigation program for
loss of bull trout spawning habitat due to dam construction. Wild bull trout adults are captured
annually, spawned, and then returned to the wild. Resulting juveniles are planted in tributaries as
four-inch fingerlingsin the fall. Post stocking evaluation of the program has been inadequate to
assess its outcome, however, the program is continuing (MBTSG 1996).

History of Bull Trout Reintroductions in Oregon

In Oregon, several attempts have been made to propagate or translocate bull trout. In 1989, over
60 resident adult bull trout from the Sprague River in the Upper Klamath Basin were captured
and spawned in the Klamath Hatchery for areintroduction effort in the McCloud River,
California. Pre-spawning mortality, combined with egg and juvenile mortality, ultimately
resulted in only 270 juvenile bull trout available for stocking into the wild during the spring of
1990. After five years of monitoring in the McCloud River, the reintroduction was determined a
failure and terminated (Buchanan et al. 1997). A contributing factor to this unsuccessful effort
may have been the resurgence of brook trout overlapping in distribution with the introduced bull
trout even though a previous rotenone treatment program was attempted to eradicate brook trout.
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In Northeast Oregon, bull trout were thought to be extirpated from the watershed above Wallowa
Lake by the 1950s (Buchanan et al. 1997). A reintroduction program using translocated bull trout
and/or Dolly Varden from Alaska began in 1968 and ran through 1978 before being terminated.
The program was determined to be unsuccessful after no bull trout or Dolly Varden were
detected in creel surveys at Wallowa Lake from 1980 to 1996 (Buchanan et al. 1997). In 1997,
600 bull trout (age-1 to 15 inches) were taken from Big Sheep Creek (tributary of the Imnaha
River) during a canal salvage, and translocated to Wallowa Lake. No funds were available to
monitor this effort and the status of the translocated fish is generally unknown (Brad Smith,
Oregon Department of Fish and Wildlife, personal communication, August 2006). Though no
officia creel surveys have been conducted in recent years, sporadic catches of bull trout are
reported, and individual bull trout have been occasionally observed in the Wallowa River above
Wallowa Lake. Limiting factors in this reintroduction may include limited spawning habitat,
redd superimposition by kokanee, and the presence of lake trout, a known predator and
competitor with bull trout (Brad Smith, Oregon Department of Fish and Wildlife, personal
communication, August 2006).

In the Middle Fork Willamette River, atransplantation program has been implemented since
1997, as discussed earlier in this assessment. Bull trout were thought to be extirpated or in
extremely low abundance at the time the program was initiated. Since 1998, over 10,000 fry have
been captured from Anderson Creek in the McKenzie River (also a Willamette River tributary)
and transported directly to multiple release sites in the Middle Fork Willamette River above Hills
Creek Reservoir. Over time, annual monitoring has provided evidence of survival, and in 2005
spawning was documented for the first time from 11 adults. Successful recruitment was
subsequently documented during the summer of 2006. Ultimately the success of this project will
hinge on the ability of this population to rebound to a self-sustaining level.

Despite information and knowledge gained from the projects described above, thereis still an
obvious need to determine the effectiveness and feasibility of using artificial propagation for bull
trout recovery. To that end, the draft bull trout recovery plan recommended a study be initiated to
determine the effectiveness and feasibility of using artificial propagation in bull trout recovery
(USFWS 2002). Specific goals and objectives for the use of hatcheriesin the recovery and
conservation of bull trout should be identified. Information gained from such a study would help
guide proposed artificial propagation programs identified in individual recovery units.

The following briefly summarizes general advantages and disadvantages of the three
reintroduction strategies when weighed against each other:

Artificial Propagation:

Advantages: 1) ability to potentially stock alarge number of individuals thereby increasing the
probability of a successful reintroduction; and 2) reduced risk to the donor population due to a
reduced number of individuals needing to be removed.

Disadvantages: 1) high cost relative to other reintroduction strategies; 2) potential |0ss of

genetic variability and ecological diversity; and 3) possible increase in the frequency of
deleterious recessive aleles.
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Captive Rearing:

Advantages: 1) better survival of wild eggs, fry and juvenilesin a hatchery environment as
compared to in the wild may result in greater numbers available for a reintroduction, and may
reduce the number of individuals removed from the donor stock; 2) older age and larger size of
captive reared individuals would result in better survival rates when stocked into the wild,
relative to individuals translocated directly to the receiving habitat from the wild; 3) captive
rearing may allow individualsto attain asize prior to release that would allow for implantation of
PIT tags, greatly facilitating future monitoring of survival, growth, movement, distribution and
other parameters; 4) captive rearing prior to release into the wild may facilitate disease testing.

Disadvantages: 1) moderate cost relative to other reintroduction strategies (i.e., lower cost
relative to artificial propagation, but higher cost than direct transplantation); 2) higher potential
for disease transmission relative to direct transplantation; 3) potential catastrophic loss of
valuable wild individuals from hatchery malfunction (e.g., temperature, dissolved oxygen,
disease); and 4) possible increase in the frequency of deleterious recessive alleles.

Transplantation:

Advantages: 1) lowest relative cost when compared to other reintroduction strategies; 2)
assuming appropriate numbers of individuals transferred, least potential for |oss of genetic
variability and ecological diversity

Disadvantages: 1) highest risk to the donor population relative to the other reintroduction
strategies due to the number of individuals needed to start a new population. Assuming a
transplantation of eggs and/or fry, naturally high mortality suggests numbers of individuals
transplanted may need to be high.
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(excerpt taken from Whitesel et al. 2004)

Measures of genetic diversity within and between populations are principal attributes by which to
infer population (breeding) structure. Genetic data can provide an indication of the extent of
reproductive isolation among groups. Molecular genetic markers such as allozymes and nuclear or
mitochondrial DNA can be used to statistically describe a species population structure based on
measures of genetic similarity between groups. Although inference about population structure from
data on genetic characters requires various assumptions, there is a growing body of literature from
genetic studies of bull trout that allows for general conclusions to be made. Most research, using
allozymes, mitochondrial DNA, and microsatellite DNA has found that bull trout exhibit relatively
low levels of intrapopulation variation, but high levels of interpopulation variation (Costello et al.
2003; Kanda and Allendorf 2001; Neraas and Spruell 2001; Spruell et al. 1999; Taylor et al. 1999;
Whiteley et a. 2003; Williams et al. 1995). Even in the case where bull trout populations are
connected by suitable habitat, reproductive isolation appears to occur between adjacent drainages
(Kanda and Allendorf 2001) and within the same tributary (Spruell et a. 1999).

In a study across a broad geographic range using mitochondrial DNA, Taylor et al. (1999) found that
significant variation did exist within individual sample sites, but that most of the molecular variation
resides at the inter-population and inter-region levels, with greater variation between regions
considered at greater scales. Spruell et al. (2003) collected and examined data on four microsatellite
loci from 65 bull trout populations in the northwest United States. Their findings concurred with
previous work that bull trout have relatively low levels of genetic variation within populations
compared to other salmonids. They found that popul ation-specific levels of heterozygosity varied
substantially among the different regions, perhaps reflecting historic isolation due to geography.
Systems with large natural lakes were found to have above average heterozygosities. Spruell et al.
(2003) also caution that genetic drift and low levels of variation appear to have influenced the
relationships inferred from their data.

The degree of population differentiation in bull trout tends to be higher than among other salmonids.
A commonly used indicator of degree of population subdivision is Wright’ s fixation index (Fs),
which characterizes the reduction in heterozygosity of a subpopulation due to genetic drift (Hartl
1988), and can be used as an indicator of relative levels of gene flow in different species. It provides
ameasure of the proportion of genetic variation that lies between subpopulations within the total
population. Values of Fy can range between 0 and 1, with higher values indicating greater genetic
difference between populations. The mechanisms influencing genetic variation among and within
populations include historical processes of glacial refugia, colonization and gene flow, natal stream
fidelity, life history form, natural and anthropogenic barriers, patch occupancy, habitat complexity,
gpatial connectivity, and effective population size (Costello et a. 2003; McPhail and Baxter 1996;
Neraas and Spruell 2001; Rieman and Allendorf 2001; Spruell et a. 2003; Spruell et al. 1999).
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The genetic variation between and within bull trout populations represents their evolutionary
potential (Laikre 1999). Their evolutionary lineages provide the basic genetic template for that to
occur. Laikre (1999) concurs with the majority of authors who suggest that conservation efforts
should focus on evolutionary lineages within the species. Doing so will preserve the genetic legacy
from which bull trout evolved. When available, genetic datafor bull trout is critical in trying to
discern population structure and identify evolutionary lineages, however it is not necessarily
sufficient.

Allendorf and Leary (1986) show that the evolutionary potential of any species depends upon the
amount of genetic variation it contains. Once genetic variation islost, it must be replaced by the slow
process of genetic mutation, which can take many generations. Genetic variation needs to be
preserved in order to increase the likelihood of a species survival. Genetic variation is the raw
material from which populations adapt to changing environments and is critical to evolutionary
change (Meffe and Carroll 1997). The concept that connects evolutionary potential to genetic
variation was first formulated by Fisher (1930) in his ‘fundamental theorem of natural selection.’
Fisher (1949) rephrased this theorem as: ‘ The rate of increase in average fitness of a population is
equal to the genetic variance of fitness of that population.” Loss of genetic variation may occur at
low population levels through genetic drift and inbreeding depression (Fisher 1949). Wang et al.
(2002) found that inbreeding in salmonids is often associated with a reduction in mean phenotypic
value of one or more traits with respect to fitness. They believe that although experimental studies
detected inbreeding depression in salmonids, its genetic basis has rarely been addressed or
demonstrated in the wild (Wang et al. 2002).

Nevertheless, Wang et al. (2002) feel this reinforces the importance of maintaining genetic variation
within populations as a primary goal of conservation and management. L oss of genetic variation can
have del eterious effects on the development, growth, fertility, and disease resistance of fishes, among
other processes important to survival and reproduction (Danzmann et al. 1985; Kincaid 1983;
Kripichinikov 1981; Leary et al. 1985; Leary and Booke 1990). This loss of variation may also
negatively affect fitness and preclude adaptive change in populations (Frankham 1995).

Deciding what needs to be conserved in order for a species to perpetuate is the basic issue for any
conservation activity. Recognizing that there can be considerable biological diversity within a
species, an approach that focuses on just conserving species is not enough. The evolutionary
potential, represented by the genetic variability within and between populations of a species must also
be conserved in order for the species to evolve in response to short-term and long-term environmental
changes (Frankel and Soulé 1981). Thisis particularly important for a species like bull trout where
distinct genetic differences have been observed between populations and where within popul ation
variation islow (Neraas and Spruell 2001; Spruell et al. 2003; Spruell et a. 1999; Taylor et a. 1999).

Since the 1998 ESA listing, DNA analyses have suggested that bull trout may be organized on afiner
scale than previously thought. In the past 10 years a tremendous volume of genetic information about
bull trout has been developed. Much of what is known about the evolutionary process and bull trout
genetics has been developed in the last few years. Mitochondrial DNA data has revealed genetic
differences between coastal populations of bull trout, including the lower Columbia and Fraser rivers,
and inland populations in the upper Columbia and Fraser river drainages, east of the Cascade and
Coast (Taylor et a. 1999; Williams et a. 1995). Nuclear DNA allele frequencies at microsatellite loci
have revealed an apparent genetic differentiation between inland populations within the Columbia
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River Basin. This differentiation occurs between (a) mid-Columbia (John Day, Umatilla, Walla
Walla), lower Snake River (Clearwater, Grande Ronde, Imnaharivers, etc) populations and (b) upper
Columbia (Methow, Clark Fork, Flathead River, etc.), upper Snake River (Boise River, Malheur
River, Jarbidge River, etc.) populations (Spruell et a. 2003). Allozyme, mtDNA, and nDNA data
indicate bull trout inhabiting the Deschutes River drainage of Oregon are derived evolutionarily from
coastal populations and not from inland populations in the Columbia River Basin (Leary et al. 1993;
Spruell and Allendorf 1997; Taylor et al. 1999; Williams et al. 1995).

Although there are multiple resources that contribute to the subject, Spruell et al. (2003) best
summarized genetic information on bull trout population structure. Spruell et al. (2003) analyzed
1,847 bull trout from 65 sampling locations, four located in three coastal drainages (Klamath, Quesets,
and Skagit Rivers), one in the Saskatchewan River drainage (Belly River), and 60 scattered
throughout the Columbia River Basin. They concluded that there is a consistent pattern among
genetic studies of bull trout, regardless of whether examining allozymes, mitochondrial DNA, or
most recently microsatellite loci. Typically, the genetic pattern shows relatively little genetic
variation within populations, but substantial divergence between populations. Microsatellite loci
analysis supports the existence of at least three major genetically differentiated groups (or lineages)
of bull trout (Spruell et a. 2003). They are characterized as:

e “Coastal,” including the Deschutes River and all of the Columbia River drainage downstream,
aswell as most coastal streams in Washington, Oregon, and British Columbia. A compelling
case also exists that the Klamath River Basin represents a unique evolutionary lineage within
the coastal group.

e “Snake River,” which includes the John Day, Umatilla, and Walla Wallarivers. Despite close
proximity of the John Day and Deschutes rivers, a striking level of divergence between bull
trout in these two systems was observed.

e “Upper ColumbiaRiver,” which includes the entire basin in Montana and northern Idaho. A
tentative assignment was made by Spruell et al. (2003) of the Saskatchewan River drainage
populations (east of the continental divide), grouping them with the Upper Columbia River

group.

Spruell et al. (2003) noted that within the major assemblages, populations were further subdivided,
primarily at the level of major river basins. Taylor et al. (1999) surveyed bull trout populations,
primarily from Canada, and found a major divergence between inland and coastal populations.
Costello et al. (2003) suggested the patterns reflect the existence of two glacial refugia, consistent
with the conclusions of Spruell et a. (2003) and the biogeographic analysis of Haas and McPhail
(2001). Both Taylor et al. (1999) and Spruell et al. (2003) concluded that the Deschutes River
represented the most upstream limit of the Coastal lineage in the Columbia River Basin.
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A number of different definitions and parameters have been used to describe populations and their
size. From atheoretical perspective, an idea population is adiscrete population in which all adults
mate randomly and reproduce at the same age, once in their life (Frankham 1995). Ideal populations
also have an equal sex ratio and al individuals have an equal probability of contributing offspring to
subsequent generations (Frankham 1995). Few, if any, natural populations conform to these ideal
conditions. Thus, within a population, the census number of sexually mature individuals per
generation (N) is not necessarily a measure of how many individuals reproduce effectively, and thus,
the amount of genetic variation transmitted between parental and progeny generations (Allendorf and
Ryman 1987). The effective population size (N¢) has been defined as the size of the ideal population
that will result in the same amount of genetic drift asin the actual population being considered
(Wright 1969) or as the number of individuals per generation that actually spawn and produce
offspring in the next generation (Crow and Kimura 1970; Lynch 1990). The effective breeding
population size (Np) has been defined as the number of individuals per year that actually spawn and
contribute offspring the next generation assuming the number of progeny per spawner follows a
Poisson probability distribution (Waples 1990). For semel parous species, N can be estimated by
multiplying Ny and generation length (g), or the average age of spawners (Waples 1990). Although
the relationship is complicated by multiple spawning events, Ne for iteroparous species can also be
approximated by the mean number of first time spawners multiplied by generation length (Hill 1972).

Thelikelihood that a population will persist (or go extinct) over time depends on both its
demographic size and genetic effective size. The ability of apopulation to persist is, in part, a
function of stochastic events as well as demographic and genetic risks. The impacts to a population of
stochastic events are difficult to predict. For demographic risks to be minimized, it has been shown
that the variance in population abundance over atime period covering two or more generations needs
to be less than the mean abundance during that period. In general, however, unless population sizes
are very small, demographic risks can be difficult to quantify. Alternatively, various size thresholds
have been identified that are associated with the genetic risk to populations. Theoretical models of
genetic characteristics have suggested that the effective size (N¢) of a population (or group of
populations) needed to minimize genetic risk typically range from 50 (to prevent inbreeding
depression in closed populations) to 5,000 (for entire species to have sufficient genetic variation to
respond to changing, or stochastically variable, environmental conditions) (Allendorf et al. 1997;
Lande 1995; Thompson 1991).

Genetic variation is the raw material that allows organisms to adapt evolutionarily to changing
environments. Significant reductions and fragmentation of habitat and associated reductionsin

popul ation sizes have the potentia to rapidly change the genetic composition of populations due to
both random genetic drift in isolates and altered selection regimes. The amount of genetic variation in
apopulation is a balance between (a) losses due to random genetic drift and directed natural selection
and (b) gains due to mutation and migration from other populations (Wright 1931). Loss of genetic
variation can influence the dynamics and persistence of populations through three mechanisms:
inbreeding depression, loss of phenotypic variation, and loss of evolutionary potential (Allendorf and
Ryman 2002). The loss of genetic variation in a population is directly influenced by Ne (Ryman et al.
1995).
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Effective population size is a parameter that incorporates relevant demographic information and
influences the evolutionary consequences of membersin a population (Wright 1931). When
prioritizing populations for conservation, N is an important parameter. In a population that isfinite
but otherwise randomly mating, the rate of loss of genetic variation and the rate of increasein
inbreeding isinversely related to N (Waples 2002). Within a population, N and N are the same
when the following conditions are met: constant and large population size, variance in reproductive
success is binomial (number of progeny per parent follows a Poisson distribution), and sex ratio is
equal. Because most populations do not conform to these conditions, the Neto N ratio is usually
below 1.0 (Frankham 1995). For example, in a population that has 20 mature females and 30 mature
males (i.e., differing sex ratios), N=50. Based on the formula Ne = 4 Ni, Ni / Ni + N (where Ny, = the
number of males and N; = the number of females) random mating among these individua would
yield Ne = 48. In this case the Ne to N ratio would be 0.96 (48/50). The Ne to N ratio for most bull
trout populations is thought to be between 0.15 and 0.27 (Rieman and Allendorf 2001).

Effective sizes of more than 50 have been considered a minimum requirement to ensure the short-
term persistence of alocal population (Allendorf and Ryman 2002). Effective population sizes
smaller than 50 are subject to the effects of inbreeding (Franklin 1980). Over very few generations,
inbreeding can reduce the amount of potentially adaptive genetic variation within local populations
(Lande 1995). Increased homozygosity of deleterious recessive allelesis thought to be the main
mechanism by which inbreeding depression decreases the fitness of individuals within local
populations and viability of these populations (Allendorf and Ryman 2002). Deleterious recessive
alleles are introduced into the genome via random mutations, and natural selection is slow to purge
them because they are usually found in the heterozygous form where they are often not detrimental.
When local populations become small, heterozygosity decreases at the rate of 0.5N. per generation
which in turn causes an increase in the frequency of homozygosity of al alleles, including those that
are deleterious recessive (Lande 1995). Hedrick and Kalinowski (2000) provide areview of studies
demonstrating inbreeding depression in wild populations (also see Wang et al. 2002).

By preventing significant loss of genetic variation from genetic drift, effective population sizes of
500 have been considered a minimum requirement to ensure the long-term persistence of local
populations or metapopulations (Allendorf and Ryman 2002). Over ecological time scales, or
centuries, effective populations larger than 500 may be necessary to avoid the risks from random
genetic drift (Franklin 1980; Soulé 1980). In effective populations smaller than 500, the loss of
genetic variation from drift is likely to exceed the increase in genetic variation from mutation (Lande
1995). When the lost genetic variation is associated with heritable traits (such as age at maturity), a
population can also lose genetic variation for quantitative traits. Although phenotypic differences
may have little effect on individual fitness, the loss of life-history variability among individuals may
reduce the likelihood of a population being viable (Allendorf and Ryman 2002). Maintaining an
effective population size large enough to prevent the erosion of quantitative traits may require gene
flow from neighboring populations or within a metapopulation (Allendorf and Ryman 2002).
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To be able to adapt over evolutionary time periods, Ne greater than 5,000 has been recommended for
entire species or discrete groups that share an evolutionary legacy within a species (Lande 1995).
When the persistence of a species, taxon, or phylogenetic lineage is of concern, it isimportant to
consider the amount of genetic variation necessary to uphold the evolutionary potential that is needed
for that taxon to adapt to a changing environment. A large amount of genetic variation may be
selectively neutral under present environmental conditions (i.e., during the time when new mutations
underlying that genetic variation arose). However, some of this variation may be at a selective
advantage when environmental conditions change and a species must adapt to those changes or
potentially face extinction. Thus, for retention of evolutionary potential, an Ne greater than 5,000 or
(following from (Rieman and Allendorf 2001)) N greater than 10,000 (5,000/0.5) would apply to the
largest grouping of fish that share an evolutionary tragjectory (Franklin and Frankham 1998; Lynch
and Lande 1998). Populations of this size are able to retain additive genetic variation for fitness-
related traits gained via neutral-mutations at the time of their origin (Franklin 1980).

Population structure is often complicated and dynamic. Isolated local populations function
autonomously, demographically independent of other local populations. Local populations that are
not isolated may exchange genetic material on aregular basis and be structured as part of alarger
metapopulation. In addition, relatively large groups of local populations or groups of metapopulations
that share an evolutionary trajectory may be structured as evolutionary (or conservation) units.
Effective population size is associated with the popul ation unit being considered and has both a
temporal and spatial element (Allendorf and Ryman 2002; Waples 2002). When N less than 50 for
an isolated population, inbreeding depression may be expected to occur over relatively few
generations (e.g., 2-5 generations). When N less than 500 for an isolated population or single
metapopul ation, loss of genetic variation due to genetic drift may be expected to occur over tens of
generations. When N less than 5,000 for an entire species or evolutionary lineage within which some
gene flow occurs, loss of evolutionary potential may be expected to occur over hundreds of
generations.

Bull trout specific benchmarks have been developed concerning the minimum Ne necessary to
maintain genetic variation important for short-term fitness and long-term evolutionary potential.
These benchmarks are based on the results of a generalized, age structured, simulation model,
VORTEX (Miller and Lacy 1999), used to relate N to the number of adult bull trout spawning
annually under arange of life histories and environmental conditions (Rieman and Allendorf 2001).
In this study, the authors estimated N for bull trout to be between 0.5 and 1.0 times the mean number
of adults spawning annually. Rieman and Allendorf (2001) concluded that an average of 100 (i.e.,
50/0.5 = 100) adults spawning each year would be required to minimize risks of inbreeding in a
population and that 1,000 adults (i.e., 500/0.5 = 1,000) are necessary to prevent loss of genetic
variation due to genetic drift. This later value of 1,000 spawners may also be reached with a
collection of local populations among which gene flow occurs.
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The combination of resident forms completing their entire life cycle within a stream and the homing
behavior of the migratory forms returning to the streams where they hatched to spawn can promote
reproductive isolation among local bull trout populations. This reproductive isolation creates the
opportunity for genetic differentiation and local adaptations to occur. However, migratory behavior
and straying from natal streams also provide a mechanism to maintain genetic continuity among
breeding units (local populations) located in different streams or tributaries. Thistype of connection
of local populations, linked by migration, is termed a metapopulation (Hanski and Gilpin 1997).
Where local populations cannot support the minimum Ne necessary to maintain genetic variation
important for long-term evolutionary potential, managers should attempt to conserve a
metapopulation that is at least large enough to meet the minimum of 1,000 annual spawners.

Guidelines on effective population size appear to apply reasonably well to bull trout (Rieman and
Allendorf 2001). The recommendation that Ne exceed 50 to avoid inbreeding depression appears to
be most closely related to the short-term genetic viability of local bull trout populations. The
recommendation that N exceed 500 to avoid the loss of genetic and phenotypic variation through
drift appears to be most closely related to the long-term persistence of groups of local populations
among which gene flow occurs to form a metapopulation of bull trout. Since few local populations
may support a Ne greater than 500 (Rieman and Allendorf 2001), effective populations of this size
may often require the possibility of gene flow between local populations. It also appears reasonable
that effective population sizes that exceed 5,000 may be required to ensure the evolutionary
persistence of bull trout conservation units.

Therisk of extinction for a population is clearly related to its size and its variance in abundance
relative to its mean size over time. More specifically, theoretical evidence suggests that inbreeding
and genetic drift are likely to occur in populations when Ne less than 50 and 500, respectively. When
detailed information is lacking for bull trout populations, these guidelines would be the most useful
tool for managersto apply for avoiding loss of genetic variation and trying to ensure popul ation
persistence. These numbers represent relatively straightforward and defensible, theoretical
minimums. While theoretical Ne can reflect the minimum number necessary to alleviate certain
genetic risks, it does not necessarily reflect the most appropriate population size. Detailed
information for a population may allow the justification of effective population sizes larger or smaller
than 50 or 500. If possible, when estimating the population size necessary for persistence, managers
should consider, for example, demographic risks and selective pressures as well as stochastic and
historical eventsin addition to genetic risks.

It is clear that a sufficient N is anecessary consideration for conserving bull trout populations.
Except for well-documented exceptions, the 50, 500, and 5,000 values should be considered
necessary minimums and viewed as generalizations. For any given population the specific Ne
necessary for conservation purposes will depend on characteristics of the population such asthe ratio
of N:Ng, the dominant life history form present, and the frequency of spawning.

Appendix D -7



Appendix E - Population Characteristics of Potential
Donor Stocks

Recent studies of evolutionary lineages of bull trout suggest three major groupings: Coastal, Upper
Columbia River, and Snake River (Spruell et a. 2003, Leary et al. 1993, Haas and McPhail 2001,
Taylor et a. 1999, and Williams et al. 1997). Bull trout population genetic analyses further suggest
bull trout inhabiting tributaries of the Lower Columbia River, including and downstream of the
Deschutes River, are more closely related to the Coastal group than to populations in the Upper
Columbia River tributaries (Spruell et al. 2001).

Chapter 3 of this assessment summarizes current knowledge of bull trout population genetic
information for western North Americawith afocus on the Coastal evolutionary lineage and in
particular bull trout populations in the Lower Columbia River. The CRBTWG limited its assessment of
donor populations to the tributaries of the Lower Columbia River based on factors such as evolutionary
history, geographic proximity, life history, and potential gene flow through migration. This appendix
provides an overview of the status and life history of potential bull trout donor stocks from the Lower
Columbia River, including populations from the Willamette, Lewis, Hood, and Deschutes river basins.

Bull Trout in the McKenzie River Subbasin (Willamette River Basin)

Bull trout were historically widespread in multiple tributaries of the Willamette River but are now
limited to less than 300 adults in the McKenzie River. A translocation program to move bull trout fry
from the McKenzie River to the Middle Fork Willamette River began in 1997. The program has
occurred annually to augment the small, or perhaps extirpated, local population of bull trout last
documented in the 1980s above Hills Creek Dam. Bull trout spawning has now been documented in
the Middle Fork Willamette River in 2005, and 2006.

The bull trout population in the McKenzie River Subbasin was likely asingle fluvial population prior
to the construction of flood control and hydropower damsin the 1960s. Cougar Dam on the South Fork
McKenzie River and Trail Bridge Dam on the upper mainstem McKenzie River effectively isolated
bull trout above these dams, resulting in two adfluvial local populations that continue to exist today
despite each numbering less than 100 spawning adults. The remaining mainstem, local population in
the McKenzie River below these damsis the most viable of the three local populations, although
abundance is depressed. The very low numbers, combined with isolation make these local populations
highly vulnerable to extirpation and genetic depression. Bull trout in the McKenzie River Subbasin
have been monitored since the mid-1990s.
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Mainstem McKenzie River Local Population

The mgjority of spawning for the Mainstem McKenzie River local population occursin Anderson
Creek in approximately 3.8 kilometers (2.4 miles) of stream and to alesser extent in Olallie Creek.
Spawning by individuals from this local population has not been documented in other tributaries.
Access to approximately 3.2 kilometers (2.0 miles) of spawning and rearing habitat in Olallie Creek
upstream of Highway 126 was restored in 1995, when an additional culvert wasinstalled to provide
fish passage. Based on redd counts from 1995 through 1999, spawning in Anderson and Olallie creeks
peaks during the third week of September (Taylor and Reasoner 2000).

Annual redd countsin the two spawning streams suggest an adult spawning abundance of
approximately 130 bull trout. Most fry and juveniles rear in these two spawning streams or in the first
eight miles of the McKenzie River below the confluence of the two spawning streams. Adults over-
winter and forage in the mid to lower sections of the McKenzie River, some migrating as far asthe
McKenzie River’'s confluence with the Willamette River.

The ODFW and USFS have estimated juvenile bull trout abundance in Anderson Creek from data
collected annually over the last decade by a downstream migrant fish trap (Table E1). Thetrapis
located just below Highway 126, and thus the estimates exclude bull trout fry and juveniles that may
result from spawning in the reach downstream from Highway 126.

Table E1. Number of Bull Trout Fry and Juveniles Captured in the Downstream Migrant Trap
in Anderson Creek, 1994 through 2006, Julian weeks 6 through 22.

Number equal to or greater
Number of fry age 1 or less than age 1
Date Captured Estimated ! Captured Estimated’
1994 1,745 5,827 183 753
1995 1,849 6,097 255 773
1996 1,995 5,700 178 475
1997 7,260 21,607 63 205
1998 7,869 23,053 124 417
1999 7,406 21,698 81 255
2000 6,127 17,750 152 455
2001° 3,247 9,853 82 238
2002 508 1,453 131 397
2003 3,142 8,460 167 500
2004 1,591 4,655 177 552
2005 281 1,642 107 628
2006 837 4,907 93 533

1 Estimated number of bull trout captured if the trap ran continuously and captured fish at a 60 percent rate of efficiency.
2 2001 was not a complete sample year for age 1+ bull trout due to trap repairs.
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Thetrap is generally operated four days a week, from early February until the first week in June. In the
decade since monitoring began, juvenile abundance peaked during the years 1997 through 2000, and
dropped to the lowest count on record in 2002 (Table E1).

In 1999, densities of juvenile bull trout were estimated in 2.6 kilometers (1.62 miles) of Anderson
Creek using amodified Hankin and Reeves protocol (Hankin and Reeves 1988). An average of 1.8
juvenile (age 1 year or more) bull trout per unit were observed in 60 habitat units sampled. Pocket
units had the highest observed densities (9.7 per 100 m?), while the lowest densities were observed in
fast-water units (0.8 per 100 m?) (Taylor and Reasoner 2000).

South Fork McKenzie Local Population above Cougar Dam

Thelocal population of bull trout in the South Fork McKenzie River occurs upstream of Cougar Dam
to approximately the Three Sisters Wilderness boundary and also the lower portions of French Pete
Creek and Roaring River —atotal of 29.3 kilometers (18.2 miles) of stream habitat. Spawning and
juvenile rearing occurs in approximately five kilometers (three miles) of Roaring River, alarge, spring-
fed tributary of the South Fork McKenzie River (Ziller and Taylor 2000). Additional juvenile rearing
has been documented in the South Fork McKenzie River downstream from the Roaring River
confluence (ODFW 2003).

Intensive monitoring of the South Fork McKenzie River local population by ODFW, in association
with the U.S. Army Corps of Engineers (USACE) Cougar Dam Water Temperature Control Project,
began in 2001. Monitoring of thislocal population is being conducted by use of radio-telemetry and
passive integrated transponder (PIT) tags, use of video and electronic fish counters, redd counts,
snorkeling, and sampling by use of minnow traps and downstream migrant fish traps. Data collected to
date, in conjunction with information from previous studies of bull trout in the South Fork McKenzie
River, indicate Cougar Reservoir is utilized by adult and sub-adult bull trout for foraging from late fall
through early spring. Adult and sub-adult bull trout move into the South Fork McKenzie River
upstream from Cougar Reservoir in April and May, remaining in the South Fork until migrating into
Roaring River to spawn in late-August through early-October (ODFW 2003).

Monitoring the timing and numbers of adult bull trout ascending and descending Roaring River has
been accomplished by use of aremote passive integrated transponder tag antenna, radio telemetry, an
electronic fish counter, redd counts, and in 2004, a video camera. Fry and juvenile out-migrations are
monitored using a downstream migrant fish trap. Together these methods have provided an abundance
of information not available for the other two local populations in the McKenzie River Subbasin.

In 2001 and 2002, a downstream migrant trap was operated in Roaring River about 550 feet above its
confluence with the South Fork McKenzie River. Peak out-migration of bull trout fry occurred in
March and April, and peak out-migration of age 1 and older juvenile bull trout occurred from May
through July (ODFW 2003).

The number of redds counted in Roaring River steadily increased from 1998 to 2001, peaking at 34 in

2001. In 2002, total redd counts dipped to 25, but then climbed to 27 in 2003, and 32 in 2004, and 35
in 2005 (USFS 2004). The electronic fish counter utilized in Roaring River in 2003 and 2004,
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combined with PIT tag monitoring, and trapping of downstream migrating, post-spawning bull trout,
has allowed for precise estimations of spawner abundance in the South Fork McKenzie River local
population. The number of adult bull trout that entered Roaring River in 2003 was approximately 37.
The following year, 38 unique spawners were detected entering Roaring River. Trapping of
downstream migrating (post spawning) adults revealed that 23 were female and 15 were male. The 32
redds observed in 2004, compared with the known number of spawning individuals, resultsin aratio of
redds to female bull trout of 1.4:1. There could be several explanations for more redds counted than
females spawning: female bull trout deposit eggs in more than one redd, females dig without
depositing eggs, and features are sometimes counted as redds that were not constructed by bull trout
(ODFW 2003, 2004).

Current abundance of the South Fork McKenzie River local population may be adversely affected by
the entrainment of bull trout through Cougar Dam. Entrainment through the dam may cause injury or
mortality. Individuals that survive entrainment through the project may be lost to the local population
above. The 38 bull trout spawning in Roaring River in 2004 included nine fish (eight female and one
male) that had been entrained through Cougar Dam and subsequently captured below the dam in the
spring of 2003 and 2004, and released back in Cougar Reservoir (ODFW 2004).

Upper McKenzie River Local Population above Trail Bridge Dam

Thisbull trout local population occursin Trail Bridge Reservoir, Sweetwater Creek (a direct tributary
to Trail Bridge Reservoir), the McKenzie River above Trail Bridge Reservoir to Tamolitch Falls, and
Smith River upstream to Smith Dam. There is no information to suggest bull trout historically
occupied the McKenzie River above Tamolich Falls, which isanatural barrier to upstream fish
migration. However, bull trout historically utilized habitat in Smith River above Smith Dam, because
individuals were observed in Smith Reservoir following completion of Smith Dam in 1963.

The Upper McKenzie River local population spawnsin two locations. 1) the McKenzie River
upstream of Trail Bridge Reservoir which provides approximately 1.1 kilometers (0.68 miles) of
available spawning and rearing habitat and 2) Sweetwater Creek, which following a 1992 culvert
project that restored passage, provides 2.4 kilometers (1.49 miles) of spawning and rearing habitat
(Ziller and Taylor 2000). A program to transfer fry from Anderson Creek to Sweetwater Creek to
reestablish spawning was implemented from 1993 to 1999, with the annual number of fry transferred
ranging from 308 to 1,889 (6,384 fry in total from 1993 to 1999). The first adult bull trout to be
documented ascending Sweetwater Creek occurred in 1999, when five adults were video-recorded
moving through the culvert. In 2000 and 2001, two redds were counted, and in 2002, one redd was
observed. In 2003 and 2004, four and nine redds were observed, respectively.

Counting bull trout redds in the McKenzie River upstream of Trail Bridge Reservoir is complicated by
the presence of redds created by spawning Chinook salmon out-planted above Trail Bridge Dam.
Biologists confirmed less than 10 redds annually in spawning surveys spanning a 10-year period
beginning in 1994. However, in 2004, intensive spawning surveys occurred in the McKenzie River
above Trail Bridge Reservoir in association with Eugene Water and Electric Boards' relicensing of the
Carmen-Smith Hydroel ectric Project. These surveys, which combined direct fish observations with
redd counts, resulted in the verification of 16 bull trout redds, as compared to nine redds observed the
previous year (USFS 2004).
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Table E2. Summary of Bull Trout Redd Counts in the McKenzie River from Spawning Surveys by the Oregon Department
of Fish and Wildlife, Stillwater Sciences and the U.S. Forest Service; 1989-2005.

South Fork

McKenzie

Upper McKenzie River River Local

Mainstem McKenzie River Local Population Local Population Population

Anderson Creek Olallie Creek Roaring
McKenzie Total McKenzie Total River Total
River Mainstem River Upper South Fork
Below McKenzie above McKenzie River
USFS Trail River Trail River McKenzie
Below Index Above Total Below Above Total Bridge Local Bridge Sweetwater Local Local

Year | Culvert Reach Culvert | Stream | Culvert | Culvert | Stream Dam Population Dam Creek Population Population
1989 - 7 - 7 - - - - 7 - - - -
1990 - 9 - 9 - - - - 9 - - - -
1991 0 8 8 8 - - - - 8 - - - -
1992 4 13 9 13 - - - - 13 - - - -
1993 4 15 11 15 - - - - 15 - - - 1
1994 7 22 23 30 3 - 3 - 33 0 0 0 1
1995 3 30 70 73 1 9 10 - 83 7 0 7 2
1996 1 26 81 82 0 7 7 - 89 7 0 7 0
1997 - 18 - 85 0 9 9 - 94 3 0 3 0
1998 4 29 75 79 0 7 7 - 86 2 0 2 6
1999 13 47 64 77 0 6 6 - 83 0 0 0 13
2000 15 44 68 83 0 9 9 - 92 0 2 2 25
2001 6 23 66 72 2 4 6 - 78 1 2 3 34
2002 9 31 51 60 5 5 10 - 70 3 1 4 25
2003 6 23 50 56 7 10 17 0 73 9 4 13 27
2004 6 24 43 49 7 5 12 1 62 16 9 25* 32
2005 7 24 40 47 7 5 12 2 61 10 9 19 35
2006 - - - 59 - - 8 1 68 12 21 33 33
2007 - - - 58 - - 15 4 77 15 22 37 54

*The number of redds counted in 2004 may be disproportionately high compared to prior year counts in part because of an intensive survey effort that occurred in 2004,
associated with the relicensing of the Carmen Smith Hydroelectric Project. See Stillwater Sciences 2006, pg. 67 for additional abundance estimates.
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Middle Fork Willamette River Bull Trout Rehabilitation Program

A plan to rehabilitate the small or perhaps extirpated bull trout in the upper Middle Fork
Willamette River was completed by the Willamette Basin Bull Trout Working Group in 1997
(ODFW and USFS 1998). Beginning in 1997 and continuing through 2005, bull trout fry from
Anderson Creek in the McKenzie River Subbasin were reintroduced by ODFW and USFS to
four coldwater springs and four creeks above Hills Creek Reservoir as part of the rehabilitation
plan (ODFW and USFS 1998) (Table E3). Information on survival and dispersal of the 10,408
fry islimited, although distribution in 2001, was documented to be at least 5.5 milesin the
Middle Fork Willamette River from approximately Chuckle Springs downstream to Sacandaga
Campground (ODFW 2001a). ODFW and USFS personnel observed 28 bull trout and sampled
approximately 25 percent of available habitat in the survey reach.

Table E3. Bull Trout Fry Transferred from Anderson Creek, a McKenzie River Tributary, to
the Middle Fork Willamette River Basin above Hills Creek Reservoir.

Coldwater Springs Creeks
Upper Swift

Year Chuckle Iko Indigo | Shadow Bear Swift Side | Found Skunk | Echo | Totals

1997 96 26 56 178
1998 411 938 150 1,499
1999 302 1,000 148 526 1,978
2000 349 1,075 204 53 522 300 285 2,788
2001 269 418 673 96 1,456
2002 177 75 38 290
2003 365 439 242 388 28 1,462
2004 149 129 109 75 155 617
2005 81 61 142
2006 None 0
Totals 2,018 ‘ 4,155 ‘ 642 ‘ 351 ‘ 1,174 ‘ 773 ‘ 826 ‘ 285 ‘ 56 ‘ 28 10,408

Assuming an observation probability of 50 percent for night snorkeling, an estimate was made of
approximately 230 bull trout present in the survey reach. Of these 230 estimated individuals, it is
further estimated that 40 were greater than 10 inches (25 cm) in length. For the second
consecutive year, juvenile bull trout were observed eating young-of-the-year Chinook salmon
during snorkel surveys, underscoring the importance of this historic and recently reintroduced
prey base for bull trout (ODFW 20014).

A single sub-adult bull trout was captured by an angler in the Middle Fork Willamette River
below Hills Creek Dam in June 2000. The origin of thisfish is unknown, although it is possible it
originated from the fry releases to the coldwater springs and creeks that are tributaries to the
Middle Fork Willamette River above Hills Creek Reservoir during the first few years of the
rehabilitation program. If thisindividual sub-adult bull trout originated from the rehabilitation
program that began in 1997, it most likely migrated downstream through Hills Creek Reservoir
and was entrained through the dam.
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Additional evidence suggests introduced bull trout fry are surviving to sub-adult age and moving
downstream to rearing habitat in Hills Creek Reservoir. In the spring of 2003, four sub-adult bull
trout were reportedly caught and released by anglersin Hills Creek Reservoir, one of which was
photographed and measured by USFS personnel (Dave Bickford, U. S. Forest Service, personal
communication, 2003). In 2005, 11 post-spawning adult bull trout were captured in a screw trap
in the Middle Fork Willamette River above Hills Creek Reservoir. Their precise spawning
locations are unknown but in the summer of 2006, bull trout fry were observed in 1ko Spring.
The observation of fry represented the first known reproduction in the Middle Fork Willamette
River since the rehabilitation program began in 1997 (Mark Wade, Oregon Department of Fish
and Wildlife, personal communication, August 2006).

None of the four USACE damsin the Middle Fork Willamette River Subbasin are designed to
minimize fish mortality; therefore, fish survival through the turbines and regul ating outlets,
especially for larger sized fish, is expected to be low. However, data collected from ODFW's
radio-tagging studies in the South Fork McKenzie River Subbasin above Cougar Dam have
provided evidence that adult bull trout can survive entrainment through these large dams.

The current abundance of adult and sub-adult bull trout in the Middle Fork Willamette River is
believed to be approximately 20 to 30 fish. Spawning and successful reproduction was first
documented by ODFW and the USFS in 2005 and again in 2006. PIT tag monitoring and
trapping of adult bull trout documented at least 12 adults spawning in 2005 and 2006 (ODFW
2007). The bull trout carrying capacity of the Middle Fork Willamette River is not known, but
local biologists believe the potential is similar to that of the South Fork McKenzie River (ODFW
and USFS 1998).

Bull Trout in the Deschutes River Basin

Two core areas are identified in the Deschutes River Basin: Lower Deschutes River and Upper
Deschutes River. The Lower Deschutes River Core Area contains current and historic bull trout
habitat from Big Falls downstream to the mouth where it enters the Columbia River. The
Deschutes River population of bull trout within the Lower Deschutes River Core Area, among
the healthiest in Oregon, is approaching recovery status as set forth in the Deschutes Chapter of
the Draft Bull Trout Recovery Plan (USFWS 2002). This population’s increase in abundance
over the last two decades is attributed largely to changes in angling regulations combined with an
abundance of forage (kokanee) in Lake Billy Chinook. In contrast, bull trout in the Upper
Deschutes River Core Area have been extirpated since the 1950s due to increased water
temperatures, altered stream flow regimes, inundation of some juvenile rearing areas, blockage
of passage to adult spawning areas, fisheries management, competition with nonnative trout, and
overharvest (USFWS 2002).

The Pelton Round Butte Hydroel ectric Project (Project) is owned by PGE, and islocated just
below the confluence of the Deschutes, Metolius, and Crooked rivers. Although there are a small
number of bull trout that migrate downstream through the Project, the three dams associated with
the Project do not currently provide fish passage and thus functionally split the bull trout
population in the Lower Deschutes River Core Areainto two groups with five local populations:

Appendix E -7



Clackamas River Bull Trout Reintroduction Feasibility Assessment

1. the Metolius River Subbasin above the Project (includes three local populations), and

2. Shitike Creek and Warm Springs River below the Project (includes two local
populations).

The five local populations within the Lower Deschutes River Core Area are:
1. Whitewater River (Metolius River Subbasin above the Project)

2. Jefferson, Candle, and Abbot River Complex (Metolius River Subbasin above the
Project)

3. Canyon, Jack, Heising, and Mainstem Metolius River Complex (Metolius River Subbasin
above the Project)

4. Shitike Creek (Shitike Creek and Warm Springs River below the Project)
5. Warm Springs River (Shitike Creek and Warms Springs River below the Project)

Bull trout residing above the Project are primarily adfluvial, spawning and rearing in the
Metolius River Subbasin, with sub-adult and adult rearing, overwintering, and foraging in Lake
Billy Chinook. There are al'so resident bull trout in the Metolius River but they comprise a small
component of the overall population. Bull trout below the Project spawn and rear in Shitike
Creek and Warm Springs River, and use the lower Deschutes River for foraging.

There is an abundance of data over along time series for bull trout in the Deschutes River Basin
due primarily to studies initiated in the 1980s by PGE, in cooperation with the Confederated
Tribes of the Warm Springs Reservation and ODFW. Bull trout in the Metolius River have been
monitored for approximately 20 years, while bull trout in Shitike Creek and the Warm Springs
River have been monitored since 1998. Data on bull trout in the Whitewater River, a Metolius
tributary, cannot be collected consistently because of its remoteness and the presence of turbid
glacialy-influenced water most years (Brun and Dodson 2002). All fivelocal populationsin the
Deschutes River Basin appear to be stable or increasing over the period from 1998 to 2005
(USFWS 2002).

Bull trout in the Metolius River Subbasin are grouped into three local populations that interact
and form spawning complexes based on geography and other limited data. As stated above,
these include the Whitewater River complex, Jefferson/Candle/Abbot Creek complex, and
Canyon/Jack/Heising/mainstem Metolius River complex. Life history studies have shown that
there is considerable straying between the latter two local populations (Ratliff et al. 1996). A
comprehensive genetic analysis of Metolius River bull trout is underway with results expected
from the USFWS in late 2007. The analysis will provide information on the relatedness of bull
trout from the various spawning tributaries of the Metolius River. Since regular monitoring
began in the 1980s, redd counts in the Metolius River Subbasin have risen steadily from 27 in
1986 to a high of over a 1,000 in 2004 (Figures. Elaand E1b). Figures Ela and E1b do not
include counts from Whitewater River on the Warm Springs Reservation. Current redd counts
suggest an adult population of over 2,000 individualsin the Metolius River Subbasin.
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Jefferson/Candle Complex

Redds

Figure Ela. Redd counts from the Metolius River Subbasin, 1986 — 2005:
Jefferson/Candle Complex.
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Figure E1lb. Redd counts from the Metolius River Subbasin, 1986 — 2005:
Canyon/Roaring/Jack/Heising/Metolius Complex.
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Bull trout local populationsin Shitike Creek and the Warm Springs River averaged 232 and 202
spawners, respectively between 1998 and 2001 (Brun and Dodson 2001). Redd counts peaked in
Shitike Creek in 2002 and in Warm Springs River in 2003, and have declined since (Figures. E2a
and E2b).
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Figure E2b. Redd counts in Shitike Creek, 1998 — 2005 (adapted from Burchell and Brun 2005).
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Figure E2b. Redd counts in Warm Springs River, 1998 — 2005 (adapted from Burchell and
Brun 2005).

The reason for the recent decline in redd countsin Shitike Creek and Warm Springs River is
unknown, but could be related to warmer than average water conditions during the fall of 2005,
an increase in the numbers of seasonal passage barriers created by recreational swimmers, or a
shift in spawning distribution to areas outside index reaches (Burchell and Brun 2005).

In the Metolius River, most bull trout spawning occurs between August 15 and October 1.
However, spawning has been observed as early as July 13 and as late as mid-October (Ratliff et
al. 1996). In Shitike Creek, spawning was observed from August 20 through early November,
when water temperature averaged 6.1 degrees Celsius (43 degrees Fahrenheit) between RM 18 to
27 [note: this was the mean 7-day average from thermographs]. In the Warm Springs River,
temperatures averaged 6.6 degrees Celsius (44 degrees Fahrenheit) between RM 31 to 35 during
the late-August to early November spawning period (Brun 1999).
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Deschutes River Basin bull trout exhibit both fluvial and adfluvial life histories. Fluvial bull trout
migrate from their smaller natal stream to alarger river to rear, and then back to their natal
stream to spawn. Adfluvial bull trout migrate from their smaller natal stream eventually entering
alake or reservoir to rear. After several years of growth, and with the onset of maturity, adfluvial
bull trout retrace their earlier migration back to their natal stream to spawn. In one recent study
conducted by Brun and Dodson (2000), radio-tagged adults began their migration in mid-May.
They initially made short migrations into and out of spawning streams. Later, one individual
moved upstream 73 kilometers (44 miles) in Shitike Creek to reach spawning areas and then
moved quickly downstream after spawning. Other tagged fish showed similar behavior. In the
Metolius River, maturing bull trout migrating from Lake Billy Chinook were captured from May
through August. Peak upstream movement occurred between August 20 and September 15.

All bull trout local populationsin the Lower Deschutes River Basin contain the migratory life
history form as observed by radio-tag studies (Brun 2000; Brun and Dodson 2001); and upstream
migrant traps (Ratliff et al. 1996, Brun and Dodson 2001, Brun and Dodson 2002). However, the
three local populationsin the Metolius River Subbasin are currently separated by the Project
from the two local populations downstream in Shitike Creek and the Warm Springs River. The
Project does not have operational fish passage facilities at this time. However, PGE has proposed
renewing passage thru trap and haul as a major mitigation goal during the new Federal license
term (Ratliff et al. 2001). Renewed passage is planned to commence within the next ten years.
Having successful passage through or around the Project is considered important to the recovery
of the bull trout in the Deschutes River Basin (USFWS 2002).

Bull Trout in the Lewis River Basin

The Lewis River Basin islocated on the western flanks of the Cascade Mountains in southwest
Washington. The Lewis River is segregated by three dams (Merwin, Y ale, and Swift), none of
which have upstream passage. Limited downstream passage via spill over these damsis assumed
and explains bull trout adults observed in the most downstream reservoir (Merwin). The Lewis
River Basin is one of two core areas identified in the Lower Columbia River Recovery Unit and
it contains three local populations (USFWS 2002): Pine Creek, Rush Creek, and Cougar Creek.
The first two local populations, Pine Creek and Rush Creek, occur highest in the basin above
Swift Dam. The Cougar Creek Local Population occurs above Yae Dam, atributary to Yale
Lake. Fish passage on the Lewis River is blocked approximately 10 miles above Swift Reservoir
by a series of three natural barrier waterfalls. Fluvia bull trout entrained through or spilled over
the three dams could migrate to and use the Columbia River, but whether they do is currently
unknown. Bull trout in the Lewis River where once fluvia but now are adfluvial due to the
existence of reservoirs. Anecdotal records indicate that the Lewis River may have had
anadromous bull trout prior to the construction of Merwin Dam. “Dollies’ were reportedly
routinely netted in Woodland, Washington prior to the construction of Merwin Dam. There have
also been several records of silvery bull trout captured in the fish trap at the base of Merwin Dam
and at the Lewis River Hatchery (Jim Byrne, Biologist,Washington Department of Fish and
Wildlife, personal communication, 2007).
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Only two verified bull trout sightings have occurred below Merwin Dam, and their presenceis
likely aresult of water spilled over Yale Dam. No known spawning areas exist in Lake Merwin.
Bull trout have been observed in the Y ale Dam tailrace apparently attempting to migrate
upstream. The one local population of bull trout in Y ale Lake spawns and rears in Cougar Creek.
Spawning bull trout have been observed in Cougar Creek since 1979, and the local population
spawner abundance has ranged from zero to 40 individuals. Spawning adfluvia bull trout in Yale
Lake migrate into Cougar Creek from the middle of August through early September. Spawning
occurs from late September through early October. In 2001, the count of adult spawnersin
Cougar Creek was nine adults.

Swift Dam was constructed in 1958. The reservoir formed by the dam is approximately 18.5 km
(11.5 miles) long with a surface area of approximately 1, 895 hectares (4,680 acres) at full pool.
The two local populations occurring within Swift Reservoir occur in Pine and Rush creeks.
These two local populations are assumed to interact with one another and the adults are
enumerated together in abundance estimates made for bull trout spawners above Swift Dam.
Surveys of adult spawners have been conducted since 1994. Bull trout spawners above Swift
Dam have steadily increased from 101 spawners estimated in 1994 to 1,181 spawners estimated
in 2005. In the spring of 2001, the Washington Department of Fisheries and Wildlife (WDFW)
operated a screw trap in the Lewis River just above Swift Reservoir. Juvenile bull trout caught in
the trap ranged in size from 120 millimetersto just over 200 millimeters (PacifiCorp 2002).

The WDFW, USFS, and PacifiCorp have been cooperatively conducting bull trout research on
the Lewis River since 1989. Spawner abundance above Swift Dam is estimated utilizing a
modified Peterson’s mark-recapture population estimate for bull trout over 360 mm long. Table
E4 below indicates bull trout netted for the marking portion of the adult spawner estimate from
1995 through 2004. There has been an increasing trend, and over 100 fish have been captured
during the last four years.

Table E4. Swift Reservoir Bull Trout Net Captures, 1995 — 2004.

Year Timeframe No. Tagged | No. Captured No. Recaptured | No. Mortalities
2004 May 19- July 14 128 141 19 0
2003 May 14- July 9 85 100 17 1
2002 May 30-July 24 100 114 13 0
2001 May 24-July 12 88 126 28 0
2000 May 18-July 13 69 87 16 1
1999 May 27-July 15 32 36 3 0
1998 May 7-June 11 58 67 14 0
1997 May 8-June 26 75 56 20 1
1996 May 10-June 18 15 18 2 1
1995 May 9-May 25 46 48 2 0
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Figure E3. Swift Reservoir Bull Trout Adult (greater than 360 mm) Estimates, 1994-2005.
Upper and lower bounds are indicated at the 95 percent confidence levels.

Bull trout residing in Swift Reservoir migrate into tributary streams from late May through early
August, and spawn from early August through the middle of September. Emigration of juveniles
from the tributaries to Swift Reservoir and Y ale Lake is believed to occur from the middle of
May through June.

Lack of passage at Lewis River hydroelectric facilities has fragmented the bull trout population
and prevented migration into the lower Lewis and Columbiarivers. By adopting an adfluvial life
history, bull trout persist at relatively moderate numbers in the Lewis River. The Lower
Columbia Recovery Team considers upstream and downstream passage at Y ale Dam and Swift
Dam to be essential for recovery. An additional concern isthe low instream flow levelsin the
Swift bypass reach which may affect potential spawning and rearing habitat for bull trout present
in'Yale Lake. Additional entrainment studies are necessary to evaluate the impacts of current
operations at Y ale and Swift dams on bull trout. Upstream passage for salmon at Merwin Dam
currently existsin the form of trap and haul. Studies designed to assess whether or not bull trout
from the upper watershed would benefit from volitional or trap and haul passage at Merwin Dam
need to be conducted.

K okanee were introduced into the reservoirsin the late 1950s and early 1960s and now spawn in

tributaries of Lake Merwin and Y ale Lake. Nonnative brook trout have been stocked in the upper
Lewis River Basin and in some tributaries of Pine Creek.
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Bull trout in the Lewis River persist at moderate numbers in fragmented local populations. Adult
abundance estimates for bull trout above Swift Dam (Pine and Rush creeks combined) ranged
from 101 in 1994 to 1,181 in 2005, peaking in 2004 at an estimated 1,287 adults (Figure E3). In
recent years, the majority of spawning has shifted from Rush Creek to Pine Creek. Based on
guidance in Rieman and Allendorf (2001), bull trout in Rush and Pine creeks are not at risk from
inbreeding depression. Conversely, the local population in Cougar Creek is significantly below
100 individuals and is considered at risk.

Bull Trout in the Hood River Basin

Bull trout in the Hood River Basin are split into two local populations due to the presence of
Clear Branch Dam: the Clear Branch Local Population and the Hood River Local Population.
Thereislittle connectivity between the two local populations above and below the dam because
it has no operational upstream passage. Downstream passage can only occur when water is
spilled over the dam during high water events. Although both local populations are very small,
the Clear Branch Local Population above the dam appears to have higher numbers of adult
spawners compared to the Hood River Local Population below the dam.

Information on bull trout distribution and abundance in the Hood River Basin is from avariety of
sources, and includes a number of sampling methods. Fish trap data are available from fish
collections at the Powerdale Dam trap, atrap on the Punchbowl Falls fish ladder (discontinued
following the 1964 flood), floating screw traps at several locations throughout the basin, and a
trap at the base of Clear Branch Dam. Other information includes individual observations,
snorkel, and electrofishing surveys (Pribyl et a. 1996).

Current bull trout distribution in the Hood River Basin occurs in three major areas. mainstem
Hood River, Middle Fork Hood River, and Clear Branch of Hood River (USFWS 2002). Bulll
trout distribution in the East and West Forks of Hood River are based on isolated, infrequent
sightings. Historical distribution is believed to approximate current distribution based on existing
knowledge. A comprehensive population assessment is not available. Buchanan et a. (1997)
reported the total number of adult bull trout in the recovery unit is believed to be less than 300
individuals. Recent spawning surveys for bull trout upstream of Clear Branch Dam, where the
majority of bull trout occur within the recovery unit, indicate an adult abundance less than 50
individuals.

Clear Branch Local Population

Table E5 shows annual high counts of bull trout above Clear Branch Dam. Snorkel surveys
conducted in a portion of the habitat in Clear Branch above the dam found atotal of 51 to 200
bull trout (all life stages) between 1996 and 2003, while surveys below the dam found a total of
zero to three bull trout between 1996 and 2003. Figure E4 displays the same data graphically.
Abundance studies conducted by the USFS and ODFW in 2005 and 2006 estimated the total
local population (primarily juveniles) in Clear Branch above the dam to range between 233 to
849 individuals (2005 estimate) and 200 to 826 individuals (2006 estimate) (USFS 2006).
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Table E5. Annual High Count of Adult and Juvenile Bull Trout in Clear Branch Above
Laurance Lake from 1996-2003. All counts were made by snorkeling at night in
established monitoring reaches that make up approximately 30 percent of the total
available habitat above the lake (USFS 2003).

Year Adults Juveniles Total
1996 23 64 87
1997 44 52 96
1998 16 53 69
1999 20 114 134
2000 9 42 51
2001 16 94 110
2002 29 171 200
2003 26 135 161

[Note on Table E5 above: Countsfor 2001-2003 do not include the newly opened "old growth" channel that adds
approximately 0.3 miles of habitat. Beginning in 1996 the USFS snorkeled the same subreaches at least two times
per year. High counts in any given year vary but usually fall within the month of August.]

Annual High Bull Trout Counts for Six Subreaches in Clear
Branch above Laurance Lake, 1996-2003
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Figure E4. Annual High Counts 1996 to 2003 of Bull Trout Above Clear Branch Dam.
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Bull trout forage and overwinter in the reservoir and spawn in the tributaries. Spawning has been
confirmed in Pinnacle Creek and Clear Branch above the reservoir. Bull trout observationsin
Pinnacle Creek include three juveniles and one adult from 1996 to 1998, one adult and one
juvenilein 1999 (USFS 1999), four adults and two juvenilesin 2001, one adult and 12 juveniles
in 2002 and two adults and eight juvenilesin 2003 (USFS 2003). See Table E6 for annual counts
of adult and juvenile bull trout in Pinnacle Creek 2002 and 2003, and see Table E7 for annual
total counts of bull trout redds in Clear Branch and Pinnacle Creek, 2001-2005 (USFS 2003).

Table E6. Annual High Count of Adult and Juvenile Bull Trout in Pinnacle Creek in 2002
and 2003. All counts were made by snorkeling at night in established monitoring reaches
that make up approximately 13 percent of the total available habitat. (USFS 2003).

Year Adults Juveniles Total
2002 1 12 13
2003 2 8 10

Table E7. Annual Total Counts of Bull Trout Redds in Clear Branch, Pinnacle Creek, and
Compass Creek 2001 to 2005. Clear Branch has two separate channels (reaches 2 and 5)
that flow into Laurance Lake, thus both reaches start at RM 1.5. (USFS 2003 and 2005).

Stream and Distance eI O

Reach No. River Mile (RM) 2001 2002 2003 2004 2005
Clear Branch

Reach 1 0.0- 0.6 0.6 1 2 0
Reach 2 1.5- 22 0.7 1 5 13
Reach 3 22- 3.0 0.8 5 7

Reach 4 3.0- 35 0.5 NS 4 2 NS

Reach 5 15-1.85 0.35 NS 0 0 NS

Pinnacle Creek

Reach 1 0.0-1.25 1.25 1 2 4 3 11
Compass

Creek

Reach 1 0.0-1.00 1.00 NS NS NS NS 0
Total Redds 15 13 20 13 31

NS = Not Surveyed
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Hood River Local Population

The distribution of the Hood River local population includes: Clear Branch downstream of the
Clear Branch Dam; Bear, Coe, Compass, and Tony creeks; Eliot Branch; mainstem and Middle
Fork of the Hood River; and perhaps Evans Creek and the East Fork Hood River. Bull trout
captures in the Columbia River suggest that the Columbia River is used as foraging habitat for
Hood River bull trout (Buchanan et al. 1997). Records from the Powerdale Dam upstream fish
trap provide some adult bull trout abundance data for two time periods: from 1963 to 1971 and
from 1992 to present. Adult bull trout counts were not made from 1972 to 1991. During the first
time period (1963 to 1971), trap counts at Powerdale Dam were not consistent due to counting at
only one of the two ladders or the ladders themselves being inoperable (USFS 1996a). Numbers
of bull trout counted during this time period range from a high of 12 in 1967, to alow of zero in
1970, and average five fish annually over the nine year period (USFS 1996a). Bull trout have
been trapped at the Powerdale Dam fish trap continuously since 1992. Adult bull trout counts
range from a high of 28 fish in 1999 to two fish in 1993. Figure E5 displays the adult bull trout
counts at the Powerdale Dam fish trap for both time periods.
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Figure E5. Adult Bull Trout Counts at the Powerdale Dam Fish Trap, 1963 - 2006.
As shown in Figure E6 below, bull trout migrate upstream in the Hood River from the Columbia

River through the trap from early May to early October. The primary movement period appears
to be from mid-May to mid-July.
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The mainstem Hood River isformed by the confluence of the Middle Fork and the East Fork of
the Hood River. At present, the mainstem Hood River, is believed to be used primarily for
foraging, migration, and overwintering by bull trout. Migrations include journeys into the
Columbia River of unknown extent, however, at least two bull trout tagged at the Powerdale
Dam trap have been recovered in 1994 and 20