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Executive Summary

o We completed a multi-year synthesis of the data and analyses for the Walla Walla River
to help broadly prioritize conservation actions and inform the conservation of bull trout.

e The assessment provides fundamental and critical information on bull trout growth,
movement patterns, and survival rates. At the population level we assess abundance,
structure, and growth rate. We characterized habitat quality, suitability, and availability
for the Walla Walla River and Mill Creek that was formerly lacking.

e Protection of South Fork Walla Walla River spawning and rearing habitats and
improvement of the lower Walla Walla River migratory and foraging corridor will allow
bull trout to complete their lifecycle, express life-history variability, potentially serving as
a donor population for other local populations (e.g., Touchet River and Mill Creek
populations), or core areas (e.g., Umatilla Core Area) in less desirable habitat, and
improve the resiliency of the entire Walla Walla River Core Area.

e Walla Walla River migratory fish appear to reach larger sizes and approach their maxima
faster than do residents (i.e., migrants exhibit faster growth rates), although considerable
overlap between the two life-history expressions appears to occur. Growth at juvenile
life stages before emigration may be slightly higher for migratory fish than for resident
fish.

o Generally, fish that migrated as sub-adults and small adults moved farther downstream
and remained in lower parts of the watershed longer than juveniles and large adults. It
appears that environmental factors and/or individual intrinsic growth influence transition
to a migratory life-history. The consequences of the migratory life-history expression
appear to involve complex tradeoffs between the benefits of increased growth and
fecundity, but at a cost of lower survival.

o Larger bull trout size classes showed the greatest tendency to migrate downstream out
of the headwater area. Since the lower river demonstrates a longitudinal trajectory of
habitat degradation, migratory bull trout in the sub-adult and small adult size classes
may be the most susceptible to lower river mainstem mortality. If this is the case,
reduced survival for the sub-adult and small adult size categories could reduce the
potential reproductive contribution of the migratory component of the population and the
opportunity for dispersal.

e Several lines of evidence demonstrate that bull trout in the Walla Walla River Core Area
still attempt to disperse among the local populations and between core areas (e.g.,
genetic and movement data). Providing for dispersal, by improving habitat conditions
that restore connectivity among local populations and between core areas, is vital to
maintaining and enhancing viability of the Walla Walla River Core Area local populations
of bull trout and could be vital to long term maintenance of adjacent core area
populations.

e The bull trout population of South Fork Walla Walla River appears stable; however, there
is some indication that large migratory individuals may be in decline (e.g., mark-
recapture trend analysis; redd counts) and there is high variability in survival for this size
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group. However, given the declining trend in large adults, the long term stability of the
population structure is uncertain and may not reflect the historical population structure
and evolutionary history of bull trout.

Results from our life cycle viability model simulations indicate that at the metapopulation
level, when individual local populations have different long term trends in abundance,
connectivity and a continuum of suitable habitat conditions are important for maintaining
smaller, declining populations (e.g., a rescue effect). This variability clearly relates
directly to the Walla Walla River Core Area, where one local population is stable and the
others appear to be declining. In order for dispersal to aid in maintaining persistence,
connectivity and habitat conditions in the mainstem Walla Walla River will have to be
restored and protected accordingly.

Walla Walla River bull trout exhibit a continuum of life histories involving movements,
migrations, spawning, rearing and foraging on time scales ranging from daily to annually
or longer, and over different spatial scales.

Collectively, this research and modeling demonstrate that diversity in life-history
strategies can help stabilize demographic responses to environmental perturbations,
which may help decrease the risk of extripation for both individual local populations and
core area populations.

Our study indicates that the migratory life-history strategy for South Fork Walla Walla
River bull trout has been impacted by poor habitat conditions and lack of seasonal
connectivity in the lower mainstem Walla Walla River. These mainstem bottlenecks
appear to be associated with high summer water temperatures and numerous low flow
barriers formed in the summer and fall. These factors impact the population in two ways:
1) reduce the reproductive contribution of the highly fecund migratory component of the
population, and 2) limit dispersal of bull trout among the local populations.

Our modeling of future climate conditions projects a greater loss of spawning and rearing
habitat in the Touchet River and Mill Creek populations when compared to the losses
projected for the South Fork Walla Walla River population.

Protecting high quality spawning and rearing habitat in the South Fork Walla Walla River
and improving migratory and foraging corridor conditions will allow bull trout to complete
their life cycle, express life-history variability, potentially serving as a donor population
for other local populations or core areas in less desirable habitat, and therefore
improving the resiliency of the entire Walla Walla River Core Area.

To provide as much demographic stability as possible, diversity within and among
populations should be maintained along a continuum that emphasizes conservation of
the full range of life-history traits expressed by bull trout. Maintaining life-history diversity
will improve redundancy, increase representation and thus improve resiliency.
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Introduction

In 1998, the U.S. Fish & Wildlife Service (FWS) listed the Columbia and Klamath River Distinct
Population Segments (DPSs) of bull trout (Salvelinus confluentus) as threatened under the
Endangered Species Act (ESA) (63 FR 21647, 63 FR 42757, and 63 FR 42757). Subsequently
three more DPSs were identified and combined with the previously listed DPSs to be listed as
threatened under one coterminous DPS in November 1999 (64FR 58910).

In 2002, the FWS published the 1 draft Recovery Plan for three of the DPSs (Columbia,
Klamath and St. Mary Belly). In 2004, the FWS published a draft Recovery Plan for the
remaining two DPSs (Jarbidge, Coastal-Puget Sound), which addressed and listed the entire
coterminous DPS as threatened. The goal of the draft recovery plan was to remove threats and
ensure sufficient distribution and abundance to improve the status of bull trout throughout their
range in the coterminous United States so that protection under the ESA is no longer
necessary. To recover bull trout the following objectives were identified in the draft plan
(USFWS 2002):

1. Maintain and restore bull trout distribution within core areas as described in recovery unit
chapters.

2. Maintain a stable or increasing trend in abundance of bull trout.

3. Restore and maintain suitable habitat conditions for all bull trout life-history stages and
strategies (element of connectivity).

4. Conserve genetic diversity and provide opportunities for genetic exchange (element of
connectivity).

The development of guidance on how to monitor and evaluate (M&E) recovery, specifically
related to recovery criteria, was called for in the draft Recovery Plan. M&E was required to
assess recovery action effectiveness and to assess the status of bull trout populations.
Population distribution, abundance, habitat and connectivity (e.g., physical and genetic) are all
considered important characteristics of bull trout population viability and recovery. However, the
original draft recovery plans were unclear about: 1) how, where and when to monitor bull trout
and their habitats (distribution and connectivity); and 2) which analytical techniques would
provide adequate statistical soundness and rigor (abundance and trends). As a result of these
information gaps, a Recovery Monitoring and Evaluation Group (RMEG) was established in
2003 to develop guidance on these questions, and the group has been working on these issues
through 2012. The RMEG provided M&E guidance for bull trout to help reliably inform
evaluation of bull trout recovery objectives (USFWS 2008).

One important clarification that RMEG identified is that connectivity refers to the maintenance of
suitable stream conditions that allow bull trout to move freely upstream and downstream with
habitat linkages that connect to other habitat areas. Two of the draft Bull Trout Recovery Plan
objectives related to connectivity are: 1) conserve genetic diversity and provide opportunities for
genetic exchange; and 2) restore and maintain suitable habitat conditions for all life-history
stages and strategies. These objectives imply that measures and the associated monitoring of
connectivity must be considered from two distinct perspectives: 1) connectivity among local
populations (i.e., effective dispersal) and 2) connectivity to the migratory corridor associated
with each local population (i.e., unrestricted migration opportunities and the full expression of
life-history strategies). This clarification has helped focus many components of our research in
the Walla Walla River (WWR).



In 2008, a 5-year status review was completed and the determination was made by the FWS
that bull trout remained threatened throughout their range. As a result of the 5-year review, bull
trout are still listed as a single coterminous DPS but have been organized into six recovery units
that ultimately may be determined to represent individual DPSs (Figure 1.1). Each recovery unit
is composed of a variable number of core areas. In general, core areas are defined as core
habitat plus local populations. In most cases a core area is the closest approximation to a
biologically functioning metapopulation and the basic unit on which to gauge recovery within a
recovery unit. The FWS is in the process of finalizing the draft recovery plan and developing
recovery criteria.

There was broad agreement among agency partners that the NatureServe (Faber-Langendoen
et al. 2009) approach used by the FWS in 2008 for the 5-year status review was suitable for the
purpose of assessing population status and can provide the basis for future assessments,
including recovery. NatureServe applies an approach that uses information on demographics
and threats to categorically rank relative conservation status. Feedback from our partners
during the 5-year review process was that they were comfortable with the metrics and approach,
and we should use the same approach and data for assessing recovery.

The goal of the FWS draft bull trout recovery plan was to remove threats and ensure sufficient
distribution and abundance to recover bull trout throughout their range in the coterminous
United States. In order to assess progress of recovery the FWS will be identifying criteria in the
revised recovery plan. Recovery criteria are measurable and objective targets by which
progress towards achievement of recovery objectives can be measured. The National Marine
Fisheries Service (NMFS) and FWS (2010) Recovery Planning Guidance document
recommends that recovery criteria be SMART: Specific, Measurable, Achievable, Realistic, and
Time-referenced. It is recommended that recovery criteria be based in sound scientific rationale
and reflect the biodiversity principles of resiliency, redundancy, and representation.

e Resiliency involves ensuring that each population is sufficiently large and maintaining
within population life-history diversity to withstand stochastic events.

e Redundancy involves ensuring a sufficient number of populations to provide a margin of
safety for the species to withstand catastrophic events.

o Representation involves conserving the breadth of the genetic makeup of the species to
conserve its adaptive capabilities.

These biodiversity principles would take into account the physical and biological needs of bull
trout throughout its range to meet range-wide recovery needs. The use of these biodiversity
principles to develop recovery criteria should ensure adequate conservation of genetic diversity,
life-history features, and broad geographical representation of bull trout populations. There are
a number of approaches being explored to achieve these recovery criteria principles that rely on
threats and demographics based criteria to determine the relative risk of extinction for each core
area, and ultimately, the Recovery Unit as a whole.

The assessment that follows provides new and critical information on habitat, demographics and
movement patterns in the Walla Walla Basin that should help establish recovery criteria for bull
trout throughout the coterminous range. Before this study, there were some commonly held
beliefs about the demography, behavior and life-history expression, and habitat requirements of
bull trout that were not clearly defined and based on extremely limited empirical data (also
identified in regional technical workgroups; USFWS 2002; Porter and Marmorek 2005; Al-



Chokhachy et al. 2008; USFWS 2008; USFWS 2012). In the South Fork Walla Walla River
(SFWWR) and other similar systems, the common belief was that the population abundance
was stable and existing population structure was representative of a healthy population. We
generally assumed few bull trout migrated downstream and those that did, demonstrated limited
migrations over discrete intervals (i.e., spring, fall). The extent of migration was unknown,
including whether or not bull trout used the mainstem of the Columbia River. Previous to this
analysis, almost all available information describing bull trout population ecology was from a few
isolated studies concentrated largely on adfluvial forms (e.g., Fraley and Shephard 1989; Post
et al. 2003). There were very few robust estimates of survival and no estimates of juvenile
survival. In addition, the more pristine upper headwaters were thought to be high quality habitat
and unlikely to be limiting for rearing and spawning. Also, it was unknown whether resident and
migratory life-history forms assortatively mate, resulting in genetic distinction between the two
forms. Lastly, the degree of individual fish dispersal among sub-populations and the role of
dispersal in maintaining the genetic variability and persistence of each sub-population were
unknown. This most basic population ecology information is crucial for monitoring population
size and trends in order to determine population status as well as to evaluate opportunities for,
and the effectiveness of, management activities aimed at bull trout recovery and their continued
persistence.

The FWS’s Columbia River Fisheries Program Office (CRFPO) and the U.S. Geological Survey,
Fish and Wildlife Cooperative Research Unit at Utah State University (USU) have been
conducting research, monitoring and evaluation on bull trout populations in the WWR over the
past 12 years. The Walla Walla Basin is comprised of tow core areas and six local populations;
three local populations in the Touchet River subbasin (Touchet River Core Area), and three
local populations in the Walla Walla subbasins (WWR Core Area) (one local population in each
of the Mill Creek and two in the Walla Walla River (Figurel.2). FWS and USU research is
focused primarily on the WWR Core Area. In addition, we anticipated using the information and
analysis from the WWR to help inform recovery evaluation for bull trout broadly across the
range.

To that end we embarked on a multi-year synthesis of the data and analyses for the WWR to
help broadly prioritize conservation actions and inform the conservation of bull trout. The
retrospective information has been organized around key themes of habitat, life-history drivers,
population trends and core area dynamics, and an overall synthesis. This information is derived
from Chapters 3 - 9 and Appendices | - VIII. The synthesis for the habitat theme was derived
from Chapters 3, 4, Appendices Il and IV. The synthesis for the life-history drivers includes
Chapters 5, 6, 7, 8 and Appendices V, VI, VIl and VIIl. The synthesis for the population trends
and metopopulation dynamics includes Chapter 7, 9 and Appendix V. We provide an overall
synthesis that integrates the summaries from these key themes. We also discuss the
transferability of tools developed herein and lessons learned that can apply broadly across the
range of bull trout and for recovery planning in general. Components of the study that are
already published in peer-reviewed literature are provided as Appendices IV - VIII, as well as an
Appendix describing sampling and tagging methodologies that apply across many chapters.

Synthesis and Management Recommendations

The FWS and USU have been conducting research, monitoring and evaluation on bull trout
populations in the Walla Walla Basin over the past 12 years (2002-2014). Our assessment
provides basic critical information on bull trout growth, movement patterns, and survival rates.



At the population level we assess abundance, structure, and growth rate. A large proportion of
this information is derived from the PIT tagging of bull trout and the network of passive instream
antenna (PIA) in the WWR (Figure 1.3). We characterized habitat quality, suitability, and
availability for the WWR that was formerly lacking. We have synthesized those data and
analyses to help prioritize conservation actions in the WWR and to provide range wide guidance
for bull trout recovery and monitoring. This retrospective synthesis has been organized around
key themes (i.e., habitat, life-history drivers (movement, growth, survival)) related to: identifying
population status; assessing environmental and management influence; restoring and
maintaining suitable habitat conditions for all bull trout life-history stages and strategies (element
of connectivity); and conserving genetic diversity and providing opportunity for genetic exchange
(element of connectivity).

To inform future recovery actions for bull trout, our study:

e Successfully implemented and evaluated extensive PIT tagging and detection studies to
estimate bull trout abundance, survival, movement, distribution, trend, and life-history
characterizations.

e Successfully implemented studies to assess bull trout occupancy and spawning and
rearing habitat preferences.

e Provided information and analyses that were highly informative for guiding sampling
strategies for estimating population trends.

e Developed an empirically based modeling framework that has the flexibility to evaluate
future threats and to guide priorities for bull trout conservation.

The following is a synthesis of our work and how it relates to the biodiversity principles
(resiliency, redundancy, and representation), limiting factors and threats, and corresponding
management recommendations.

Habitat:

o Developed methods to assess aquatic habitat quality and quantity at the reach-scale in
the SFWWR and mainstem WWR.

o |dentified suitable and preferred habitat conditions at the microhabitat scale for spawning
and rearing bull trout.

e Occupancy and movement analyses support the conclusion that seasonal timing of
unfavorable habitat conditions in the middle/lower mainstem WWR may affect the ability
of bull trout to move back upstream to rear and spawn. Collectively, results suggest that
the migratory component of the population is primarily impacted by these unfavorable
habitat conditions in the mainstem WWR (which are avoided by the resident
component).

e Based on climate modeling within the WWR, we estimated a greater degree of spawning
and rearing habitat loss for the Touchet River and Mill Creek local populations when
compared with the SFWWR local population. Estimates of habitat loss associated with
increased stream temperature varied considerably among populations, depending on the
spatial arrangement of available habitat and the quality of habitat near a thermal
boundary.

e Protecting high quality spawning and rearing habitat in the SFWWR s critical for
enhancing and maintaining the resiliency of the Core Area population. Protection of
these SFWWR habitats and improvement of the migratory and foraging corridor will
allow bull trout to complete their life cycle, express life-history variability, and potentially



serve as a donor population for other local populations in less desirable habitat (e.qg.,
Touchet River and Mill Creek populations) as well as adjacent core area populations
(e.g., Touchet, Umatilla).

Improving migratory corridor conditions is a key to improving the resiliency of the WWR
Core Area bull trout population. Focusing on activities to improve stream temperature
conditions in the mainstem WWR will be essential for restoring the foraging and
migratory component of the bull trout population.

Life-history Drivers:

Growth:

Based on synthesis of mark-recapture data, there is substantial individual variability in
both growth rate and the maximum potential length. In addition, and perhaps more
importantly, migratory fish appear to reach larger sizes and approach those maxima
faster than do residents (i.e., migrants exhibit faster growth rates), although considerable
overlap between the two life-history expressions appears to occur. Growth at juvenile
life stages before emigration may be slightly higher for migratory fish than for resident
fish.

Migration & Movement:

Generally, fish that migrated as juveniles and large adults exhibited movements of
shorter distances and duration relative to sub-adult and small adult migrators.
Conversely, fish that migrated as sub-adults and small adults moved farther downstream
and remained in lower parts of the watershed longer.

The longer bull trout reared in the headwater area as juveniles and grew prior to
migration, the farther they moved downstream.

Fish tagged in the SFWWR, WWR, and Mill Creek have all been detected at the Oasis
Road Bridge PIA, suggesting a migratory population is present in all of the local
populations; and connectivity and dispersal has been documented between local
populations with in the WWR Core Area. WWR tagged fish have also been detected at
the mouth of the Umatilla River and at mainstem Columbia River locations (e.g., McNary
Dam). During this study, two WWR tagged fish were detected completing downstream
migrations into the Columbia River and subsequently detected at or above Harris Park in
the SFWWR during the spawning season.

Bull trout that were tagged in the SFWWR and WWR and migrated downstream had low
survival rates. That is, of the SFWWR and WWR tagged fish, only 11 and 42% were
subsequently detected again. Of these recaptures, only 18% and 31% were
documented completing upstream movements after tagging. This pattern suggests that
conditions in the lower and middle river may have substantial influence on survival and
consequently affect the ability to move upstream and avoid unfavorable conditions.
Although bull trout demonstrate differences in life-history expressions including resident
and migratory forms, there were no significant differences in the genetic structure
between presumed resident and migratory fish. Thus it appears that environmental
factors and/or individual intrinsic growth potential influence transition to a migratory life-
history.



The consequences of the migratory life-history expression are determined by the
complex tradeoffs of greater growth and fecundity, but lower survival; therefore, a fish
that survives migration likely has a greater per capita contribution to population growth
than a resident.

Survival Rate:

Using return rates alone (without accounting for recapture or detection probability), the
survival advantage of size varies dramatically with year; in some years being large
provides a substantial benefit, whereas in other years survival is similar across size
classes.

Survival rate indices in the size range 150-300 mm appear to co-vary in the upper and
lower river sections, while survival rates in the size range 300-420 mm do not. Survival
rate indices for large adults are similar across years in both reaches.

Lower river mortality appears to drive annual mortality (or survival) rates in the larger
size classes of fish that demonstrate the greatest tendency to migrate downstream out of
the headwater area.

The lower river demonstrates a longitudinal trajectory of habitat degradation, which
suggests migratory bull trout in the sub-adult and small adult size classes may be the
most susceptible to lower river mainstem mortality.

Reduced survival for sub-adult and small adult size categories resulting from poor
habitat conditions in the lower river mainstem potentially reduces the reproductive
contribution of the migratory component of the population and the opportunity for
dispersal. Mainstem bottlenecks likely impact the resiliency of the WWR Core Area
population.

Connectivity:

During the study period we documented connectivity between local populations within
the WWR Core Area. Additionally, a small number of individuals were observed
migrating from one local population to the spawning area of another local population
within the WWR Core Area.

When considered within the context of the genetic structure, several lines of evidence
demonstrate that bull trout in the WWR Core Area still attempt to disperse among the
local populations (e.g., genetic and movement data).

Providing for dispersal, by improving habitat conditions that restore connectivity among
local populations, is vital to maintaining and enhancing viability of the WWR Core Area
populations of bull trout.

Population Trend and Metapopulation Dynamics:

The population of the SFWWR appears stable; however, there is some indication that
large migratory individuals may be in decline (e.g., mark-recapture trend analysis; redd
counts) and there is high variability in survival for this size group. Population growth
rates estimated from mark recapture data suggest a stable population, but this is
primarily due to the high proportion of small adults. However, given the declining trend
in large adults, the long term stability of the population structure is uncertain and may not
reflect the historical population structure and evolutionary history of bull trout. The time
series is quite short, and if recent observations were compared to historical conditions,
our conclusions on population status would likely be more dire.



In life cycle viability model simulations, resident fish are more vulnerable to changes in
reproduction and thus more susceptible to events that disrupt spawning success (e.g.,
inputs of fine sediment in spawning habitat). In contrast, migratory sub-populations (fish
that tend to mature at larger sizes and demonstrate higher fecundity rates) are most
sensitive to changes in survival rates of large adults (e.g., harvest, predation). As
discussed above, there are several lines of empirical evidence that suggest that
variability in survival rates for large fish may pose a threat to this population (e.g.,
survival rates of large, migratory fish are more variable and sensitive to habitat
degradation in the lower river). In addition, high growth rates of migrants would be
predicted to have a large impact on the population growth rates, due in part to the higher
fecundity of larger fish.

As we expect bull trout populations to have a significant response to changes in juvenile
survival rates and individual growth rates, bull trout populations may be particularly
susceptible to environmental changes that affect juvenile survival and bioenergetics,
including stream productivity, food availability, and temperature.

At the core area level, when individual local populations have different long term trends
in abundance, connectivity is important for maintaining smaller, declining populations
(e.q., a rescue effect). This variability in trends clearly relates directly to the WWR Core
Area, where one core area is stable and the others appear to be declining. In order for
dispersal to aid in maintaining persistence, connectivity of the mainstem will have to be
protected and restored accordingly.

Overall Synthesis

Walla Walla River bull trout exhibit a continuum of life histories involving movements,
migrations, spawning, rearing and foraging on time scales ranging from daily to annually
or longer, and over different spatial scales.

Collectively, this research and modeling demonstrate that diversity in life-history
strategies can help stabilize demographic responses to environmental perturbations,
which may help decrease the risk of extinction for both individual local populations and
core area populations (i.e., addressing redundancy and resiliency).

Our study indicates that the migratory life-history strategy for SFWWR bull trout has
been impacted by poor habitat conditions in the lower mainstem WWR. These
mainstem bottlenecks appear to be associated with high summer water temperatures
and low streamflows that result in numerous low flow barriers formed in the summer and
fall. These factors impact the population in two ways: 1) reduce the reproductive
contribution of the highly fecund migratory component of the population, and 2) limit
dispersal of bull trout among the local populations.

Our modeling of future climate conditions projected a greater loss of spawning and
rearing habitat in the Touchet River Core Area and the Mill Creek local population when
compared to the losses projected for the SFWWR local population.

Our study synthesis indicates that protecting high quality spawning and rearing habitat in
the SFWWR and improving migratory and foraging corridor conditions will allow bull trout
to complete their life cycle, express life-history diversity, and potentially serve as a donor
population to other local populations and core areas in less desirable habitat (e.g.,
Touchet River and Mill Creek populations).

To provide as much demographic stability as possible, diversity within and among
populations should be maintained along a continuum that emphasizes conservation of
the full range of life-history traits expressed by bull trout. Maintaining life-history diversity
will improve redundancy, increase representation and thus improve resiliency.



To provide the basis of support for the synthesis and management recommendations, we
summarized the study findings from the chapters and appendices by key themes mentioned
above and in some cases further divided key themes. Much of the detailed data on bull trout
abundance, survival, movement, distribution, and life-history characterizations has been
obtained from the extensive PIT-tagging effort in the WWR along with the instream PIT tag
detection arrays deployed throughout the basin (Appendix I; Appendix I1). Additional information
on habitat quality, suitability, and availability has also been obtained from other fish sampling
efforts throughout the basin.

Habitat:

Spawning, Rearing, and Foraging Habitat (Chapters 3 and 4, Appendix V)

Bull trout typically prefer to spawn in relatively pristine habitat; however, there are basins where
land development is encroaching on spawning habitat and where bull trout production is limited.
Understanding spawning habitat relationships for resident and migratory bull trout is critical for
guiding the recovery of the species. Recovery efforts can be guided by identifying suitable and
preferred habitats for spawning, early rearing, foraging, and migration, as well as by quantifying
the availability of these habitats within the Recovery Unit. This information could be used to
ensure connectivity among populations, resilience within populations, and to identify habitat that
may be limiting.

In the SFWWR, bull trout were associated with small gravel and pebble substrates across all
three redd size classes (e.g., small, medium, large). As redd size class decreased, bull trout
redds were increasingly associated with smaller substrates. In the SFWWR, medium to large
gravel is more abundant but sand and smaller gravel are more limited. Therefore, if population
growth for the SFWWR population relies heavily on the smaller resident fish spawning,
spawning habitat could become limiting. For the medium and large redd size classes, slow
water velocity was associated with increased spawning habitat suitability, with the highest
suitability at locations with water velocity less than 0.5 m/s. Diel comparisons suggested that
rearing bull trout use deeper microhabitats with cover during daytime periods, but shift into
significantly slower habitats during nighttime periods; however, we observed no discrete
differences in substrate use patterns across diel periods. Across life stages, we found that both
juvenile and adult bull trout used slow velocity microhabitats with cover, but the use of specific
types of cover varied.

Spawning and rearing habitat use and modeling in the SFWWR have provided data and tools
that will be valuable for implementing and focusing restoration efforts not only in the Walla Walla
Basin, but also in other basins. Spawning habitat suitability models developed in the SFWWR
provide guantitative tools to assess the quantity, quality, and location of suitable spawning
habitat by life-history form and are useful for identifying areas where habitat is compromised in
order to focus restoration efforts. These models may also be useful for assessing spawning
habitat conditions in other basins that have not been monitored intensively and for developing
recovery objectives or criteria for other river basins. Our rearing habitat evaluations together
with rearing habitat studies in other basins demonstrate that bull trout rearing microhabitat use
patterns are generally consistent across systems, a pattern that parallels other observations at
both similar and larger scales and across life-history forms. Thus, our results, in combination
with previous bull trout habitat studies, provide managers with benchmarks for restoration of
rearing habitat in highly degraded systems.



Climate change is projected to increase stream temperatures and disrupt hydrologic regimes
which will likely impact bull trout across their native range given their thermal sensitivity (Isaak et
al. 2010). Based on our climate modeling within the WWR Core Area, we estimated a greater
degree of spawning and rearing habitat loss for the Touchet River and Mill Creek populations
than for the SFWWR population. Estimates of habitat loss, associated with increased stream
temperatures, varied considerably among populations depending upon the spatial arrangement
of available habitat and the quality of habitat near a thermal boundary.

Protecting high quality spawning and rearing habitat in the SFWWR is critical for the resiliency
of the core area population. By protecting SFWWR habitats and improving the mainstem
migratory corridor of the WWR, bull trout should be able to complete their life cycle, express life-
history variability, and potentially serve as a donor population to other local populations and
core areas in less desirable habitat.

Connectivity (Foraging and Migratory Habitat; Chapters 3 and 4, Appendix II)

Effective management of threatened species requires a sufficient knowledge of fundamental
habitat requirements, particularly for species occurring in intensively managed and modified
landscapes. WWR bull trout exhibit a continuum of life histories involving movements,
migrations, spawning, rearing and foraging on time scales ranging from daily to annually or
longer, and over different spatial scales.

Identification of methods to restore and maintain suitable habitat conditions for all bull trout life-
history stages and strategies (element of connectivity) is critical to address the conservation
principles of resiliency and redundancy. We developed a practical and fundamentally
straightforward approach to assess aquatic habitat quality at the reach-scale in the SFWWR,
mainstem WWR, and Mill Creek subbasins to help inform future recovery actions explicitly for
bull trout. Habitat quality model scores (HQS) suggest that habitat quality for most bull trout life
stages, strategies and actions is generally better in headwater reaches and degrades
incrementally downstream from the Umatilla National Forest boundary, as the severity and often
cumulative anthropogenic modifications and other influences become more prevalent. While
the resident component of the population only experiences the good quality headwater
conditions, migratory bull trout are exposed to a spectrum of anthropogenic channel
modifications, riparian habitat degradation, streamflow reductions, and other influences
throughout the basin and in the mainstem Columbia River.

Water temperatures generally increased from the headwaters in the SFWWR to the lower
mainstem WWR, making downstream habitats less thermally suitable for bull trout of most life
stages, compared to headwater habitats, especially in the summer. The flows are largely
diverted for agricultural purposes downstream of rkm 76. As temperatures become less
tolerable and streamflows drop to summer base flows, sub-adult bull trout that recently migrated
to middle and lower river reaches often retreated back upstream to escape intolerable
conditions and find suitable habitat to over summer. With the onset of summer, elevated water
temperatures and severe low flow conditions decrease habitat quality and modeled habitat
quality scores (HQS) remain low throughout the summer months. Of the eleven habitat
variables we used to model HQS, water temperature and surface flow heavily influenced the
HQSs derived by our model for adult bull trout foraging and maintenance. Water temperature
was the most influential variable on our model HQSs.
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We evaluated occupancy of bull trout throughout the mainstem WWR and compared results
with monthly stream temperatures. Surveys to determine foraging and migratory habitat
preferences showed that stream temperatures increased moving downstream in the mainstem
WWR in all months. However, the greatest rate of temperature increase occurred in July and
August with temperature increasing at a rate of 2°C for every 5 rkms distance downstream.
Across all years and months, we observed a decreasing probability of bull trout occupancy with
distance downstream. During the July-September period, the average probability of occupancy
was 3% (range: 0% - 10%) at rkm 76 (Cemetery Bridge), which is the point of main diversion for
irrigation withdrawals. During the October-November period, the average probability of
occupancy increased to 16% (range: 9% - 26%) at rkm 76. Across all years and months we
observed a decrease in the probability of bull trout occupancy as stream temperatures
increased and in any given month, bull trout occupied locations with the coolest water available.

Life-history Drivers:

Growth (Chapter 5, Appendix V)

Since survival and fecundity are often a function of fish size, individual growth rates can be
necessary for population viability modeling, evaluating demographic changes, and effective
conservation. In addition, estimates of individual growth are critical for assessing population
change and population productivity over time and thus directly address the conservation
principle of resiliency. Our goals were to evaluate individual variability and patterns in growth
and to determine if growth varied between migratory and resident components of the population
of bull trout that spawns in the SFWWR.

We integrated two data sources, mark-recapture data (i.e., measured change in length over
time) and otolith aging (i.e., length at estimated age), to estimate growth and assess variability
by individual bull trout of known life-history expression.

In previous analyses (Al-Chokhachy and Budy 2008), we determined that bull trout are relatively
long lived in the SFWWR and live = 9 years, similar to some adfluvial populations. However,
bull trout in the SFWWR have been observed to reach sexual maturity at much smaller sizes
(200 mm) and earlier ages than systems with adfluvial populations. Our results are relatively
consistent with observations from Lowe Creek within the Mill Creek basin (i.e., maturity at <199
mm and as early as age 3; Sankovich et al. 2003).

Based on this synthesis of mark-recapture data, there is substantial individual variability in both
growth rate and maximum potential length. In addition, and perhaps more importantly, migrants
appear to reach larger sizes and grow faster than do residents, although considerable overlap
between the two life-history expressions appears to occur. Growth at juvenile life stages before
emigration may be slightly higher for migratory fish than for resident fish. Our study indicated
that bull trout of similar sizes would move out of the headwater areas at the same times of the
year and to similar areas downstream.

These results have important implications associated with connectivity and headwater spawning
and rearing habitat. Larger fish have the potential to contribute disproportionately to
reproductive success and population viability through their much greater fecundity (Al-
Chokhachy and Budy 2008; Bowerman 2013; Chapter 9). In contrast, small, likely resident fish
that spawn in the headwaters also contribute to population viability through their repeated
spawning, potentially starting at earlier ages.

11



Movement (Chapter 6 and Appendix VI)

Migratory and dispersing bull trout require connectivity between suitable habitats to move long
distances and express their full life-history. Migrations can result in individuals dispersing into
new populations or habitats, therefore increasing genetic exchange between populations. For
these reasons bull trout require connected habitats to persist; however, the integrity of these
migration corridors is highly susceptible to disturbances from land practices, water diversion
structures, and consumptive water use. Diminished connectivity limits the ability of full life-
history expression (representation), dispersal from one local population to another within a core
area (resiliency and redundancy), dispersal from one core area to an adjacent core area, and
may result in the elimination of certain life-history strategies. Therefore diminished connectivity
will lead to increased vulnerability to extinction of these bull trout populations. This and future
work should determine movement behavior and spatial and temporal bottlenecks throughout the
migration corridor for all life stages to assess actions to improve connectivity and effectively
manage bull trout.

In previous related studies, we (Homel and Budy 2008) established that juvenile and sub-adult
bull trout in the SFWWR exhibited downstream migrations year round, occurring mostly at night,
and the greatest movement out of the headwaters occurred during August, however later
analysis revealed that peak sub-adult out migration occurs in the spring. Migration response to
environmental cues was assessed, and results suggested that minimum water temperature may
influence migration timing. Bull trout appeared to migrate downstream out of the headwaters at
similar sizes regardless of size at marking (i.e., surrogate for age at marking — cohort). Thus, it
appears that environmental factors and/or individual intrinsic growth potential influence
transition to a migratory life-history.

We evaluated the spatial and temporal movement of migratory bull trout in the SFWWR and
mainstem WWR to determine if there is a life-history stage (i.e., age class) that limits population
abundance and to better understand the migratory life-history diversity of the population.
Generally, of the fish that migrate, the longer a bull trout reared in the headwater areas, the
farther it moved downstream. Additionally, fish that migrated as juveniles and large adults
generally exhibited movements of shorter distance and duration. Fish that migrated as sub-
adults and small adults moved farther downstream and remained in lower parts of the
watershed longer.

Adult bull trout primarily migrated upstream of Harris Park Bridge, presumably to spawn, from
May through August. Adults exhibited movements downstream of Harris Park Bridge from early
August through February, with the highest number of movements occurring during October. Of
the bull trout that were tagged in the SFWWR and WWR, only a small number migrated
downstream out of the headwaters. Of the SFWWR and WWR tagged fish that migrated, only
11% and 42%, respectively, were subsequently detected again. Of the recaptured migrating
bull trout, only 18% and 31% were documented completing upstream movements after tagging.
This pattern suggests that conditions in the lower and middle mainstem portions of the river may
have substantial influence on survival rates and consequently affect the ability to move
upstream and avoid unfavorable conditions.

Some individuals tagged in the SFWWR, WWR, and Mill Creek have been detected at the
Oasis Road Bridge PIA, which suggests a migratory component in two of the five local
populations. Further, PIA sites have documented connectivity and dispersal between local
populations with in the WWR Core Area. WWR tagged fish have also been detected at the
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mouth of the Umatilla River and at mainstem Columbia River dam locations (e.g., McNary
Dam). During this study, two WWR tagged fish were detected completing downstream
migrations into the Columbia River and subsequently detected at or above Harris Park Bridge in
the SFWWR during the spawning season.

Low flow or poor habitat conditions (Chapter 3) may compromise the ability of WWR bull trout to
migrate, rear or disperse. Results suggest that the timing of unfavorable habitat conditions in
the mainstem WWR may reduce the ability of bull trout that previously migrated downstream to
move back upstream to rear (i.e., for juveniles migrating back to more favorable conditions) and
spawn (i.e., after maturity). In particular, our movement results suggest that the migratory
component of the population is primarily impacted by these unfavorable habitat conditions. The
consequences of the migratory life-history expression are determined by the complex tradeoffs
of greater growth and fecundity, but lower survival; fish that survive migration likely have a
greater per capita contribution to population growth since they become large and likely highly
fecund. Since migratory individuals likely have much higher fecundity, poor habitat conditions in
migratory habitats and corridors likely impacts the resiliency of the WWR Core Area
populations.

Survival

South Fork Walla Walla River Population Trend and Survival (Chapter 7, Appendices VII and
VIl

Population trend is an important vital rate that describes the cumulative effects of survival
across life stages on the population. Understanding whether the trend of a population is stable,
increasing, or decreasing across relevant temporal scales is key for recovery of most species
listed under the ESA. Developing effective management strategies, however, also requires
information regarding how extrinsic and intrinsic factors can influence population abundance
and trends, preferably within a hypothesis-driven framework.

Our goal was to address this need by employing multiple years of mark-recapture data
(Appendices 1,11) to assess how biotic and abiotic factors influence bull trout vital rates (e.g.,
survival, emigration and fecundity) and ultimately population trends (e.g., population growth
rates, population trend). We compliment these mark-recapture data with long-term, redd count
data for a multifaceted assessment.

We estimated both survival and long-term population growth for the population of bull trout in
the SFWWR based on ten years of capture-mark-recapture (CMR). We used a Pradel CMR
trend model to estimate the annual rate of population change (At) and other pertinent trend
response variables for adult bull trout. When the population growth rate exceeds one, the
population is increasing; when the population growth rate is less than one, the population is
decreasing (noting the pattern of confidence intervals). For the Pradel model, we restricted our
population of interest (potentially sexually mature) to bull trout >300 mm total length (TL). We
used a Barker survival CMR model to estimate annual survival (and other pertinent vital rates)
for all size classes of fish (i.e., juveniles, sub-adults, small adults, and large adults) and to test
hypotheses of potential limiting factors.

Population growth rates (At) for all adult fish combined (i.e., migratory, non-migratory, and
unknown) were greater than one near the start of the time series, declined significantly until
2006-2007, but then increased for the last three years (with wide overlapping confidence
intervals). There is a 1% chance the population decreased = 50% (~endangered threshold),
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and a 5% chance the population decreased = 30% (~threatened threshold). Similarly, the top
Pradel population trend model for the time series including only migratory fish had an estimated
median population growth rate of 0.99 (95% CI = 0.81-1.12), and this model predicted only a 5%
chance the population decreased = 50%, but a 22% chance they decreased = 30%.

The number of bull trout redds varied considerably during the last two decades in the SFWWR,
consistent with patterns from proximate populations of bull trout in the Blue Mountains, and the
trend in bull trout redds during the period of our mark-recapture study (2002 to 2011), was A =
0.97 (95% CIl = 0.84-1.13). Previous studies suggested that redd counts were most similar to
the abundance trends observed for large, adult bull trout; this pattern is consistent with the
Pradel findings described above for migratory fish.

Survival (S) varied over time (across years) and among groups with no clear or consistent time
trend. Specifically, in the top Barker models, survival rate (S) differed among three size groups
of fish (< 150 mm, 150 mm-300, and > 300 mm). Based on the top-ranked models, survival (S)
was the greatest for fish > 300 mm and ranged from a low around 20% in 2005-2006 to a high
between 70-80% in 2007 and 2010. Survival for fish 150-300 mm bounced around 40% with
highs in 2006 and 2010 and lows in 2007-2008. In previous analyses, we also estimated
survival of 22% for age-1 bull trout and 23% for age-2 bull trout (Bowerman and Budy 2012).
Survival rates of the smallest sized fish were the lowest, rarely exceeding 30%. The pattern of
survival across time and age/size groups strongly suggests that different factors determine
survival in the upper river, where small adults stay and migrate, versus the lower river, where
most large fish attempt to migrate.

Bowerman and Budy (2012) observed juveniles emigrating from Skiphorton Creek, a tributary to
the SFWWR, at almost all examined sizes (i.e., 80-170 mm TL) and throughout the year. Once
they migrated, larger fish had a greater probability of survival in the mainstem WWR below
Harris Park, than smaller individuals. Small (<200 mm TL) bull trout tagged in the SFWWR that
became migratory initially exhibited growth similar to residents, but growth apparently increased
as fish approached 200 mm TL. These results have important implications for assessing
population status and management actions; while the population may be managed as a single
reproductive unit, the phenotypic variation within this population may have fitness
consequences and thus merits conservation.

From analysis of the limited time series of mark recapture data and redds, the population
appears stable; however there is some indication that the population may be in decline. Redd
counts are stable over the complete time series available, but appear to have declined over the
more recent study period. Although Pradel model results suggest that the migratory component
of the population is stable (A=0.99), the low proportion and low survival rates for large fish could
suggest that the population is declining. Further, the time series is actually quite short and if we
were comparing these observations to historical conditions, our conclusions of status may be
quite different and likely more dire.

Survival Comparison for the SFWWR and WWR (Chapter 8)

Estimation of survival rates is a key element towards the development of effective conservation
and recovery strategies. Evaluation of survival rates and associated variability within a
population can provide critical information on how habitat conditions and phenotypic
characteristics influence individual and population viability. Furthermore, increased
understanding of how habitat biotic and abiotic factors (e.g., climate) influence bull trout vital
rates such as survival is critical to develop effective conservation and restoration strategies.
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The goal of this research was to quantify patterns of survival across size classes, locations,
seasons, and years for bull trout in the lower WWR. We estimated the relative return rate, an
index of survival, during two seasonal periods each year, and evaluated the effects of year, the
number of days since tagging, fish length, and location on return rate. We also estimated the
relative return rate on an annual basis, and made comparisons between fish that were tagged in
the lower (mainstem WWR) and upper (SFWWR) sections.

Fish tagged in the spring-summer period were considerably smaller than fish tagged in the fall-
winter period. Indices of survival increased with fish length and decreased with the number of
days since tagging, and survival was similar across years and across locations in the lower
river. Based on the size differences between the two groups and what we know from examining
movement information, it appears the spring-summer fish are likely dominated by sub-adults
moving downstream, rearing in the area or retreating back upstream to avoid unfavorable
habitat conditions downstream. The fall-winter fish are larger sub-adults, small adults and large
adults that are moving downstream to overwinter or rear in the lower river.

Within the SFWWR, tagging and recapture data were amenable to use of the Barker Model, a
mark-recapture model that allows for separation of survival from detection probability and
emigration rates (Chapter 7). However, for technical reasons the tagging and recapture data
from the lower WWR were not amenable to use of the Barker Model. To make comparisons
between the SFWWR and the WWR data sets, we calculated annual survival indices (return
rates without accounting for recapture or detection probability). The advantage of the survival
indices was that it allowed for comparisons between fish released in the upper and lower
sections using a consistent analytical approach. The disadvantage of the survival indices is that
they do not account for recapture probability and do not estimate emigration rates. As a result,
the survival indices are known to be biased low to some degree. Despite this bias, the survival
indices do provide a consistent analytical approach for quantifying and comparing patterns of
survival for the lower (WWR) and upper (SFWWR) sections.

For both the WWR and SFWWR sections, annual survival indices generally showed a positive
relationship between survival and size. However, the survival advantage of size varied across
years. In some years being large provided a substantial benefit, whereas in other years survival
was similar across size classes. During 2002-2010, survival rate indices for the SFWWR bull
trout averaged only 9% for sub-adults and 16% for small adults. During the three years with
survival rate indices throughout the river (2008-2010), the patterns of survival for fish tagged in
the upper (SFWWR) and lower river were similar for fish in the sub-adult and small adult
categories.

There are several important but potentially conflicting implications of these patterns in the lower
river (WWR) survival indices compared to similar indices developed for the upper river
(SFWWR). The lower river demonstrates a longitudinal trajectory of habitat degradation (i.e.,
habitat becomes more degraded farther downstream, Chapters 3 and 4) and hence it is
expected that survival rate indices would be lower for fish in the lower WWR compared to fish in
the SFWWR. But based on three years of data from both locations, annual survival rate indices
were similar. In contrast, growth analyses (Chapter 5) indicate greater growth rates for fish from
the WWR compared to fish from the SFWWR. Given the generally positive effects of fish length
on survival (Chapter 8), favorable growth conditions in the lower WWR should improve survival
for fish in this portion of the river. It may be that the positive effects of improved growth in the
lower river (i.e., increased survival), alongside reduced survival due to habitat degradation in the
lower river, cancel each other out resulting in similar survival rate indices between the upper
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and lower sections. Additional years of data will be required to better understand these
apparently conflicting patterns of growth and survival. Although additional years of data would
be useful for understanding these patterns of growth and survival, poor habitat conditions in the
WWR potentially reduce the reproductive contribution of the migratory component of the
population and the opportunity for dispersal. These migration and survival bottlenecks could
impact the resiliency of the WWR Core Area population, and fish in these areas may also be the
most likely to benefit from future management actions.

Connectivity (Biological and Genetic — Chapter 6, Appendix VIII)

With the expression of multiple life-history forms, resident and migratory bull trout from a single
population tend to use a wider array of habitat types, thus reducing the risk of extirpation from
local disturbances. In addition, this diversity of life-history expression affords bull trout the
opportunity to access a greater amount of food resources. For bull trout, resident and migratory
life-history forms co-occur in streams and demonstrate important differences in growth,
movement patterns, and survival (as described above). Fish that migrate tend to grow larger,
move farther stream distances, but have lower survival rates as compared to their resident form.
Despite these differences in vital rates and behavior, there are no discernable differences in
genetic structure between presumed resident and migratory fish within the SFWWR population
were observed based on microsatellite loci (Appendix VIII). Moreover, environmental factors
and individual intrinsic growth potential likely influence transition to a migratory life-history
(Chapters 5 and 6) and the consequences of that behavior.

During the study we documented connectivity between local populations within the WWR Core
Area (i.e., Mill Creek fish in SFWWR); a small number of tagged fish completed migrations into
the Columbia River and subsequently returned to be detected in the spawning area of the
SFWWR. Additionally, a number of individuals were observed migrating between local
populations within the WWR Core Area. When considered within the context of genetic
structure, there are several lines of evidence demonstrating that bull trout in the WWR Core
Area still attempt to disperse among the local populations (e.g., genetic and movement data).
Improving habitat conditions to restore connectivity among local populations is key to the
maintaining redundancy and supporting resilency of bull trout in the WWR Core Area.

Population Trend and Metapopulation Dynamics (Chapters 6, 9, and Appendix V):

Information on growth, survival, reproductive rates, movement, and abundance was
incorporated into a life-cycle model for both resident and migratory life-history strategies of bull
trout. This model was used to evaluate how populations might respond to changes in
demographic rates as a result of management actions, environmental variability, or climate
change. Based on perturbations to this life-cycle model, changes in juvenile survival rates and
maturity schedules had the largest influence on overall population trend. Bull trout populations
composed of individuals that spawned earlier in their life cycle and grew more slowly (resident
life-history strategy) were more vulnerable to changes in reproductive success (e.g., egg
survival). In contrast, populations composed of late-maturing individuals that grew to larger
sizes (migratory life-history strategy) were more vulnerable to changes in adult survival rates
(e.g., via harvest or predation).

We observed a few instances of bull trout migrating from one population to another, from which

we estimated rates of dispersal among distant patches. The potential for individuals to
disperse, or move from one population into another to reproduce, was important to sustain
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declining populations when neighboring populations were stable. Improvements to the
migration corridor are also required to allow for longer migrations and dispersal among sub-
populations.

In sum, this research and modeling collectively demonstrate that diversity in life-history
strategies can help stabilize demographic responses to environmental perturbations, which may
help decrease the risk of extirpation for both individual local populations and core area
populations (i.e., metapopulation). Maintaining a diversity of life-history expression requires
preservation of headwater conditions in the SFWWR and improvements to the connectivity and
habitat conditions in the migration corridor; thus allowing access to habitats throughout the
entire watershed to maintain all complex life cycle components (contributing to redundancy and
resilency).
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Chapter 2 : Chapter Summaries
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Here we provide a more detailed summary for each of the chapters and appendices. Each of
the following chapter summaries are organized by: 1) the draft recovery plan objectives they
inform; 2) the study justification and how each topic addresses recovery criteria guidance; 3)
goal and methods; and 4) key findings and considerations for applications to other basins.

Chapter 3: Walla Walla Basin Bull Trout Habitat Quality Assessment

Chapter 3 addresses this objective in the draft Recovery Plan:

¢ Restore and maintain suitable habitat conditions for all bull trout life-history stages and
strategies (element of connectivity).

Effective management of threatened species requires sufficient knowledge of their fundamental
habitat requirements and the ability to assess the quality of available habitat, particularly for
species occurring in intensively managed and modified landscapes. Walla Walla River bull trout
exhibit a continuum of life histories involving movements, migrations, spawning, rearing and
foraging on time scales ranging from daily to annually or longer, and over different spatial
scales. While the resident component of a population only experiences relatively pristine
headwater conditions, migratory bull trout may be exposed to a spectrum of anthropogenic
channel modifications, riparian habitat degradation, streamflow depletion and regulation,
passage barriers, and other influences throughout the Walla basin and in the mainstem
Columbia River.

Our goal was to develop a simple, adaptable and fundamentally straightforward approach to
assessing aquatic habitat quality at the reach-scale in the SFWWR, mainstem WWR, and the
Mill Creek subbasin to help inform recovery actions explicitly for bull trout.

o We developed a model to spatially and temporally identify and rate the quality of bull
trout habitat at the reach-scale in the SFWWR and mainstem WWR as well as Mill and
Yellowhawk creeks with respect to each bull trout life-history stage and strategy. The
output from this model should be used as a “first cut” tool when determining potential
sites for habitat restoration or the implementation of future management actions.

e Our approach can be used to help inform current and future recovery actions explicitly
for bull trout within the Walla Walla Basin. In addition, our approach is widely applicable
to other basins for informing bull trout recovery. Overall, our approach informs how and
where to restore and maintain suitable habitat conditions for all bull trout life-history
stages and strategies (element of connectivity) and addresses the conservation
principles of resiliency and redundancy.

Model development included delineating the study area into 22 largely homogenous river
reaches using specific attributes and relatively distinct breaks in channel morphology,
hydrological channel junctions and habitat structure. We selected 11 variables to include in the
model that we believed to influence the quality of bull trout habitat. We used the findings from
recent studies, empirical data and professional opinion to make well-reasoned judgments
toward crafting simple rating criteria to characterize the quality of each habitat variable monthly
for each reach and in relation to each of eight life stages (Table 2.3), life-history strategies and
behavior exhibited by bull trout in the WWR and its tributaries. A monthly habitat quality score
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(HQS) was derived for each reach and for each of the life stages, strategies and actions.
Habitat scores were compared with temporal and spatial bull trout occurrence information and
used to help assess and describe the quality of habitat for bull trout throughout the study area.
Habitat scores can be used to inform potential sites for habitat restoration, implementation of
future management actions, or in conjunction with smaller scale (e.g., micro-scale) habitat
models and empirical data to assess or quantify habitat within reaches.

Model scores suggest that the quality of habitat for most bull trout life stages, strategies and
actions is generally better in headwater reaches and degrades incrementally downstream from
the Umatilla National Forest boundary as the severity and often cumulative anthropogenic
moadifications and other influences become more prevalent. While the resident component of
the population only experiences headwater conditions, migratory bull trout may be exposed to a
spectrum of anthropogenic channel modifications, riparian habitat degradation, varying levels of
streamflow depletion and regulations, and other influences throughout the basin and in the
mainstem Columbia River. In the middle and lower WWR, as flows decrease and are largely
diverted for agricultural purposes and water temperatures elevate, habitat conditions become
progressively less favorable for most bull trout uses. We can use the analyses and model
scores to summarize habitat conditions in the migratory corridor for each bull trout life stage.
Poor and low quality habitat conditions for juvenile, sub-adult and adult bull trout movements,
migrations, rearing and foraging develop seasonally in up to 79% of the linear distance of the
migratory corridor and primarily downstream from reach WW6 (rkm 75) for up to 28% of the
year (Table 2.1). The timing and severity of poor or low quality habitat conditions vary spatially
and temporally and are relative to each life-history stage, strategy or action. Poor and low
guality habitat conditions primarily develop due to extensive anthropogenic modifications to the
riverscape and the over-allocation of water resources for agriculture between June and October
and persist in some reaches for up to six months. Reaches downstream of WW6 in the
mainstem WWR consistently were assigned scores indicating poor and low habitat conditions
for most bull trout life stages and strategies from approximately July through October. Of these
reaches, WW11 (rkm 55) consistently scored the lowest of all reaches in the mainstem WWR
River during the summer and early fall months.
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Table 2.1. Summary of poor and low habitat quality conditions for bull trout in the SFWWR and
mainstem WWR. Habitat quality scores of < 1.8 and > 1.8 - 2.6 are considered to be of poor
and low quality respectively.

Life Stage
Juvenile sub-adult Adult
Reach L(el?gt)h Proportion Rearing Rearing DS Migration US Migration Rearing DS Migration US Migration
m Score Months Score Months Score Months Score Months Score Months Score Months Score Months
SFWW1 9.8 0.078
SFWW2 20.1 0.160
SFWW3* 12.6 0.100
Wwa4* 4.8 0.038
WW5* 3.0 0.024
WWe6* 2.0 0.016 244 1 2.60 1
WW7* 3.8 0.030 10.50 5 11.05 5 8.49 4 10.74 5 11.09 5 13.63 6
wwsa* 6.4 0.051 6.79 3 4.29 2 6.55 3 6.05 3 4.40 2 8.92 4 11.02 5
WwW9o* 2.6 0.021 4.86 2 4.93 2 4.76 2 4.58 2 241 1 4.76 2 4.74 2
WwW10* 5.6 0.045 7.13 3 4.67 2 4.60 2 4.41 2 4.79 2 4.60 2 6.99 3
Wwii* 235 0.187 7.18 4 8.46 4 8.58 4 8.03 4 8.47 4 8.17 4 8.12 4
Wwi2* 233 0.186 8.94 4 6.69 3 241 1 7.37 3 6.84 3 7.57 3 2.49 1
Wwi13* 8.0 0.064 8.70 4 6.68 3 2.44 1 7.53 3 6.82 3 243 1 2.53 1
mi'a;""'d‘" 95.6 0.762 4361 20 | 4621 21 | 4039 18 | 48.90 22 | 44.47 20 47.53 21 5212 23
‘ﬁ‘;"tz‘)’s'" 125.5 1.000 43.61 20 46.21 21 40.39 18 48.90 22 44.47 20 47.53 21 52.12 23
Avgrage Score f9r Low-poor Conditions 218 2.20 224 222 2.22 2.26 227
(Migratory Corridor)
% Migr. Corr. Exhibiting low-poor 73% 77% 77% 79% 7% 7% 79%
conditions (Linear Distance)
% of the Migr. Corr. in low-poor condition 28% 25% 21% 23% 24% 25% 27%
(% of the year)

* Indicates reach within the migratory corridor

We used datasets resulting from our extensive network of PIT tag detection arrays in addition to
data from radio telemetry, snorkeling, acoustic telemetry, electrofishing, trapping and angling
studies to summarize spatial and temporal occurrence with respect to the identified strategies
and actions exhibited by the various life stages of bull trout within the WWR (Table 2.2).
Juveniles rear during all months in the upper three percent of the basin while sub-adult and
adult foraging is common during most months and in most reaches with the exception of
summer months downstream of Nursery Bridge Dam (rkm 73). Sub-adults migrate downstream
through most reaches during most months upstream of Nursery Bridge Dam, with notable peaks
in the spring and fall. Both adult and sub-adult downstream migration commonly occurs
incrementally into lower WWR reaches during the fall and winter months when streamflows
increase from summer base flows and as water temperatures decline. Fluvial adult bull trout
begin moving upstream from lower Basin reaches towards headwater spawning areas in March,
continuing through June, and occasionally into July. Movement from mid-Basin reaches into the
headwater spawning areas occurs from June through September. In addition, sub-adults that
previously dispersed downstream during spring and early summer months to middle and lower
WWR reaches often move back upstream to more tolerable habitat as conditions progressively
deteriorate downstream of reach WWS5 in the WWR.
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Table 2.2. High, low and no occurrence for bull trout in the SFWWR and mainstem WWR.
Reaches where monthly occurrence is high, low or no occurrence were assigned scores of 2, 1
and 0, respectively.

Life Stage
Juvenile Sub-adult Adult
Reach Length Proportion Rearing Rearing DS Migration US Migration Rearing DS Migration US Migration
km Score Months Score Months Score Months Score Months Score Months Score Months Score Months
SFWw1 9.8 0.078 24 12 24 12 20 12 0 0 24 12 5 3 4 2
SFWW2 20.1 0.160 24 12 24 12 20 12 0 0 24 12 5 3 7 4
SFWwW3* 12.6 0.100 12 12 24 12 19 12 0 0 23 12 8 5 6 3
Ww4* 4.8 0.038 0 0 24 12 19 12 0 0 23 12 8 5 7 4
WW5* 3.0 0.024 0 0 24 12 19 12 5 3 22 12 8 5 7 4
wwe* 2.0 0.016 0 0 24 12 20 12 5 3 21 12 9 6 6 3
WW7* 3.8 0.030 0 0 24 12 20 12 5 3 20 11 9 6 5 3
Wwwsa* 6.4 0.051 0 0 23 12 19 12 5 3 20 11 10 6 5 3
WW9* 2.6 0.021 0 0 20 11 18 11 6 4 20 11 9 6 5 3
WW10* 5.6 0.045 0 0 19 10 14 10 8 5 18 10 9 5 6 4
Ww11* 235 0.187 0 0 19 10 15 10 8 6 16 9 9 5 5 4
Wwwi2* 233 0.186 0 0 18 9 10 5 6 4 16 9 9 5 5 4
WW13* 8.0 0.064 0 0 18 9 10 5 6 4 16 9 9 5 5 4
(MT:il;l(;orr' 95.6 0.762 12 12 237 121 183 113 54 35 215 118 97 59 62 39
:’::tva?)asm 125.5 1.000 60 36 285 145 223 137 54 35 263 142 107 65 73 45
Avm.erage Score ffzr Bull Trout Occurrence 1.00 1.96 162 154 1.82 164 1.59
(Migratory Corridor)
Bull Trout Occurrence in the Migratory 13% 100% 100% 100% 100% 100% 100%
Corridor (% of Linear Distance)
BuIITrout Occurrence in the Migratory 9% 2% 86% 27% 89% 5% 30%
Corridor (% of the year)

* Indicates reach within the migratory corridor

Poor and low quality habitat conditions may inhibit survival or compromise the ability of a bull
trout of a given life stage to migrate, rear or disperse. By characterizing instream habitat by
reach and identifying when and where poor and low quality habitat conditions interface with bull
trout occurrence within the basin, we can provide managers with useful information to inform
future conservation actions or initiate additional studies that target the particular bull trout life
stage or strategy of concern. We found that mean HQSs are usually higher when bull trout
occurrence is high and lower when occurrence is low for most life stages and strategies (Table
2.3). Mean HQSs are usually lowest for each life stage and action when there is no observed
occurrence. For example, mean HQSs for high, low and no occurrence for adult bull trout
foraging and maintenance in the SFWWR and mainstem WWR were 3.74 (95% ClI, 3.67-3.82),
2.93 (95% ClI, 2.66-3.20) and 2.30 (95% ClI, 2.13-2.46), respectively (Figure 2.1). One
exception was the inverse relationship between mean HQS and the level of bull trout
occurrence for fluvial sub-adult upstream migration. The mean HQSs for fluvial sub-adult
upstream migration were higher when there is no or low occurrence and HQSs were lowest
when occurrence was high (Figure 2.1). This relationship was expected since sub-adults often
move back upstream to more favorable habitat in response to deteriorating downstream habitat
conditions.

We have documented that flows are largely diverted for agricultural purposes and water
temperatures are elevated in the middle and lower WWR. The EPA has recommended water
temperature standards to protect bull trout during various life stages and strategies that include
upper optimum thresholds of 9°C (7 Day Average of Daily Maximum (7DADM)) for spawning,
12°C 7DADM for juvenile rearing and 16°C 7DADM for foraging and migration. Our modeling
results demonstrate that thermal habitat conditions become progressively less favorable for
most bull trout life stages; moving from the headwaters to the middle and lower mainstem
sections of the WWR. As temperatures become less tolerable and stream flows drop to
summer base flows, sub-adult bull trout that had recently migrated to middle and lower river
reaches often retreat back upstream to escape intolerable conditions and find suitable habitat to
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over summer. Habitat quality scores for upstream sub-adult movement are primarily good from
reach WW6 to WW13 during May, but scores decline to fair in June and to low and poor in July
and August. With the onset of summer, elevated water temperatures and extreme low flow
conditions decrease habitat quality and HQSs remain low throughout the summer months. Of
the eleven habitat variables we modeled, water temperature and surface flow heavily influenced
the HQSs derived by our model for adult bull trout foraging and maintenance. Water
temperature was the most influential variable on our model HQSs. Declining instream surface
flows during June and warmer water temperatures decrease HQSs to fair quality before habitat
conditions deteriorate to low quality during July and August. In September, as water
temperatures decrease, HQSs for reaches WW8 through WW10 increase to fair, but the quality
of habitat remains poor from WW11 to WW13 until October and November.

Table 2.3. Mean HQSs for high, low and no bull trout occurrence when conceivable in the
SFWWR and mainstem WWR, Mill Creek and Yellowhawk Creek for each life stage, strategy or
action.

High Occurrence Low Occurrence No Occurrence
Conceivable
Bull Trout Life Stage, Strategy or Action Occurrence Mean 95% ClI Mean 95% ClI Mean 95% ClI
(# Months)

SFWWR and mainstem WWR
Spawning Aug - Nov (4) 4.32 4.1-453 NA NA 2.65 2.39-2091
Juvenile Rearing, Foraging and Growth Jan - Dec (12) 4.28 4.2 -4.36 4.24 4.14 -4.34 3.32 3.20-3.43
Fluvial Adult Upstream Migration Mar - Oct (8) 3.70 3.49-3.91 3.28 2.90 - 3.65 3.17 3.0-3.35
Adult Foraging and Maintenance Jan - Dec (12) 3.74 3.67 - 3.82 2.93 2.66 - 3.20 2.30 2.13-2.46
Fluvial Adult Downstream Migration Aug - Feb (7) 3.69 3.5-3.89 3.78 3.55-4.00 3.34 2.99 - 3.68
Fluvial Sub-adult Downstream Migration Jan - Dec (12) 3.82 3.69 - 3.95 3.62 3.4-3.83 3.09 2.74-3.44
Fluvial Sub-adult Upstream Movement Mar - Aug (6) 2.93 2.55-3.31 3.41 2.94 - 3.87 4.04 3.86-4.22
Fluvial Sub-adult Rearing, Foraging and Growth Jan - Dec (12) 3.45 3.36 - 3.53 2.25 2.02-2.48 2.37 2.15-2.59

Adult Foraging and Maintenance Fluvial Sub-adult Upstream
5.0 -
45 1 i o B SF/Mainstem WW
40 - @ SF/Mainstem WW i.g . ainstem
8 35 1 8 35
T 3.0 - I 3.0 -
2.5 A 25 -
2.0 4 2.0 -
1.5 15 A
1.0 A 1.0
0.5 A 0.5 -
0.0 0.0
High Low None High Low None
Level of Occurrence Level of Occurrence

Figure 2.1. Mean habitat quality scores when occurrence of adult foraging and maintenance
(left) and fluvial sub-adult upstream migration (right) are high, low and not observed during time
periods when occurrence is conceivable in the SFWWR and mainstem WWR.

Habitat variation exists at a variety of spatial and temporal scales, requiring habitat quality to be
assessed at multiple scales as well. Therefore, the output from this model should be used as a
“first cut” tool when determining potential sites for habitat restoration or the implementation of
future management actions to work toward bull trout recovery. Due to the simplicity of this
approach, this model should be applicable to assess habitat for bull trout in other basins or river
systems. The Umatilla River in northeastern Oregon is one example of many basins in the
Pacific Northwest where the application of this habitat assessment approach may be useful for
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managers to help address similar population connectivity, water diversion and habitat
modification issues that impact bull trout recovery.

Chapter 4: Spawning, Foraging, and Migratory Habitat Use of Bull Trout in the
South Fork Walla Walla River

Chapter 4 addresses this objective in the draft Recovery Plan:

¢ Restore and maintain suitable habitat conditions for all bull trout life-history stages and
strategies (element of connectivity).

Bull trout exhibit resident and migratory life-history forms. Although bull trout typically spawn in
relatively pristine habitat, there are basins where land development is encroaching on spawning
habitat and bull trout production is limited. Understanding spawning habitat relationships for
resident and migratory bull trout is critical for guiding the recovery of the species and will allow
managers to quantify the amount of suitable spawning habitat, identify locations of suitable and
non-suitable spawning habitat, characterize the features of suitable spawning habitat, and
determine if spawning habitat may be limiting production.

Similarly, the management and recovery of bull trout populations requires a comprehensive
understanding of rearing habitat use across different systems, life stages, and life-history forms.
Here, the goal was to develop predictive models to assess resident and migratory bull trout
spawning and rearing habitat in the SFWWR. In addition, we assessed patterns of foraging and
migratory habitat use in the lower WWR.

e We developed predictive microhabitat models to improve the understanding of spawning
habitat needs for bull trout. The output from these models can provide quantitative tools
to assess the quantity, quality, and location of suitable spawning habitat by life-history
form, and help inform habitat restoration and future management actions. The
development of predictive spawning habitat models can be useful for assessing
spawning habitat conditions in other basins that have not been monitored intensively.

e We used empirical data to evaluate diel differences in microhabitat use, the consistency
of microhabitat use across systems and size-classes based on preference, and our
ability to predict rearing bull trout microhabitat use. Developing and testing predictive
models across systems provides insight into the transferability of rearing microhabitat
models and can inform effective restoration actions and management strategies.

¢ We quantified seasonal patterns of foraging and migratory habitat use and examined
associations with water temperature and location (rkm) in the lower WWR. These
analyses help quantify the thermal tolerances, streamflow limitation, and preferences of
bull trout for foraging and migratory habitat.

We developed the predictive spawning habitat model using empirical data collected at bull trout
spawning redds and at sites where redds did not occur in the SFWWR. We categorized redds
into small, medium and large sizes to represent resident, a mix of resident and migratory, and
migratory bull trout. We used logistic regression to predict the presence of each redd size class
as a function of measured habitat variables (water depth, velocity, and substrate size). Next, we
collected rearing microhabitat use and availability data in three fluvial populations of bull trout in
eastern Oregon. We used a one-way analysis of variance to test for diel differences in
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microhabitat use. We used habitat use and availability data to calculate juvenile and adult bull
trout habitat preference values. Lastly, we evaluated the influence of microhabitat factors on
juvenile and adult bull trout presence using logistic regression.

Bull trout displayed high selection for small gravel and pebble substrates across all three redd
size classes (e.g., small, medium, large; Figure 2.2). As redd size class decreased, bull trout
increasingly selected smaller substrates. Locations with cobble or boulder substrates were
unsuitable across all three size classes. For the medium and large redd size classes, slower
water velocities were associated with increased spawning habitat suitability, with the highest
suitability for large redds at locations with water velocity less than 0.5 m/s and for medium redds
at locations with water velocities less than 1.0 m/s. Depth had little effect on spawning habitat
suitability for both the medium and large redd size classes, although the medium redd size class
did indicate a slight decrease in suitability at shallow locations less than 0.2 m.
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Figure 2.2. (Left panel) Relative probability of spawning habitat use by substrate category for
small, medium, and large redd size classes. (Right panel) Relative probability of spawning
habitat use for the medium and large redd size classes versus water depth and water velocity.

Diel comparisons suggested rearing bull trout use deeper microhabitats with cover during
daytime periods but shift into significantly slower habitats during nighttime periods; however, we
observed no discrete differences in substrate use patterns across diel periods. Across life
stages, we found that both juvenile and adult bull trout used slow velocity microhabitats with
cover, but the use of specific types varied. Both logistic regression and habitat preference
analyses suggested that adult bull trout used deeper habitats than juveniles. Habitat preference
analyses suggested that bull trout habitat use was consistent across the three populations we
evaluated, where chi-square tests rejected the null hypotheses that microhabitats were used in
proportion to those available. Validation analyses indicated that the logistic regression models
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(juvenile and adult) were effective at predicting bull trout abscence across all tests; however, our
ability to accurately predict bull trout presence was limited.

Surveys to determine foraging and migratory habitat preferences showed that stream
temperatures increased moving downstream in the mainstem WWR in all months. However,
the greatest rate of temperature increase occurred in July and August with temperature
increasing at a rate of 2°C for every 5 rkms distance downstream. Across all years and months,
we observed a decreasing probability of bull trout occupancy with distance downstream. During
the July-September period, the average probability of occupancy was 3% (range: 0% - 10%) at
rkm 76 (Cemetery Bridge), which is the point of main diversion for irrigation withdrawals. During
the October-November period, the average probability of occupancy increased to 16% (range:
9% - 26%) at rkm 76. Across all years and months we observed a decrease in the probability of
bull trout occupancy as stream temperatures increased and in any given month, bull trout
occupied locations with the coolest water available. These results indicate that focusing on
activities to improve stream temperature conditions in the mainstem WWR will be integral for
restoring the migratory component and improving the resiliency of the WWR Core Area bull trout
populations.

Our results highlight the limitations of the models used to predict rearing microhabitat use for
fish species like bull trout, which occur at naturally low densities. However, our results also
demonstrate that bull trout microhabitat use patterns are generally consistent across systems, a
pattern that parallels observations at both similar and larger scales and across life-history forms.
Thus, our results, in combination with previous bull trout habitat studies, provide managers with
benchmarks for restoration in highly degraded systems.

Chapter 5: Growth of Bull Trout from the South Fork Walla Walla River: an
Assessment of Individual Variability and Differences between Resident and
Migratory Life-history Forms

Chapter 5 addresses this objective in the draft Recovery Plan:
e Estimate rates and variability in growth for this population of bull trout.

Since survival and fecundity are often a function of fish size, growth rates can be necessary for
population viability modeling, evaluating demographic changes, and effective conservation.
Fish growth is commonly assessed using a von Bertalanffy growth model, which estimates two
parameters (asymptotic length L., and the growth coefficient k) that describe growth over the
lifetime of a fish. Bull trout that spawn in the SFWWR exhibit variability in life-history, migratory
patterns, and demographic rates. Both resident and migratory life-history forms are thought to
be vital to the persistence of this bull trout population and the two forms appear to have
differential growth rates. Accounting for variability (i.e., individual and by life-history form) is
critical for estimating appropriate growth parameters with suitable uncertainty to be used as
input values for population viability modeling.

Our goals were to determine if growth varied between migratory and resident components, to

evaluate individual variability and patterns in growth, and to estimate von Bertalanffy growth
parameters for the SFWWR local population of bull trout.
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e We integrated two data sources (mark-recapture, otoliths) to estimate von Bertalanffy
growth parameters and assess variability (by individual and life-history form) for this
population of bull trout.

o Estimates of growth are critical for assessing population change and population
productivity over time and thus directly address the conservation principle of resiliency.
It is still unclear whether genetics, environmental factors, or both affect the probability of
initiating a migratory life-history. Although studies have not detected a genetic link, it is
thought that both life-history forms are needed for population persistence; thus, this
work also addresses the conservation principle of representation.

Individual bull trout were PIT-tagged, detected at various locations in the WWR, and recaptured,
from 2002-2011, allowing assessment of individual growth and growth as a function of life-
history form. We examined growth by change-in-length overtime for migrants and residents, as
well as by back-calculated length at age for otoliths from bull trout with unknown migratory
status. We fit hierarchical von Bertalanffy growth models for both methods (i.e., mark-recapture
and otolith data) separately and then using an integrated model. We evaluated the need to
describe individual variability in growth parameters as well as differences between residents and
migrants using an information theoretic approach. All models were fit using Bayesian methods
with vague priors. We assessed growth and produced growth parameters to be used in future
population modeling.

We included data from 253 recaptured individuals with known migratory status and 36 otoliths
with unknown status. The selected model included individual variability in both growth
parameters, but not differences between life-history forms. The two field methods assessed
growth slightly differently, with mark-recapture data suggesting a lower population-level
asymptotic length (UL,) and a higher population-level growth coefficient (Uk) than back-
calculation by otoliths. In addition, mark-recapture data suggested substantial individual
variability in both asymptotic length (o, ) and growth rate (oy), whereas, otolith data only
suggested variability in asymptotic length. The combined model produced parameter estimates
that were intermediate between the two methods (Table 2.4). Estimates of length-at-age can be
calculated by the following equation: Length = UL, * (1-EXP(-Uk* (Age—Ut,))), where length is
in mm FL and age is in years.

Table 2.4. Von Bertalanffy growth parameter estimates from multiple data sources.

Parameter Mark Recapture Otoliths Combined

(h =124 R, 88 M) (n = 36) (n = 289)
UL 403 (378 — 431) 639 (545 — 766) 479 (443 — 536)
oL, 95 (82 — 110) 130 (95 - 182) 120 (102 -143)
Uk 0.76 (0.61 — 0.95) 0.13 (0.10-0.16) 0.38 (0.27 — 0.47)
oy 0.28 (0.19 — 0.39) 0.01 (0.00 — 0.02) 0.12 (0.06 — 0.18)
Uty Or tg -0.05 (-0.05 — -0.04) -0.37 (-0.54 - -0.22) 0.04 (-0.08 — 0.16)
o, NA 0.20 (0.11 - 0.32) NA

Migrants appear to reach larger sizes and approach those maxima faster than do residents,
although considerable overlap appears to occur (Figure 2.3). The mean estimate of L., for
migrants (median: 559, 95%: 514-625) was over 100 mm FL higher than that for residents
(median: 436, 95%: 405-491), and 95% credible intervals did not overlap. The mean estimate
for k was also higher for migrants (median: 0.44, 95%: 0.29-0.55), than for residents (median:
0.36, 95%: 0.26-0.44), but 95% credible intervals did overlap. Migrants emigrated at lengths up
to ~200 mm FL (expected ages >1 to 3) and may not return until reaching ~400 mm FL
(expected ages 4-5). The average resident was not expected to reach 400 mm FL until age 8-9.

31



Growth for migrants just before emigration may be slightly higher than that for residents. During
the migratory period, growth was rapid, resulting in a lifetime growth pattern that may not adhere
to the von Bertalanffy model. Individual variability was high; thus, growth may truly vary based
on genetics, migratory patterns, and habitat use.

800 - °

700 - °
600 -

i

5 500 @

400 -
o .==_.. > o a « Otoliths

300 - “ o Residents
A Migrants

200 I I | | | I | | |
0.15 020 025 030 035 040 045 050 0.55 0.60

k;

Figure 2.3. Asymptotic length L., and growth coefficient (k;) estimates for migrant and resident
individuals and otoliths.

Estimates and uncertainty in growth rates, along with estimates of survival, fecundity and
migration, could be incorporated into population modeling for the SFWWR, as well as compared
to other systems to evaluate differences as a result of environmental conditions and land use
patterns, which could be used to evaluate potential impacts of future conservation activities.

An integrated approach including individual variability using Bayesian methods would likely be
useful for assessing growth for many bull trout populations, since it can easily account for
population and individual variability, and can incorporate multiple data sources. The ability to
incorporate multiple sources is beneficial for ESA-listed, rare, or relatively unstudied
populations, since data from any one sampling technique could be limited.
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Chapter 6: Characterizing Bull Trout Movement Patterns in the Walla Walla River
Chapter 6 addresses these objectives in the draft Recovery Plan:

¢ Restore and maintain suitable habitat conditions for all bull trout life-history stages and
strategies (element of connectivity).

e Conserve genetic diversity and provide opportunity for genetic exchange (element of
connectivity).

Movement is an essential part of a species’ life-history strategy and has wide ranging
consequences for growth, reproduction, survival and ultimately population sustainability. Bull
trout require connected habitats to persist and are therefore highly susceptible to riverscape
disturbances as a result of land use practices and consumptive water use. Resident, migratory
(e.g., fluvial, adfluvial and anadromous), and dispersing bull trout require connectivity between
suitable habitats to complete their life cycle. Migrations can result in individuals dispersing into
new populations or habitats, therefore increasing genetic exchange between populations. The
WWR is a highly altered and human influenced river system consisting of dams, irrigation
canals, and leveed and channelized banks, resulting in barriers that compromise connectivity. If
altered conditions occur during important bull trout movement periods (i.e., during pre-spawn
migration), then there is potential to further limit connectivity. Diminished connectivity limits the
ability of full life-history expression (representation), limits dispersal from one local population to
another within a core area (resiliency), and may eliminate certain strategies. To effectively
recover and manage bull trout, we need to describe their migratory behavior, determine factors
limiting movement, and identify spatial bottlenecks in the migration corridor for all life stages.

Our goal was to describe movement patterns and timing for the migratory population of bull trout
tagged in the SFWWR and the mainstem WWR. This migratory life-history strategy can provide
larger, faster growing, more fecund adults and provide a greater recovery benefit to the meta-
populations of the Walla Walla Basin. However, this portion of the population is more likely to
encounter degraded and altered habitats, resulting in reduced survival and therefore may be
less likely to contribute to the overall persistence of this population (resiliency).

o We evaluated the spatial and temporal movement of migratory bull trout in the SFWWR
and mainstem WWR to determine if there is a life-history stage (i.e., age class) that
limits population abundance. These results should be considered when determining
flow, temperature, and passage criteria at various locations in the river system
throughout the critical migratory times for these bull trout.

¢ We quantified and summarized the spatial and temporal movement patterns of
migratory bull trout in the SFWWR and mainstem WWR to better understand the
migratory life-history diversity of the population. This work is transferable to similar
basins and can inform future recovery and population rebuilding strategies for
populations that exhibit similar life histories (redundancy). These results provide
metrics to evaluate the recovery criteria guidance of representation, resiliency and
redundancy.

We used PIT tag detection and recapture data from 2002 to 2011 to characterize migratory bull

trout movement patterns. For each fish, total distance, duration, and rate were calculated by
downstream and upstream movements.

33



We found that from 2002 to 2011 only a small proportion (11%) of the 4763 bull trout PIT tagged
in the SFWWR migrated downstream to the middle or lower WWR (Table 2.5). These data
suggest that the remaining 89% of the tagged bull trout were either mortalities or never moved
far enough to be redetected during the study (e.qg., resident fish). Of the fish that migrated
downstream out of the headwaters, only 18% were detected making subsequent upstream
movements after marking during this study period, suggesting that conditions in the lower and
middle river may have substantial influence on survival of the migratory population.

Table 2.5. Number of bull trout PIT tagged in the SFWWR by size class. Number of migratory
fish, percent that migrated downstream, and percent detected migrating upstream.

Size Class at Downstream Upstream
Tagging (mm) Tagged Migratory Movement (%) Movement (%)
Juveniles (= 144) 2657 211 2% 5%
Sub-adults (144 - 250} 1679 225 14% 10%
Small Adults (251 - 408) 249 30 12% 63%
Large Adults (= 408) 178 65 37% 67%

Of the 926 bull trout PIT tagged in the middle/lower WWR during 2007-2011, only 42% were
subsequently detected moving either upstream or downstream (Table 2.6). The remaining
tagged bull trout were either mortalities or never redetected during the study. Of the redetected
migrating bull trout, only 31% were detected making subsequent upstream movements after
marking during this study period, further suggesting habitat conditions in the lower and middle
river impact the ability to move upstream to avoid unfavorable conditions.

Table 2.6. Number of migratory bull trout PIT tagged in the mainstem WWR by size class, the
number that subsequently made downstream movements, and the percent detected moving
both downstream and upstream.

Migratory
Size Class at Migratory Moved Downstream Upstream
Tagging {mm) Tagged Downstream Movement (%) Movement (%)
Juveniles (= 144} 35 10 29% 10%
Sub-adults (144 - 250) 657 288 40% 24%
Small Adults (281 - 406) 199 95 43% 45%
Large Adults (= 408} 35 21 80% 52%

Previous analyses (Appendix VI) found that within the headwaters, juvenile and sub-adult bull
trout exhibited downstream migrations year round, movements occurred mostly at night, and the
greatest movement activity occurred during August, however later analysis revealed peak
outmigration of sub-adult bull trout occurred in the spring. Migration response to environmental
cues was also modeled and results suggested minimum water temperature may influence
migration timing. Bull trout appeared to migrate downstream out of the headwaters at similar
sizes regardless of size (surrogate for age at marking — cohort) at marking. Our results
suggested that generally, the longer a bull trout reared in the headwater areas, the further they
moved downstream. Additionally, fish that migrated as juveniles or large adults typically moved
shorter distances and durations relative to sub-adult and small adult migrators. Fish that
migrated as sub-adults and small adults moved farther downstream and remained in the lower
parts of the WWR longer.
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Fish tagged in the SFWWR, WWR, and Mill Creek have all been detected at the Oasis Road
Bridge PIA, suggesting a migratory population is present in all of the local populations; and
connectivity and dispersal has been documented between local populations with in the WWR
Core Area. WWR tagged fish have also been detected at the mouth of the Umatilla River and at
mainstem Columbia River hydropower projects (e.g., McNary Dam). During this study, two
WWR tagged fish were detected completing downstream migrations into the Columbia River
and subsequently detected at or above Harris Park in the SFWWR during the spawning season.

We observed that poor and low habitat conditions (Chapter 3) may compromise the ability of
WWR bull trout to migrate, rear or disperse. It is important to consider all life-history strategies
(e.g., migratory, resident) when evaluating factors that limit population abundance and recovery
plan actions. In particular, movement results suggest that the migratory component of the
population is primarily impacted by these unfavorable habitat conditions. Since migratory
individuals likely have much higher fecundity, poor habitat quality in the WWR likely impacts
resiliency of the population. Many Columbia River basin bull trout populations exhibit similar
life-history strategies (e.g., partially migratory population) and are faced with similar
anthropogenic impacts to their habitat. These findings should be transferrable for managing
rivers to promote range-wide species recovery of bull trout.

Chapter 7: Quantifying Survival and Population Trends in the Upper South Fork
Walla Walla River

Chapter 7 addresses these objectives in the draft Recovery Plan:

¢ Maintain stable or increasing trend in abundance of bull trout.
e Restore and maintain suitable habitat conditions for all bull trout life-history stages and
strategies (element of connectivity).

Population trend is an important vital rate that describes the cumulative effects of survival at
multiple life stages on the population as a whole. Understanding whether the population is
stable, increasing, or decreasing across relevant temporal scales is a key component for
recovery of most species listed under the ESA. Developing effective management strategies,
however, also requires information regarding how extrinsic and intrinsic factors can influence
population abundance and trends, preferably within a hypothesis-driven framework.

Our goal was to estimate bull trout vital rates (survival, emigration, recruitment) and population
trends (e.g., population growth rates). We use a multifaceted approach to specifically evaluate:
1) life-stage (juvenile, sub-adult, adult, and large adult) and life-history expression (migratory,
resident, and unknown) specific trends in bull trout abundance; 2) bull trout survival and
emigration rates across life stages and life-history expressions (as above); and 3) hypotheses of
how biotic and abiotic factors influence such patterns.

o We employed 10 years of capture-mark-recapture (CMR) data to assess how biotic and
abiotic factors influence bull trout survival at specific life stages and overall population
trend in the SFWWR local population. Developing life-stage specific vital rates and
identifying factors influencing these rates is integral to understanding bull trout
population dynamics.
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e Linking biotic and abiotic factors to survival and population trends can help direct and
understand the effects of different management and restoration actions within the WWR.
Life-stage and life-history specific vital rates also provide a framework for planning in
other basins where such data are limited.

We used CMR data collected from 2002-2010 (Appendices 1,II) to estimate long-term growth
and survival rates for the local population of bull trout in the SFWWR. We used a Pradel CMR
trend model to estimate annual rates of population change (A, and other trend response
variables for adult bull trout. For the Pradel model, we restricted our population of interest to
bull trout > 300 mm total length (TL). We integrated existing redd count data for the SFWWR to
provide a comprehensive assessment of population trends and allow for transferability of our
results to other populations, which predominantly utilize redd count data for trend monitoring.
We used a Barker CMR model to estimate annual survival (and other pertinent vital rates) for all
size classes of bull trout and to test hypotheses of potential limiting factors.

In the top Pradel population trend model for the analysis including all adult fish (= 300 mm),
there was an interaction between group and time for population growth rate. Based on the top
model, both population growth rates (At) and realized population change (At) for all adult fish
combined (migratory, non-migratory, and unknown) were greater than 1 near the start of the
time series, declined significantly though 2006-2007, but then increased for the last three years,
albeit with wide confidence intervals that overlap 1 (i.e., stable population trend) in all years
except 2006-2007 (Figure 2.4). There is a 1% chance the population decreased = 50%
(endangered threshold), and a 5% chance the population decreased = 30% (threatened
threshold). Similarly, the top Pradel population trend model for the analysis that included only
fish that migrated (data not shown here) had a similar model structure but the estimated median
Avcme for the time series was 0.988 (95% CI = 0.81-1.12). There is a 5% chance the population
decreased = 50% (endangered threshold), but a 22% chance the population decreased = 30%
(threatened threshold).
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Figure 2.4. Population growth rates (At; top panel) and realized population change (At; bottom

panel) from the top model for adults ( = 300 mm), migratory, non-migratory, and unknown
combined.
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Figure 2.5. Bull trout index reach redd counts for the SFWWR populations from 1994-2011.

The number of bull trout redds varied considerably during the last 2 decades in the SFWWR
(Figure 2.5), consistent with patterns from proximate populations of bull trout in the Blue
Mountains. The trend in bull trout redds during the period of our mark-recapture study (2002 to
2011), was A = 0.97 (95% CI = 0.84-1.13). Previous studies suggested redd counts were most
similar to abundance trends observed in large, adult bull trout (Al-Chokhachy and Budy 2005);
this is consistent with our Pradel findings.

Survival (S) varied over time and among age/size classes but with no clear time trend for small
fish (< 300 mm) (Figure 2.6). Specifically, in the top Barker model, survival rate (S) differed
among the three age/size groups of small fish, and was the lowest for the smallest size class of
juveniles (< 150 mm) and less than 30% in most years. Survival rates were similar on average
for size/ages of large, adult fish (> 300 mm), but with very different patterns across years
relative to small fish (Figure 2.6). For example, survival rates for the largest fish (> 300 mm)
were lowest in 2005, 2006 and 2009 (when other groups showed higher survival) and generally
remained above 50% in other years. In contrast survival rates for the small adults (150-300
mm) varied little across time but were greatest in 2006 and 2010. The pattern of survival across
time and age/size groups strongly suggests that different factors determine survival in the upper
river, where small adults stay and migrate, versus the lower river, where most large fish attempt
to migrate
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Figure 2.6. Survival probability from the top Barker model, by year and size class.

Populations of many fish species are sensitive to changes in vital rates during early life stages,
but our understanding of the factors affecting growth, survival, and movement is often extremely
limited for juvenile fish. In previous analyses, we estimated age-class-specific annual survival
from the Barker model as 22% for age-1 bull trout and 23% for age-2 bull trout (Bowerman and
Budy 2012). The majority of small fish emigrated from the tributaries, important spawning and
rearing habitat. In addition, these fish, which are very small in some cases, migrate out of the
tributaries across the year and some disperse long distances.
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The population of bull trout in the SFWWR appears to be stable however there is some
indication that portions of the population may be in decline. Redd counts are stable over the
complete time series available but appear to have declined over the more recent study period.
In addition, the migratory portion of the population does not appear to be stable and may be
declining (low proportion of total fish in the largest size categories, low survival of large fish).
Further, the time series is actually quite short and if we were comparing these observations to
historical conditions, our conclusions of status may be quite different and likely more dire.

Chapter 8: Estimates of Survival Rates for the South Fork and Lower Walla Walla
River Bull Trout

Chapter 8 addresses this objective in the draft Recovery Plan:

o Restore and maintain suitable habitat conditions for all bull trout life-history stages and
strategies (element of connectivity).

Estimation of survival rates is a key element towards the development of effective conservation
and recovery strategies. Evaluation of survival rates and associated variability within a
population can provide critical information on how habitat conditions and phenotypic
characteristics influence individual and population viability. Flows in the lower WWR are heavily
impacted by irrigation withdrawals during late spring and summer, resulting in elevated water
temperatures and migratory barriers. In addition, channel and riparian development have
dramatically altered river habitat conditions in several areas. Estimation of survival rates
provides baseline monitoring data on current demographic parameters for comparisons within
the SFWWR and lower WWR over time as well as across other bull trout populations. In
addition, these baseline data provide a reference point for evaluation of the effects of restoration
and management actions.

The goal of this research is to quantify patterns of survival across individuals, release locations,
seasons, and years for bull trout captured and released in the SFWWR and lower WWR.

o We use capture-mark-recapture data to evaluate potential differences in bull trout
survival rates between headwater (SFWWR) and mainstem locations (WWR). The
results of these analyses provide a framework to understand how differences in
riverscape integrity influence bull trout survival.

¢ Results from these analyses can be used to direct potential management and restoration
actions and parameterize models to evaluate the potential benefits of such actions within
the Walla Walla Basin. The results can also be applied to other basins, where such data
are limited, but critical in directing recovery actions.

During 2002-2010 in the SFWWR and during 2008-2010 in the lower WWR, we used a variety
of techniques to capture, measure, PIT-tag, and release individual bull trout. We used these
data within a logistic regression modeling framework to estimate the relative recovery rate, an
index of survival while accounting for potential effects of release year and fish length for
releases at both locations. We also evaluated whether there were seasonal differences in
survival for fish released in the lower WWR.

Results for both release locations showed that survival varied by release year and by fish
length, with higher survival for larger fish compared to smaller fish (Figure 2.7). However, the
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strength of the survival advantage for larger fish also varied by year, with some years showing a
high survival advantage and some years showing only a moderate survival advantage. Average
survival of sub-adult fish from the SFWWR was low, with a mean of 12% across years (range:
3-23%; Figure 2.8). Survival of small adult fish from the SFWWR was higher, with a mean of
25% across years (range: 9-43%). Over the 2008-2010 years when fish were released in both
locations, annual length-specific survival patterns were similar between the SFWWR and the
lower WWR releases, suggesting that shared factors influenced survival of fish released at both
locations.
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Figure 2.7. Relative recovery rate for bull trout in the WWR and SFWWR by size category with
sub-adults marked using yellow symbols and small adults marked using red symbols.
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Figure 2.8. Lower WWR marked survival versus fish length at tagging.

The survival rate indices estimated in this research provide baseline monitoring information for
comparison to other bull trout populations as well as for comparison over time within the lower
WWR. Through such comparisons, it may be possible to determine which environmental
factors influence survival across years and across populations. These results highlight the

importance of length and growth on survival.

Chapter 9: Conservation Implications of Multiple Life-history Strategies and

Metapopulation Structure in a Stream Dwelling Char, Bull Trout

Chapter 9 addresses these objectives in the draft Recovery Plan:

e Maintain current distribution of bull trout within core areas as described in recovery unit
chapters.

¢ Maintain stable or increasing trend in abundance of bull trout.

e Conserve genetic diversity and provide opportunity for genetic exchange (element of

connectivity).




Effective management of threatened species requires information about demographic rates, and
the environmental factors that affect these rates and subsequently cause populations to grow or
decline. WWR bull trout exhibit variation in life-history strategies that leads to considerable
variation in vital rates, including growth, survival, and fecundity. Estimates of demographic rates
and an understanding of how they vary among life stages and life-history strategies will help
inform management decisions specific to habitats used during different parts of the bull trout life
cycle. To effectively manage multiple bull trout populations at the spatial scale of core areas, it
is also important to understand how vital rates differ among populations, and how connectivity
among local populations affects overall metapopulation (e.g., core area) trends in abundance.

Our first goal was to assess the relative sensitivity of bull trout populations composed of
different life-history strategies to changes in specific demographic parameters. Our second goal
was to estimate dispersal rates and evaluate how changes in dispersal opportunity (i.e., stream
connectivity) influenced long-term trends in abundance of local populations and an overall core
area population.

e We developed a life-stage model to evaluate how changes in vital rates related to
management actions and stochastic events will affect overall long-term population
viability. The model provides a framework to evaluate how population redundancy (e.g.,
the number of individual local populations within a core area) might affect long-term
trends for entire metapopulations. Furthermore, the model can also be used to assess
potential genetic exchange among local populations, as well as variability in responses
among life-history strategies to changes in vital rates.

We integrated life-stage specific vital rate estimates for both resident and migratory life-history
strategies into a life-cycle model to assess how populations might respond to changes in
survival, growth, reproduction, or migration rates. We evaluated the relative effect of changes to
individual demographic rates on long-term population growth rates of resident and migratory life-
history types, as well as a population composed of both resident and migratory individuals
(termed mixed life-history type). We then estimated empirical dispersal rates among individual
populations in a spatially realistic metapopulation model consisting of three bull trout
populations. We used this framework to evaluate how changes in dispersal rates (e.g.,
connectivity) affected overall long-term population trends in each of the three local populations,
and the core area population as a whole.

Based on perturbations to the life-cycle model, changes in juvenile survival rates and maturity
schedule had the largest influence on overall population trend for all three life-history types.
However, the relative effect of changes in fertility and adult survival components varied among
life-history types (Figure 2.9). Bull trout populations that were composed of individuals that
spawned earlier in their life cycle and grew more slowly were more vulnerable to changes in
reproductive success (e.g., egg survival). In contrast, populations composed of late-maturing
individuals that grew to larger sizes were more vulnerable to changes in adult survival rates
(e.g., via harvest or predation).
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Figure 2.9. Relative sensitivity (e.g., elasticity values) of overall population trend to small
changes in life-stage specific vital rates. Vital rates are combined across life stages (fertility,
juvenile survival, and adult survival) for three different bull trout life-history types.

We observed infrequent dispersal of individual bull trout among distant patches (>70 km apart),
from which we estimated current rates of dispersal (<0.003; Table 2.7). When all populations
were declining, dispersal rates across a range of values had little effect on overall
metapopulation persistence, or the persistence of individual populations. However, when
population trends varied (e.g., some were stable while others decreased), dispersal helped
buffer small or declining populations from extinction via a rescue effect (Figure 2.10). Hence,
the potential for individuals to disperse, or move from one population into another to reproduce,
was important to provide resiliency for declining populations when neighboring populations were

stable.
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Table 2.7. Metrics used to assess population connectivity between individuals in the SFWWR,
Mill Creek (MC), and Touchet River (TR): (a) dispersal rates between populations based on the
proportion of marked fish observed moving from one population to another (dispersers moved
from each population in a column into the populations in rows), (b) dispersal rates estimated
from a movement function developed from combined capture-mark-recapture movement data
(assumed equal in either direction), and (c) migrants per generation based on genetic
divergence between populations (pairwise F¢ values).

(a) Observed dispersal (over (b) Dispersal function rate (c) Migrants per
7yrs) (applied annually) generation
SFWWR MC TR SFWWR MC TR SFWWR MC TR
SFWWR 0.0052  0.0000
MC 0.000 0.0098 0.002 3.580
TR 0.000 0.000 0.0014 0.0015 3.440 2.380
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Figure 2.10. Effects of varying dispersal rates (proportion change in annual dispersal rate) on
the probability that a population will fall below 75% of its current population size in 25 years
based on a scenario in which long term population trend was more stable for SFWWR and TR
populations (A = 0.983), and declining more rapidly for the MC population (A = 0.928).

This analysis suggests that diversity in life-history strategies can help stabilize demographic
responses to environmental perturbations, which may help decrease the risk of extinction to bull
trout for both individual local populations and between core areas. To provide as much
demographic stability as possible, diversity within and among populations should be maintained
along a continuum that emphasizes conservation of the full range of life-history traits expressed
by bull trout.

Appendix I: Walla Walla River Passive Instream Antenna Site Descriptions and
Operations

This chapter includes a map showing the extensive Passive Instream Antenna (PIA) network
throughout the WWR, along with a detailed description for each site. For each site, the
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individual site operations (i.e., general downtime) times and monthly antenna efficiencies are
reported.

Appendix Il: Sampling and Tagging Methodologies

The same tagging populations (i.e., SFWWR and WWR) were used for different analyses
throughout this report, therefore a condensed version of sampling, marking and detection
methods were summarized in Chapter 7.

Appendix lll: Low Flow Passage Barrier Assessment of the Walla Walla River

Appendix Il addresses this objective in the draft Recovery Plan:

¢ Restore and maintain suitable habitat conditions for all bull trout life-history stages and
strategies (element of connectivity).

¢ Conserve genetic diversity and provide opportunity for genetic exchange (element of
connectivity)

Bull trout populations can be negatively impacted by seasonal periods of low flow that cause
dewatering, passage barriers, and high water temperatures. As a result of the 1998 ESA listing
and a Civil Penalty Settlement Agreement, discharge from the Nursery River Bridge Dam (rkm
74) on the WWR must currently remain at or above 25 cfs to maintain migratory pathways for
bull trout in the system. However, little information existed as to the number of barriers to fish
movement under such minimum flows, and how bull trout movement relates to streamflow.

Using established criterion on water depth for passage as a guide, the goal of this field study
was to evaluate potential passage barriers on the WWR between Cemetery Bridge (rkm 76) and
Burlingame Dam (rkm 61) as related to streamflow. Specific objectives were to 1) evaluate the
potential number of barriers in this river reach, 2) examine how changes in discharge rates (cfs)
would impact the number of barriers and to estimate the cfs required to eliminate all barriers, 3)
examine temporal and seasonal periodicity in barriers, and 4) evaluate bull trout movements as
related to streamflow.

e We integrated snorkel survey data with PIT tag and capture-mark-recapture data to
quantify relationships between bull trout movement and ambient streamflow patterns.
Identifying fish movement patterns in relation to streamflows is an essential part in
assessing the importance of minimum flow requirements and in directing future
management and restoration strategies. The results from this assessment can be
applied to other basins where flow management may be influencing bull trout movement
patterns.

During initial sampling, a total of 92 barriers were identified throughout the study reach: 84
between Tumalum Bridge and Burlingame Dam, seven between Nursery Bridge Dam and
Tumalum Bridge, and one between Cemetery Bridge and Nursery Bridge Dam. Discharge
generally declined in a downstream direction between rkm 74.3 and 66.3. At Pepper Bridge
(rkm 66.3), the minimum required streamflow predicted to result in no barriers was 40.6 cfs,
which is above the current discharge requirement at Nursery Bridge Dam. Examination of
streamflow between 2002 and 2011 along with criteria for passage suggests that passage
barriers are most prevalent during the seasonal period of low flow from July through October in
all years. Low water years, like 2005, often have more months impacted by barriers, than other
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years. Only sub-adult (i.e., no adult) bull trout were observed during summer snorkel surveys
and they were more prevalent at upstream sites, as compared to downstream sites, within the
reach. Bull trout were more often detected migrating at PIT tag antennas during periods before
or after summer low flow events, sometimes during flow pulses.

Low stream flows can negatively impact bull trout by reducing or eliminating migratory
pathways, which causes fewer juveniles to reach high productivity areas and fewer highly
fecund migratory adults from reaching spawning sites. Low flows can also result in higher
mortality by trapping fish or requiring fish to traverse shallow areas where they are potentially
more susceptible to bird and mammalian predation, competition, and unsuitable temperatures.
Inadequate streamflows and the resulting passage barriers also have the potential to negatively
impact connectivity between local populations within the WW core area, as well as connectivity
between the WW core area and adjacent core areas (e.g., Touchet, Umatilla). And finally,
suitable habitat conditions are not available when these seasonally low flows are present.

Results from this study suggest that the required discharge at Nursery Bridge Dam may not be
adequate to allow unrestricted passage in downstream reaches during seasonal periods of low
flow. This issue may be exacerbated by the apparent decline in discharge moving downstream
as water is lost through the streambed to the shallow aquifer, and as water is removed from the
system by consumptive users. Increasing baseline streamflow or initiating pulses during
migratory periods could improve passage and as a result, have a positive effect on the WWR
bull trout population.

Appendix IV = VIII: These publications were completed during the study.
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Introduction

For over 100 years, anthropogenic modifications to the landscape and the over-allocation of
water resources have resulted in severe declines in fish populations and the alteration or loss of
riverine habitat throughout much of the Walla Walla Basin. In general, instream habitat in the
headwaters of the South Fork Walla Walla River (SFWWR) and Mill Creek (MC) remain
relatively pristine, but habitat becomes increasingly degraded downstream from the Umatilla
National Forest Boundaries in both subbasins. At lower elevations, the steepness of canyon
slopes decreases, valley bottoms widen and accordingly the stream gradient lessens. This
geomorphic transition marks a shift in land-use from forested, sparsely disturbed reaches to that
of agricultural pasture land, evidenced by cleared vegetation and altered riparian zones. As
canyons give way to rolling foothills, orchards and vineyards predominate the near-river
landscape and considerable modifications to the stream channel have been made to
accommodate urban development and for flood control. Flood control measures required the
construction of levees and grade control structures to contain flood waters and dissipate energy
from high water events. Unfortunately, this channelization involves the reshaping of the
waterway and can include shortening, straightening, widening, realigning, removing obstructions
to flow, and increasing the gradient (Woods and Griswold, 1981). Such modifications often
seriously damage or reduce the available riparian habitat and in turn impact the associated biota
(Woods and Griswold 1981; Chapman and Knudsen 1980; Geier and Best 1980). The lowlands
consist of a massive accumulation of unconsolidated sediments (coarse sands, gravels and
clay) deposited as alluvial fans that create the valley floor. Although dry-land farming is
common in mid-lower elevation areas (Walla Walla Agricultural Water Quality Management
Area Plan 2007), irrigated row crops dominate the valley floor. From the late 1800’s through
2000, the majority of surface flow in the Walla Walla River (WWR) was seasonally diverted for
irrigation. A section of the mainstem WWR from Milton-Freewater, OR north to the Washington
state line was often completely dewatered during the irrigation season. Beginning in 2000,
three irrigation districts pledged to keep a minimum water flow in the river and signed an
agreement to this effect with the U.S. Fish and Wildlife Service (FWS). Two of the irrigation
districts that signed the agreement divert water in Oregon (Hudson Bay District Improvement
Company and Walla Walla River Irrigation District) and the third district (Gardena Farms
Irrigation District #13) is located in Washington, west of Walla Walla, WA. From 2002 — present,
flows ensuring a minimum of 25 cfs at Nursery Bridge Dam in Milton-Freewater, OR and 18 cfs
past the Burlingame Diversion in Washington are left in-river. The instream water intends to
provide a continuous flow to help enhance passage upriver by bull trout and improve rearing
habitat for sub-adult fish.

Bull trout in the Walla Walla Basin have been impacted by alteration and loss of aquatic habitat
resulting from basin-wide modifications to the riverscape and over-allocation of water resources
for agriculture. Dams, irrigation diversions and channel modifications have influenced fluvial
processes, altering riverine biological diversity at multiple temporal and spatial scales (Stanford
and Hauer 1992; Stanford et al. 1996). The riverine environment within the Walla Walla Basin is
in a constant state of flux, driven primarily by perpetually changing abiotic conditions (e.g.
temperature and streamflow). The full expression of life-history stages and strategies exhibited
by bull trout depends on the presence of suitable habitat within the riverine environment (Al-
Chokhachy and Budy 2007; Rieman and Mclintyre 1993). In addition, specific habitat
requirements vary both spatially and temporally for differing life stages and strategies (Al-
Chokhachy and Budy 2007; Dunham et al. 2003; Rieman and Mcintyre 1993; Rieman and
Chandler 1999). Following ESA listing, there has been substantial effort directed toward
identifying factors limiting the distribution and abundance of bull trout at multiple spatial scales
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(Al-Chokhachy et al. 2010; Rieman et al. 2006; Saffel and Scarnecchia 1996; Dunham et al.
2003). Studies commonly use metrics, or a combination of metrics, believed to notably
influence the distribution and abundance of bull trout to identify, quantify and determine the
distribution of suitable habitats. Research often focusses on habitat suitability for a specific bull
trout life stage and strategy.

Walla Walla Basin bull trout exhibit a veritable continuum of life histories involving movements,
migrations, spawning, rearing and foraging on time scales ranging from daily to annually or
longer, and over different spatial scales. Commonly, multiple life stages concurrently occupy a
given stream reach, utilizing its attributes for different purposes. Focused management actions
(e.g. habitat restoration) aimed at benefiting a particular life stage or strategy will likely influence
others. The diversity of habitats required by bull trout to complete their varying life-cycle stages
and strategies requires that habitat protection and recovery strategies address a large number
of factors. Resource managers often employ extremely complex, multifaceted models aimed at
characterizing aquatic habitat or predicting population performance or response to proposed
management actions. These models often incorporate a very large number of input parameters,
most of which are estimated with a high degree of uncertainty. These models often lack
transparency, transferability may be questionable and derivation methodology may even be
proprietary. Our goal is to help resource managers by developing tools (i.e., models) that are
useful and practical for decision-making. To this end, we developed a simplified, practical and
fundamentally straightforward approach to assessing aquatic habitat quality at the reach-scale
in the SFWWR, the WWR, and the MC subbasin to help inform recovery actions.

For this assessment, we developed a model to spatially and temporally identify and rate the
quality of bull trout habitat at the reach-scale in the SFWWR, WWR, MC and Yellowhawk Creek
(YHC) with respect to each bull trout life-history stage and strategy. The output from this model
should be used as a “first cut” tool when determining potential sites for habitat restoration or the
implementation of future management actions.

Study Area

The WWR headwaters drain from the coniferous forested, western slopes of the Blue Mountains
in northeastern Oregon through steep volcanic canyons, rolling foothills, and broad alluvial
lowlands before eventually reaching its confluence with the Columbia River at about rkm 509
(Figure 3.1). The Walla Walla Basin has a predominantly dry, continental climate but some
marine characteristics are evident (Harrison et al. 1964). Elevation compellingly influences
climate in the Walla Walla Basin, and locally varies from warm and semiarid (< 10 in. annual
precipitation) in the western lowlands that lie in the rain shadow of the Cascade Mountains, to
cool and relatively wet (40-60 in. annual precipitation) at higher elevations in the Blue Mountains
(Walla Walla Watershed Plan 2005). Winter precipitation often falls as snow in higher
elevations and is stored as snowpack until warmer spring and summer temperatures initialize
melting and subsequent runoff. The magnitude and timing of melting mountain snowpack varies
and influences both streamflow and water temperatures throughout the Walla Walla Basin.
Generally, water temperatures warm and streamflows increase incrementally downstream.
Higher elevations are dominated by Douglas fir, grand fir, western larch and western red cedar,
with Ponderosa Pine occupying the mid-elevation uplands. Prior to euro-American settlement
and subsequent agricultural practices, much of the lowlands were bunchgrass prairie and shrub-
steppe vegetation with cottonwoods, alder and willow along the riverbanks.
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Methods

Walla Walla Basin bull trout exhibit a true continuum of life histories involving movements,
migrations, spawning, rearing and foraging on time scales ranging from daily to annually or
longer, and over different spatial scales. Commonly, multiple life stages concurrently occupy a
given stream reach, utilizing its attributes for different purposes. For this assessment, we
developed a simplified, straightforward approach to spatially and temporally identify and
characterize the quality of bull trout habitat at the reach-scale in the SFWWR and WWR and the
Mill Creek subbasin.

Modeling approach

We elected to assess habitat quality, both spatially and temporally, as it relates to multiple
varying, and often concurrent, bull trout uses. To accomplish this, we first delineated the
SFWWR and the WWR as well as MC and YHC into definable, largely homogenous reaches
that differ from neighboring segments. We then identified and defined specific strategies and
actions exhibited by Walla Walla Basin bull trout during the differing life stages of resident and
migratory life forms. We developed a model to calculate a monthly habitat quality score (HQS)
for each reach and for each life stage, strategy or action, based on a suite of habitat variables
commonly believed to influence aquatic habitat structure, suitability or function. Each variable
was assigned a “rating factor” (RF) to reflect the quality of each habitat variable within each
reach during each month as related to each of the identified bull trout life stages, strategies and
actions. Each variable was then assigned a "weighting factor" (WF) to reflect the variables'
importance relative to one another with respect to their contribution to habitat quality for each
life stage, strategy or action. Once calculated, the resulting monthly HQSs for each reach were
compared with known spatial and temporal, life stage/strategy-specific bull trout occurrence
data. In addition, HQSs were compared with reaches and months where bull trout of a given life
stage may conceivably exhibit a certain strategy or conduct a particular action, but have not
been (or very rarely) observed doing so within the study area. The following methods for habitat
reach delineation and characterizing, rating and evaluating data for model development and
calculating HQS are hereafter provided.

Reach delineation

Although describing reaches in terms of a constant spatial distance offers consistency and
potential transferability, operational reach delineation lacks flexibility and may not capture
distinct habitat variability over smaller scales. By using specific attributes and relatively distinct
breaks in channel morphology, hydrological channel junctions and habitat structure we can
functionally delineate stream reaches into definable, homogenous segments that differ from
neighboring segments. Stream reaches that are relatively homogeneous regarding stream size,
temperature, hydrologic regimes and other attributes are known as macrohabitats (The Nature
Conservancy 2006). Each macrohabitat type represents a different physical setting that may
correlate with bull trout spawning, occupancy, foraging, migratory patterns and survival. To
coarsely delineate macrohabitat reaches in the WWR and MC, we selected attributes that we
believe to notably influence aquatic habitat structure, suitability and function. Only attributes
that could be represented across the entire study area and readily determined or measured
from available data, topographic maps and aerial photographs were used. Attributes were
further partitioned into categories to characterize the extent of influence that the attribute has on
habitat and the associated biota. Reaches were delineated by having the same suite of
physical classification attributes and being distinct from other groups. Using only attributes that
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can be represented across the study area disallows the application of strictly biological data,
which are sometimes sparse and inconsistent throughout the Walla Walla Basin. Reaches were
delineated manually because similarities and differences were usually distinct and apparent
enough to classify reaches without statistical evaluation. The attributes that were used to
coarsely delineate stream reaches and that notably influence aquatic habitat, suitability and
function include surface flow, channel modification, land use, stream gradient and elevation.
Reach delineation matrices that we used to functionally delineate habitat reaches are provided
in Appendix A.

Habitat attributes

Streamflow — Streamflow cannot be directly linked to fish biology like water temperature or
other water chemistry metrics. For example a given flow does not provide the same amount or
quality of fish habitat in one stream versus another, or even within differing reaches in the same
stream. Instream flow habitat studies can do this by relating the associated depths and
velocities from specific flows to specific life stages and species of fish but these studies are
expensive and improbable for an entire river basin. Therefore, to help coarsely delineate habitat
reaches for this assessment, we have chosen to employ a simplified approach that assumes
that major tributaries and diversions markedly influence spatial and temporal habitat conditions.
The major tributaries and diversions within the study area are hereafter identified.

Tributaries — Habitat within many reaches in the Walla Walla Basin is influenced by major
tributaries. In addition to the obvious contribution to mainstem streamflow, water temperature
downstream from the tributary input is likely influenced. Also, investigations in geomorphology
and riverine ecology have emphasized the important physical and biotic interactions resulting
from stream confluences (Rice et al. 2001; Benda et al. 2004). Large woody debris and
sediment input and subsequent deposition from the tributaries may influence downstream
habitat characteristics. Opportunistic predators (e.g., bull trout) and other feeding salmonids
may exploit fish, invertebrates and other prey species delivered to the mainstem from the
tributaries as well. Although many tributaries throughout the Basin contribute to the overall,
seasonably variable water volume of the WWR (Bower 2007), the spatial and temporal
disposition of certain tributaries likely exert a more profound influence on seasonal aquatic
habitat. Major tributaries to the WWR that may meaningfully impact instream habitat include:
Reser Creek, the North Fork Walla Walla River (NFWWR), YHC, MC and the Touchet River.
Blue Creek may considerably influence aquatic habitat in MC.

Diversions — The character and persistence of river ecosystems are dependent on flow
management and other human activities in river corridors (Bowen et al. 2003). The spatial and
temporal aspects in addition to the magnitude and extent of alterations to the river corridor and
natural hydrograph may strongly influence aquatic habitat characteristics, thus interrupting
critical ecosystem processes. These alterations and the resulting impacts may severely
influence migration and survival of bull trout during various life stages. With the exception of
headwater areas, there are numerous diversions and irrigation withdrawals along most of the
WWR (Bower 2007) and MC. Several major irrigation diversions in the Walla Walla Basin alter
the natural hydrograph, thus influencing seasonal habitat suitability for the associated biota,
including bull trout. Major diversions on the mainstem WWR are the Little Walla Walla, East
Side and Burlingame Diversions. The City of Walla Walla diverts water for municipal purposes
from the headwaters of MC at approximately rkm 44.2 and the majority of MC surface flows are
diverted through YHC to the WWR during summer and fall months to primarily augment lower
river flows for irrigation withdrawals.
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Channel modification — Flood control measures often require straightening of the channel,
creation of levees to contain flood waters, and construction of grade control structures to
dissipate energy from high water events. Major portions of the WWR and MC have been
channelized for agricultural purposes, erosion control, flood abatement, urban development and
the construction of roadways. Many of these alterations disconnect the river from its floodplain
or severely constrain floodplain functions. Channel straightening and bank armoring constrain
the channel, increase water velocity and the resulting habitat is often reduced or simplified due
to wood removal, reduced vegetative cover and scouring (Chapman and Knudsen 1980; Carline
and Klosiewski 1985). Grade control structures impede fish movement (USFWS 2002).
Levees, dikes and concrete flumes homogenize stream reaches by restricting natural
hydrological functions, decreasing sinuosity, reducing habitat complexity, and restricting the
growth of streamside vegetation (USFWS 2002; ODEQ 2001). To help coarsely delineate
aguatic habitat reaches, we classified river segments in the SFWWR, WWR, MC and YHC into
five general channel modification classes:

Not modified — Natural, principally unmodified channel conditions lacking any significant or
notably consequential channel restrictions, confinement, straightening or armored banks.

Minimal modification — Nearly natural, groundwater and hyporheic conditions, subjected to only
minimal anthropogenic alterations.

Moderate modification — The river channel has commonly been modified, restricted, confined,
straightened or armored.

Highly modified — The river channel has been restricted, significantly straightened and confined
by levees or dikes.

Severely modified — The river channel is severely restricted, straightened and confined within a
concrete flume or canal.

Stream gradient — Stream gradient can be an important determinant in the distribution of fish
(Maret et al. 1997; Rich et al. 2003). Seasonally, bull trout are found in a wide range of stream
types, but their presence may be limited in small, high gradient headwater streams (Rich et al.
2003). The channel gradient determines the potential energy of a stream channel, affecting
water velocity and the water’s ability to move bed and bank material in a stream channel. The
interaction of channel gradient and other geomorphic and hydraulic variables drives the
movement and subsequent deposition of materials, influencing habitat characteristics within a
stream channel. Although channel gradient is generally determined by the geomorphologic
disposition of a stream, anthropogenic activities that alter bedload or straighten a stream
channel may directly impact channel gradient in a given reach. To help coarsely delineate
habitat reaches, we calculated the stream gradient every 10 km in the WWR and MC subbasins.
We simply divided the range of stream gradients into five categories and classified the 10 km
segments accordingly:

High Gradient — Gradients > 4.2%

Fairly High Gradient — Gradients > 3.2 — 4.2%
Moderate Gradient — Gradients > 2.1 — 3.2%.

Fairly Low Gradient — Gradients > 1.1 - 2.1%

Low Gradient — Gradients < 1.1%
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Land use — Human activities on the landscape that affect water or sediment supply or that
stabilize or destabilize the existing channel shape often eventually lead to changes that
ultimately result in altered and degraded stream habitat (Allan 2004). Land use practices may
influence instream habitat in differing ways. The impacts of forested and minimally developed
areas may be minimal, but more invasive agriculture practices often considerably influence the
quality of instream habitat. These impacts often include altered riparian vegetation, bank
stabilization and increased sedimentation in streams. Agriculture practices can contribute
sediment to streams in several ways. The bare soil left between rows and during cultivation
exhibited in row-crop agriculture including wheat, onions and corn, is easily eroded and may be
transported to streams and rivers during runoff (Waters 1995). Orchards and vineyards may
contribute less sediment during runoff than row-crop agriculture, but chemical treatments may
adversely affect water quality. Pasture land and the associated livestock may contribute to soil
erosion and changes to the riparian areas depending upon the type of livestock raised, density
and management practices. In addition, urban development results in impermeable surfaces
and altered landscapes that may contribute pollutants and increased surface runoff to stream
channels. To help coarsely delineate habitat reaches, we classified land use adjacent to
riparian areas in the WWR and MC subbasins into the following five categories:

Forested, wildlife refuge or wilderness — Forested, wildlife refuge or wilderness areas generally
have the least detrimental impact on the quality of riverine habitat.

Agriculture — orchards/vineyards_ — Land converted to agricultural uses such as orchards and
vineyards likely negatively impact riverine habitat, but the impacts are likely minor relative to
other anthropogenic land uses.

Agriculture — pasture land — Pasture land and the associated livestock are often detrimental to
riparian and riverine habitat if not managed appropriately, but the impacts are likely minor
relative to other anthropogenic land uses.

Agriculture — row crops — Erosion, fertilizer, insecticides and sedimentation from cultivation all
contribute to row crop agriculture being detrimental to neighboring riverine and riparian areas.

Urban development — Impermeable surfaces, increased surface runoff, altered landscapes, and
pollutants associated with urban development all severely impact riparian and riverine habitat.

Elevation — Elevation as an individual metric, cannot be directly linked to various aspects of bull
trout biology like temperature or other variables. However, an elevation or range of elevations
can be utilized to represent and characterize a multitude of potential influences that may impact
the growth, movement or survival of bull trout during various life stages and strategies. In the
Walla Walla Basin, stream elevation is generally indicative of water temperatures, riparian
composition and often influences precipitation type and magnitude. In addition, elevation can
be used as a proxy to generally represent and characterize the occurrence of other influences
and attributes including; road density, angling pressure/poaching, predation, pollutants and to
grossly approximate the direct impacts of climate change. In the Walla Walla Basin, as
elevation increases, road density and public access to streams and rivers generally decreases,
likely reducing anthropogenic influences (e.g., angling pressure, harassment). Similarly, as
elevation increases, the presence of non-native predators (e.g., smallmouth bass) and artificially
elevated avian predation levels decrease. The collective characteristics of higher elevation
areas may also lessen the direct effects of changing climatic trends than at lower, more
impacted areas within the Walla Walla Basin. To help delineate habitat reaches within the
WWR and MC subbasins, we categorized stream elevations by dividing the elevation range
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within the study area into five classes: low (<433 m), fairly low (> 433 — 762 m), medium (> 762
m — 1091 m), fairly high (> 1091 — 1421 m) and high elevation (> 1421 m).

Geology — Geologic variation has important influences on habitat quality and potential (Long et
al. 2006). Reaches of differing topographic disposition represent a suite of formative processes
that may include but not be limited to soil formation, erosion, infiltration, precipitation and runoff.
These processes are often difficult or labor-intensive to observe, sample and quantify but may
significantly influence the structure and quality of instream habitat. To help coarsely delineate
habitat reaches, we used aerial photographs and topographic information to coarsely categorize
geologic reaches as uplands, foothills, and lowlands. We identified uplands as high elevation
areas characterized by steep slopes and volcanic canyons that encompass the headwaters of
the major tributaries to the WWR. Foothills are relatively gradual increases in elevation (hills) at
the base of a mountain range with less dramatic slopes. The lowlands consist of a massive
accumulation of deposited, unconsolidated sediments (coarse sands, gravels and clay) resulting
in broad expanses of low elevation land lacking significant changes in topography.

Bull trout life stages, strategies and actions

We elected to assess habitat quality, both spatially and temporally, as it relates to bull trout use.
Through a retrospective review of data resulting from PIT array detections, snorkeling, trapping,
angling and active monitoring studies (e.g., radio and acoustic telemetry) in the Walla Walla
Basin, we identified specific strategies, behaviors and actions exhibited by bull trout during the
differing life stages of resident and migratory life forms.

Modeling process

Identification of habitat variables

Aquatic habitat within the study area was coarsely delineated into 22 definable, largely
homogenous segments with a unique suite of habitat characteristics that differ from neighboring
stream reaches. The model calculates a monthly habitat quality score (HQS) for each reach in
relation to each bull trout life stage, strategy or action based on the following eleven habitat
variables (HV): surface flow (HV1), groundwater (HV2), water temperature (HV3), passage
impediments (HV4), channel modification (HV5), riparian zone (HV6), stream gradient (HV7),
elevation (HV8), land use (HV9), geology (HV10) and sinuosity HV11). Only variables that were
biologically relevant were included and were chosen based on the authors’ knowledge of the
species and the availability of relevant datasets. Input data for the model were based on
available datasets, attributes measureable from topographic maps and aerial photographs,
results from bull trout habitat studies and professional opinion.

Rating of habitat variables

Each variable was assigned a numeric “rating factor” (RF) to reflect the quality of each habitat
variable within each reach during each month as related to each of the eight identified bull trout
life stages, strategies and actions (Table 3.4). We elected to use the results from recent
studies, empirical data and professional opinion to make well-reasoned judgments toward
crafting criteria to characterize the quality of each habitat variable over a spectrum of five
categories ranging from poor to high quality. Poor, low, fair, good and high quality habitat were
assigned an RF of one, two, three, four and five, respectively, for each reach and month in
relation to each stage, strategy and action exhibited by resident and migratory bull trout in the
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Walla Walla Basin. The following criteria for assigning numeric rating factors are hereafter
provided.

Surface flow — Streamflow in and of itself cannot be directly linked to fish biology like
temperature or other water chemistry metrics. For example a flow of 100 cfs does not provide
the same amount or quality of fish habitat in steam A vs. steam B, or even in a different section
of the same stream. Obviously, the relationships between specific geomorphic features within a
stream channel, and the quantity of surface flow profoundly influence the quality and quantity of
available aquatic habitat within a given stream reach. In the absence of intensive instream flow
habitat assessments throughout the Walla Walla Basin, we have chosen to employ a simplified
and straightforward approach to rating monthly streamflow conditions within specific stream
reaches. This approach makes the reasonable assumption that more high quality bull trout
habitat is available in reaches with less depleted and near normative the streamflow. By
comparing the monthly average mean daily discharge (MAMDD) with an estimate of a near
normative, non-diverted monthly average mean daily discharge (NDMAMDD) for each reach,
we can grossly characterize habitat quality in terms of flow. To calculate a monthly streamflow
value for each reach, we averaged the available mean daily discharge for each month from
stream gauge data collected from 2002 — 2011. For reaches lacking a stream gauge, we used
the nearest established stream gauge data that would reasonably represent surface flow within
the given reach. For reaches where major diversions or tributaries affect streamflows, we made
deductions and additions using available diversion and tributary gauge data as necessary. For
the furthest upstream reach in the SFWWR (SFWW1), no representative gauge data exists. To
estimate MAMDD for this reach, we used seepage run data (Bower 2007) to approximate Reser
Creek’s contribution to SFWWR streamflow and subtracted that percentage from the MAMDD
for SFWW2. To coarsely estimate a NDMAMDD value for each reach, we cumulatively added
MAMDD diversion discharge values from the major upstream diversions to the MAMDD values
calculated for each reach as appropriate. We divided the MAMDD for each reach by the
estimated NDMAMDD and multiplied by 100 to calculate a monthly percentage of “normal”
discharge for each reach. These percentages, representing surface flow quality, were rated
using a scale from 1 — 5 based on criteria provided in Table 3.1.

Groundwater — Gaining and losing reaches exist within the Walla Walla Basin and are often
influenced by groundwater inputs and hyporheic exchange (Bower 2007). Hyporheic exchange
occurs when surface water enters the riverbed and flows along subsurface paths before
returning to the main channel. Baxter and Hauer (2000) found that bull trout redds were
primarily found in alluvial valley segments which possessed complex patterns of hyporheic
exchange and extensive upwelling zones. They further discussed the importance of spatial
scale, citing the example that most bull trout redds were actually found at localized downwelling
areas within zones of extensive upwelling. Downstream from the spawning grounds, this
exchange removes heat/water from the channel when temperature/discharge is high and
releases heat/water to the channel when temperature/discharge is low (Grant et al. 2006). This
mechanism can afford potential thermal refuge in cold water pockets within stream reaches
during periods of heat stress in addition to discrete warm water refugia during extremely cold
periods, thus positively influencing survival (Ebersole et al. 2003). Seasonal irrigation
withdrawals have altered the natural hydrograph and portions of the WWR and MC are nearly
dewatered seasonally. In losing reaches, during severely depressed streamflows, the change
from surface to hyporheic flow likely contributes to instream passage impediments and hinders
the movements of migratory fish.

For this assessment, we employed a simplified approach by assigning a numeric rating of 1 — 5
based on the criteria provided in Table 3.2. We chose to rate groundwater influence at the
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reach scale for this assessment by primarily using data in Bower (2007), Baker (2011),
Scherberg (2012) and low flow barrier assessments (Appendix 11l) and by professional
judgment. Reaches determined to be of high quality in terms of groundwater influence for bull
trout received higher ratings. Reaches where groundwater and hyporheic flows have been
altered or do not positively influence bull trout habitat quality received lower ratings.

Water temperature — The spatial distribution of temperatures within streams has long been
recognized as a factor influencing fish distribution (Ebersole et al. 2003). The longitudinal
heating of instream water along the river continuum can limit fish distribution or impact the ability
of a fish to compete or avoid predation. Bull trout spawning, movement patterns, foraging and
survival are all closely tied to water temperatures. In addition, the interaction of surface water
with the influx of groundwater or hyporheic exchange can result in pockets of thermal refugia
within streams that may allow fish to avoid thermally stressful temperatures and tolerate
otherwise limiting temperature regimes. The EPA has recommended water temperature
standards to protect bull trout during various life stages and strategies that include upper
optimum thresholds of 9°C (7DADM) for spawning, 12°C (7DADM) for juvenile rearing and 16°C
(7DADM) for foraging and migration. A simple optimal versus non-optimal designation lacks the
level of detail appropriate to more accurately assess existing aquatic habitat conditions. We
used these general EPA recommendations as a baseline for developing criteria for rating bull
trout habitat quality in terms of temperature for each of the identified stages, strategies and
actions exhibited by resident and migratory life forms. To this end, we elected to use the results
from recent studies, empirical data and professional opinion to make well-reasoned judgments
toward crafting criteria to characterize temperature conditions over a spectrum of five categories
ranging from poor to high quality (Table 3.3) for each stage, strategy and action exhibited by
resident and migratory bull trout in the Walla Walla Basin.

Bull trout spawn in headwater stream reaches that are characterized by consistently cold water
temperatures, high water quality, and clean gravel. The threshold spawning temperature for bull
trout has been reported at approximately 9°C (McPhail and Baxter 1996). Although spawning
generally occurs from 5 — 9°C (Walla Walla Subbasin Plan 2004), bull trout have been known to
spawn in temperatures exceeding the threshold. Moore et al. (2006) determined that bull trout
likely spawned while experiencing seven day average daily maximum (7DADM) temperatures
ranging from 7°C to as high as 16°C.

Following spawning, both adult and non-spawning adult migratory bull trout (= 300 mm) move
from smaller tributaries and upper stream reaches into larger streams and downriver reaches to
overwinter in areas of upwelling groundwater and in deep pools (Craig and Bruce 1982; Stuart
and Chislett 1979; McPhail and Baxter 1996; Stewart et al. 1982). Adults and larger sub-adults
in the Walla Walla Basin generally migrate rapidly downstream during fall months to overwinter
and forage in the SFWWR, WWR, MC, YHC and the mainstem Columbia River (Starcevich et
al. 2012; Anglin et al. 2008a, 2008b; Barrows 2012; Mahoney 2003) where there is presumably
greater potential for growth, caloric recuperation and gonad development (Gray 2005).
Brenkman (1998) observed a surge in fall bull trout migration once water temperature declined
to 10°C. Jakober et al. (1998) observed migratory adult downstream movement when daily
average temperatures reached 6°C. Jakober et al. (1998) also observed winter downstream
movement when temperatures were 1°C or lower and extensive subsurface ice formed.

Unlike migratory forms, resident bull trout typically remain in tributary streams near spawning

grounds throughout life (Rieman and Mcintyre 1993). By not migrating, resident individuals are
unable to take advantage of the more abundant resources in lower basin areas and as a result
often experience temperatures that limit foraging, growth and fecundity. A bioenergetics model
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(Mesa et al. 2013) estimated temperatures for maximum consumption for bull trout at 15.8-
17.5°C and found that consumption and metabolic rates generally declined as temperatures
decreased. The EPA recommends temperatures < 12°C for juvenile rearing and Selong et al.
(2001) found that feed consumption of age-0 bull trout declined at temperatures greater than
16°C and that small bull trout will stop feeding when temperatures exceed 22°C. Migrant
individuals take advantage of more abundant resources in lower basin areas (Starcevich et al.
2012; Anglin et al. 2008a, 2008b; Barrows et al. 2012b; Mahoney 2003) where there is
presumably greater potential for growth, caloric recuperation and gonad development (Gray
2005) and as a result, reach sizes in excess of 400 mm (Rieman and Mcintyre 1993). If
temperatures and oxygen consumption are within an adequate range and nutrition is sufficient,
energy can be shunted toward growth and reproduction.

There are two types of upstream adult bull trout migrations and a largely concurrent sub-adult
downstream migration in the Walla Walla Basin. The predominant upstream migratory pattern
is a prespawning migration that begins following overwintering and ends when the approximate
spawning location is reached within a natal stream. The second migratory pattern is similar to
the prespawning migration only the adult sized bull trout oversummer short of entering the
spawning grounds and do not spawn. Howell et al. (2010) found that migratory adult bull trout
began migrating when 7DADM increased from 11°C to 12°C and others initially moved
upstream from lower river areas when temperature increased from 12°C to 14°C. Swanberg
(1997) found that migration occurred once water temperatures increased to 17.7°C in the
Blackfoot River, Montana. Jones et al. (2013) predicted that peak thermal preferences (mean
daily) during the month of August for bull trout foraging and migration were predicted at >10°C
and <14°C, decreased significantly below 10°C, and ceased to exist above 16°C. EPA
guidelines recommend 7DADM temperatures of 16°C as an upper optimal temperature
threshold for bull trout migration (EPA 2003) but migratory adults and sub-adults often endure
temperatures exceeding this value. Howell et al. (2010) determined that migratory bull trout in
the Lostine River were exposed to 7DADM temperatures peaking at 18-25°C. Dunham et al.
(2003) predicted that bull trout may be present at potentially lethal temperatures, but the
probability of occurrence is relatively low at maximum daily temperatures above approximately
14-16°C and becomes high at approximately 11-12°C. Mortality (at least for age-0) has been
shown to occur in less than 24 h when bull trout are exposed to temperatures at or above 26°C
(Selong et al. 2001). Often, as temperatures become less tolerable and streamflows drop to
summer base flows, sub-adult bull trout that had recently migrated to middle and lower river
reaches often retreat back upstream to escape intolerable conditions and find suitable habitat to
oversummer.

We used EPA recommendations as a baseline and the abovementioned information to develop
criteria for rating bull trout habitat quality in terms of temperature for each of the identified
stages, strategies and actions exhibited by resident and migratory life forms (Table 3.4).

7DADM temperatures (°C) from available thermograph data representing each aquatic habitat
reach from 2002 to 2011 were compiled. For each reach, the average of the 7DADM
temperatures for each month was averaged across years. The resulting temperature value for
each reach was then rated using the abovementioned habitat quality criteria for each bull trout
life stage, strategy or action. When representative data was not available for a given reach,
temperature data from the closest thermograph was used to supplement absent data.

Passage impediments — Development of tributaries and river systems within the Walla Walla
Basin for flood control, irrigation withdrawals and municipal purposes has significantly altered
aqguatic conditions for migratory salmonids, potentially limiting the ability of a fish to migrate
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freely throughout the Basin. Impediments to movement may limit bull trout access to habitat
that allows for the full expression of various bull trout life stages and strategies and may inhibit
connectivity with other populations. Although dams and diversion structures are the most
obvious and visible potential impediments to fish movement, gravel push-up irrigation dams and
recreation dams (i.e., swimming) may adversely affect seasonal bull trout movement as well.

Surface flows in the WWR and many of its tributaries have historically been over-appropriated
for irrigation and municipal purposes (Siemann and Martin 2007) resulting in seasonally
depressed streamflows and dewatering in middle and lower basin reaches. The 1998 ESA
listing of bull trout as threatened led to a Civil Penalty Settlement Agreement between the FWS
and two major irrigation districts in the Walla Walla Basin. Goals of this agreement were to
maintain surface water connectivity, provide enough seasonal surface water to maintain
ecological functions such as invertebrate production, and to provide enough streamflow for bull
trout migration and rearing (Anglin et al. 2003). Despite efforts to increase in-river surface flows
during the irrigation season, low flow barriers persist in portions of the WWR (Appendix IlI).

Management concerns for adult migrants include delays and increased exposure to predation
and increased incidental angling pressure or poaching exacerbated by passage impediments.
Similarly, downstream passage by both sub-adults and adults may be seasonally delayed or
inhibited by dams and diversions. In addition to anthropogenic impediments, there are also
naturally occurring obstructions such as waterfalls, beaver dams or log jams. Extensive log and
debris jams, though often naturally occurring, can profoundly affect bull trout movement,
spawning and survival. Further, past logging practices and other land uses may exacerbate
debris accumulations. Nelson and Nelle (2008) not only documented evidence that migratory
bull trout movement was impeded by extensive log jams, but also directly linked numerous
instances of entrapment and subsequent mortality to log and debris jams as well. For this
aguatic habitat assessment, reaches were rated monthly based on the presence or absence, as
well as severity of passage impediments according to the criteria provided in Table 3.5.

Channel modification — Flood control measures often require straightening of the channel,
creation of levees to contain flood waters, and construction of grade control structures to
dissipate energy from high water events. Major portions of the WWR and MC have been
channelized for agricultural purposes, erosion control, flood abatement, urban development and
the construction of roadways. Many of these alterations disconnect the river from its floodplain
or severely constrain floodplain functions. Channel straightening and bank armoring constrain
the channel, increase water velocity and the resulting habitat is often reduced or simplified due
to wood removal, reduced vegetative cover and scouring (Chapman and Knudsen 1980; Carline
and Klosiewski 1985). Grade control structures impede fish movement (USFWS 2002).
Levees, dikes and concrete flumes homogenize stream reaches by restricting natural
hydrological functions, decreasing sinuosity, reducing habitat complexity, and restricting the
growth of streamside vegetation (USFWS 2002; ODEQ 2001). For this aquatic habitat
assessment, reaches were assigned a monthly numeric rating based on the presence or
absence, as well as severity of channel modification according to the criteria provided in Table
3.6.

Riparian zone — For this assessment, we define a riparian zone as the interface between land
and the river or stream. These zones function as natural biofilters that protect the riverine
environment from excessive sedimentation, polluted surface runoff and erosion. They supply
nutrients to the stream, shelter for aquatic organisms and shade that is essential for stream
temperature regulation (Lewis and Kovacic 1993). Riparian habitat plays a prominent role in
supporting the biodiversity of a stream, and when altered, the functionality of the riverine
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environment may be impaired. For this assessment, we have chosen to employ a simplified
approach to rating the riparian conditions within specific stream reaches. The quality of the
riparian habitat within each reach was rated on a scale of 1-5 based upon two main factors.
The first is riparian area: the combined area of the riparian zone measured from each river
bank to the adjacent anthropogenic land uses (e.g., pasture, farmland, and urban development)
relative to the length of the reach. This measurement represents the general ability of the
riparian zone to “buffer” potentially detrimental influxes to the river from the surrounding land
uses. The larger the buffer zone area, the greater the ability of the riparian zone to mitigate
pollutants. The correlation between buffer zone width and effectiveness diminishes beyond
approximately 30 meters (Wenger 1999; Castelle et al. 1994). We limited buffer zone
measurements to a maximum of 30 m along each bank of the river. The riparian buffer zone
area within each reach was derived from aerial photographs using GIS software. The total
riparian buffer zone area within each reach was divided by the length of each reach. The
resulting value was assigned a rating from 1-5 based on the criteria provided in Table 3.7. The
second factor used to rate the quality of the riparian zone is the relative density of mature
canopy trees within the riparian zone within each reach. As riparian canopy cover increases,
the quality of aquatic habitat increases, indicating the importance of woody riparian vegetation
(Ward et al. 2003). This measurement was approximated from aerial photographs and rated on
a scale of 1-5 based on criteria described in Table 3.8. The assigned ratings from both of the
abovementioned factors for each reach was averaged and rounded to the nearest whole
numeric value to obtain a total riparian zone HQS for the reach.

Stream gradient — Stream gradient can be an important determinant in the distribution of fish
(Maret et al. 1997; Rich et al. 2003). Seasonally, bull trout are found in a wide range of stream
types, but their presence may be limited in small, high gradient headwater streams (Rich et al.
2003). Relatively low channel gradients within reaches of higher order streams have been listed
as an important component for bull trout spawning (Shepard et al. 1984; Graham et al. 1981).
The channel gradient determines the potential energy of a stream channel, affecting water
velocity and the water’s ability to move bed and bank material in a stream channel. The
interaction of channel gradient and other geomorphic and hydraulic variables drives the
movement and subsequent deposition of materials, influencing habitat characteristics within a
stream channel. High flow events (e.g., rain on snow) may scour or bury bull trout redds,
especially in relatively higher gradient reaches. Further, the presence of slower velocity habitat,
suggested to be important for rearing bull trout (Baxter 1995; Baxter and McPhail 1996;
Environmental Management Associates 1993), may be limited in higher gradient reaches.
Although channel gradient is generally determined by the geomorphologic disposition of a
stream, anthropogenic activities that alter bedload or straighten a stream channel may directly
impact channel gradient within a given reach. This may limit overwintering and foraging habitat
in lower reaches in the Walla Walla Basin. In addition, lower gradient portions of middle and
lower reaches result in areas of extensive gravel deposition. As surface flows are depleted
during the irrigation season, low flow barriers to bull trout movement arise in these depositional
areas, likely limiting both migratory adult and sub-adult bull trout movements. For this
assessment, we have chosen to employ a simplified approach by assigning a numeric rating of
1 - 5 to elevation ranges that generally represent poor, low, fair, good and high quality habitat,
respectively in terms of the abovementioned impacts and influences. Stream gradients for each
reach were derived via GIS software. We divided the range of stream gradients into 5
categories and rated each reach according to the criteria provided in Table 3.9.

Elevation — Elevation as an individual metric, cannot be directly linked to various aspects of bull
trout biology like temperature. However, a particular elevation or range elevations can be used
to represent a multitude of influences that potentially impact the growth, movement and survival
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of bull trout during various life stages and strategies. In the Walla Walla Basin, stream elevation
is generally indicative of water temperatures, riparian composition and influences precipitation
type and magnitude. In addition, elevation can be used as a proxy to generally represent and
characterize the occurrence of other influences and attributes including; road density, angling
pressure/poaching, predation and pollutants. Elevation can also be used to grossly
approximate the direct impacts of climate change. In the Walla Walla Basin, as elevation
increases, road density and public access to streams generally decreases, thus reducing
anthropogenic influences (e.g., angling pressure, harassment). Similarly, as elevation
increases, predation by non-native, piscivorous predators (e.g., smallmouth bass) and artificially
elevated avian predation (e.g., cormorants, pelicans and terns) decreases. The collective
characteristics of higher elevation areas may also lessen direct effects of changing climatic
trends than at lower, more impacted areas within the Walla Walla Basin. Although aquatic
habitat in lower elevation reaches may be critical to growth, movement and survival of bull trout
at varying life stages, numerous conditions improve with increase elevation. For this
assessment, we have chosen to employ a simplified approach by assigning a numeric rating of
1 — 5 to elevation ranges that represent poor, low, fair, good and high quality habitat,
respectively in terms of the abovementioned impacts and influences (Table 3.10). With this
approach, headwater areas will generally be influenced less by detrimental impacts associated
with lower elevations.

Land use — Human activities on the landscape that affect water or sediment supply or that
stabilize or destabilize the existing channel shape are likely to set off a complex cascade of
changes that ultimately manifest in altered and degraded stream habitat (Allan 2004). Land use
practices may influence instream habitat in differing ways. While forested and less developed
areas may result in only minimally detrimental impacts, agriculture practices often considerably
influence instream habitat by altering riparian vegetation, promoting bank destabilization and
contributing sediment to streams. Agriculture practices can contribute sediment and pollutants
to streams in several ways. The bare soil left between rows and during cultivation exhibited in
conventional row-crop agriculture (e.g., wheat, onions, corn) is easily eroded and can be
transported to streams and rivers during runoff (Waters 1995). Orchards and vineyards may
contribute less sediment during runoff than row-crop agriculture, but chemical treatments
(pesticides, fungicides and herbicides) may adversely affect water quality. Pasture land and the
associated livestock may contribute to soil erosion and changes to the riparian areas depending
upon the type of livestock raised, density and management practices. In addition, urban
development results in impermeable surfaces and altered landscapes that may contribute
pollutants and increased surface runoff to stream channels.

For this assessment, we used aerial photographs (Google Earth —TerraMetrix imagery dates
8/10/2011 and 9/6/2012) to identify and measure the longitudinal length of bordering land use
types adjacent to or within riparian zones along both banks of the SFWWR, WWR, MC and
YHC. Land use types were identified as forested/wildlife refuge (LU1), agriculture-pasture
(LU2), agriculture-orchard/vineyard (LU3), agriculture-row crops (LU4), and urban development
(LUS). The proportion (p) of each land use type longitudinally bordering aquatic habitat within
each reach was calculated by dividing the total longitudinal length of each bordering habitat type
by the total available length of the stream bank within the reach. Land use types were assigned
a numeric rating from 1 — 5 (Table 3.11). The total numeric rating (TNR) for each habitat reach
was calculated as follows and rounded to the nearest whole number:

TNR = (LU, X p; + LUy X py+...+ LUs X ps)
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Geology — Geologic variation has important influences on habitat quality and potential (Long et
al. 2006). Reaches of differing topographic disposition represent a suite of formative processes
that may include but not be limited to soil formation, erosion, infiltration, precipitation and runoff.
These processes are often difficult or labor-intensive to observe, sample and quantify but may
significantly influence the structure and quality of instream habitat. We used aerial photographs
and topographic information (Google Earth —TerraMetrix imagery dates 8/10/2011 and
9/6/2012) to coarsely categorize geologic reaches as uplands, foothills, and lowlands. We
identified uplands as high elevation areas characterized by steep slopes and volcanic canyons
that encompass the headwaters of the major tributaries to the WWR. The abundance of bull
trout redds has been found to increase within alluvial valley segments confined by geomorphic
knickpoints (Baxter and Hauer 2000) commonly found within upland portions of drainages.
Juvenile bull trout have been found to be associated with stable channels, relatively stable
streamflows and low bed load movements commonly found in upland areas (Goetz 1989;
Rieman and Mcintyre 1993). Generally, upland tributaries and stream reaches are smaller in
magnitude than downstream reaches. Larger fluvial adult bull trout (= 300 mm fork length)
require overwintering and foraging habitat with deeper water and more abundant prey species
that are more commonly found in reaches associated with lowland areas. Similarly, migratory
sub-adult bull trout (< 300 mm fork length) move from upland reaches to foothill and lowland
reaches in search of rearing, foraging and overwintering habitat that is more conducive to
growth and connectivity with other populations. Foothills are relatively gradual increases in
elevation (hills) at the base of a mountain range with less dramatic slopes. The riverine
environment in foothill areas is transitional between the more polarized habitat conditions
associated with upland and lowland areas. In the Walla Walla Basin, lowlands consist of a
massive accumulation of deposited, unconsolidated sediments (coarse sands, gravels and clay)
resulting in broad expanses of low elevation land lacking significant changes in topography.
Low land, alleviated valley bottoms generally provide a diverse geomorphology comprised of
deep pools, slow water velocities, adequate cover and provide relatively high prey availability
when compared with upland reaches (Watson and Hillman 1997). These attributes generally
contribute positively to the quality of habitat for fluvial sub-adult and adult bull trout foraging,
rearing and migration. When surface flows in lowland reaches are severely depleted by
irrigation withdrawals, the lower river channel geomorphology, fashioned by channel-forming
discharge, no longer pairs with the instream flow to contribute positively to habitat conditions
conducive to bull trout rearing or migration. For example, in a relatively natural riverine system,
fluvial features such as gravel bars, riffles, and pools formed during channel-forming flows are
subsequently redistributed by lesser flow events (Gendaszek et al. 2012). If the lesser flow
events and associated channel dynamics are artificially reduced in magnitude or largely absent
due to irrigation withdrawals, gravel bars can become instream barriers to bull trout movement
(Appendix III). Using the abovementioned information for guidance, we coarsely assigned a
numeric rating of one, three or five to habit reaches of poor, fair and high quality, respectively, in
terms of geology as related to the eight bull trout life stages, strategies and actions (Table 3.12).

Sinuosity — River complexity is an important aspect of fluvial geomorphology, especially
considering the anthropogenic regulation and channel modifications which have simplified many
river systems. Complex rivers have a variety of microhabitats and refuges which can play a vital
role in ecological processes, maintaining species richness and balancing aquatic communities
(O’Neill and Thorp 2011). Flood control measures often require straightening of the channel,
creation of levees to contain flood waters, and construction of grade control structures to
dissipate energy from high water events. Major portions of the WWR and MC have been
channelized for agricultural purposes, erosion control, flood abatement, urban development and
the construction of roadways. Many of these alterations disconnect the river from its floodplain
or severely constrain floodplain functions. Channel straightening and bank armoring constrain
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the channel, increase water velocity and the resulting habitat is often reduced or simplified due
to wood removal, reduced vegetative cover and scouring (Chapman and Knudsen 1980; Carline
and Klosiewski 1985). A high degree of sinuosity provides for diverse habitat and fauna, and
the stream is better able to handle streamflow fluctuations. The absorption of energy by bends
helps protect the stream from excessive erosion and provides for refugia for benthic
invertebrates and fish during flow events. Intensive, aquatic habitat studies can explicitly
evaluate the complexity of river reaches, but these studies are often expensive and improbable
for an entire river basin. Therefore, for this assessment, we have chosen to employ a simplified
approach that uses the sinuosity of a given reach to infer a coarse level of complexity for the
given reach. We make the assumption that habitat within a reach becomes more complex as
sinuosity increases. Further, we assume that higher complexity is generally indicative of higher
quality habitat for bull trout at a given life stage to exhibit a certain strategy or conduct a
particular action. For this assessment, we measured sinuosity within a given reach in 1000 m
segments to best represent the complexity of the river channel. The resulting sinuosity values
were divided into five categories. Each sinuosity category was assigned a numeric value using
a scale of 1-5 ranging from poor to high quality, respectively (Table 3.13).

Weighting habitat variables

The suitability of aquatic habitat for a given action, process or function exhibited by bull trout
during varying life stages, while exhibiting various strategies, is often influenced by many
variables. The habitat variables (HV) that we believe to notably influence aquatic habitat
suitability and function include surface flow (HV1), groundwater (HV2), temperature (HV3),
passage impediments (HV4), channel modification (HV5), riparian zone (HV6), stream gradient
(HV7), elevation (HV8), land use (HV9), geology (HV10) and sinuosity HV11). Some variables
are more influential than others in affecting the quality of habitat for a given bull trout activity,
process or function. To account for this, we assigned a “weighting factor” (WF) to each variable
that reflects its importance relative to one another with respect to the particular activity process
or function that bull trout engage in. An Analytic Hierarchy Process (AHP) method, adapted
from Saaty (2008), was used to obtain the weights of the factors for habitat variables for each
bull trout life stage, strategy or action. An AHP is a way to generate the approximate
importance of the factors by using pair-wise comparisons and relies on the judgments of experts
to derive priority scales (Saaty 2008). To make comparisons, we used a scale of numbers that
indicates how much more important or influential one variable is over another variable with
respect to the particular life-history stage, strategy or action (Table 3.14). To calculate weighting
factors, experienced bull trout biologists used professional judgment to complete primary
guestionnaires to approximate the importance of each habitat variable relative to one another
with respect to each of the 8 identified life-history stages, strategies and actions. An example of
this questionnaire is provided in Appendix B. A consensus (mean) of the resulting answers to
survey questions was used to populate a comparison matrix. Numbers from the comparison
matrix were then normalized and weighting factors were derived.

Habitat quality scores

The suitability of aquatic habitat for a given activity, process or function exhibited by bull trout
during various life stages and strategies, is often influenced by many variables. The habitat
variables (HV) that we believe to notably influence aquatic habitat suitability and function include
surface flow (HV1), groundwater (HV2), temperature (HV3), passage impediments (HV4),
channel modification (HV5), riparian zone (HV6), stream gradient (HV7), elevation (HV8), land
use (HV9), geology (HV10) and sinuosity HV11). Using the aforementioned rating criteria, we
rated the quality of each habitat variable in each reach for each life stage, strategy or action for
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each month. We assessed habitat quality for all reaches and all months, regardless of known
occurrence. Some variables are more influential than others in affecting the quality of habitat for
a given bull trout activity, process or function, therefore the “weighting factor” that was
determined by using the AHP method adapted from Saaty (2008) to each variable to reflect its
importance relative to one another with respect to the particular life stage, strategy or action
must be applied. The habitat quality score (HQS) for each reach for each month in terms of
each life stage, strategy or action was calculated as follows:

HQS = (HV; X WF; + HV, X WF, + -+« +HV;; X WF;,)
Model evaluation

To help evaluate model performance, one can compare model results with empirical data.
Unfortunately, reach-scale temporal and spatial habitat assessments, in relation to the eight
identified life stages, strategies and actions that Walla Walla Basin bull trout exhibit, are
incomplete or do not exist. However, robust movement and distribution datasets exist for
portions of the WWR and MC. To grossly evaluate model performance, we compared coarse
spatial and temporal occurrence levels with modeled HQSs. Bull trout at certain life stages,
exhibiting strategies and engaging in certain actions, are not always found in the highest quality
habitat conditions. Similarly, bull trout can (and do) exist in habitat that is less than suitable. To
this end, when comparing occurrence levels to HQSs, we would expect to see relationships
indicating that reaches with higher monthly HQSs (i.e., higher quality habitat) are generally
associated with higher levels of occurrence and that reaches with lower monthly HQSs are
generally associated with lower occurrence levels. We would expect low and poor quality
habitat to be generally associated with low or no bull trout occurrence when occurrence could
be conceivable.

Bull trout occurrence

The riverine environment within the Walla Walla Basin is in a constant state of flux, driven
primarily by perpetually changing abiotic conditions. Bull trout are ecologically connected and in
constant interaction with their environment. The full expression of the many diverse life-history
stages and strategies exhibited by bull trout depends upon the presence of suitable riverine
environment and specific habitat requirements vary both spatially and temporally for differing life
stages and strategies (Al-Chokhachy and Budy 2007; Rieman and Mcintyre 1993; Saffel and
Scarnecchia 1996). The temporal and spatial continuum of bull trout movement observed within
the Walla Walla Basin further confounds the ability of resource managers to address specific
management needs or threats. To accurately describe and assess habitat conditions with
respect to specific bull trout life stages, strategies and actions, it is imperative to identify the
temporal and spatial disposition and occupancy of habitat types and migration corridors within
the SFWWR, WWR, MC, and YHC throughout the year.

For this assessment, we used datasets resulting from our extensive network of PIT detection
arrays in addition to data from radio telemetry, snorkeling, acoustic telemetry, electrofishing,
trapping and angling studies to coarsely summarize spatial and temporal occurrence with
respect to the identified strategies and actions exhibited by the various life stages of bull trout
within the SFWWR, WWR, MC and YHC. Occurrence within each reach for each month was
classified into the following four categories and assigned scores with respect to each life-history
stage, strategy or action:
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High occurrence — A relatively high number of bull trout of a given life stage, exhibiting a certain
strategy or conducting a specific action are known to occur within the reach during this given
time period. Reaches with high occurrence were assigned a numeric score of 2.

Low occurrence — Bull trout of a given life stage, exhibiting a certain strategy or conducting a
specific action are known to occur within the reach during this given time period, but only in
relatively low numbers. Reaches with low occurrence were assigned a numeric score of 1.

Conceivable occurrence — Bull trout of a given life stage, exhibiting a certain strategy or
conducting a specific action have either not been observed, or very rarely occur within the reach
during this given time period. Occurrence within this reach may be possible albeit unlikely
under current conditions. Reaches where occurrence is conceivable but not observed were
assigned a numeric score of 0.

No occurrence — Bull trout of a given life stage, exhibiting a certain strategy or conducting a
specific action are not known (and very unlikely) to occur within the reach during this given time
period. Reaches with no occurrence received no numeric score.

Bull trout occurrence and model results comparison

For many reasons, bull trout at certain life stages, exhibiting strategies and engaging in certain
actions, are not always associated with the alleged, highest quality habitat (Al-Chokhachy and
Budy 2007). Similarly, bull trout can (and do) exist in habitat that is substantially less than
optimal (Jakober et al. 1998; Moore et al. 2005; Swanberg 1997; Anglin et al. 2008a; Barrows et
al. 2012b). For these reasons, expecting statistically defensible correlations between bull trout
occurrence and the quality of habitat may be problematic due largely to naturally low
abundances, especially in lower basin areas. Despite validation limitations, insight can be
gained by overlaying occurrence information and HQSs to identify patterns and reaches where
and when bull trout of varying life stages and strategies may be exposed to detrimental habitat
conditions within the Walla Walla Basin and determine reaches where further investigation or
management actions may be warranted.

Results

Modeling approach

Reach delineation

Aquatic habitat in the WWR and MC subbasins was delineated functionally by using specific
attributes and relatively distinct breaks in channel morphology, hydrological channel junctions
and other attributes. Stream habitat was delineated into 22 definable, largely homogenous
segments representing a different physical setting that differ from neighboring segments (Table
3.15). Brief, summarized descriptions of each habitat reach are provided in Table 3.16, and
reach specific narratives are provided in Appendix C. Figure 3.2 identifies and depicts the
geographical location of study reaches.

Bull trout life stages, strategies and actions

Habitat quality was assessed, both spatially and temporally, as it relates to a multitude of
varying, and often concurrent, bull trout uses. Through a retrospective review of data resulting
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from PIT array detections, snorkeling, trapping, angling and active monitoring studies (e.g.,
radio and acoustic telemetry) in the Walla Walla Basin, we identified 8 specific strategies and
actions exhibited by bull trout during the differing life stages of resident and migratory forms.
General descriptions and definitions of these specific lifecycle strategies and actions are
hereafter provided.

Adult spawning

Resident bull trout complete their entire life cycle in the headwater streams in which they spawn
and rear (Rieman and Mcintyre 1995; Fraley and Shepard 1989). Migratory bull trout return
from downstream reaches to spawn in headwater streams along with resident bull trout (Fraley
and Shepard 1989). The size and age of bull trout at maturity depends upon life-history
strategy, but both non-migratory (i.e., resident) and fluvial bull trout reach sexual maturity in four
to 7 years (USFWS 2002). Both resident and migratory bull trout occupy reaches near their
intended spawning grounds prior to spawning and either form may give rise to offspring
exhibiting either resident or migratory behavior (Rieman and Mcintyre 1993). Generally,
spawning takes place between late August and early November. In the Walla Walla Basin,
most spawning has been observed from August through October upstream of Harris County
Park (rkm 95.5). Occasionally, migratory bull trout have been observed engaging in spawning
behavior in downstream reaches, but this occurrence is decidedly rare. In MC, most spawning
occurs upstream from the City of Walla Walla Intake Dam (rkm 44.2), but limited spawning has
been observed downstream of the dam. A strictly non-migratory population resides in Low
Creek, a headwater tributary to MC.

Juvenile rearing, foraging and growth

Optimal egg incubation temperatures are generally less than 8 °C and survival is optimal from 2
to 4°C (Goetz 1989; McPhail and Murray 1979). Depending on water temperature, the in-gravel
incubation and yolk-sac absorption period may span from 6 to 8 months (Parametrix 2005).
Juvenile bull trout are bottom dwellers and newly emerged bull trout fry may use shallow,
complex backwater areas of streams and occupy interstitial spaces in the streambed (Baxter
1995; Brown 1992). For approximately the first 1 to 3 years following hatching, juvenile bull
trout rear in or near their natal tributary (Bjornn 1991; Goetz 1989; Fraley and Shepard 1989).
Juvenile bull trout primarily feed on terrestrial and aquatic insects, macro-zooplankton,
amphipods, mysids and other zoobenthos (Parametrix 2005). There is likely a shift in prey
species composition as well as the quantity consumed that corresponds to the spatial and
temporal disposition and metabolic needs of a juvenile bull trout.

Fluvial adult upstream migration

Migratory adult bull trout return to ascend the WWR from overwintering in the lower WWR and
Columbia rivers beginning in March and continuing into July (Barrows et al. 2012b; Barrows et
al. 2014). Adult sized bull trout (fork lengths = 300 mm) evacuate lower basin areas and begin
to occupy upper basin reaches on the descending limb of the hydrograph (Mahoney 2003;
Mahoney et al. 2006; Barrows et al. 2012a, 2012h, 2014; Anglin 2008b; Koch in review) as
temperatures in lower and middle basin areas become less tolerable. Similar movement
patterns have been documented in other basins (Starcevich et al. 2012; Dupont et al. 2007;
Swanberg 1997; Schoby and Keeley 2011). Recently, multiple adult-sized bull trout have been
observed migrating upstream from middle and lower basin reaches in the WWR and entering
the NFWWR. After staying in the NFWWR (presumably foraging on abundant prey species)
from two to four weeks, they resumed migrating upstream to the headwater reaches of the
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SFWWR (Barrows et al. in review). Most of the fluvial adults reach near-spawning areas by July
and hold until triggered to spawn. In addition to migratory adult bull trout, there are also adult-
sized, nonspawning migratory bull trout in the Walla Walla Basin. These include fish that are 2
300 mm that migrate upstream from lower reaches, but oversummer short of the spawning
reaches. Bull trout exhibiting a similar migration and life-history pattern were observed in the
Blackfoot River Basin in Montana (Swanberg 1997).

Adult foraging and maintenance

Resident and migratory adult bull trout are primarily piscivorous, actively foraging predators
(Fraley and Shepard 1989; Schoby and Keeley 2011; Rieman and Mcintyre 1993). Although
foraging on fish where available, there is likely a shift in prey species composition as well as the
guantity consumed that corresponds to the spatial and temporal disposition and metabolic
needs of migratory adult bull trout as well as prey availability. For example, an analysis of bull
trout stomach samples by Schoby and Keeley (2011) revealed that samples from adult fish in
the mainstem Salmon River (Idaho) contained 74% fish prey items. In contrast, stomach
samples from adult bull trout in tributaries within the drainage were dominated by aquatic
invertebrates (87% of prey items). Both postspawning and nonspawning migratory adult bull
trout move from smaller tributaries and upper stream reaches into larger streams and downriver
reaches to overwinter and forage. Adult fish arrive at overwintering locations from September
through February. Adult bull trout overwinter in suitable habitat throughout the Walla Walla
Basin and were recently documented in the mainstem Columbia River (Barrows et al. 2012b,
2014). Fish are known to show a high degree of winter location fidelity, often returning to
previously occupied reaches in consecutive years (Mahoney 2003; Mahoney et al. 2006;
Starcevich et al. 2012). Bull trout overwinter in areas of upwelling groundwater and in deep
pools (Craig and Bruce 1982; Stuart and Chislett 1979; McPhail and Baxter 1996; Stewart et al.
1982) within a wintering range prior to the upstream spawning migration (Starcevich et al. 2012)
and generally remain within the reaches until water temperatures and flows begin to increase in
March.

Fluvial adult downstream migration

Following spawning, adult migratory bull trout move from smaller tributaries and upper stream
reaches into larger streams and downriver reaches to overwinter in areas of upwelling
groundwater and in deep pools (Craig and Bruce 1982; Stuart and Chislett 1979; McPhail and
Baxter 1996; Stewart et al. 1982). Although the timing varies among basins, most bull trout
begin their postspawning migration from September to November (Starcevich et al. 2012).
Postspawning adults in the Walla Walla Basin generally migrate rapidly downstream to
overwintering and foraging habitats (Starcevich et al. 2012; Anglin et al. 2008a, 2008b; Barrows
2012, 2014; Mahoney 2003) where there is presumably greater potential for growth, caloric
recuperation and gonad development (Gray 2005). An atypical movement pattern involving an
initial downstream migration and subsequent upstream migration into an adjacent tributary or
river to overwinter has been documented in other basins (Starcevich et al. 2012; Dupont et al.
2007). A similar pattern has been recently observed in the Walla Walla Basin, where
postspawning adults migrate from spawning reaches in the SFWWR to overwinter in the
NFWWR (Barrows et al. in review; Mahoney et al. 2006). Most downstream movement of adult-
sized migratory bull trout declines through the winter months and ceases in February (Anglin et
al. 2009a, 2009b, 2010; Barrows et al. 2012a, 2012b, 2014). In addition to postspawning bull
trout, there are also adult-sized, nonspawning migratory bull trout in the Walla Walla Basin.
These include fish that previously migrated upstream, but did not enter the spawning reaches.
Having not recently spawned, fish exhibiting this migration strategy may be utilizing downstream
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resources to maximize growth potential and to further mature as opposed to recuperating
following spawning.

Fluvial sub-adult downstream migration

After 2 to 3 years, fluvial sub-adult bull trout migrate downstream to mainstem river reaches
(Goetz 1989). In the Walla Walla Basin, migratory sub-adult bull trout (fork length < 300 mm)
initially begin migrating downstream from headwater spawning and juvenile rearing areas in the
spring (March) during high flows and as water temperatures begin to rise. Migratory sub-adult
bull trout tend to use deeper areas (runs and pools) containing unembedded boulder and cobble
substrate and large woody debris as they make incremental downriver movements to lower
basin areas (Muhlfeld and Marotz 2005). This downstream migration continues to occur on the
declining portions of the hydrograph throughout middle basin areas through July. Spring
migrant sub-adult bull trout have been detected moving into areas downstream of Burlingame
Dam (rkm 60.3). As irrigation diversions draw surface water to summer base flows and water
temperatures elevate, there is a short cessation of movement during peak summer months
before downstream migration resumes during fall and winter months to middle and lower basin
reaches of the WWR and into the mainstem Columbia River (Anglin et al. 2009a, 2009b, 2010;
Barrows et al. 2012b, 2014) where they occasionally disperse downstream far enough to
connect with other basins including the Umatilla River (Small et al. 2012; Barrows et al. 2014).
Most downstream movement of adult-sized migratory bull trout declines throughout late winter
and ceases in February (Anglin et al. 2009a, 2009b, 2010, 2010a; Barrows et al. 2012b, 2014).

Fluvial sub-adult upstream movement

The spatial distribution of temperatures within streams has long been recognized as a factor
influencing fish distribution (Ebersole et al. 2003). The longitudinal heating of instream water
along the river continuum can limit fish distribution or impact the ability of a fish to compete or
avoid predation. In the Walla Walla Basin, as water temperatures become less tolerable and
irrigation diversions draw surface water to summer base flows, sub-adult bull trout that had
recently migrated to middle and lower river reaches must seek refuge in deeper areas (e.g.,
pools) with adequate cover and groundwater influence or retreat back upstream to find more
tolerable habitat conditions upstream to oversummer. In MC, sub-adult bull trout that migrate to
reaches downstream of the Mill Creek Diversion Dam (rkm 20.1) and into YHC, have been
observed subsequently returning to upstream reaches. A similar downstream, then subsequent
upstream movement pattern has been documented in the WWR as well.

Fluvial sub-adult rearing, foraging and growth

After 2 to 3 years, fluvial sub-adult bull trout migrate downstream to mainstem river reaches
(Goetz 1989) to forage and grow to adulthood. This downstream movement allows access to
denser forage and alleviates potential intraspecific competition in rearing areas (Schlosser
1991). Sub-adult bull trout are opportunistic feeders, and shift their diet as they grow and
primarily prey upon terrestrial and aquatic invertebrates and small fish. As bull trout mature,
they tend to rely less on invertebrates and may prey more exclusively on fish (Parametrix 2005;
Pratt 1992). There is likely a shift in prey species composition as well as the quantity consumed
that corresponds to the spatial and temporal disposition and metabolic needs of sub-adult bull
trout.
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Modeling process

Identification of habitat variables

For this assessment, we chose the following eleven habitat variables: surface flow,
groundwater, water temperature, passage impediments, channel modification, riparian zone,
stream gradient, elevation, land use, geology and sinuosity.

Rating habitat variables

Each variable was assigned a numeric “rating factor” to reflect the quality of each habitat
variable within each reach during each month as related to each of the eight identified bull trout
life stages, strategies and actions.

Weighting habitat variables

We requested survey participation from 18 bull trout experts and received from six to eight
completed surveys per topic with which to create comparison matrices. Respondents included
primarily fish biologists, a hydrologist and one graduate student studying bull trout movements.
Experience ranged from approximately seven years to more than two decades. Derived
weighting factors for each habitat variable in relation to each of the eight bull trout life stages,
strategies or actions identified within the Walla Walla Basin are summarized in Table 3.17.
Hierarchal results from completed surveys are hereafter provided.

Adult spawning — Among the eight bull trout experts that responded to the survey, water
temperature was identified as the most influential variable in determining the quality of bull trout
spawning habitat. Surface flow was also highly weighted, as were ground water and passage
impediments. Riparian zone, stream gradient and elevation were identified as being moderately
influential and sinuosity, geology and land use were rated as only slightly influential. Channel
modification was weighted by bull trout experts as the least influential variable in determining
the quality of bull trout spawning habitat.

Juvenile rearing, foraging and growth — The eight bull trout experts that responded to the survey
identified water temperature as the most influential variable in determining the quality of juvenile
bull trout rearing, foraging and growth. Surface flow was also highly weighted, as was riparian
zone and groundwater. Sinuosity, passage impediments and elevation were identified as being
moderately influential and stream gradient, channel modification and land use were rated as
only slightly influential. Geology was weighted by bull trout experts as the least influential
variable in determining the quality of habitat for juvenile rearing, foraging and growth.

Fluvial adult upstream migration — Results from seven respondents heavily weighted surface
flow as the most influential variable in determining the quality of habitat for fluvial adult upstream
migration. Passage impediments, water temperature and channel modification were determined
to be highly influential as well. Ground water, land use, stream gradient and riparian zone were
believed to be less influential. Sinuosity, elevation and geology were rated as the least
important variables influencing the quality of aquatic habitat for fluvial adult upstream migration.

Adult foraging and maintenance — Survey results from six respondents weighted water

temperature as the most influential variable in determining the quality of adult bull trout foraging
and maintenance habitat. Surface flow was also weighted as highly influential. Riparian zone,
channel modification, passage impediments and ground water were only moderately influential,
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followed by land use, sinuosity, elevation and stream gradient. Geology was identified as the
least important variable influencing the quality of adult bull trout foraging and maintenance
habitat.

Fluvial adult downstream migration — Seven bull trout experts that responded identified surface
flow as the most influential variable in determining the quality of habitat for fluvial adult bull trout
downstream migration. In addition to surface flow, water temperature and passage
impediments were identified as very influential variables as well. Less influential variables
included: channel modification, riparian zone, groundwater, land use, elevation and stream
gradient. Sinuosity and geology were identified by bull trout experts as the variables that are
least important for fluvial bull trout downstream migration habitat.

Fluvial sub-adult downstream migration — Six bull trout experts that responded identified water
temperature as the most influential variable in determining the quality of habitat for fluvial sub-
adult bull trout downstream migration. In addition to water temperature, surface flow, passage
impediments and channel modification were identified as notably influential as well. Less
influential variables included: riparian zone, ground water, land use, stream gradient, and
elevation. Sinuosity and geology were identified by bull trout experts as the variables that are
least important for influencing the quality of habitat for fluvial sub-adult bull trout downstream
migration.

Fluvial sub-adult upstream migration — Results from seven respondents weighted surface flow,
water temperature and passage impediments as the most influential variables in determining the
quality of habitat for fluvial sub-adult upstream migration. Channel modification, ground water,
land use and riparian zone were believed to be less influential. Stream gradient, sinuosity,
elevation and geology were believed to be the least important variables influencing the quality of
aquatic habitat for fluvial sub-adult upstream migration.

Fluvial sub-adult rearing, foraging and growth — Among the seven survey respondents, water
temperature was identified as the most influential variable in determining the quality of fluvial
sub-adult bull trout rearing, foraging and growth. Surface flow was also highly weighted, as
were riparian zone and channel modification. Ground water, passage impediments and land
use were identified as being moderately influential and sinuosity, elevation and stream gradient
were believed to be less influential. Geology was weighted by bull trout experts as the least
influential variable in determining the quality of habitat for fluvial sub-adult rearing, foraging and
growth.

Habitat quality scores

Monthly habitat quality scores were calculated for each reach in relation to each bull trout life-
history stage, strategy or action. To achieve a more comprehensive assessment, monthly
habitat quality scores were calculated for each reach in relation to each life stage or strategy
regardless of known or estimated temporal or spatial occurrence or occupancy.

Spawning — Modeled scores indicate that good and high quality spawning habitat exists in the
upper basin portions of the SFWWR and MC during all months (Table 3.18). Bull trout, being
fall spawners, are known to spawn primarily from August through as late as November range-
wide. Despite this narrow timeframe, we characterized the quality of habitat throughout the
study area and during all months. Reaches SFWW1 and SFWW?2 scored high during
September through November, reaches SFWW1 — SFWW3 had good quality scores during
August and SFWW3 and WW4 received good scores for September and October (Figures 3.3,
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3.4, 3.5 and 3.6). Reach MC14 in MC scored as good during August through October and high
scores were calculated for both MC14 and MC15 during November. Reaches downstream of
WWS5 scored as low and poor quality for spawning (average HQS of 1.96) primarily from June
through October in the SFWW and WWR (Appendix D, Table D1). In MC, most reaches
downstream of MC15 scored as low and poor quality conditions (average HQS of 1.78) from
approximately May through November (Appendix D, Table D2).

Juvenile rearing, foraging and growth — Following hatching, juveniles rear in or near the
spawning grounds, therefore we expect juvenile bull trout to occur in reaches SFWW1 through
WW4 in the Walla Walla subbasin and reaches MC14 and MC15 in MC. Despite knowing the
likely distribution of juvenile bull trout in the SFWWR and MC, we characterized rearing habitat
for juvenile bull trout throughout the entire study area. Modeled scores indicate that high and
good quality habitat for pre-migratory, juvenile bull trout rearing, foraging and growth exists
within the aforementioned reaches during all months (Table 3.19). Reaches downstream of
WW?7 scored as low and poor quality conditions for juvenile rearing (average HQS of 2.18) from
approximately June through September in the SFWWR and WWR (Appendix D, Table D4). In
MC, most reaches downstream of MC16 scored as low and poor habitat quality conditions
(average HQS of 1.85) from approximately June through December (Appendix D, Table D5).
Figures 3.7, 3.8, 3.9 and 3.10 show the spatial distribution of habitat quality throughout the
study area during February, May, August and November respectively.

Fluvial adult upstream migration — Migratory adult bull trout (fork lengths = 300 mm) begin
moving upstream from overwintering in the mainstem Columbia River and lower reaches of the
WWR beginning in March. Upstream migration continues throughout the study area until most
adult fish reach headwater spawning areas by July. Localized movement may occur within or
near the spawning grounds prior to spawning from August through October as well. Modeled
scores indicate that good habitat quality for upstream migrating adult bull trout exists from
March through May in most reaches of the WWR and the SFWWR (Table 3.20). Habitat
conditions worsen to fair or low quality during June from reach WW?7 to reach WW12 and
generally become low and poor quality through the summer months with average HQS of 2.27
(Appendix D, Table D7). In MC, modeled scores indicate that good habitat conditions exist for
adult upstream movement in reaches MC14, MC15 and MC16 during most months. With the
exception of May, most reaches from MC17 to MC21 received low and poor quality scores
during most months. Yellowhawk Creek (YH22) received good habitat quality scores for
upstream migrating adult bull trout during all months. Figures 3.11, 3.12, 3.13 and 3.14 show
the spatial distribution of habitat quality throughout the study area during March, May, July and
September respectively. Habitat quality conditions within the study area for fluvial adult bull
trout upstream migration are further summarized in Appendix D.

Adult foraging and maintenance — For this assessment, adult bull trout are believed to be
foraging, growing and recuperating (following spawning) during all months. Modeled scores
indicate that habitat conditions are generally good throughout most reaches in the SFWWR and
the WWR from December through May (Table 3.21). Habitat quality scores are highest from
June through October in reaches SFWW1 through SFWW3. Scores indicate that fair, low and
poor quality habitat exists from reach WW?7 through WW213 from June to approximately
November. In MC, the highest HQSs for adult foraging and maintenance occur from April
through October in reach MC14. Reaches MC15 and MC16 received good HQSs during most
months. Primarily fair habitat quality conditions exist in reaches MC17 through MC21 from
January through April before deteriorating to low and poor quality from May through December.
Reaches downstream of WW6 scored as low and poor for adult foraging (average HQS of 2.22)
from approximately June through September in most SFWWR and WWR reaches (Appendix D,
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Table D10). In MC, many reaches downstream of MC16 scored as low and poor habitat quality
conditions (average HQS of 2.05) from approximately June through December (Appendix D,
Table D11). Adult bull trout foraging and maintenance HQSs are further summarized in
Appendix D. Figures 3.15, 3.16, 3.17 and 3.18 show the spatial distribution of habitat quality
throughout the study area during February, May, August and November respectively.

Fluvial adult downstream migration — Following spawning, adult migratory bull trout move from
smaller tributaries and upper stream reaches into larger streams and downriver reaches to
overwinter. This generally occurs from September through as late as February. During this
time period, scores for reaches SFWW1 through WW5 indicate either high or good quality
habitat for adult downstream migration during all relevant months (Table 3.22). In addition,
reaches WW6 through WW13 received high and good HQSs from December through February,
but conditions were of fair and low quality for adult downstream migration from September
through November. In MC, habitat in reaches MC14, MC15 and MC16 primarily scored as high
or good quality from September through February. Habitat quality for reaches MC17 through
MC20 was mostly fair from December through February, but low during October and November.
Reach MC21 was of either fair or good quality during the relevant months. Yellowhawk Creek
(YHC22) scored as good quality habitat for adult downstream migration during all months.
Reaches downstream of WW6 scored as low and poor quality conditions for fluvial adult
downstream migration (average HQS of 2.26) from approximately July through September in
the SFWWR and WWR and averaged 3.85 when conditions in reaches were fair to high quality
(Appendix D, Table D13). In MC, many reaches downstream from MC16 that scored as low
and poor habitat quality averaged 1.94 from primarily June through December (Appendix D,
Table D14). Figures 3.19, 3.20, 3.21 and 3.22 show the spatial distribution of habitat quality
throughout the study area during September, October, November and December respectively.

Fluvial sub-adult downstream migration — Fluvial sub-adult bull trout (fork length < 300 mm) in
the Walla Walla Basin generally migrate downstream during all months. Migratory sub-adults
begin moving downstream from spawning areas in the spring (March) during high flows and as
water temperatures begin to rise and make incremental downriver movements to lower basin
areas until approximately August. Downstream migration resumes during fall months through
February. The highest quality habitat for fluvial sub-adult bull trout migration exists primarily
within reaches SFWW1 through WW4 during all months (Table 3.23). Reach WWS5 scores
indicate good quality habitat during all months. Primarily good and high quality habitat exists in
reaches WW6 through WW13 from December through April but decrease to mainly fair and low
quality habitat from June through October. In MC, scores indicate that high quality habitat exists
within reach MC14 during all months and reach MC15 contains good quality habitat year-round.
Reach MC16 through MC21 scored as primarily good or fair quality habitat from December
through May but habitat quality declined to mainly low and poor from June through November.
Scores indicate that good quality habitat for downstream migrating sub-adult bull trout exists
during most months in reach YHC22. Figures 3.23, 3.24, 3.25 and 3.26 show the spatial
distribution of habitat quality throughout the study area during March, June, September and
December respectively. Habitat quality scores for sub-adult downstream migration are further
summarized in Appendix D.

Fluvial sub-adult upstream movement — As temperatures become less tolerable and
streamflows drop to summer base flows, sub-adult bull trout that had recently migrated to
middle and lower river reaches often retreat back upstream to escape intolerable conditions and
find suitable habitat to oversummer. Habitat quality for upstream sub-adult movement is
primarily good from reach WW6 to WW13 during May, but declines to fair scores in June and to
low and poor quality in July and August (Table 3.24). Model scores in reaches MC17 through
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MC21 indicate fair and good quality habitat in May, but decline to primarily low quality in June
and poor quality in July and August. Habitat quality for sub-adult upstream movement is good in
May and June and fair during July and August in reach YHC22. Figures 3.27, 3.28, 3.29 and
3.30 show the spatial distribution of habitat quality throughout the study area during May, June,
July and August respectively. Reaches in the SFWWR and the WWR that scored as low and
poor habitat quality conditions (average HQS of 2.22) for sub-adult upstream movement were
generally downstream of WW6 and from July to September and into October. Reaches in MC
that scored as low and poor habitat quality conditions (average HQS of 1.96) were downstream
of MC16 and conditions persist from approximately June through November in most of the
reaches (Appendix D, Table D20).

Fluvial sub-adult rearing, foraging and growth — After 2-3 years of rearing in headwater reaches,
fluvial sub-adult bull trout migrate to downstream reaches to access denser forage and utilize
habitat that is more metabolically favorable for growth. In the SFWWR and the WWR, model
scores indicate primarily good and high quality habitat for sub-adult rearing, foraging and growth
in reaches SFWW1 through WW4 during all months. Reaches WWS5 and WW6 received scores
ranging from fair to good during most months (Table 3.25). Habitat quality scores were either
good or fair in reaches WW7 through WW13 from December through June and declined to
mostly low and fair quality during July, August and September. In MC, reaches MC14 through
MC16 primarily scored as good quality habitat during most months. Reaches MC17 through
MC21 scored as low, poor or fair quality habitat from June through February. Reach YHC22
was either fair or good quality habitat during all months. Reaches in the SFWWR and the WWR
that scored as low and poor habitat quality conditions (average HQS of 2.24) for sub-adult
upstream movement were generally downstream of WW6 and persisted in some reaches from
July to November (Appendix D, Table D22).from July to September and into October. Reaches
in MC that scored as low and poor habitat quality conditions (average HQS of 2.03) were
downstream of MC16 from approximately June through February in some reaches. Figures
3.31, 3.32, 3.33 and 3.34 show the spatial distribution of habitat quality throughout the study
area during February, May, August and November, respectively.

Model evaluation

Bull trout occurrence

We summarized the spatial and temporal occurrence of the eight identified strategies and
actions exhibited by the various life stages of bull trout within the SFWWR and the WWR, as
well as MC and YHC. Occurrence periodicity within the study area is hereafter described.
Summary tables are provided in Appendix E.

Spawning

Bull trout commonly spawn in headwater reaches (SFWW1 and SFWW?2) of the SFWWR and in
reach MC14 in MC from August through October. Spawning occurs during 25% of the year and
occurrence is high in just 6% of the linear habitat available in both the SFWWR and MC
(Appendix E, Table E1). Bull trout also spawn less commonly within an additional 6% (reach
MC15) in MC, downstream of the City of Walla Walla Intake Dam. Although bull trout spawning
may be conceivable in additional downstream reaches throughout the study area from August
through October and into November, only on rare occasion has such spawning activity been
observed. Bull trout spawning does not occur from December through July. Table 3.26 is a
summary of bull trout spawning occurrence periodicity within the study area.

74



Juvenile rearing, foraging and growth

Juvenile bull trout rear at or near natal spawning areas during all months prior to downstream
migration as sub-adults. Juvenile bull trout commonly rear and forage in reaches SFWW1 and
SFWW2, occurrence is low within reach SFWW3 and their occurrence is conceivable but rarely
observed in downstream reaches (66% of the subbasin). In MC, juvenile fish commonly occur
in the upper 25% of the subbasin (reach MC14) and less commonly occur in reach MC15
(Appendix E, Table E2). Juvenile bull trout could conceivably occupy downstream reaches in
the lower 50% of the MC subbasin but have not been observed. Table 3.27 is a summary of
juvenile bull trout rearing, foraging and growth occurrence periodicity within the study area.

Fluvial adult upstream migration

Fluvial adult upstream migration could conceivably occur throughout the Walla Walla Basin from
March through October (60% of the year) without considering limiting factors and other
influences (Appendix E, Table E3). Fluvial adults are known to begin moving upstream in
March within lower basin reaches, becoming common in May before becoming less common
into June. Upstream movement within middle basin areas is common in May and June, and is
less common into July. Fluvial adults continue moving incrementally upstream into the
headwater areas from approximately June through September. Adult migratory bull trout are
rarely observed moving upstream from November through February. Upstream adult bull trout
movement is low in YHC and has only been observed from April through July. No MC bull trout
known to have moved into the WWR has returned to the MC subbasin via the YHC migration
corridor. A few adult bull trout have likely overwintered within YHC and have been subsequently
detected while moving back upstream to MC. Table 3.28 is a summary of monthly occurrence
periodicity within the study area for fluvial adult bull trout upstream migration.

Adult foraging and maintenance

Adult foraging and maintenance could conceivably occur throughout the Walla Walla Basin and
at all times of the year if no limiting factors were present. Under current habitat conditions,
adult-sized bull trout commonly forage within all study area reaches from November through
May (Appendix E, Table E4). Beginning in June and into July, fluvial adult occurrence becomes
increasingly less common within lower basin reaches. From July through September (30% of
the year), almost no bull trout occupy lower basin reaches downstream of reach WW9
(approximately 60 rkms) in the WWR and reach MC16 (approximately 20 rkms) in MC. Adult
bull trout are not known to occur in YHC during August and September. In the fall, adult-sized,
fluvial bull trout begin to occupy middle and lower basin reaches to overwinter, becoming more
common following October. Table 3.29 is a summary of monthly occurrence periodicity within
the study area for adult bull trout foraging and maintenance.

Fluvial adult downstream migration

Fluvial adult downstream migration could conceivably occur following spawning as early as
August, but is observed initiating in September and becomes increasingly common through
December in middle basin reaches and is commonly observed in lower basin reaches through
February. This pattern holds true in MC, but the occurrence of adult downstream migration is
relatively low during January and February. There is no notable occurrence of adult bull trout
downstream movement from March through July (Appendix E, Table E5). Table 3.30is a
summary of monthly occurrence periodicity within the study area for fluvial adult bull trout
downstream migration.
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Fluvial sub-adult downstream migration

Fluvial sub-adult downstream migration could conceivably occur during all months and within all
reaches if there were no limiting factors. Spring downstream migrants disperse from headwater
areas beginning in March and this movement pattern is common throughout the spring and
early summer months within most reaches. Spring outmigrant occurrence is low within reaches
WW10 and WW11, and there have been no observations of spring outmigrant bull trout in the
lower 31.3 linear km (reaches WW12 and WW13) of the WWR (Appendix E, Table E6). Sub-
adult downstream migration within middle and lower basin reaches recommences in the fall
months and continues to commonly occur through January and February in lower basin
reaches. Many sub-adults that initially migrated to middle basin reaches during the spring and
early summer resume their downstream trajectory to overwintering habitat once conditions allow
in the fall and winter months. Spring downstream migration does not occur downstream of
reach MC18 in August and September in the MC subbasin. Table 3.31 is a summary of monthly
occurrence periodicity within the study area for fluvial sub-adult bull trout downstream migration.

Fluvial sub-adult upstream migration

Larger, sub-adult bull trout, that had previously migrated to middle and lower basin reaches to
overwinter, migrate upstream during the spring and early summer months. This movement
pattern is similar to adult sized bull trout (= 300 mm fork length) but they generally do not
continue upstream to spawning reaches, indicating they are likely not yet mature. In addition to
the aforementioned movement pattern, smaller sub-adult bull trout that previously dispersed
downstream during spring and early summer months to middle and lower basin reaches often
move back upstream to more tolerable habitat as conditions progressively deteriorate
downstream of reach WW5 in the WWR and downstream of reach MC16 in MC. In the WWR,
fluvial sub-adult upstream movement occurs during up to 6 months and in as much as 62%
(linear distance) of the subbasin (Appendix E, Table E7). In MC and YHC, sub-adults are
known to migrate upstream from May to August. There is no notable upstream sub-adult bull
trout migration from approximately September through February in the Walla Walla Basin.
Table 3.32 is a summary of monthly occurrence periodicity within the study area for fluvial sub-
adult bull trout upstream migration.

Fluvial sub-adult rearing, foraging and growth

Fluvial sub-adult rearing and foraging could conceivably occur throughout the Walla Walla Basin
and at all times of the year if no limiting factors were present. Under current habitat conditions,
fluvial sub-adult bull trout commonly forage within all study reaches from November through
June and July in many reaches. Sub-adult bull trout become less common within reaches
starting in July and become scarce from August through September in reaches downstream of
WW9 in the WWR and MC17 in MC. Table 3.33 is a summary of monthly occurrence periodicity
within the study area for fluvial sub-adult rearing, foraging and growth.

Bull trout occurrence and model results comparison

We compared monthly habitat quality scores and bull trout occurrence within study reaches with
respect to each of the eight identified life stages, strategies and actions exhibited by Walla
Walla Basin bull trout during time periods when occurrence is conceivable. We found that mean
HQSs are usually higher when bull trout occurrence is high and lower when occurrence is low
for most life stages and strategies (Table 3.34). One exception was the inverse relationship
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between mean HQSs and the level of bull trout occurrence for fluvial sub-adult upstream
migration.

Low and poor habitat conditions may reduce bull trout survival and compromise migration and
connectivity between local populations. By characterizing instream habitat by reach and
identifying when and where low and poor quality habitat conditions interface with bull trout
occurrence within the Walla Walla Basin, we can provide managers with useful information to
inform future conservation actions or initiate additional studies that target the particular bull trout
life stage or strategy of concern. Habitat quality and occurrence for each bull trout life stage,
strategy or action are hereafter compared.

Spawning

Bull trout commonly spawn in headwater reaches (SFWW1 and SFWW?2) of the WWR during
August, September and October. Our model scored the quality of habitat within these reaches
as good quality in August, improving to high quality in September and October. Conditions
within these two reaches remained of high quality into November, but despite being
conceivable, bull trout in the Walla Walla Basin are not known to regularly spawn in November.
Only limited spawning activity has been observed downstream of SFWW2 despite HQSs that
indicate there may be good quality habitat conditions during the months when bull trout
generally spawn. Conditions within reaches SFWW3 and WW4 improve to high quality HQSs in
November, overlapping with conceivable spawning occurrence. Bull trout commonly spawn
during August, September and October in reach MC14 in MC, and during this period, HQSs
were good. Conditions improve to high quality in November, but spawning is considered rare or
only conceivable. Bull trout are known to spawn occasionally, and in low numbers just
downstream from the City of Walla Walla Intake Dam in reach MC15. Conditions within this
reach scored only as fair quality, but improved to high quality in November during a time period
when bull trout spawning is considered only conceivable. Monthly spawning occurrence within
the study area overlays HQSs in Table 3.35. Mean HQSs were higher for reaches and months
when bull trout spawning occurrence was high, lower when occurrence was low and lowest
when occurrence was conceivable but not observed in the SFWWR, the WWR and in MC
(Table 3.34 and Figure 3.35).

Juvenile rearing, foraging and growth

Juvenile bull trout commonly occur in reaches SFWW1 and SFWW?2 to rear, forage and grow.
The model scored these reaches as good and high quality during all months of the year.
Juveniles likely utilize reach SFWW3 and conceivably reach WW4 for foraging and rearing as
well. These two reaches scored as high quality for almost all months. The model scored reach
MC14 as high quality for the majority of the year, and scores indicate that habitat within reach
MC15, where juvenile occurrence is generally low, is of good quality during all months.
Conditions downstream of the aforementioned reaches deteriorate incrementally downstream,
especially during summer months. Table 3.36 compares monthly juvenile rearing, foraging and
growth habitat quality scores with juvenile bull trout occurrence for reaches within the study
area. Monthly juvenile rearing, foraging and growth occurrence within the study area overlays
HQSs in Table 3.35. Mean HQSs were slightly higher for reaches and months when juvenile
rearing, foraging and growth occurrence was high when compared to reaches where occurrence
was low. Scores were lowest when occurrence was conceivable but not observed in the
SFWWR, WWR and in MC (Table 3.34 and Figure 3.36).
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Fluvial adult upstream migration

Fluvial adult upstream migration could conceivably occur throughout the Walla Walla Basin from
March through October. Upstream adult migration commonly occurs from May to June in lower
basin reaches, May to July in middle basin areas and primarily July through September in upper
basin reaches. There is a low occurrence of upstream migration within lower basin reaches in
March and April. In both the WWR and in MC, our model scores lower and middle basin
reaches as primarily fair and good quality in May. This coincides with peak adult upstream
migration through these areas. The HQSs for many middle and lower basin reaches decline to
fair and low quality in June, indicating that many adult upstream migrating bull trout are likely
exposed to unfavorable habitat conditions within these reaches. In July, HQSs indicate that
conditions further deteriorate to low and poor quality within these reaches, likely limiting or
otherwise negatively influencing bull trout migration. These conditions coincide with a low level
of adult upstream movement. Model scores indicate that habitat conditions remain of primarily
high and good quality for upstream movement throughout the year upstream from reach WW6
in the WWR and upstream from reach MC17 in MC. Conditions for migration within YHC
remain of good quality throughout the year, but very few (if any) adult bull trout migrate
upstream through the YHC migration corridor to return to MC following overwintering in the
WWR. Monthly occurrence for fluvial adult upstream migration within the study area overlays
HQSs in Table 3.35. Mean HQSs were highest for reaches and months when occurrence for
fluvial adult bull trout upstream migration was high, lower when occurrence was low and lowest
when occurrence was conceivable but not observed in the SFWWR, the WWR and in MC
(Table 3.34 and Figure 3.37). There was no notable difference in mean HQSs between
occurrence levels in YHC.

Adult foraging and maintenance

Adult foraging and maintenance could conceivably occur, during all months and in all reaches
within the study area. Adult bull trout forage concurrently with other life stages and actions
(e.g., overwintering, migration). Habitat conditions, according to HQSs, are generally conducive
to adult foraging within most reaches of the WWR from December through June. Scores
indicate primarily low and fair quality conditions from WW7 downstream from July through
approximately October and into November in some reaches. With the onset of low quality
habitat conditions, adult bull trout occurrence within the particular reaches declines to low and
non-existent, especially in July, August and September. Scores indicate that primarily good and
high quality instream habitat conditions for adult foraging and maintenance exist in MC during all
months upstream from reach MC17. Model scores for reaches within the Mill Creek Flood
Control Project (MC17 - MC20) indicate primarily fair and low quality habitat during most months
and poor quality during July, August and September. Adult fluvial bull trout are largely void from
this reach during these months. During the months and in reaches at the interface between bull
trout occurrence and the onset or of low and poor quality conditions, adult bull trout may
experience detrimental foraging habitat conditions. Monthly occurrence for adult foraging and
maintenance within the study area overlays HQSs in Table 3.35. Mean HQSs were highest for
reaches and months when occurrence for adult bull trout foraging and maintenance was high,
lower when occurrence was low and lowest when occurrence was conceivable but not observed
in the SFWWR, WWR and in MC (Table 3.34 and Figure 3.38). The same pattern occurred in
YHC except that mean HQSs were slightly higher in months with no occurrence than in low
occurrence months.
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Fluvial adult downstream migration

Fluvial adult downstream migration could conceivably occur following spawning as early as
August, but is observed initiating in September and becomes increasingly common through
December in middle basin reaches and is commonly observed in lower basin reaches through
February. This pattern holds true in MC, but adult downstream migration occurrence is
relatively low during January and February. Model scores indicate that habitat conditions for
adult downstream migration are primarily high and good quality upstream from the Little Walla
Walla Diversion in reach WW6 during the migration season. During September and October,
bull trout that are migrating downstream encounter low quality conditions downstream of reach
WW?7 until HQSs indicate habitat conditions improve throughout the WWR from November
through February. In MC, HQSs indicate that downstream migrating adult bull trout likely
encounter low habitat quality conditions in reach MC17 in September. Although conceivable, no
adult migration is observed downstream in reaches MC18, MC19 and MC20 during September
largely due to a lack of instream flow due to the Yellowhawk Creek Diversion (rkm 20). In most
years, bull trout likely occur downstream of MC17 during October and November when
conditions are of low quality. At no point during the migration season do HQSs within the Mill
Creek Flood Control Project indicate better than fair quality habitat. Monthly occurrence for
fluvial adult downstream migration within the study area overlays HQSs in Table 3.35. In the
SFWWR, the WWR and in MC, mean HQSs were slightly higher for reaches and months when
occurrence for fluvial adult bull trout downstream migration was low than when occurrence was
high. Mean HQSs were notably higher when adult downstream migration occurs compared to
when occurrence was conceivable but not observed (Table 3.34 and Figure 3.39). In YHC,
mean HQSs were slightly higher during months when occurrence was high than when
occurrence was low and was the lowest when there was no occurrence.

Fluvial sub-adult downstream migration

Fluvial sub-adult downstream migration could conceivably occur during all months and within all
reaches if there were no limiting factors. Spring outmigrant bull trout disperse from headwater
areas beginning in March. This movement pattern is common throughout the spring and early
summer months within most reaches. Spring outmigrant occurrence is lower within reaches
WW10 and WW11, and there have been no observations of spring outmigrant bull trout in
reaches WW12 and WW13. Low quality habitat conditions develop in reach WW?7 during June
and in all reaches downstream in July. Concurrent to the onset of unfavorable habitat
conditions in the lower river, the occurrence of downstream sub-adult migration trends toward
low and nonexistent in the lower river reaches from July through September. As habitat
conditions improve in the middle and lower basin reaches in October, occurrence becomes
more common. Downstream sub-adult migration remains common from November through
February. Our model scores habitat quality for downstream migration as primarily good
throughout this timeframe. The same pattern generally holds true for downstream sub-adult
migration through reaches in MC (Table 3.40). In the SFWWR, the WWR and in MC, mean
HQSs were higher for reaches and months when occurrence for fluvial sub-adult bull trout
downstream migration was high, lower when occurrence was low and was the lowest when
occurrence was conceivable but not observed (Table 3.34 and Figure 3.40). In YHC, mean
HQSs were slightly higher during months when occurrence was high than when occurrence was
low and was the lowest when there was no occurrence.
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Fluvial sub-adult upstream migration

Larger, sub-adult bull trout, that had previously migrated to middle and lower basin reaches to
overwinter, migrate upstream during the spring and early summer months along with adult-sized
bull trout (= 300 mm fork length) but they generally do not continue upstream to spawning
reaches, indicating they are likely not yet mature. This movement pattern begins in March and
April and commonly occurs in May and June before conditions in the middle and lower basin
reaches deteriorate to low and poor quality in July. In addition to the aforementioned movement
pattern, smaller sub-adult bull trout that previously dispersed downstream during spring and
early summer months to middle and lower basin reaches often move back upstream to more
tolerable habitat as conditions progressively deteriorate downstream of reach WWS5 in the WWR
and downstream of reach MC16 in MC. At the onset of low and poor quality habitat conditions
in middle and lower basin reaches, upstream movement of spring migrant bull trout begins.
Occurrence of this movement pattern becomes common in July and August as the habitat
quality declines (Table 3.41). Upstream movement becomes less common in lower river
reaches during August and is largely nonexistent in September. A similar downstream, then
subsequent upstream movement pattern of sub-adult bull trout is apparent in MC at the onset of
low and poor quality habitat conditions (Table 3.41). Unlike the other seven bull trout life stages
and strategies, the relationship between mean HQSs and level of occurrence is distinctly
inverse. Mean HQSs were highest when sub-adult upstream migration is conceivable but does
not regularly occur (Table 3.34). Mean HQSs were lowest in reaches and months when the
occurrence of sub-adult upstream migration was high in the SFWWR and WWR as well as MC
and YHC (Figure 3.41).

Fluvial sub-adult rearing, foraging and growth

Fluvial sub-adult rearing and foraging could conceivably occur throughout the Basin and at all
times of the year if no limiting factors were present. Our model indicates that habitat throughout
the SFWWR and the WWR is primarily good or high quality for fluvial sub-adult bull trout rearing
and foraging upstream of reach WW6 during all months, and fair or good quality from November
through June. Fluvial sub-adult bull trout are uncommon or are absent from reaches
downstream of WW8 during July, August and September when HQSs indicate primarily low
quality habitat for foraging and rearing. In MC, sub-adult bull trout are uncommon or are absent
from reaches downstream of MC17 from August through October when HQSs indicate primarily
low quality habitat for foraging and rearing. Sub-adults that are rearing in MC downstream from
reach MC17 are exposed to low and poor quality habitat conditions during most months of the
year, with the exception of March through May when HQSs indicate fair habitat quality. In YHC
(reach YHC22) our model scores sub-adult rearing and foraging habitat conditions as fair and
good during all months. Table 3.42 compares monthly HQSs for fluvial sub-adult rearing,
foraging and growth with occurrence for reaches throughout the study area. Mean HQSs were
highest for reaches and months when occurrence for sub-adult bull trout foraging and
maintenance was high, lower when occurrence was low and lowest when occurrence was
conceivable but not observed in the SFWWR, the WWR and in MC. This same pattern was not
apparent in YHC (Table 3.34 and Figure 3.42).

Discussion

Our goal was to develop a relatively simple, adaptable, fundamentally straightforward and
transferrable approach to assessing aquatic habitat quality at the reach scale. To accomplish
this goal, we chose to incorporate habitat variables that are largely temporally and spatially
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static (e.g., channel modification) in addition to dynamic variables (e.qg., surface flow) to more
effectively characterize habitat quality as it changes throughout the year. Proxy variables (e.g.,
elevation, land use) were also incorporated to generally represent numerous, but not well
guantified, factors that are commonly considered to influence the quality of habitat for bull trout
(e.g., angling pressure, predation, pollution). Approaches to model development often vary and
may or may not use existing presence/absence data. Because we intended to temporally and
spatially characterize the quality and summarize the quantity of available bull trout habitat for
each life stage and strategy, we elected not to allow known occurrence data to influence model
results. Instead, we used the bull trout occurrence data to help evaluate, discuss and inform
model results. Although specific bull trout habitat suitability data exists for portions of the Walla
Walla Basin, we chose to rate the quality of habitat variables within each reach using criteria
developed from a range of findings and observations from past bull trout studies and recent field
and laboratory investigations along with professional judgment and widely accepted biological
benchmarks. We felt this approach could increase the applicability of this model to assess
habitat for bull trout in other basins or river systems.

Temperature is widely believed to be the variable that most significantly influences bull trout
occurrence and the quality of habitat with respect to the multiple life stages, strategies and
actions. However, this does not mean that other variables are not important. To try to account
for this, many models use occurrence data and metrics most often associated with bull trout
presence at the micro-scale to determine importance. In these models, the assumption is made
that bull trout occur in the most suitable habitat. In addition, the habitat metrics or combination
of metrics most often associated with bull trout occurrence are often assumed to be the most
influential. Models at larger spatial and temporal scales or with numerous variables often
cannot rely on empirically collected datasets to assign a level of importance to each variable.
We employed an analytic hierarchy process, adapted from Saaty (2008) that relies on the
professional judgments of experts to make pair-wise comparisons to derive priority scales.
Experienced bull trout biologists used professional judgment to complete primary questionnaires
to approximate the importance of each habitat variable relative to one another with respect to
each of the 8 identified life-history stages, strategies and actions. A consensus (mean) of the
resulting answers to survey questions was used to populate a comparison matrix and weighting
factors were derived.

There are some obvious limitations to our bull trout habitat quality assessment. First, we only
characterize current bull trout habitat conditions by month and at the reach scale. We do not
describe habitat conditions in relation to an estimate of historical conditions or try to predict
future conditions (e.g., following habitat restoration or changes in climate). Second, dynamic
variables (i.e., temperature and surface flow) were averaged monthly and over multiple years to
obtain a single representative value to be rated for each reach and during each month. This
does not allow for short term variation within months or between years to be expressed. We
chose the aforementioned scales based upon available data and the goal of the assessment.
The adaptability of this model allows for the spatial and temporal scales to be adjusted as long
as input data are available at the desired scale. Third, some of the selected habitat variables
are related or influenced by each other (e.g., surface flow and passage impediments). This
could conceivably weight certain types of habitat variables higher than others that are less
related. It should be noted that very few variables in a riverine environment are truly
independent of one another. Another limitation to our bull trout habitat quality assessment is
that extremely limiting factors such as impassable obstructions (e.g., waterfalls or dams without
fish passage) and their profound effect on upstream migration may not be correspondingly
realized in the HQS for a given reach. For example, this assessment weights passage
impediments as approximately 19% of the total HQS for adult upstream migration. If an
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impassable barrier exists within the reach, the low score for passage impediment variable will
undoubtedly reduce the total HQS, but it may not be apparent from the score alone that the
reach is completely impassable.

Habitat variation exists at a variety of spatial and temporal scales, requiring habitat quality to be
assessed at multiple scales as well. Therefore, the output from this model should be used as a
“first cut” tool when determining potential sites for habitat restoration or the implementation of
future management actions to work toward bull trout recovery. A narrative discussion of model
results and bull trout occurrence in relation to each bull trout life-history stage, strategy and
action for the SFWWR, WWR, MC and YHC is hereafter provided.

Bull trout spawning habitat

Both the MC and SFWWR local populations include migratory and resident individuals. Despite
dissimilarities in physical stature and likely divergent habitat requirements at the micro-scale,
reach-scale habitat requirements are similar. Suitable bull trout spawning habitat within the
Walla Walla Basin predominantly occurs in headwater river reaches and tributaries. Migratory
fish utilize more productive waters downstream where growth rates are greater, and as a result,
they become larger and more fecund (e.g., more and larger eggs) than residents. Bull trout
generally reach maturity between four and seven years (Fraley and Shepard 1989). Spawning
initiates during falling temperatures in the fall and has primarily been observed in the Walla
Walla Basin from August through October. Approximately 22% of the linear distance within
study area (3 of the 22 reaches) is commonly utilized by bull trout for spawning during only 25%
of the year (Appedix D, Table D2). Spawning occurrence is low in an additional 7% (14.4 rkm)
of the study area (reach MC15). Almost all documented bull trout spawning activity within the
SFWWR subbasin has been observed within the mainstem SFWWR or tributaries (e.g., Reser
and Skiphorton creeks) upstream from the Harris County Park Bridge (rkm 95.5). Spawning in
the MC subbasin predominately occurs in the mainstem and select tributaries (e.g., Low Creek)
upstream of the City of Walla Walla Intake Dam (rkm 44.2).

Water temperature and surface flow heavily influenced the spawning HQSs derived by our
model. Water temperature was the most influential (WF 0.26) and the quality of surface flow
within each reach had a WF of 0.22. Variables that also notably influenced spawning HQSs,
albeit to a lesser extent, were groundwater, passage impediments and riparian zone, and had
WF’'s of 0.11, 0.11 and 0.08 respectively. The other six variables each influenced HQSs
considerably less (WF’s of less than 0.05). Habitat quality scores predicted by the model
indicate that reaches with primarily high and good quality spawning habitat coincide with
reaches where and when bull trout spawning commonly occurs (SFWW1, SFWW2 and MC14)
within the study area. In reaches where spawning is less commonly observed (MC15), HQSs
indicate only fair habitat quality conditions. Model scores indicate that spawning habitat
conditions conducive to spawning may occur in downstream reaches (SFWW3, WW4) or
develop during November (SFWW1 — WW5 and MC14 — MC15), but spawning activity is likely
limited due to biological timing and a suite of micro-scale habitat requirements (e.g., substrate
composition), among other factors. Redd counts tend to be much higher in the headwaters of
the SFWWR than in MC. This is likely due to many factors, but HQSs were generally higher in
known SFWWR spawning reaches than in MC when most bull trout spawn (August — October).
This may indicate a more favorable synergy between higher quality habitat conditions and
biological timing in the SFWWR when compared to MC. Very limited bull trout spawning activity
has been observed in lower reaches (e.g., WWS5), and is believed to be rare. In addition,
suspected, but unverified bull trout redds have been observed in the NFWWR, tributary to the
WWR.
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The near-pristine, largely undisturbed disposition of riparian habitat within the abovementioned
spawning reaches, combined with adequate surface flows and groundwater influence,
contribute to the apparent resilience of the bull trout populations within this core area against
downstream impacts including, but not limited to: channel modifications, over-appropriation of
surface flows and elevated predation and land use. Despite the lack of anthropogenic
influences, spawning grounds within MC and the SFWWR subbasins are not free from limiting
factors. The relatively low channel complexity and frequent high flow events may combine to
scour redds and otherwise adversely impact egg to fry survival and displace juvenile bull trout to
less favorable downstream habitats (Figure 3.43). Although the presence of sizeable log jams
within reaches SFWW1 and SFWW?2 (Figure 3.44) likely has little direct effect on bull trout
spawning, they may inhibit migratory adults from accessing suitable upstream habitat. Similarly,
the City of Walla Walla Intake Dam at the downstream end of reach MC14 may delay, or
otherwise influence bull trout access to upstream spawning areas (Figure 3.45).

Temporal and spatial assessments and descriptions of bull trout spawning habitat at the reach-
scale are important tools for informing and crafting management actions and strategies critical
for the recovery of the species, especially in areas lacking robust, empirical datasets. Results
from reach-scale assessment models could be used in conjunction or “stepped down” by using
predictive, micro-scale spawning habitat models to assess specific details or quantify spawning
habitat within reaches. Gallion et al. (in review) describes the development of such models for
both resident and migratory bull trout redd sizes. Although these models have been developed
in the Walla Walla Basin, if transferrable, both the reach-scale and micro-scale models could be
used to identify in-basin areas or habitat in other basins to focus restoration efforts or assess
production potential.

Juvenile rearing, foraging and growth

Following spawning, bull trout egg incubation generally occurs in temperatures less than 8°C
and survival is optimal from 2 to 4°C (Goetz 1989; McPhail and Murray 1979). Depending on
water temperature, the in-gravel incubation and yolk-sac absorption period may span from 6 to
8 months (Parametrix 2005). Juvenile bull trout are bottom dwellers and newly emerged bull
trout fry may use shallow, complex backwater areas of streams (Figure 3.46) and occupy
interstitial spaces in the streambed (Baxter 1995; Brown 1992). For approximately the first 1 to
3 years following hatching, bull trout juveniles rear in or near their natal tributary (Bjornn 1991;
Goetz 1989; Fraley and Shepard 1989) until the migratory component of the population
migrates downstream to forage and grow to adulthood. Within the study area, juvenile bull trout
are known to commonly rear and forage within reaches SFWW1 and SFWW?2 in the SFWWR
and occurrence is likely low within reach SFWW3. In MC, juveniles commonly rear and forage
within reach MC14 and occurrence is likely low in reach MC15. Juvenile bull trout could
conceivably occupy habitat near wherever successful spawning may occur or where high flow
events have displaced them downstream.

As with spawning, water temperature was the variable believed to most influence the quality of
juvenile bull trout rearing and foraging habitat (WF 0.29). Groundwater inputs generally
moderate water temperatures in the winter and contribute to keeping water cooler during the
summer months. Most headwater reaches received only fair temperature ratings during winter
months because colder water is less conducive to the growth and metabolic needs of juvenile
bull trout. Higher quality ratings for most other notably influential habitat variables including
surface flow, riparian zone and groundwater (WF’s of 0.21, 0.14 and 0.08 respectively)
contributed to good and high quality HQSs for all months and reaches where juvenile bull trout
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rearing occurrence is high and low in both MC and the WWR subbasin. Low and poor quality
habitat conditions for juvenile bull trout rearing develop from approximately June through
September in approximately 55% of the SFWWR/WWR subbasin downstream of reach WW?7.
In MC, low and poor quality conditions are prevalent following June downstream of reach MC16
(34% of the subbasin). Model scores indicate that riverine habitat conditions may seasonally
become conducive to juvenile bull trout rearing, foraging and growth in downstream reaches
(e.g., December to May). Because we define juvenile bull trout as small, non-adult and pre-
migratory fish that occur in or immediately downstream of natal areas, most juvenile bull trout
are not exposed to low or poor rearing and foraging conditions within the study area.

Fluvial adult upstream migration

Migratory adult bull trout (FL = 300) overwinter in portions of the SFWWR, the WWR (Anglin et
al. 2010, 2009a, 2008b) and use of the mainstem Columbia River during winter months has also
been confirmed (Barrows et al. 2012b, 2014). In addition, fluvial adult bull trout use habitat in
the NFWWR to overwinter (Barrows et al. in review; Mahoney et al. 2006). After overwintering
throughout the study area, adult bull trout in lower basin reaches begin migrating upstream in
March, peaking in May before ceasing in June. Upstream migration occurs in middle basin
reaches from May through July and in upper basin reaches primarily from June through
September. Habitat quality scores for fluvial adult upstream migration are heavily influenced by
the quality of surface flow (WF 0.28) as well as passage impediments (WF 0.19), water
temperature (WF 0.18) and channel modification (WF 0.11). The other seven habitat variables
influence HQSs to a lesser extent (WF < 0.05). Although conceivable during 8 months of the
year, fluvial adult upstream migration is spatially successional, occurring in most reaches
between four and seven months, 33 — 58% of the year respectively.

Adult bull trout return to the lower WWR from overwintering in the mainstem Columbia River
beginning in March. Despite backwater influence from the Columbia River (Figure 3.47), close
proximity to avian predators (cormorant and pelican colonies), low channel complexity, and a
lack of canopy trees within the riparian zone (Figure 3.48), HQSs in reaches WW13 and WW12
indicate good quality habitat for adult upstream migration from March through May. Scores
decline from fair quality in June to low quality during July coinciding with a lack of adult
upstream migration.

Habitat quality conditions within reaches WW11 and WW10 follow a similar pattern in that good
HQSs prevail until May. The Garden City- Old Lowden #2 Diversion (Figure 3.49) within reach
WW11 and the Burlingame Diversion Dam (Figure 3.50) in reach WW10 may affect upstream
bull trout migration, and seasonally divert surface flows contributing to only fair HQSs in June
and poor — low scores for July. Poor and low HQSs persist through August before improving
slightly in September, but no adult upstream movement is observed during this time period in
these reaches.

Adult bull trout commonly migrate through reaches WW9 and WW8 during May when HQSs
indicate good habitat conditions. Increased sinuosity, relatively intact riparian canopy,
groundwater inputs and only moderate channel maodifications contribute to favorable habitat
quality conditions within these reaches. Migration is common into June, but conditions decline
to fair quality, due primarily to the onset of the irrigation season where depleted surface flows
and associated elevated water temperatures affect HQSs. Habitat quality scores indicate that
conditions deteriorate to low and poor quality during July when bull trout migration through these
reaches is a less common occurrence. Severely reduced seasonal surface flows within reach
WWS8 create numerous barriers at hydraulic controls (e.g., riffles) and likely inhibit bull trout
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upstream movement (Figure 3.51). The HQS for reach WW9 is slightly higher during summer
months than WW8 because diverted MC water via YHC and return flow from the Little Walla
Walla River increase surface flow in this portion of the WWR, slightly enhancing habitat quality
for upstream migration.

The Nursery Bridge Dam (rkm 73.1) is the upstream bound of reach WW?7 (Figure 3.46). In
combination with downstream levees, it provides flood control for the City of Milton-Freewater,
OR and the surrounding agricultural land. This dam consists of two permanent concrete gravity
dams with a 70 foot stilling basin between them that dissipates hydrologic energy and has two
fish ladders. The habitat within this highly modified reach is similar to the adjacent, upstream
segment, but is differentiated by more intensive vegetation management on and along its
control structures. In addition, the stream channel between the two levees in this reach is much
larger (i.e., wider), and the highly degraded aquatic habitat is almost entirely unshaded (Figure
3.53). Seepage runs indicate that this reach is a losing reach and at times, more than half of
the bypassed surface water becomes subsurface prior to reaching the end of the reach (Bower
2007). Due largely to the abovementioned attributes, HQSs indicate no better than fair habitat
quality for fluvial adult bull trout upstream migration during any given month. When migration
through this reach is common, the May HQS indicates fair habitat conditions, but scores
deteriorate to low quality in June due primarily to depleted surface flows associated with
upstream irrigation withdrawals for approximately 50% of the year. Despite seasonally depleted
surface flows, elevated water temperatures and extensive channel modification, reach WW7
generally lacks the passage impediments (e.g., low flow barriers) that would further reduce
HQSs within this reach if present.

The Little Walla Walla Diversion (Figure 3.54) marks the upstream boundary of reach WW6 and
is the largest, single irrigation diversion of the WWR. This reach is similar to reach WW?7 in that
flood control levees line both banks, but it is differentiated by less intensive vegetation
management on and along its control structures and the stream channel is narrower. Water
temperatures, although elevated during summer months, remain more tolerable to bull trout,
and in general, bypassed surface flow during the irrigation season is greater than in the
adjacent downstream reach. The abovementioned attributes contribute to good and fair quality
HQSs for fluvial adult upstream migration during all months with the exception of July where the
HQS indicates low habitat quality.

Upstream movement of fluvial adult bull trout through reaches WW5, WW4 and SFWW3
commonly occurs from approximately May through August. Habitat quality scores for these
reaches indicate that good and high quality habitat for migration corresponds with this time
period. Cooler water temperatures, less diverted surface flows and a lower level of channel
modification profoundly influence the quality of habitat within these reaches. Adult bull trout
migrate into and through reaches SFWW2 and SFWW1 primarily from July through September.
Habitat quality scores show good quality habitat for upstream migration exists within the
reaches during all months. Scores for reaches SFWW2 and SFWW1 are slightly less than
SFWWa3 scores due primarily to the existence of log jams within both reaches that likely hinder
upstream movement (Figure 3.55).

After overwintering in the WWR, some bull trout, destined for the headwaters of MC, enter reach
MC21 at its confluence with the WWR (rkm 54.8). In this portion of MC, movement begins in
approximately April when the HQS for this reach indicates fair migratory conditions. Habitat
guality increases briefly in May when movement through this reach is more common before
dropping back to fair conditions during June. With the onset of summer, elevated water
temperatures and severely low flow conditions decrease habitat quality and HQSs remain low
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throughout the summer months. Most surface flow during summer months is shunted to the
YHC distributary, effectively depleting lower MC of flows conducive to upstream movement of
adult bull trout. The transition from reach MC21 to MC20 (rkm 12.0) is marked by a flume-type
fish ladder at the Gose Street Bridge (Figure 3.56). Currently, bull trout passage at this site has
not been evaluated. Upstream from the ladder is a series of 145 stabilization sills (91 sheet pile
and 54 concrete capped) that are spaced 21.3 m apart and are approximately 21.3 m long
(Burns et al. 2009). These sills dissipate energy during high flows (Figure 3.57). Pools have
been scoured out downstream from each of the weirs providing limited, unnatural habitat.
Despite extensive channel modification, habitat conditions are fair during May when adult bull
trout movement through this reach is most likely to occur. As summer streamflow drops to base
levels, HQSs drop to low quality in June and poor for the remainder of the summer months,
severely restricting movement through this section, and fish may be confined to areas where
temperatures may become lethal and exposure to predation will likely be increased.

In reach MC19, upstream migrating bull trout encounter a 3.2 km concrete flume (Figure 3.58),
which is an open channel with a low flow trench down the center that varies from 2.7 to 4.6 m
wide and is approximately 0.5 m deep (Burns et al. 2009). Some portions of the channel are
split while others remain a single flume. Some sections of the flume run underground and
remain completely dark. Regardless of flume geometry and channel type, the flume likely
impedes bull trout movement since the relative uniformity of the flume results in very low
channel complexity and velocities (Burns et al. 2009), holding water is lacking, no substrate or
functional floodplain exists, no hyporheic interaction can occur, and there is very limited riparian
canopy. As MC reaches base summer flows, almost all surface flow is diverted down YHC,
largely dewatering this reach. Habitat quality scores reflect the degraded habitat conditions and
are of low and poor quality during months (with the exception of May) when adult upstream
migration could conceivably occur (March through October). Habitat within this reach scored as
fair quality for May, coinciding with peak bull trout movement through this portion of MC.

The Mill Creek Division Dam (rkm 18.5) marks the upstream boundary of reach MC18 (Figure
3.53). As MC reaches base summer flows, at this location, almost all surface flow is diverted to
YHC, largely dewatering the reach. There are 77 concrete capped gabian style sills in this
reach that are spaced from 21.3 to 62.5 m apart with lengths that vary from 21.3 to 167.6 m
(Burns et al. 2009). The channel widens the wetted width, limits fish movement, affects water
temperatures and likely exposes bull trout to increased predation (Figure 3.60). Migrating fluvial
adult bull trout occurrence is low beginning in April, but is more common during May and June.
Habitat Quality Scores indicate fair migration conditions from March through May before
declining to low in June and poor throughout the rest of the summer months. Once habitat
conditions for upstream movement drop below fair quality conditions, the ability of adult bull
trout to move upstream through this reach to connect with more hospitable habitat is likely
compromised and may result in lower survival.

Within reach MC17, there are 80 concrete stabilization sills spaced approximately 18 m apart to
dissipate energy during high flows (Figure 3.61). Pools have been scoured out downstream
from each of the concrete weirs providing limited holding habitat. The sills are approximately 30
m wide, spreading the water evenly across the sills, likely impeding fish passage during lower
streamflows and increasing exposure to mammalian and avian predators. This reach is
upstream from where MC flows are shunted to YHC, but the lack of channel complexity, large
water surface exposure and functionally absent riparian canopy contribute to seasonally
elevated stream temperatures. Relatively good surface flows in this reach (when compared to
the adjacent downstream reach) contribute to fair and good quality HQSs from April through
June when migratory bull trout commonly move through this reach before declining to low
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quality during July, August and September. The Mill Creek Diversion Dam (rkm 20.1) is the
upstream bound of this reach (Figure 3.62). PIT detection data demonstrates that upstream
migrating bull trout (and other salmonids) are often delayed at this facility and unsuccessfully
attempt to ascend the low flow outlet until they find the fish ladder (Koch in review). The
entrance location and general design of the fish ladder may be detrimental to migrating
salmonids (Figure 3.63). The drop from high occurrence of adult upstream movement in June
to low occurrence in July coincides not only with declining HQSs within this reach, but with very
poor quality HQSs in downstream reaches. This represents a circumstance where our model
results can be used to spatially and temporally identify a potential habitat concern with regards
to a particular bull trout life stage that may warrant further investigation.

Upstream from the Mill Creek Diversion Dam, MC remains in a less modified, more natural state
than downstream reaches. Habitat quality scores indicate that primarily good habitat conditions
for fluvial upstream migrating bull trout exists during most months for reaches MC16, MC15 and
MC14. This can largely be attributed to only moderate channel modification, greater sinuosity
and channel complexity, relatively intactness of riparian areas, higher surface flow, cooler water
temperatures and fewer passage impediments. Migratory bull trout commonly enter the upper
watershed (reach MC14), where most of the spawning in MC occurs, during June through
August, but upstream movement is observed less commonly through September. To move
upstream into this reach, adult bull trout must pass the City of Walla Walla Intake Dam via fish
ladder (Figure 3.64).

Adult foraging and maintenance

Resident and migratory adult bull trout are primarily piscivorous, actively foraging predators
(Fraley and Shepard 1989; Schoby and Keeley 2011; Rieman and Mcintyre 1993). Although
foraging on fish where available, there is likely a shift in prey species composition as well as the
guantity consumed that corresponds to the spatial and temporal disposition and metabolic
needs of migratory adult bull trout as well as prey availability. Resident adult bull trout are
generally smaller in size and therefore require less caloric intake to grow, maintain metabolic
processes and recuperate following spawning. In addition, they can utilize smaller, headwater
microhabitat that may be less suitable for larger, migratory conspecifics. Microhabitat attributes
and the availability of prey species unquestionably influence the specific areas that bull trout use
for foraging and maintenance within stream reaches and likely contribute to the seasonal
distribution of adult bull trout into downstream reaches. Despite probable differences between
microhabitat requirements for each life-history form, reach-scale habitat requirements for
resident and migratory adult bull trout are likely similar.

In the Walla Walla Basin, both the MC and SFWWR local populations are comprised of
individuals expressing both resident and fluvial life-history forms. While resident bull trout do
not actively migrate from natal headwater areas (reaches SFWW1, SFWW?2 and MC14), the
migratory component of the population moves varying distances downstream to rear to maturity,
then return to headwater areas to spawn.

Adult bull trout forage, grow, recuperate and maintain bodily development (e.g., gonadal
development) during all months, coinciding with other life stages, strategies and actions. Mesa
et al. (2013) estimated temperatures for maximum consumption for bull trout to be at 15.8-
17.5°C and that consumption declined as temperatures increased or decreased from this
temperature range. Both postspawning and nonspawning adult-sized bull trout move from
smaller tributaries and upper stream reaches into larger streams and downriver reaches to
overwinter and forage. Migratory bull trout are opportunistic and forage en route to
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overwintering locations, taking advantage of resources including juvenile Chinook salmon,
steelhead and other prey species that are abundant in middle and lower basin reaches. Within
the migration corridor, migrating bull trout make incremental downstream movements and arrive
at suitable overwintering habitat locations from September through February throughout the
Walla Walla Basin and were recently documented in the mainstem Columbia River (Barrows et
al. 2012b, 2014). Fish are known to show a high degree of winter location fidelity, often
returning to previously occupied reaches in consecutive years (Mahoney 2003; Mahoney et al.
2006; Starcevich et al. 2012). Bull trout overwinter in areas of upwelling groundwater, deep
pools, adjacent tributaries with abundant forage and in the mainstem Columbia River prior to the
upstream spawning migration (Figure 3.59). Often, adult bull trout utilize pool-type habitat
created by water control structures and diversion dams in middle and lower basin areas (Figure
3.66). This is especially true in MC, where most of the overwintering habitat downstream of
Bennington Dam (rkm 20.1) is limited to scoured pools immediately downstream of stabilization
sills within the flood control project (Figure 3.67).

Of the eleven habitat variables, water temperature and surface flow heavily influenced the
habitat quality scores derived by our model for adult bull trout foraging and maintenance. Water
temperature was the most influential (WF 0.25) and the quality of surface flow within each reach
had a WF of 0.22. Variables that also notably influenced foraging and maintenance HQSs,
albeit to a lesser extent, were riparian zone quality, channel modification, passage impediments
and groundwater with WF’s of 0.11, 0.08, 0.08, and 0.07, respectively. Land use and sinuosity
were slightly influential with WF’s of 0.05, but the other three variables influenced HQSs
considerably less (WF’s of less than 0.03).

Habitat quality scores predicted by the model indicate that reaches SFWW1 through WWS5,
totaling a linear distance of 50.3 rkm contain primarily good and high quality habitat for adult bull
trout foraging and maintenance during all months. The river in this portion of the Walla Walla
Basin has not been diverted for irrigation, has generally experienced minimal channel
modifications and has not been affected by anthropogenic land uses to the extent that lower
reaches have. All of which contribute to cooler water temperatures and adult bull trout
occurrence is common during most months. Habitat quality scores indicate good quality
foraging and maintenance habitat for adult bull trout from December through May in reach
WW6, but at the onset of summer base flows, paired with substantial irrigation withdrawals at
river kilometer 75.1, HQSs decline to only fair quality from July through November. Due to
upstream irrigation withdrawals, a high level of channel modification, a lack of channel
complexity and a largely absent riparian zone, reach WW?7 contains only fair quality habitat for
foraging and maintenance during December through June and HQSs drop to poor and low
quality from July through November. The only deep water habitat that is conducive to adult bull
trout foraging and occupancy within this reach is at the upstream boundary (rkm 73.1), and is
associated with the Nursery Bridge Dam (Figure 3.68).

Non-depleted surface flows accompanied by temperatures that are generally conducive to food
consumption and metabolic processes contribute to HQSs that indicate good quality habitat for
adult bull trout foraging and maintenance from reach WW8 downstream to the mouth of the
WWR (reach WW13) from December through May. Declining instream surface flows during
June and warmer water temperatures decrease HQSs to fair quality before habitat conditions
deteriorate to low quality during July and August. As water temperatures moderate during
September, HQSs for reaches WW8 through WW10 increase to fair, but the quality of habitat
remains poor from WW11 to WW13 until October and November. Adult bull trout either do not
occur or occur only at low levels in the WWR during months and in reaches with low and poor
HQSs. Overall, 79% of the linear distance of the SFWWR and the WWR exhibit fair-high quality
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adult bull trout foraging habitat for up to 87% of the year (Appendix D, Table D10). Despite only
16% of the linear distance exhibiting poor and low quality habitat for approximately 13% of the
year, the months and reaches where these conditions occur may detrimentally affect the fithess
and survival of migratory adult bull trout.

In the MC subbasin, reaches MC14 through MC16 have HQSs indicating good or high quality
habitat for foraging and maintenance during most months. A multitude of detrimental
anthropogenic alterations to the stream channel for flood control in reaches MC17 to MC20
result in HQSs that indicate primarily fair quality foraging and maintenance habitat from January
through April, declining to low quality during May and June and further declining to poor
conditions when the majority of surface flow is diverted to YHC during the summer and early fall
months (Figure 3.69). Foraging and maintenance habitat quality scores for adult bull trout in
YHC (reach YHC22) remain fair and good for most months of the year.

The act of migrating can be energetically demanding on an individual bull trout even through
reaches where habitat conditions are favorable. In the Walla Walla Basin, adult fluvial bull trout
migrate from the Columbia River and lower basin reaches to the headwaters to stage prior to
spawning during months that often coincide with worsening habitat conditions. In addition to
stress associated with survival at the edge of their physiological capability, food limitation may
be exacerbated at the upper end of a fish’s thermal range (Warren et al. 2012). Similarly, if
upstream migratory timing is delayed (e.g., low flow barriers) or stress levels are increased due
to inclement habitat conditions, a fish’s overall physiological condition and even gonad
development may be compromised (Warren et al. 2012).

Fluvial adult downstream migration

Following spawning, resident adult bull trout recuperate in headwater reaches while the
migratory component of the population moves from smaller tributaries and upper stream
reaches into larger streams and downriver reaches (including the mainstem Columbia River) to
alleviate potential intraspecific competition for forage and habitat in the headwaters. This
generally occurs from September through February in the Walla Walla Basin. To reach
overwintering areas, bull trout make rapid, incremental downstream movements through
migratory corridors. For this assessment, surface flow was believed to be the most important
factor influencing this movement pattern (WF 0.26), followed by water temperature (WF 0.20)
and passage impediments (WF 0.16). Without adequate surface flow, large bull trout seeking
downstream habitat to recuperate following spawning may be delayed or exposed to elevated
levels of mammalian and avian predation as they attempt to migrate through reaches with
inadequate, depressed surface flows due to irrigation withdrawals. Habitat quality scores
indicate that good and high quality habitat for adult downstream movement exists within reaches
SFWW1 through WWS5 during the months when movement occurs. This is primarily due to
adequate water temperatures for migration, and a lack of major irrigation diversions. The Little
Walla Walla Diversion removes the majority of surface flow at the upstream bound of reach
WWS86, causing HQSs to decline to only fair from August to October before streamflows increase
and irrigation demand decreases in November. Low quality habitat for adult movement in
reaches WW7 and WW8 during September and October, due primarily to low surface flows,
likely delays timely movement of adult fish through this area. Figure 3.70 shows two examples
of the numerous, shallow riffles that bull trout encounter as they attempt to move downstream
through middle and lower basin portions of the WWR. Input from YHC, at the upstream
boundary of reach WW9 and return flows from the Little Walla Walla River contribute to
improved surface flows, but HQSs indicate primarily low and fair habitat quality for adult
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downstream movement from reaches WW11 to WW13 until flows increase substantially starting
in November.

In MC, riverine habitat is relatively conducive to adult downstream bull trout migration during all
relative months from reach MC14 through MC16. At the upstream bound of reach MC17, the
Mill Creek Diversion Dam (rkm 20.1) marks the beginning of the flood control project where
stabilization sills may delay or otherwise affect passage. This highly modified channel lacks
habitat complexity and is largely void of riparian vegetation, likely leaving bull trout exposed to
higher levels of avian and mammalian predation during migration. Almost all of MC surface flow
is diverted to YHC, largely dewatering the lower 18.5 km of MC. Poor and low HQSs persist
until streamflows improve by December. Habitat quality for downstream migration through YHC
is generally good, evidenced by good HQSs. Although only relatively small portions of the
WWR and MC exhibit low and poor habitat conditions when adult downstream migration is
conceivable (Appendix D and E), the timing and location of such conditions may reduce post-
spawning survival and delay or inhibit connectivity with other bull trout populations and possibly
jeopardize bull trout recovery.

Fluvial sub-adult downstream migration

In the Walla Walla Basin, migratory sub-adult bull trout (fork length < 300 mm) initially begin
migrating downstream from headwater spawning and juvenile rearing areas in the spring
(March) during high flows and as water temperatures begin to rise. Although peak sub-adult
migration from the headwaters occurs in the spring, movement occurs during all months. This
incremental downriver movement pattern continues to occur on the declining portions of the
hydrograph throughout middle basin areas through July and into August. In the WWR, spring
migrant sub-adult bull trout have been detected moving into areas as far downstream as
Burlingame Dam (rkm 60.3). As irrigation diversions draw surface water to summer base flows
and water temperatures elevate, there is a short cessation of movement in middle and lower
basin reaches during summer months before downstream migration resumes during fall and
winter into lower basin reaches of the WWR and into the mainstem Columbia River. Some
Walla Walla Basin bull trout that enter the Columbia River during fall and winter months have
been shown to connect with other basins (Small et al. 2012; Barrows et al. 2014). Connectivity
with other bull trout populations has been identified as important to the long term persistence
and eventual recovery of the species (USFWS 2002). Most downstream movement of sub-adult
bull trout declines throughout late winter and ceases in February.

Monthly HQSs for fluvial sub-adult downstream migration were heavily influenced by the quality
of water temperature (WF 0.24), surface flow (WF 0.21), passage impediments (WF 0.17) and
channel modification (WF 0.11) for each reach. Scores indicate that primarily high and good
quality habitat for downstream movement exists within reaches SFWW1 through WWS5 during all
months. This is primarily due to adequate water temperatures for migration, and a lack of major
irrigation diversions. The Little Walla Walla Diversion removes the majority of surface flow at
the upstream bound of reach WW6 during the irrigation season, decreasing HQSs to fair quality
from June through October before irrigation demands decrease and instream flows increase in
November. Sub-adult bull trout intending to move through middle and lower basin reaches
downstream from rkm 73.1 will encounter primarily low quality habitat resulting from depleted
surface flows, elevated water temperatures, channel modifications, and low flow barriers from
approximately June through October. Sub-adult bull trout movement downstream of reach
WWJ is not often observed from June through September, likely due to both thermal and
physical passage impediments. Low quality habitat conditions in lower basin areas likely
increase the exposure of migratory sub-adult bull trout to avian predators including herons,
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pelicans and cormorants. Evidence of unsuccessful avian predation has been commonly
observed during summer sampling activities (Figure 3.71).

In MC, HQSs indicate primarily good and high quality habitat for fluvial sub-adult bull trout
migration during most months in reaches MC14, MC15 and MC16. Habitat conditions are of
mostly fair quality for sub-adults moving downstream through flood control project reaches from
December through May, but deteriorate to mostly low and poor quality from June through
November (Figure 3.72). Despite increased water temperatures during summer months,
HQSs indicate that habitat for sub-adult downstream movement through YHC (reach YHC22) is
generally good during most months and declines to fair quality during July and August.

Similar to adult downstream migration, relatively small portions of middle and lower basin
reaches in the WWR and MC exhibit seasonally low and poor quality habitat conditions for sub-
adult downstream migration (Appendix D). The temporal and spatial occurrence of such
conditions may profoundly affect sub-adult downstream migration timing, compromise the full
expression of life-history strategies and delay or inhibit connectivity with other bull trout
populations. All of which are important components of eventual bull trout recovery (USFWS
2002).

Fluvial sub-adult upstream movement

In the Walla Walla Basin, as water temperatures become less tolerable and irrigation diversions
draw surface water to summer base flows, sub-adult bull trout that had recently migrated to
middle and lower river reaches must seek refuge in deeper areas (e.g., pools) with adequate
cover and groundwater influence or retreat back upstream to find more tolerable habitat
conditions upstream to oversummer. This upstream movement pattern commonly occurs in
reaches downstream from WWS5 (rkm 78.1), starting when surface flows decrease and water
temperatures increase in approximately June and continuing through August. Of the eleven
habitat variables, surface flow (WF 0.27), water temperature (WF 0.20) and passage
impediments (WF 0.17) influenced HQSs for sub-adult upstream migration the most. Once
irrigation diversions severely deplete surface flows in middle and lower basin reaches, a
multitude of low flow barriers at riffles develop, the most numerous being within reaches WWS8,
WW9 and WW11. A portion of the low flow barriers are complete barriers to all movement, in
that surface flow reduces to subsurface at riffles. Many other riffles that maintain at least some
surface flow are very shallow, making fish passage demanding and energetically taxing. A
similar downstream, then subsequent upstream movement pattern has been observed in MC as
well (Koch, in review). Sub-adults that migrate during the spring and early summer months into
habitat within the Mill Creek Flood Control Project (reaches MC17 to MC20) and into YHC,
encounter habitat conditions that compel them to escape back upstream to conditions more
conducive for foraging and rearing. In addition to the abovementioned movement pattern, some
immature sub-adult sized fish (< 300 mm) that previously migrated to middle and lower basin
reaches during the fall to overwinter, but are not yet mature and intending to spawn, migrate
upstream to oversummer in reaches WW6 — SFWW3, short of the spawning grounds. The
cumulative effect of passing multiple shallow water riffles, stabilization sills, or fish ladders en
route to better quality habitat conditions likely adversely affects a bull trout’s ability to survive
and thrive. Efforts to benefit both adult and sub-adult upstream fish passage through the Mill
Creek Flood Control Project have been initialized in recent years (Figure 3.73).

Unlike the other seven bull trout life stages, strategies and actions, the occurrence of sub-adult
upstream movement has a notably inverse relationship with HQSs from our model. For
example, when HQSs are higher, upstream sub-adult movement occurs at a lower level. This
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relationship was expected because upstream movement often occurs in response to worsening
habitat conditions. If habitat conditions were suitable for sub-adult bull trout in middle and lower
basin areas, there would likely be little or no sub-adult upstream movement.

Fluvial sub-adult rearing, foraging and growth

Juvenile bull trout eat primarily insects, but as they grow to sub-adults, they become primarily
piscivorous (Fraley and Shepard 1989; Schoby and Keeley 2011; Rieman and Mcintyre 1993).
Microhabitat attributes and availability of prey species likely influence the specific areas that bull
trout use for foraging and rearing within stream reaches and likely contribute to the seasonal
distribution of fluvial sub-adult bull trout into downstream reaches. Sub-adult bull trout are not
sexually mature and therefore caloric intake is shunted toward primarily growth instead of
gonadal development. Sub-adults forage during all months, coinciding with other strategies and
actions (e.g., overwintering, migration and rearing). Migratory sub-adult bull trout move from
smaller tributaries and upper stream reaches into larger streams and downriver reaches
(including the mainstem Columbia River) to take advantage of more abundant resources
including juvenile Chinook salmon, steelhead and other prey species. Mesa et al. (2013)
estimated temperatures for maximum consumption by bull trout at 15.8-17.5°C and noted that
consumption declined as temperatures increased or decreased from this range. Of the eleven
habitat variables, water temperature and surface flow heavily influenced the HQSs assigned by
our model for sub-adult bull trout rearing, foraging and growth with weighting factors of 0.27 and
0.21, respectively. Riparian zone quality, channel modifications, groundwater and passage
impediments were also influential for assessing habitat quality for foraging and rearing sub-
adults with weighting factors of 0.10, 0.10, 0.09 and 0.07, respectively. Habitat quality scores
predicted by the model indicate that reaches SFWW1 through WW5 contain primarily good and
seasonally high quality habitat for bull trout foraging and maintenance during all months. The
river in this portion of the Walla Walla Basin has not been diverted for irrigation, has undergone
minimal channel modifications and has not been affected by anthropogenic land uses to the
extent that lower reaches have. Due to upstream irrigation withdrawals, a high level of channel
modification, a lack of channel complexity and a largely absent riparian zone, reach WW7
contains only fair quality habitat for sub-adult foraging and rearing from December through
June, declines sharply to poor quality in July and HQSs indicate low quality habitat in this reach
persists until surface flows substantially increase in December. Habitat quality scores, driven by
cool water temperatures and higher streamflows, indicate good and fair quality foraging and
rearing habitat for sub-adult bull trout from October through June in all reaches from WWS8 to the
mouth of the WWR. Habitat quality declines to mainly low quality during July, August and
September when temperatures increase and surface flow is depleted for agricultural purposes.

Non-depleted surface flows accompanied by temperatures that are generally conducive to food
consumption and metabolic processes contribute to HQSs that indicate primarily good quality
foraging and rearing habitat for sub-adult fluvial bull trout within reaches MC14, MC15 and
MC16 during most months. Habitat between the Mill Creek Diversion Dam (rkm 20.1) and the
Division Dam (rkm 18.5) scored as fair quality habitat during most months, with the exception of
July, August and September where scores indicate a low quality of habitat. Due to diverted
streamflows, extensive channel modification and other unfavorable attributes, fair quality habitat
exists within reaches MC18 through MC20 during only three months of the year (March, April
and May). Habitat quality scores indicate low quality habitat for sub-adult foraging and rearing
during all other months except for July, August and September when poor quality habitat is
prevalent. Scores for the reach downstream from the flood control project on MC (MC21)
indicate that fair and good quality habitat exists during most months, but quality declines to low
guality during summer months as well. Due largely to a consistently adequate supply of surface
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flows, YHC (reach YHC22) contains fair and good quality habitat for fluvial sub-adult bull trout
rearing, foraging and growth during all months.

Summary and Management Implications

Effective management of threatened species requires a sufficient knowledge of fundamental
habitat requirements, particularly for species occurring in intensively managed and modified
landscapes. Walla Walla Basin bull trout exhibit a veritable continuum of life histories involving
movements, migrations, spawning, rearing and foraging on time scales ranging from daily to
annually or longer, and over different spatial scales. In general, instream habitat in the
headwaters of the SFWWR and MC remain relatively pristine, but habitat becomes increasingly
degraded downstream from the Umatilla National Forest Boundaries in both subbasins. While
the resident component of the population only experiences headwater conditions, migratory bull
trout may be exposed to a spectrum of anthropogenic channel modifications, riparian habitat
degradation and other influences throughout the Basin and in the mainstem Columbia River.
Commonly, bull trout of differing life stages concurrently occupy a given stream reach, utilizing
its attributes for differing purposes. For example, a given bull trout found within middle basin
reach WW7 (rkm 73.1 — 69.3), near Milton-Freewater, OR, in July could be exhibiting any one of
the following life-history stages, strategies or actions:

Downstream migrating sub-adult — Sub-adult fluvial bull trout that is actively migrating
downstream to oversummering habitat within the WWR.

Oversummering sub-adult — Fluvial sub-adult bull trout that has recently migrated from the
headwater areas during the spring and is oversummering within this reach.

Upstream migrating sub-adult — Fluvial sub-adult bull trout that has recently migrated from the
headwater areas during the spring, but is currently moving upstream to escape unfavorable
downstream conditions.

Upstream migrating adult (spawning) — Fluvial adult bull trout moving upstream en route to
headwater reaches to eventually spawn.

Upstream migrating adults (non-spawning) — Adult-sized bull trout en route to upstream
oversummering areas but short of the spawning grounds and not intending to spawn.
Oversummering adults (non-spawning) — Adult-sized bull trout, which previously migrated to
middle basin reaches and oversummer within this reach, not intending to spawn the subsequent
fall.

The abovementioned example demonstrates the multitude of potential bull trout uses within a
given reach during a given month. Further, a suite of habitat characteristics important to bull
trout at one life stage and exhibiting a certain strategy within a given river reach during a given
month may be less important to bull trout at a differing life stage or exhibiting a different strategy
or action (e.qg., foraging and rearing sub-adults vs. upstream migrating adults). Focused
management actions (e.g., habitat restoration) aimed at benefiting a particular life stage or
strategy will likely influence others. This inherent complexity exemplifies the challenges
resource managers are faced with while crafting effective management strategies and actions to
benefit bull trout and work toward species recovery. Management becomes even more complex
when coordinating with management actions aimed at benefiting other imperiled and valued
species in the Walla Walla Basin (i.e., summer steelhead, Spring Chinook salmon, redband
trout). In addition, balancing resource and land use needs for agricultural, flood control and
municipal purposes with the intrinsic needs of imperiled species further complicates
management decisions.
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The FWS in recent years has renewed its long-term commitment to Strategic Habitat
Conservation (SHC). This is a landscape approach that emphasizes planning, science,
partnerships, monitoring and assumption-based research. This approach begins with biological
planning that incorporates results from sound research and outcome-based monitoring to
update biological models that suggest what factors may be limiting populations or preventing the
full expression of various life stages and strategies. Resource managers often employ
extremely complex, multifaceted models aimed at characterizing aquatic habitat or predicting
population performance or response to proposed management actions. These models often
incorporate a very large number of input parameters, most of which are estimated with a high
degree of uncertainty. These models often lack transparency, transferability may be
guestionable and derivation methodology may even be proprietary. There is value in these
types of tools, but many are intended for assessing habitat for anadromous species and not
geared toward the differing and complex habitat requirements specific to bull trout. Some
models assess habitat by how it compares in its current state to an approximation of the
ecosystem and habitat that existed prior to Euro-American settlement. And, although restoring
habitat in relation to an estimated “natural” or “normative” state is desirable, realization of such
an effort may be both impractical and improbable in most areas and may simply be inaccurate.
We believe that resource managers, working toward bull trout recovery and utilizing the SHC
approach, could benefit from the tool we developed which is a simplified, adaptable, practical
and fundamentally straightforward approach to assessing aquatic habitat quality at the reach-
scale to help inform recovery actions explicitly for bull trout in the SFWWR and MC sub-basins.

Model development included delineating the study area into habitat reaches, the selection of
habitat variables, rating the quality of habitat variables within each reach, and weighting each
variable based on its overall importance to habitat quality with respect to each bull trout life-
history stage and strategy. Our habitat assessment model utilized findings and observations
from past bull trout studies and recent field and laboratory investigations along with professional
judgment and widely accepted benchmarks to develop criteria to rate the quality of habitat
monthly by reach for each of eight identified bull trout life-history stages, strategies or actions
exhibited by Walla Walla Basin bull trout. We chose to incorporate habitat variables that are
largely temporally and spatially static (e.g., channel maodification) in addition to dynamic
variables (e.g., surface flow) to more effectively characterize habitat quality as it changes
throughout the year. Proxy variables (e.g., elevation, land use) were also incorporated to
generally represent numerous, but not well quantified, factors that are commonly considered to
influence the quality of habitat for bull trout within the Walla Walla Basin (e.g., angling pressure,
predation, pollution). We assigned a “weighting factor” to each variable reflecting its relative
importance with respect to the particular life stage, strategy or action for Walla Walla Basin bull
trout. Weighting factors were derived through an AHP (Saaty 2008), informed through
professional consensus, by experienced bull trout biologists who used professional judgment to
complete online questionnaires to approximate the importance of each habitat variable relative
to one another with respect to each of the 8 identified life-history stages, strategies and actions.

Our model assigned a monthly habitat quality score to each of the 22 reaches for each of the
eight identified bull trout life stages, strategies and actions exhibited by Walla Walla Basin bull
trout. Not surprisingly, model scores generally suggest that the quality of habitat for most bull
trout life stages, strategies and actions is better in headwater reaches and degrades
incrementally downstream as the severity and often cumulative, anthropogenic modifications
and other influences become more prevalent. Similarly, scores indicate that even in greatly
modified and degraded stream reaches, seasonal habitat conditions ranging from fair to high
quality exist during many fall, winter and spring months. In middle and lower basin areas, as
flows decrease and are largely diverted for agricultural purposes and water temperatures
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elevate, habitat conditions become progressively less favorable for most bull trout uses.
Reaches downstream of WW6 in the WWR often were assigned scores indicating low and poor
habitat conditions for most bull trout life stages and strategies from approximately July through
October. The same is generally true for reaches downstream of MC17 from approximately June
through November in MC. Reach WW!11 consistently scored the lowest of all reaches in the
WWR during the summer and early fall months. In MC, reaches MC18, MC19 and MC20
contained the worst habitat conditions for all eight bull trout life stages and strategies during the
summer months and through December. One notable finding in our study was that habitat
within YHC (reach YHC22) scored fair or good during all months and with respect to each of the
eight identified bull trout life-history stages, strategies and actions. Unfortunately, reaches in
MC and WWR that connect to YHC primarily scored as low and poor from approximately July
through September. However, due to its many groundwater inputs and consistent surface flow,
YHC could function seasonally as a refuge for bull trout from unfavorable WWR and MC
environments and also seasonally function as an important migration corridor connecting the
two subbasins until improvements to habitat and passage issues throughout the Mill Creek
Project are rectified.

We evaluated the results of our model by comparing monthly HQSs for each reach with
estimates of bull trout occurrence derived primarily from existing empirical movement and
occupancy datasets with respect to each life-history stage and strategy. Despite the coarse
nature of this evaluation, we found that mean habitat quality scores are usually higher when bull
trout occurrence is high and lower when occurrence is low for most life stages and strategies.
Mean HQSs were usually lowest for each life stage and action when there is no observed
occurrence. One expected exception was the inverse relationship between mean HQSs and
the level of bull trout occurrence for fluvial sub-adult upstream migration. The mean HQSs for
fluvial sub-adult upstream migration were higher when there is no or low occurrence and HQSs
were lowest when occurrence was high. This relationship was expected since sub-adults often
move back upstream to more favorable habitat in response to deteriorating downstream habitat
conditions. By characterizing instream habitat by reach and identifying when and where low
and poor quality habitat conditions interface with bull trout occurrence in the Walla Walla Basin,
we can provide managers with useful information to inform future conservation actions or initiate
additional studies that target the particular bull trout life stage or strategy of concern.

Habitat variation exists at a variety of spatial and temporal scales, requiring habitat quality to be
assessed at multiple scales as well. To this end, the output from this model should be used as
a “first cut” tool when determining potential sites for habitat restoration or the implementation of
future management actions to work toward bull trout recovery. Depending upon the desired
output, results from this reach-scale assessment model could be further “stepped down” by
adjusting the temporal or spatial scales under the existing model framework, or used in
conjunction with predictive, smaller scale (e.g., micro-scale) habitat models and empirical data
to assess specific details or quantify habitat within reaches. Further, due to its simplicity, this
model may be applicable to assess habitat for bull trout in other basins or river systems.
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Table 3.1.Description of surface flow categories and criteria for rating the quality of surface flow
within reaches of the South Fork and Mainstem Walla Walla rivers as well as Mill and

Yellowhawk creeks.

Surface Flow Numeric
Rating

Categories

Percentage
Rating Criteria

Explanation

High Quality

Good Quality

Fair Quality

Low Quality

Poor Quality

5

> 80.0%

> 60.0 — 80.0%

> 40.0 - 60.0%

>20.0 - 40.0%

<20.0%

Near normative, less-diverted streamflows
inferring high quantity and quality of habitat
for bull trout at all life stages.

Partially-diverted streamflows inferring good
guantity and quality of habitat for bull trout at
all life stages and for all strategies and
actions in terms of surface flow.

Moderately-diverted streamflows inferring a
fair quantity and quality of habitat for bull
trout at all life stages and for all strategies
and actions in terms of surface flow.

Very depleted streamflows inferring low
guantity and quality of habitat for bull trout at
all life stages and for all strategies and
actions in terms of surface flow.

Severely depleted streamflows inferring a
poor quantity and quality of habitat for bull
trout at all life stages and for all strategies
and actions in terms of surface flow.
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Table 3.2. Description of groundwater categories and associated numeric rating.

Groundwater Numeric

Categories Rating Explanation

High Quality 5 Natural, principally unmodified, optimal groundwater and
hyporheic exchange conditions that allow for bull trout at a
given life stage to exhibit a certain strategy or conduct a
particular action and thrive.

Good Quality 4 Nearly natural, groundwater and hyporheic conditions,
subjected to only minimal anthropogenic alterations that likely
contribute positively to the quality of aquatic habitat conditions
for bull trout at a given life stage to exhibit a certain strategy or
conduct a particular action and thrive.

Fair Quality 3 Groundwater and hyporheic conditions that only moderately
positively influence habitat conditions for bull trout at a given
life stage to exhibit a certain strategy or conduct a particular
action and persist.

Low Quality 2 Groundwater and hyporheic conditions which negatively
influence or worsen habitat conditions for bull trout at a given
life stage to exhibit a certain strategy or conduct a particular
action and persist.

Poor Quality 1 Groundwater and hyporheic conditions that severely limit the
ability of a bull trout at a given life stage to exhibit a certain
strategy or conduct a particular action.
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Table 3.3. Description of temperature categories and associated numeric rating.

Temperature Numeric Explanation

Categories Rank P

High Quality 5 Optimal temperature conditions for bull trout at a given life
stage to exhibit a certain strategy or conduct a particular action
and thrive.

Good Quality 4 Temperature conditions, albeit not optimal, that allow bull trout
at a given life stage to exhibit a certain strategy or conduct a
particular action and thrive.

Fair Quality 3 Tolerable temperature conditions that likely allow bull trout at a
given life stage to exhibit a certain strategy or conduct a
particular action and persist.

Low Quality 2 Temperature conditions, albeit tolerable, likely only marginally
allow bull trout at a given life stage to exhibit a certain strategy
or conduct a particular action and persist.

Poor Quality 1 Temperature conditions that severely limit the ability of a bull

trout at a given life stage to exhibit a certain strategy or conduct
a particular action and may be lethal or may inhibit the long-
term persistence of the population.

Table 3.4. Criteria for rating the quality of temperature within reaches of the South Fork Walla

Walla River and Mainstem Walla Walla River as well as Mill and Yellowhawk creeks.

Activity/Process/Action Poor((]?;]ality Low (%Jality Fair (QSL)JaIity Good(%uality High ((g)uality

Adult Spawning >16°C* >10 - 16°C* >7 - 10°C* <5°C* >5 - 7°C*
Juvenile Rearing, Foraging and Growth >22°C >18 -5212%: and l>1_66i01§?g >6>i21(_301%fgd >10-12°C
Fluvial Adult Upstream Migration >26;50°Cand >22&_; ?Tﬁgnd >16 to 20°C >11 to 14°C >14 - 16°C
Adult Foraging and Maintenance >26°C >20 -S216°°é3 and 1>1—86iczgl1cd >6>ié‘_101%?gd >14-16°C
Fluvial Adult Downstream Migration >26°C >20 S216 :g and >16 -20°C >>11-06_°(136?gd >6 - 10°C
Fluvial Sub-adult Downstream Migration >26°C >20 —5216:5 and >16 -20°C >>11_06_°§_:6§gd >6 - 10°C
Fluvial Sub-adult Lower River Evacuation >26°C >20 -26° >18 - 20°C >16 - 18°C <16°C

Fluvial Sub-adult Rearing, Foraging and Growth >26°C >20 'S266:CC and 6>_1:é0_°goé?;d >1>01;31_4;g%nd >14 - 16°C
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Table 3.5. Description of passage impediment categories and criteria for rating the quality of
impediments to bull trout passage within reaches of the South Fork and Mainstem Walla Walla
rivers as well as Mill and Yellowhawk creeks.

Impediments Numeric Explanation/Rating Criteria

Categories Rating

High Quality 5 Reaches containing no apparent passage impediments that
would influence the given bull trout life stage, strategy or action
negatively.

Good Quality 4 Reaches containing impediments that would likely influence the
given bull trout life stage, strategy or action, but would allow for
primarily unobstructed fish passage.

Fair Quality 3 Reaches where passage impediments exist and are believed to
notably delay or otherwise moderately influence the given bull
trout life stage, strategy or action negatively.

Low Quality 2 Reaches containing passage impediments that likely severely
delay or inhibit bull trout passage or would otherwise severely
influence the given life stage, strategy or action negatively.

Poor Quality 1 Reaches where passage impediments exist that are known to

be a barrier to all bull trout passage and would profoundly
influence the given life stage, strategy or action negatively.
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Table 3.6. Description of channel modification categories and criteria for rating the quality of a
reach in terms of channel modification in the South Fork and Mainstem Walla Walla rivers as
well as Mill and Yellowhawk creeks.

Channel
Modification
Categories

Numeric
Rating

Explanation/Rating Criteria

High Quality

Good Quality

Fair Quality

Low Quality

Poor Quality

5

Principally natural, unmodified channel conditions lacking any
significant or notably consequential channel restrictions,
confinement, straightening or armored banks. Channel
conditions within the reach are near optimal and allow for bull
trout at a given life stage to exhibit a certain strategy or conduct
a particular action.

Sparsely modified channel conditions where only occasional,
largely inconsequential and intermittent channel restrictions,
confinement, straightening or armored banks occur. Channel
conditions within the reach collectively only minimally affect bull
trout at a given life stage to exhibit a certain strategy or conduct
a particular action.

The river channel has commonly been modified, restricted,
confined, straightened or armored resulting in conditions within
the reach that likely moderately affect bull trout at a given life
stage to exhibit a certain strategy or conduct a particular action.

The river channel has been restricted, significantly straightened
and confined by levees or dikes. Channel conditions likely
significantly impair the ability of bull trout at a given life stage to
exhibit a certain strategy or conduct a particular action.

The river channel is severely restricted, straightened and
confined within a concrete flume or canal, and likely severely
limits the ability of a bull trout at a given life stage to exhibit a
certain strategy or conduct a particular action.
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Table 3.7. Description of riparian zone area categories and criteria for rating the quality of the
riparian zone within reaches in the South Fork and Mainstem Walla Walla rivers as well as Mill

and Yellowhawk creeks.

Riparian .

Zone Area Nggiigc Explanation/Rating Criteria

Categories

High Quality 5 Riparian zone area > 48,000 m?km. The substantial size of the
riparian zone in the given reach likely provides a high potential
to buffer the river from the impacts from adjacent anthropogenic
land uses.

Good Quality 4 Riparian zone area from > 36,000 — 48,000 m#km. The
relatively large size of this riparian zone likely provides notable
protection from impacts resulting from neighboring,
anthropogenic land uses.

Fair Quality 3 Riparian zone area from > 24,000 — 36,000 m?km. The
relatively moderate size of this riparian zone likely provides a
moderate level of protection from impacts resulting from
neighboring, anthropogenic land uses.

Low Quality 2 Riparian zone areas from 12,000 — 24, 000 m?km. The
relatively narrow riparian zone in the given reach is likely largely
ineffective at buffering the aquatic habitat from impacts resulting
from neighboring, anthropogenic land uses.

Poor Quality 1 Riparian zone areas < 12,000 m*¥km. The very narrow riparian

zone in the given reach likely only negligibly buffers the aquatic
habitat from impacts resulting from neighboring, anthropogenic
land uses.
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Table 3.8. Description of riparian canopy categories and criteria for rating the quality of the
riparian zone within reaches in the South Fork and Mainstem Walla Walla rivers as well as Mill
and Yellowhawk creeks.

Riparian Numeric : . L
Canop_y Rating Explanation/Rating Criteria
Categories

High Quality 5 Largely natural, principally unmodified, optimal riparian canopy
conditions. Dense stands of mature canopy trees that overhang
the river and line both banks throughout most of the given
reach.

Good Quality 4 Nearly natural, dense stands of mature canopy trees that
commonly overhang the river and largely line both river banks
throughout most of the given reach.

Fair Quality 3 Mature canopy trees that commonly, but inconsistently line
portions of the river banks throughout most of the given reach.

Low Quality 2 Only sporadic canopy trees along the river margins throughout
most of the given reach.

Poor Quality 1 The riparian area is largely void of mature canopy trees along

the river banks throughout most of the given reach.
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Table 3.9. Description of stream gradient categories and criteria for rating the quality habitat
guality in terms of stream gradient within reaches of the South Fork and Mainstem Walla Walla
rivers as well as Mill and Yellowhawk creeks.

Stream
Gradient
Categories

Numeric
Rating

Stream Gradient Range

Explanation/Rating Criteria

High Quality

Good Quality

Fair Quality

Low Quality

Poor Quality

5

< 1.25% (Dec - May)
1.25 - 2.50% (June — Nov)

1.25 - 2.50% (Dec - May)
>2.50 - 3.75% (Jun — Nov)

>2.5 - 3.75% (Dec — May)
>3.75 — 5.00% (Jun — Nov)

>3.75 — 5.00% (Dec — May)
> 5.00% (Jun — Nov)

> 5.00% (Dec — May)
< 1.25% (Jun — Nov)

Stream gradient that likely does
not limit the quality or quantity of
available habitat for bull trout at a
given life stage to exhibit a
certain strategy or conduct a
particular action.

Stream gradient that may only
slightly limit the quality or quantity
of available habitat for bull trout
at a given life stage to exhibit a
certain strategy or conduct a
particular action.

Stream gradient that may
moderately limit the quality or
guantity of available habitat for
bull trout at a given life stage to
exhibit a certain strategy or
conduct a particular action.

Stream gradient that may
negatively influence the quantity
and quality of habitat within a
reach for bull trout at a given life
stage to exhibit a certain strategy
or conduct a particular action.

Stream gradient, when coupled
with depleted stream flows in
lower basin reaches. Also high
stream gradients that likely
severely limit bull trout at a given
life stage to exhibit a certain
strategy or conduct a particular
action at a given life stage.
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Table 3.10. Description of elevation categories and criteria for rating the quality of elevation
within reaches of the South Fork and Mainstem Walla Walla rivers as well as Mill and
Yellowhawk creeks.

Elevation
Categories

Numeric
Rating

Elevation Rating
Criteria

Explanation

High Quality

Good Quality

Fair Quality

Low Quality

Poor Quality

5

>1421 m

>1091 - 1421 m

>762m—-1091m

>433-762m

<433 m

Optimal elevation for bull trout at a given life
stage to exhibit a certain strategy or conduct
a particular action and thrive while
experiencing negligible anthropogenic
influences.

Elevation, albeit not optimal, that allows bull
trout at a given life stage to exhibit a certain
strategy or conduct a particular action and
thrive while experiencing only minimal
anthropogenic influences.

Elevation that allows bull trout at a given life
stage to exhibit a certain strategy or conduct
a particular action while experiencing only
moderate anthropogenic influences.

Elevation where bull trout may experience
levels of anthropogenic influences that could
notably impact their ability to exhibit a
certain strategy or conduct a particular
action at a given life stage.

Elevation where bull trout likely experience
levels of anthropogenic influences that could
severely impact their ability to exhibit a
certain strategy or conduct a particular
action at a given life stage.
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Table 3.11. Description of land use categories and criteria for rating the quality of land use
within reaches of the South Fork and Mainstem Walla Walla rivers as well as Mill and
Yellowhawk creeks.

Land Use Numeric Explanation

Categories Rating P

High Quality 5 Forested or wildlife refuge areas generally have the least
detrimental impact on the quality of riverine habitat.

Good Quality 4 Land converted to agricultural uses such as orchards and
vineyards likely negatively impact riverine habitat, but the
impacts are likely minor relative to other anthropogenic land
uses.

Fair Quality 3 Pasture land and the associated livestock are often detrimental
to riparian and riverine habitat if not managed appropriately.
Despite the obvious detrimental impacts, the influence of
pastures and livestock on riverine habitat is likely less than other
land uses.

Low Quality 2 Erosion, fertilizer, insecticides and sedimentation from
cultivation all contribute to row crop agriculture being detrimental
to neighboring riverine and riparian areas

Poor Quality 1 Impermeable surfaces, increased surface runoff, altered

landscapes, and pollutants associated with urban development
all severely impact riparian and riverine habitat.

Table 3.12. Criteria for rating geologic habitat quality within reaches of the South Fork and
Mainstem Walla Walla rivers as well as Mill and Yellowhawk creeks.

Life Stage, Strategy or Action Poor Quality (1) Fair Quality (3) High Quality (5)
Adult Spawning Lowlands Foothills Uplands
Juvenile Rearing, Foraging and Growth Lowlands Foothills Uplands
Fluvial Adult Upstream Migration Uplands Foothills Lowlands
Adult Foraging and Maintenance Uplands Foothills Lowlands
Fluvial Adult Downstream Migration Uplands Foothills Lowlands
Fluvial Sub-adult Downstream Migration Uplands Foothills Lowlands
Fluvial Sub-adult Lower River Evacuation Lowlands Foothills Uplands
Fluvial Sub-adult Rearing, Foraging and Growth Uplands Foothills Lowlands
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Table 3.13. Description of sinuosity categories and criteria for rating the habitat quality that
sinuosity infers within reaches of the South Fork and Mainstem Walla Walla rivers as well as Mill
and Yellowhawk creeks.

Sinuosity Numeric Sinuosity Rating
Categories Rating Criteria

High Quality 5 >1.32 Relatively high sinuosity inferring a high
level of channel complexity that likely
indicates high quality habitat for bull trout at
a given life stage to exhibit a certain strategy
or conduct a particular action and thrive.

Explanation

Good Quality 4 >1.24-1.32 Relatively high sinuosity inferring a relatively
complex river reach that likely indicates
good quality habitat for bull trout at a given
life stage to exhibit a certain strategy or
conduct a particular action.

Fair Quality 3 >1.16-1.24 Moderate sinuosity inferring that channel
complexity is likely moderate as well. Bull
trout habitat quality is likely only fair within
the given reach.

Low Quality 2 >1.08-1.16 Lower level of sinuosity that may infer a
lower level of channel complexity, indicating
relatively low quality habitat for bull trout life
stages and strategies.

Poor Quality 1 <1.08 Very low sinuosity, likely indicating low
channel complexity and poor habitat
conditions for bull trout life stages and
strategies.
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Table 3.14. Definitions and explanations of the scale of numbers that indicates how much more
important or influential one variable is over another variable with respect to the particular life-
history stage, strategy or action (adapted from Saaty 2008).

Intensity of

Definition Explanation
Importance
1 Equal Importance Two variables contribute equally to habitat suitability
2 Weak or Slight Data, experience and/or judgment slightly favors one
variable over another
3 Weak or Slight Plus
4 Moderate Importance Data, experience and /or judgment moderately favors
one variable over another
5 Moderate Plus
6 Strong Importance Data, experience and/or judgment strongly favors
one variable over another
7 Strong Plus
8 Very Strong Importance One variable is favored very strongly over another
9 Very Strong Plus
10 Extreme Importance The evidence favoring one variable over another is of
the highest possible order of affirmation
Reciprocals If attribute i has one of the above A reasonable assumption
of above non-zero numbers assigned to it

when compared with activity j,
then j has the reciprocal value
when compared with i
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Table 3.15. Habitat reaches for the South Fork and mainstem Walla Walla rivers, Mill Creek

and Yellowhawk Creek.

Reach ID Reach Start (Upstream) Reach End (Downstream) Length (km)
SFWW1  S.F. Walla Walla River Headwaters (rkm 125.4) Reser Creek Confluence (rkm 115.6) 9.8
SFWW2  Reser Creek Confluence (rkm 115.6) Harris Park Bridge (rkm 95.5) 20.1
SFWW3  Harris Park Bridge (rkm 95.5) N.F. WW River Confluence (rkm 82.9) 12.6
Ww4 N.F. WW River Confluence (rkm 82.9) Upstream End of Levee Section (rkm 78.1) 4.8
WWS5 Upstream End of Levee Section (rkm 78.1) Little Walla Walla Diversion (rkm 75.1) 3.0
WW6 Little Walla Walla Diversion (rkm 75.1) Nursery Bridge Dam (rkm 73.1) 2.0
WW7 Nursery Bridge Dam (rkm 73.1) Tumalum Bridge (rkm 69.3) 3.8
WW8 Tumalum Bridge (rkm 69.3) Yellowhawk Creek Confluence (rkm 62.9) 6.4
WW9 Yellowhawk Creek Confluence (rkm 62.9) Burlingame Dam (rkm 60.3) 2.6
WWw10 Burlingame Dam (rkm 60.3) Mill Creek Confluence (rkm 54.8) 5.6
wwil Mill Creek Confluence (rkm 54.8) Touchet River Confluence (rkm 31.3) 23.5
Wwi12 Touchet River Confluence (rkm 31.3) Backwater from Columbia River (rkm 8.0) 23.3
WW13 Backwater from Columbia River (rkm 8.0) Columbia River Confluence (rkm 0.0) 8.0
MC14 Mill Creek Headwaters (rkm 58.7) City of Walla Walla Intake Dam (rkm 44.2) 14.6
MC15 City of Walla Walla Intake Dam (rkm 44.2) Confluence of Blue Creek (rkm 29.7) 14.4
MC16 Confluence of Blue Creek (rkm 29.7) Mill Creek Diversion Dam (rkm 20.1) 9.7
MC17 Mill Creek Diversion Dam (rkm 20.1) Mill Creek Division Dam (rkm 18.5) 15
MC18 Mill Creek Division Dam (rkm 18.5) Roosevelt St. — End Sills/Start Flume (rkm 3.3
MC19 Roosevelt St. — End Sills/Start Flume (rkm 15.2) é?lc?of Concrete Flume/Start of Sills (rkm 3.2
MC20 End of Concrete Flume/Start of Sills (rkm 12.0) Jléf]c(j))of Sills (rkm 8.9) 3.1
MC21 End of Sills (rkm 8.9) Walla Walla River Confluence (rkm 0.0) 8.9
YHC22 Yellowhawk Cr. - Mill Cr. Division (rkm 14.5) Walla Walla River Confluence (rkm 0.0) 14.5
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Table 3.16. Summarized descriptions of each habitat reach in the South Fork and mainstem
Walla Walla rivers, Mill Creek and Yellowhawk Creek.

Reach ID Reach Attribute Summary

SFWW1 High elevation, medium-high stream gradient, forested, upland geology, no major tributary influence, no major
diversions, minimal channel modification.

SFWW2 Medium elevation, medium-low gradient, forested, upland geology, major tributary influence, no major diversions,
minimal channel modification.

SFWW3 Low — medium elevation, fairly low gradient, agriculture —Pasture and Orchard/Vineyard, upland geology, no major
tributary influence, no major diversions, minimal channel modification.

ww4 Low elevation, fairly low gradient, agriculture —Orchard/Vineyard, foothill geology, major tributary influence (N.F. Walla
Walla River), no major diversions, minimal channel modification.

WW5 Low elevation, fairly low gradient, urban development, foothill geology, major tributary influence (Couse Cr.), no major
diversions, high channel modification.

WW6 Low elevation, fairly low gradient, urban development, lowland geology, ho major tributary influence, major diversion
(Little W.W. River Diversion), high channel modification.

WW7 Low elevation, fairly low gradient, agriculture- row crops, lowland geology, no major tributary influence, major
diversion (East Side Diversion), high channel modification.

WWw8 Low elevation, low gradient, agriculture- row crops, lowland geology, no major tributary influence, no major diversions,
moderate channel modification.

WW9 Low elevation, low gradient, agriculture- row crops, lowland geology, major tributary influence (Yellowhawk Cr.), no
major diversions, moderate channel modification.

WW10 Low elevation, low gradient, agriculture- row crops, lowland geology, no major tributary influence, major diversion
(Burlingame Diversion), moderate channel modification.

wwi1l Low elevation, low gradient, agriculture- row crops, lowland geology, major tributary influence (Mill Cr.), no major
diversions (minor diversions — Garden City/Old Lowden #2 and pushup diversions), moderate channel modification.

Wwwi12 Low elevation, low gradient, agriculture- row crops, lowland geology, major tributary influence (Touchet River), no
major diversions, moderate channel modification.

WW13 Low elevation, low gradient, wildlife refuge, lowland geology, backwater influence, no major diversions, moderate
channel modification.

MC14 Medium — fairly high elevation, fairly high — high stream gradient, forested, upland geology, no major tributary
influence (Minor tributaries — Low Cr. and others), no major diversions, minimal channel modification.

MC15 Fairly low — medium elevation, fairly low stream gradient, forested and urban development, upland and foothill
geology, no major tributary influence, major diversions (City of Walla Walla Intake Diversion), moderate channel
modification.

MC16 Fairly low - low elevation, fairly low stream gradient, agriculture-row crops, lowland geology, major tributary influence
(Blue Cr.), no major diversions, moderate channel modification.

MC17 Low elevation, fairly low stream gradient, urban development, lowland geology, no major tributary influence, major
diversion (Mill Creek Diversion Dam), high channel modification.

MC18 Low elevation, fairly low stream gradient, urban development, lowland geology, no major tributary influence, major

diversion (Mill Creek Division Dam), high channel modification.
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MC19 Low elevation, fairly low stream gradient, urban development, lowland geology, no major tributary influence, no major
diversions, severe channel modification.

MC20 Low elevation, low stream gradient, urban development, lowland geology, no major tributary influence, no major
diversions, high channel modification.

MC21 Low elevation, low stream gradient, agriculture — row crops, lowland geology, no major tributary influence, no major
diversions, moderate channel modification.

YHC22 Low elevation, low stream gradient, agriculture-row crops and urban development, lowland geology, no major
tributary influence (minor tributaries — Cottonwood Creek and others), no major diversions (minor diversion — Garrison
Cr.), moderate channel modification.
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Figure 3.2. Study area map identifying and depicting the geographic locations of study reaches
within the Walla Walla River and Mill Creek subbasins.
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Table 3.17. Weighting factors assigned to each variable for each of the 8 identified bull trout life

stages, strategies and actions.

. Juvenile Fluvial . Fluvial Sub- Fluvial Fluvial. Sub-
Life Stage, . Rearing Adult Adylt Fluvial Adult adult Sub-adult adult Rearing
Strategy or Spawning = ing & U Foraging & Downstream D U F ing &

Action oraging pstream Maintenance Migration ownstream pstream oraging

Growth Migration Migration Migration Growth

Surface Flow 0.2159162 0.2144870 0.2764790 0.2211177 0.2632224 0.2114516 0.2734777 0.2082714
\(/Bvraotlé?d 0.1092011 0.0753623 0.0459125 0.0725475 0.0501192 0.0506686 0.0572986 0.0894771
Water
Temperature 0.2597441 0.2893956 0.1768333 0.2530040 0.2001522 0.2386581 0.1990558 0.2652370
Passage 0.1060755 | 0.0487301 | 0.1891403 | 0.0797703 0.1640810 0.1726316 0.1677920 0.0718198
Impediments ) ’ ’ ’ ’ ’ ’ ’
Channel

P 0.0300411 0.0395459 0.1123484 0.0823263 0.0900469 0.1128944 0.0968175 0.0958425
Modification
Riparian
Zone 0.0764006 0.1370854 0.0407484 0.1140861 0.0563649 0.0591051 0.0437951 0.0974923
giraec?irennt 0.0496851 0.0400306 0.0418581 0.0277800 0.0341128 0.0330908 0.0394429 0.0286990
Elevation 0.0460842 0.0414011 0.0278833 0.0282820 0.0423262 0.0311048 0.0267521 0.0367338
Land Use 0.0336414 0.0383160 0.0422001 0.0536502 0.0490917 0.0461714 0.0491146 0.0476733
Geology 0.0338345 0.0199665 0.0167278 0.0181124 0.0200130 0.0171051 0.0194526 0.0185477
Sinuosity 0.0393762 0.0556794 0.0298688 0.0493236 0.0304697 0.0271184 0.0270011 0.0402061
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Table 3.18. Monthly bull trout spawning habitat quality periodicity table for reaches in the South
Fork and mainstem Walla Walla rivers as well as Mill and Yellowhawk creeks within the Walla
Walla Basin. Red, pink, light blue, blue and dark blue cells indicate poor, low, fair, good and
high quality habitat respectively.

Jan Feb Mar Apr May Jun Jul Aug
SPWW1 | 415 | 415 | 415 | 415 394 | 394 | 394
SPWW?2 400 | 400 | 400
o | sPwws 412 | 375 | 380 | 380 | 3.80
Z | wwa | 416 | 416 | 390 | 390 | 353 | 353 | 327 | 327
§ wWws | 377 | 403 | 351 | 351 | 314 | 314 | 288 | 288 | 314 | 314 | 340 | 3.77
@ [ wwe | 380 | 406 | 354 | 332 | 295 | 280 | 211 | 233 | 259 | 237 | 285 | 3.80
= | wwr | 333 | 359 | 307 | 286 | 238 | 182 212 | 333
= | wws | 396 | 422 | 348 | 322 | 290 | 2.3 206 | 264 | 385
% wwo | 393 | 419 | 356 | 341 | 319 | 230 | 187 | 209 | 209 | 261 | 293 | 393
= [ wwio | 378 | 404 | 352 [ 304 | 268 [ 215 194 | 194 | 220 | 246 | 371
wWwil | 404 | 404 | 352 | 326 | 315 | 200 263 | 3.78
wwi2 | 381 | 381 | 355 | 329 | 318 | 235 | 192 | 192 | 192 [ 218 [ 339 | 381
wwi3 | 369 | 369 | 343 | 318 | 318 | 234 | 191 | 191 | 191 | 217 | 338 | 369
MC14 402 | 407 | 381 | 381 | 407 | 407
S | Mcis 370 | 353 | 332 | 306 | 332 | 332 4.00
§ MC16 | 386 | 412 | 360 | 360 | 334 | 312 | 254 | 254 | 254 | 291 | 338 | 386
2| mc17 | 307 | 307 | 281 | 281 | 255 | 202 | 180 | 180 | 180 | 206 | 264 [ 307
x | mci18 [ 204 | 294 [ 268 | 268 | 210 184 | 273
[ mcro | 277 | 277 | 251 | 251 | 204 199 | 256
(@]
= | Mc20 | 290 | 290 | 264 | 264 | 217 191 | 269
S | _MC21 | 331 | 288 | 305 | 327 | 3.01 [NSAE 263 | 331
YHC22 | 370 | 396 | 344 | 318 | 318 | 292 | 282 | 282 | 282 | 318 | 318 | 3.70
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Figure 3.3. Map depicting August spawning habitat quality scores for all reaches in the South

Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and Yellowhawk Creek.

Spawning - September
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Figure 3.4. Map depicting September spawning habitat quality scores for all reaches in the

South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and Yellowhawk Creek.
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Spawning - October
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Figure 3.5. Map depicting October spawning habitat quality scores for all reaches in the South
Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and Yellowhawk Creek.

Spawning - November
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Figure 3.6. Map depicting November spawning habitat quality scores for all reaches in the

South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and Yellowhawk Creek.
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Table 3.19. Monthly juvenile rearing, foraging and growth habitat quality periodicity table for
reaches in the South Fork and mainstem Walla Walla rivers as well as Mill and Yellowhawk
creeks within the Walla Walla Basin. Red, pink, light blue, blue and dark blue cells indicate poor,
low, fair, good and high quality habitat respectively.

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

SFWW1 4.04 4.04 4.04 4.04 4.04
SFWW?2 4.12 4.12 4.12 4.12 4.16 4.12
SFWW3 4.00 4.00 4.00
WWwW4 4.00 4.00 4.00

WW5 | 346 | 346 | 375 | 375 | 368 | 368 | 339 | 339 | 368 | 396 | 368 | 346
WW6 | 346 | 346 | 375 | 353 | 375 | 334 | 262 | 283 | 312 | 320 | 312 | 346
346 | 346 | 375 | 353 | 375 | 334 | 262 | 283 | 312 | 320 | 312 | 346
Wws | 368 | 368 | 384 | 404 | 358 | 303 | 202 | 224 | 253 | 289 | 316 | 363
wwo | 364 | 393 | 388 | 422 | 380 | 304 | 232 | 254 | 283 | 312 | 338 | 364
WW10 | 346 | 375 | 375 | 382 | 324 | 253 | 219 | 241 | 270 | 290 | 290 | 353
wwit | 351 | 380 | 380 | 409 | 372 | 266 | 144 | 144 | 194 | 236 | 291 | 351
Ww12 | 352 | 352 | 381 | 410 | 373 | 256 | 243 | 213 | 213 | 271 | 343 | 352
WW13 | 338 | 338 | 367 | 396 | 367 | 250 | 207 | 207 | 207 | 265 | 337 | 338
MC14 | 399 | 3.99
MC15 | 384 | 384 | 384 | 413 | 413 | 396 | 374 | 374 | 403 | 403 | 367 | 363
MC16 | 359 | 359 | 388 | 388 | 388 | 366 | 279 | 279 | 308 | 345 | 366 | 359

Walla Walla Subbasin
s
g

c

'3

®©

o]

S

a MC17 2.73

x MC18 2.61

8 MC19 2.54

= MC20 2.56

= MC21 3.14
YHC22 | 3.40
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Juvenile Rearing, Foraging, and Growth - February
o
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Figure 3.7. Map depicting spatial habitat quality for juvenile bull trout rearing, foraging and
growth for all reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill
Creek and Yellowhawk Creek during February.

Juvenile Rearing, Foraging, and Growth - May
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Figure 3.8. Map depicting spatial habitat quality for juvenile bull trout rearing, foraging and
growth for all reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill
Creek and Yellowhawk Creek during May.
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Juvenile Rearing, Foraging, and Growth - August
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Figure 3.9. Map depicting spatial habitat quality for juvenile bull trout rearing, foraging and
growth for all reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill

Creek and Yellowhawk Creek during August.

Juvenile Rearing, Foraging, and Growth - November
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Figure 3.10. Map depicting spatial habitat quality for juvenile bull trout rearing, foraging and

growth for all reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill
Creek and Yellowhawk Creek during November.
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Table 3.20. Monthly adult fluvial upstream migration habitat quality periodicity table for reaches
in the South Fork and mainstem Walla Walla rivers as well as Mill and Yellowhawk creeks within
the Walla Walla Basin. Red, pink, light blue, blue and dark blue cells indicate poor, low, fair,
good and high quality habitat respectively.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
SFww1 3.44 3.44 3.44 3.44 3.62 3.66 3.66 3.66 3.66 3.66 3.49 3.44
SFWW?2 3.53 3.53 3.53 3.70 3.70 3.75 3.75 3.75 3.75 3.75 3.75 3.53
SFWW3 3.85 3.85 4.03 4.03 3.99 4.03 4.03 3.85
WWw4 3.79 3.79 3.97 397 4.10 3.92 3.92 3.79
WW5 3.29 3.46 3.46 3.46 3.77 3.95 3.59 3.59 3.95 3.42 3.42 3.29
WW6 3.25 3.42 3.42 3.32 3.46 3.51 2.60 2.88 3.23 2.78 2.70 3.25
3.11 3.28 3.28 3.01 3.13 2.59 1.86 2.14 2.32 2.22 2.49 3.11
WW8 3.71 3.89 3.65 3.61 3.54 2.82 2.04 2.22 2.44 2.55 3.52
WW9 3.67 3.84 3.66 4.20 3.96 2.96 2.23 2.51 2.69 2.86 2.98 3.67
WW10 3.59 3.77 3.77 3.85 3.48 2.85 2.16 2.43 2.61 2.75 2.39 3.49
WWwW11 3.64 3.64 3.64 3.64 3.95 2.79 2.23 2.32 2.76 3.47
WWwW12 3.65 3.65 3.83 3.83 4.14 3.40 2.49 2.67 2.67 3.02 3.22 3.65
WW13 3.65 3.65 3.83 3.83 4.18 3.44 2.53 271 271 3.06 3.26 3.65
MC14 3.75 3.75 3.75 3.93 3.93 3.97 3.97 3.97 3.97 3.97 3.75

Walla Walla Subbasin

< | mcis | 361 | 361 | 361 | 379 | 414 | 391 | 381 | 381 | 363 | 328 | 355 | 333
§ MC16 3.46 3.64 3.64 3.64 3.99 3.89 3.04 3.04 3.21 3.44 3.36 3.46
(/g) MC17 2.83 2.83 3.01 3.01 3.54 2.76 231 2.31 248 2.66 2.77 2.83
x | mci8 | 244
8 MC19 | 2.66
= | mc20 | 260
2 [ wmcar | 291
[ Yhe22 | 341
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Fluvial Adult Upstream Migration - March
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Figure 3.11. Map depicting fluvial adult upstream migration habitat quality for all reaches in the
South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and Yellowhawk Creek

during March.

Fluvial Adult Upstream Migration - May
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Figure 3.12. Map depicting fluvial adult upstream migration habitat quality for all reaches in the
South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and Yellowhawk Creek

during May.
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Fluvial Adult Upstream Migration - July
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Figure 3.13. Map depicting fluvial adult upstream migration habitat quality for all reaches in the

South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and Yellowhawk Creek

during July.
Fluvial Adult Upstream Migration - September
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Figure 3.14. Map depicting fluvial adult upstream migration habitat quality for all reaches in the

South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and Yellowhawk Creek

during September.
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Table 3.21. Monthly adult bull trout foraging and maintenance habitat quality periodicity table
for reaches in the South Fork and mainstem Walla Walla rivers as well as Mill and Yellowhawk
creeks within the Walla Walla Basin. Red, pink, light blue, blue and dark blue cells indicate poor,
low, fair, good and high quality habitat respectively.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
SFWW1 4.03 4.03 4.03 4.03 4.03 4.06 4.06 4.03
SFWW?2 4.06 4.06 4.06 4.06 4.09 4.06
SFWW3 4.00 4.00 4.18 4.00
(% Ww4 3.84 3.84 4.10 4.10 4.02 4.02 4.02 4.02 4.02 4.02 3.84
§ WW5 3.45 3.45 3.71 3.71 3.63 3.89 3.38 3.63 3.89 3.63 3.63 3.45
(?) WW6 3.45 3.45 3.70 3.48 3.40 3.57 2.63 2.85 3.35 2.88 3.10 3.45
(=(Z WW7 3.02 3.02 3.27 3.05 2.90 2.71 - 1.98 2.24 2.27 2.49 3.02
; WW8 3.80 3.80 3.90 3.83 3.60 3.33 2.09 231 2.81 2.89 3.19 3.72
(=c: WW9 3.75 4.00 3.92 4.00 3.85 3.36 2.41 2.63 3.13 3.13 3.44 3.75
; WW10 3.55 3.80 3.80 3.58 3.58 291 2.29 2.51 3.01 2.94 2.94 3.58
WWwW11 3.60 3.86 3.86 3.86 3.78 3.02 1.85 1.85 2.33 2.44 3.03 3.60
WWwW12 3.66 3.66 3.92 4.17 3.84 3.06 2.11 2.37 2.37 2.87 3.31 3.66
WW13 3.58 3.58 3.84 4.09 3.84 3.05 2.11 2.36 2.36 2.86 3.31 3.58
wcw | 403 | 03 | s0s [EBEE e o | o
£ MC15 3.66 3.66 3.66 3.91 3.91 3.72 3.75 3.75 3.50 3.50 3.47 3.44
§ MC16 3.63 3.63 3.89 3.89 3.89 3.92 2.87 2.87 3.37 3.44 3.66 3.63
Ug) MC17 2.84 2.84 3.09 3.09 2.84 2.57 2.09 2.09 2.35 2.60 2.90 2.84
X MC1 2.62
O]
= | mMc20 | 265
= | mca1 | 319
| vHc22 | 350
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Adult Foraging and Maintenance - February
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Figure 3.15. Map depicting habitat quality for adult bull trout foraging and maintenance for all
reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and
Yellowhawk Creek during February.

Adult Foraging and Maintenance - May
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Figure 3.16. Map depicting habitat quality for adult bull trout foraging and maintenance for all
reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and
Yellowhawk Creek during May.
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Adult Foraging and Maintenance - August
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Figure 3.17. Map depicting habitat quality for adult bull trout foraging and maintenance for all
reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and

Yellowhawk Creek during August.

Adult Foraging and Maintenance - November
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Figure 3.18. Map depicting habitat quality for adult bull trout foraging and maintenance for all

reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and

Yellowhawk Creek during November.
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Table 3.22. Monthly fluvial adult bull trout downstream migration habitat quality periodicity table
for reaches in the South Fork and mainstem Walla Walla rivers as well as Mill and Yellowhawk
creeks within the Walla Walla Basin. Red, pink, light blue, blue and dark blue cells indicate poor,
low, fair, good and high quality habitat respectively.
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Fluvial Adult Downstream Migration - September
L7
3 L7 c MC16
Ww11 s
) we! Qp'ﬁ» ;\o‘e
L 2\
Walla Walla River @2\\“ 'l V“‘\O‘ﬁv $° N\ %, ™
o A ® \
o i %\ &
Wws b,
WW7
Habitat Quality Index S
1 WW5
—— High (> 4.2) Nwwe
e
- Good (> 3.4-4.2) 0,6
o
Fair (> 2.6 - 3.4)
Low (> 1.8 - 2.6)
Poor (£ 1.8)

Figure 3.19. Map depicting habitat quality for fluvial adult bull trout downstream migration for all
reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and
Yellowhawk Creek during September.

Fluvial Adult Downstream Migration - October
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Figure 3.20. Map depicting habitat quality for fluvial adult bull trout downstream migration for all
reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and
Yellowhawk Creek during October.
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Fluvial Adult Downstream Migration - November
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Figure 3.21. Map depicting habitat quality for fluvial adult bull trout downstream migration for all
reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and

Yellowhawk Creek during November.

Fluvial Adult Downstream Migration - December
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Figure 3.22. Map depicting habitat quality for fluvial adult bull trout downstream migration for all
reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and
Yellowhawk Creek during December.
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Table 3.23. Monthly fluvial sub-adult bull trout downstream migration habitat quality periodicity
table for reaches in the South Fork and mainstem Walla Walla rivers as well as Mill and
Yellowhawk creeks within the Walla Walla Basin. Red, pink, light blue, blue and dark blue cells
indicate poor, low, fair, good and high quality habitat respectively

Walla Walla Subbasin

Mill Creek Subbasin

I

Fair

135



Fluvial Subadult Downstream Migration - March
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Figure 3.23. Map depicting habitat quality for fluvial sub-adult bull trout downstream migration
for all reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and

Yellowhawk Creek during March.

Fluvial Subadult Downstream Migration - June
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Figure 3.24. Map depicting habitat quality for fluvial sub-adult bull trout downstream migration
for all reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and

Yellowhawk Creek during June.
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Fluvial Subadult Downstream Migration - September
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Figure 3.25. Map depicting habitat quality for fluvial sub-adult bull trout downstream migration

for all reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and

Yellowhawk Creek during September.

Fluvial Subadult Downstream Migration - December
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Figure 3.26. Map depicting habitat quality for fluvial sub-adult bull trout downstream migration

for all reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and

Yellowhawk Creek during December.
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Table 3.24. Monthly fluvial sub-adult bull trout upstream movement habitat quality periodicity
table for reaches in the South Fork and mainstem Walla Walla rivers as well as Mill and
Yellowhawk creeks within the Walla Walla Basin. Red, pink, light blue, blue and dark blue cells
indicate poor, low, fair, good and high quality habitat respectively.

Jan Feb Mar Apr May Jun

Walla Walla Subbasin

DL X 9 ||
w|h ] |~
N[N~ oo | w

<
(@]
=
~
N
)

3.28 3.28 3.28 3.01
MC19 3.30 3.30 3.30 3.03

Mill Creek Subbasin
<
Q
[e¢]

I

Low - Fair

Aug Sep Oct Nov Dec

2.66
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Fluvial Subadult Upstream Movement - May
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Figure 3.27. Map depicting habitat quality for sub-adult bull trout upstream movement for all
reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and

Yellowhawk Creek during May.

Fluvial Subadult Upstream Movement - June
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Figure 3.28. Map depicting habitat quality for sub-adult bull trout upstream movement for all
reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and

Yellowhawk Creek during June.
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Fluvial Subadult Upstream Movement - July
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Figure 3.29. Map depicting habitat quality for sub-adult bull trout upstream movement for all
reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and
Yellowhawk Creek during July.

Fluvial Subadult Upstream Movement - August
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Figure 3.30. Map depicting habitat quality for sub-adult bull trout upstream movement for all
reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and
Yellowhawk Creek during August.
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Table 3.25. Monthly habitat quality periodicity table for fluvial sub-adult rearing, foraging and
growth for reaches in the South Fork and mainstem Walla Walla rivers as well as Mill and
Yellowhawk creeks within the Walla Walla Basin. Red, pink, light blue, blue and dark blue cells
indicate poor, low, fair, good and high quality habitat respectively.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
SFWW1 3.78 3.78 3.78 3.78 3.78 4.07 4.07 4.07 4.07 3.81 3.81 3.78
SFWW?2 3.80 3.80 3.80 3.80 4.07 4.09 4.09 4.09 4.09 4.09 3.83 3.80
srwws | 372 | 372 | 399 | 399 | 416 | 419 393 | 372
Ww4 3.57 3.57 3.84 3.84 4.01 4.01 4.01 4.01 3.75 3.75 3.57
WW5 3.13 3.13 3.39 3.39 3.57 3.83 3.30 3.57 3.83 3.57 3.30 3.13
WW6 3.14 3.14 3.41 3.20 3.37 3.55 2.61 2.81 3.34 2.87 2.81 3.14
2.74 2.74 3.00 2.79 2.90 271 - 1.97 2.24 2.29 2.24 2.74
WWw8 3.45 3.45 3.56 3.78 3.54 3.28 2.04 2.25 2.78 2.87 2.88 3.38
WW9 341 3.67 3.60 3.94 3.78 3.31 2.36 2.57 3.10 3.10 3.12 341
WW10 3.20 3.47 3.47 3.53 3.53 2.87 2.23 2.44 2.97 2.92 2.66 3.26
WW11 3.28 3.54 3.54 3.81 3.72 3.00 1.85 1.85 2.32 2.45 2.76 3.28
WWwW12 331 3.31 3.57 3.84 4.01 3.00 2.05 2.32 2.32 2.85 3.00 331
WW13 3.22 3.22 3.48 3.75 4.01 3.00 2.05 231 231 2.85 3.00 3.22

MC14 3.85 3.85 3.85 4.12 4.12 4.15 _1 4.15 - 3.85

Walla Walla Subbasin

£ MC15 3.37 3.37 3.37 3.64 3.90 3.72 3.78 3.78 3.51 3.51 3.19 3.16
§ MC16 3.34 3.34 3.61 3.61 3.87 3.93 2.84 2.84 3.37 3.46 3.40 3.34
Ug) MC17 2.62 2.62 2.88 2.88 3.41 2.63 2.16 2.16 242 2.69 2.63 2.62
{) MC18 241
8 MC19 | 241
= | mc20 | 244
2 [ mcor | 303
[ Yhe22 | 320
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Fluvial Subadult Rearing, Foraging, and Growth - February

Yellowhawk Creek during February.

K
\N‘N'\'b % %090#079 4fc.7e 7> MC16
Ww11
=, ; ol oV )
> ) . . . we?t _\Q‘G .ﬂ“o‘ -
Walla Walla River i & o
L & % £ &7
‘WWs8 i
WW7
Habitat Quality Index s /
WW5 7z
——— High (> 4.2) Ww4 [ §
Sp = %]
Good (> 3.4 - 4.2) %
: ., N %
Fair (> 2.6 - 3.4) 4%// % S?N\N'l,
Low (> 1.8 - 2.6) 4N\ 25
D g
Poor (< 1.8) T
s,
Figure 3.31. Map depicting habitat quality for sub-adult bull trout rearing, foraging and growth

for all reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and

Yellowhawk Creek during May.
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Figure 3.32. Map depicting habitat quality for sub-adult bull trout rearing, foraging and growth

for all reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and

142



Fluvial Subadult Rearing, Foraging, and Growth - August
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Figure 3.33. Map depicting habitat quality for sub-adult bull trout rearing, foraging and growth
for all reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and

Yellowhawk Creek during August.
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Figure 3.34. Map depicting habitat quality for sub-adult bull trout rearing, foraging and growth

for all reaches in the South Fork Walla Walla River, Mainstem Walla Walla River, Mill Creek and

Yellowhawk Creek during November.
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Table 3.26. Monthly bull trout spawning occurrence periodicity table for reaches in the South
Fork and Mainstem Walla Walla rivers as well as Mill and Yellowhawk creeks within the Walla
Walla Basin.

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

Walla Walla Subbasin
:

Mill Creek Subbasin
<
(@)
&

No Occurrence \:I Conceivable Occur.

Low Occurrence - High Occurrence
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Table 3.27. Monthly occurrence periodicity table for reaches in the South Fork and Mainstem
Walla Walla rivers as well as Mill and Yellowhawk creeks within the Walla Walla Basin for
juvenile bull trout rearing, foraging and growth.

Walla Walla Subbasin

Mill Creek Subbasin

No Occurrence \:I Conceivable Occur. |:

Low Occurrence - High Occurrence
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Table 3.28. Monthly occurrence periodicity table for reaches in the South Fork and Mainstem
Walla Walla rivers as well as Mill and Yellowhawk creeks within the Walla Walla Basin for fluvial
adult bull trout upstream migration.

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

SFWW1
SFWW2
SFWW3

NINININININININ

Walla Walla Subbasin
s
g

N ININININININININ

Mill Creek Subbasin
Z
9]
=)

Low Occurrence - High Occurrence

No Occurrence \:I Conceivable Occur. |:
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Table 3.29. Monthly occurrence periodicity table for reaches in the South Fork and Mainstem
Walla Walla rivers as well as Mill and Yellowhawk creeks within the Walla Walla Basin for adult
bull trout foraging and maintenance.

&
o

Mar Jul

o
@

Jan Apr May Jun Aug Sep Nov Dec

2
2

NINININININININININ
NININININININ|ININ

Walla Walla Subbasin
s
g

Mill Creek Subbasin
Z
(@)
&

No Occurrence \:I Conceivable Occur. |:

N RNININININININININ | INININININININININ|ININN
NINININININININININ  INININININININININININN
NN [N NN ININININININININININDININDININININN
NINININININININININ INININININININININININN
NIN N ININININININININININDININDININININININN
NININININININININININININININDININDININININN
NN N INININININININ | INININININININININININN

N N INININININININ

Low Occurrence - High Occurrence
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Table 3.30. Monthly occurrence periodicity table for reaches in the South Fork and Mainstem
Walla Walla rivers as well as Mill and Yellowhawk creeks within the Walla Walla Basin for fluvial
adult bull trout downstream migration.

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

SFWW1
SFWW2
SFWW3

NININININININN

NINININININININININ

Walla Walla Subbasin
:

N INININININININININN

Mill Creek Subbasin
<
@]
&

No Occurrence \:I Conceivable Occur. |:

NN IR ININININININ
NININININININN

Low Occurrence - High Occurrence
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Table 3.31. Monthly occurrence periodicity table for reaches in the South Fork and Mainstem
Walla Walla rivers as well as Mill and Yellowhawk creeks within the Walla Walla Basin for fluvial
sub-adult bull trout downstream migration.

) p) 2 p) p)
p) p) 2 p) 2
c p) p) 2 p) 2 p)
a p) p) p) p) 2 p)
ysl p) 2 2 p) 2 2
=}
N p) 2 2 p) 2 p) 2
©
= p) 2 2 p) ) p) 2
(]
= 2 2 2 2 2 2 2
S p) p) p) ) p) p) p)
©
= ) p) 2
) 2 2
p) 2 2
) 2 2
2 2 p) p) 2 )
c
z 2 p) 2 p) 2 )
o 2 p) 2 p) 2 )
3
3 2 p) 2 2 2 p)
X 2 p) 2 2 p)
[«5]
et ) p) 2 2 p)
g ) p) 2 2 p)
S 2 2 2 2 2
p) 2 2 p) 2

No Occurrence \:IConceivable Occur. |: Low Occurrence - High Occurrence
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Table 3.32. Monthly occurrence periodicity table for reaches in the South Fork and Mainstem
Walla Walla rivers as well as Mill and Yellowhawk creeks within the Walla Walla Basin for fluvial
sub-adult bull trout upstream movement.

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

Walla Walla Subbasin
:

Mill Creek Subbasin
<
@)
&

Low Occurrence - High Occurrence

No Occurrence \:I Conceivable Occur.
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Table 3.33. Monthly occurrence periodicity table for reaches in the South Fork and Mainstem
Walla Walla rivers as well as Mill and Yellowhawk creeks within the Walla Walla Basin for fluvial
sub-adult bull trout rearing, foraging and growth.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
) p) ) p) 2 p) p) p) p) p) )
p) 2 p) p) 2 p) p) p) p) p) )
- p) 2 p) p) 2 p) p) p) 2 p) p)
@ 2 2 2 2 2 2 2 2 2 2 2
ysl p) ) ) p) 2 p) 2 p) 2 2 p)
& p) ) p) 2 2 p) 2 p) 2 p) p)
% p) 2 p) 2 2 p) 2 p) ) p) 2
= 2 2 p) 2 p) p) 2 2 2 p) 2
S p) p) p) p) p) p) p) p) p)
g 2 ) p) ) p) 2 ) p) 2
2 ) p) 2 p) 2 ) p) 2
) p) 2 2 p) 2 p) 2 2
2 ) 2 2 p) 2 ) 2 2
2 p) 2 2 p) 2 p) p) 2 )
= 2 2 ) 2 2 ) 2 2 ) 2
§ ) p) 2 p) 2 2 p) p) 2 )
3 ) 2 2 p) 2 ) p) p) 2 p)
X p) 2 2 p) 2 2 p) 2 p)
et p) 2 ) p) 2 p) p) 2 p)
L=) p) 2 ) p) 2 ) 2 2 p)
S 2 2 2 2 2 2 2 2 2
p) 2 p) 2 2 p) 2 p) 2

No Occurrence \:I Conceivable Occur. |:

Low Occurrence - High Occurrence
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Table 3.34. Mean HQSs for high, low and no bull trout occurrence when conceivable in the
South Fork and Mainstem Walla Walla rivers, Mill Creek and Yellowhawk Creek for each life

stage, strategy or action.

High Occurrence

Low Occurrence

No Occurrence

Conceivable

Bull Trout Life Stage, Strategy or Action Occurrence Mean 95% CI Mean 95% CI Mean 95% CI
(# Months)

South Fork and Mainstem Walla Walla River
Spawning Aug - Nov (4) 4.32 4.1-4.53 NA NA 2.65 2.39-291
Juvenile Rearing, Foraging and Growth Jan - Dec (12) 4.28 4.2-4.36 4.24 4.14-4.34 3.32 3.20-3.43
Fluvial Adult Upstream Migration Mar - Oct (8) 3.70 3.49-3.91 3.28 2.90 - 3.65 3.17 3.0-3.35
Adult Foraging and Maintenance Jan - Dec (12) 3.74 3.67 - 3.82 2.93 2.66 - 3.20 2.30 2.13-2.46
Fluvial Adult Downstream Migration Aug - Feb (7) 3.69 3.5-3.89 3.78 3.55 - 4.00 3.34 2.99-3.68
Fluvial Sub-adult Downstream Migration Jan - Dec (12) 3.82 3.69 - 3.95 3.62 3.4-3.83 3.09 2.74-3.44
Fluvial Sub-adult Upstream Movement Mar - Aug (6) 2.93 255-3.31 3.41 2.94 -3.87 4.04 3.86 - 4.22
Fluvial Sub-adult Rearing, Foraging and Growth Jan - Dec (12) 3.45 3.36 - 3.53 2.25 2.02-2.48 2.37 2.15-2.59
Mill Creek
Spawning Aug - Nov (4) 3.98 3.81-4.15 3.23 3.06 - 3.40 4.45 1.69-2.41
Juvenile Rearing, Foraging and Growth Jan - Dec (12) 4.23 4.1-4.36 3.88 3.78-3.98 2.54 2.36-2.71
Fluvial Adult Upstream Migration Mar - Oct (8) 3.51 3.19-3.83 2.93 2.61-3.25 251 2.19-284
Adult Foraging and Maintenance Jan - Dec (12) 3.24 3.08 - 3.40 2.61 2.22 - 3.00 1.90 1.63-2.18
Fluvial Adult Downstream Migration Aug - Feb (7) 3.05 2.75-3.35 3.40 3.16-3.64 2.61 2.00-3.21
Fluvial Sub-adult Downstream Migration Jan - Dec (12) 3.54 3.36-3.71 3.03 2.71-3.35 1.91 1.71-2.10
Fluvial Sub-adult Upstream Movement Mar - Aug (6) 2.13 1.77 - 2.49 2.55 1.95-3.14 3.92 3.72-4.11
Fluvial Sub-adult Rearing, Foraging and Growth Jan - Dec (12) 3.04 2.89 - 3.20 1.99 1.64 - 2.35 1.93 1.67 - 2.19
Yellowhawk Creek
Spawning Aug - Nov (4) NA NA NA NA 3.00 2.79-321
Juvenile Rearing, Foraging and Growth Jan - Dec (12) NA NA NA NA 3.40 3.18 - 3.62
Fluvial Adult Upstream Migration Mar - Oct (8) NA NA 3.71 3.53-3.88 3.69 3.562-3.87
Adult Foraging and Maintenance Jan - Dec (12) 3.67 3.59-3.75 3.18 NA 3.30 3.06 - 3.55
Fluvial Adult Downstream Migration Aug - Feb (7) 3.93 3.80 - 4.06 3.87 NA 3.51 3.32-3.71
Fluvial Sub-adult Downstream Migration Jan - Dec (12) 3.78 3.58 - 3.98 3.69 3.44 - 3.95 3.54 NA
Fluvial Sub-adult Upstream Movement Mar - Aug (6) 3.46 3.01-3.90 3.56 2.91-4.20 3.88 NA
Fluvial Sub-adult Rearing, Foraging and Growth Jan - Dec (12) 3.42 3.25 - 3.59 3.42 2.81-4.02 3.37 NA
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Table 3.35. Periodicity table comparing monthly spawning habitat quality scores with bull trout
occurrence for reaches in the South Fork and mainstem Walla Walla rivers as well as Mill and
Yellowhawk creeks within the Walla Walla Basin. Cells outlined in red indicate when and where
spawning commonly occurs, purple indicates low occurrence and green indicates reaches and
months when spawning may be conceivable, but does not occur or rarely is observed.

5

3

©

<

E

<

=

c

2

yel

&

<

e

o

= L
3.18

High

® SF/Mainstem WW
o Mill Creek
O Yellowhawk Creek

I

High Low None
Occurrence level

Figure 3.35. Mean habitat quality scores when bull trout spawning occurrence is high, low and
not observed during time periods when occurrence is conceivable in the South Fork and
Mainstem Walla Walla rivers, Mill Creek and Yellowhawk Creek. Habitat quality scores of < 1.8,
>1.8-2.6,>2.6 — 3.4, >3.4 - 4.2 and >4.2 are considered to be of poor, low, fair, good and high
quality, respectively.
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Table 3.36. Periodicity table comparing monthly juvenile rearing, foraging and growth habitat
guality scores with juvenile bull trout occurrence for reaches in the South Fork and mainstem
Walla Walla rivers as well as Mill and Yellowhawk creeks within the Walla Walla Basin. Cells
outlined in red indicate when and where juvenile bull trout commonly occur, purple indicates low
occurrence and green indicates reaches where juvenile bull trout rearing, foraging and growth
may be conceivable, but not occur or rarely is observed.
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Figure 3.36. Mean habitat quality scores when occurrence of juvenile bull trout rearing, foraging
and growth is high, low and not observed during time periods when occurrence is conceivable in
the South Fork and Mainstem Walla Walla rivers, Mill Creek and Yellowhawk Creek. Habitat
quality scores of < 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 — 4.2 and >4.2 are considered to be of poor,
low, fair, good and high quality, respectively.

154



Table 3.37. Periodicity table comparing monthly habitat quality scores for fluvial adult upstream
migration with occurrence for reaches in the South Fork and mainstem Walla Walla rivers as
well as Mill and Yellowhawk creeks within the Walla Walla Basin. Cells outlined in red indicate
when and where adult upstream movement commonly occurs, purple indicates low occurrence
and green indicates reaches and months when upstream movement may be conceivable, but
does not occur or rarely is observed.

Jan Feb | Mar | Apr | May | Jun | Jul Aug Sep Oct | Nov Dec
SFww1 3.44 3.44 3.44 3.44 3.62 3.66 3.66 3.66 3.66 3.66 3.49 3.44
SFWW?2 3.53 3.53 3.53 3.70 3.70 3.75 3.75 3.75 3.75 3.75 3.75 3.53
SFWW3 3.85 3.85 4.03 4.03 3.99 4.03 4.03 3.85
WWw4 3.79 3.79 3.97 3.97 3.92 32 3.79
WW5 3.29 3.46 3.46 3.46 3.95 3.95 3.42 3.42 3.29
WW6 3.25 3.42 3.42 3.32 3.46 3.51 2.60 2.88 3.23 2.78 2.70 3.25
3.11 3.28 3.28 3.01 3.13 2.59 1.86 2.14 2.32 2.22 2.49 3.11
WW8 3.71 3.89 3.65 3.61 3.54 2.82 - 2.04 2.22 2.44 2.55 3.52
WW9 3.67 3.84 3.66 4.20 3.96 2.96 2.23 2.51 2.69 2.86 2.98 3.67
WW10 3.59 3.77 3.77 3.85 3.48 2.85 2.16 2.43 2.61 2.75 2.39 3.49
wwil | 364 | 364 | 364 | 364 | 395 | 279 178 223 232 276 | 347
WWwW12 3.65 3.65 3.83 3.83 4.14 3.40 2.49 2.67 2.67 3.02 3.22 3.65
WW13 3.65 3.65 3.83 3.83 4.18 3.44 2.53 271 2.71 3.06 3.26 3.65
MC14 3.75 3.75 3.75 3.93 3.93 3.97 - 3.97 3.97 3.97 3.97 3.75
MC15 3.61 3.61 3.61 3.79 4.14 3.91 3.81 3.81 3.63 3.28 3.55 333
MC16 3.46 3.64 3.64 3.64 3.99 3.89 3.04 3.04 3.21 3.44 3.36 3.46
MC17 2.83 2.83 3.01 3.01 3.54 2.76 2.31 2.31 2.48 2.66 2.77 2.83

244 | 244 261 | 261 | 287 | 216 [ 160 | 178 189 | 216
MC19 | 266 | 247 246 | 246 | 271 | 219 [ 164 182 193 | 238
MC20 | 260 | 260 @ 277 | 277 | 303 | 213 140 158 175

MC21 291 2.35 3.08 3.36 3.89 3.18 1.85 1.85 2.03 2.80 2.64 291

YHC22 341 3.58 3.58 3.58 3.94 3.76 3.54 3.54 3.72 3.94 3.58 341

Walla Walla Subbasin

Mill Creek Subbasin
<
o)
&

m SF/Mainstem WW
5.0 - o Mill Creek
45 - O Yellowhawk Creek
4.0 - < <
3.5 A a5 L
& 3.0 -
I 25 -
2.0 -
1.5 -
1.0 -
0.5 -
0.0 -

High Low None

Level of Occurrence
Figure 3.37Mean habitat quality scores when occurrence of adult fluvial bull trout upstream
migration is high, low and not observed during time periods when occurrence is conceivable in
the South Fork and Mainstem Walla Walla rivers, Mill Creek and Yellowhawk Creek. Habitat
guality scores of £ 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 — 4.2 and >4.2 are considered to be of poor,
low, fair, good and high quality, respectively.

155



Table 3.38. Periodicity table comparing monthly habitat quality scores for adult foraging and
maintenance with occurrence for reaches in the South Fork and mainstem Walla Walla rivers as
well as Mill and Yellowhawk creeks within the Walla Walla Basin. Cells outlined in red indicate
when and where adult foraging and maintenance commonly occurs, purple indicates low
occurrence and green indicates reaches and months when upstream movement may be
conceivable, but does not occur or rarely is observed.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
SFww1 4.03 4.03 4.03 4.03 4.03 4.06 4.06 4.03
SFWW?2 4.06 4.06 4.06 4.06 4.09 4.06
SFWW3 4.00 4.00 4.18 4.00
% WWw4 3.84 3.84 4.10 4.10 4.02 4.02 4.02 4.02 4.02 4.02 3.84
g WW5 3.45 3.45 3.71 3.71 3.63 3.89 3.38 3.63 3.89 3.63 3.63 3.45
(?) WW6 3.45 3.45 3.70 3.48 3.40 3.57 2.63 2.85 3.35 2.88 3.10 3.45
% WW7 3.02 3.02 3.27 3.05 2.90 2.71 - 1.98 2.24 2.27 2.49 3.02
; WW8 3.80 3.80 3.90 3.83 3.60 3.33 2.09 231 2.81 2.89 3.19 3.72
% WW9 3.75 4.00 3.92 4.00 3.85 3.36 2.41 2.63 3.13 3.13 3.44 3.75
; WW10 3.55 3.80 3.80 3.58 3.58 291 2.29 2.51 3.01 2.94 294 3.58
WWwW11 3.60 3.86 3.86 3.86 3.78 3.02 1.85 1.85 2.33 2.44 3.03 3.60
WWwW12 3.66 3.66 3.92 4.17 3.84 3.06 211 2.37 2.37 2.87 331 3.66
WW13 3.58 3.58 3.84 4.09 3.84 3.05 2.11 2.36 2.36 2.86 3.31 3.58
MC14 4.03 4.03 4.03 4.03
% MC15 3.66 3.66 3.66 3.91 3.91 3.72 3.75 3.75 3.50 3.50 3.47 3.44
8 MC16 3.63 3.63 3.89 3.89 3.89 3.92 2.87 2.87 3.37 3.44 3.66 3.63
§ MC17 2.84 2.84 3.09 3.09 2.84 2.57 2.09 2.09 2.35 2.60 2.90 2.84
{) MC18 2.62 2.62 2.87
8 MC19 | 264 | 256 | 274
= MC20 2.65 2.65 2.90
= MC21 3.19 2.75 3.45
| hc22 350 [ 350 | 376

HQS
w w
o ol
H

High

m SF/Mainstem WW
@ Mill Creek
O Yellowhawk Creek

T
1

Low

Level of Occurrence

None

Figure 3.38. Mean habitat quality scores when occurrence of adult foraging and maintenance is
high, low and not observed during time periods when occurrence is conceivable in the South
Fork and Mainstem Walla Walla rivers, Mill Creek and Yellowhawk Creek. Habitat quality
scores of £1.8,>1.8 - 2.6, >2.6 — 3.4, >3.4 — 4.2 and >4.2 are considered to be of poor, low,

fair, good and high quality, respectively.
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Table 3.39. Periodicity table comparing monthly habitat quality scores for fluvial adult
downstream migration with occurrence for reaches in the South Fork and mainstem Walla Walla
rivers as well as Mill and Yellowhawk creeks within the Walla Walla Basin. Cells outlined in red
indicate when and where fluvial adult downstream migration commonly occurs, purple indicates
low occurrence and green indicates reaches and months when upstream movement may be
conceivable, but does not occur or rarely is observed.

=
%
2 WWS5 3.78 3.78 3.98 3.98 3.73 3.73 3.53 3.53 3.73 3.73 3.93 3.78
& WW6 3.75 3.75 3.95 3.68 3.43 3.33 2.60 2.87 3.07 2.80 3.67 3.75
‘=§ WW7 3.55 3.55 3.75 3.49 3.07 257 1.85 211 2.31 2.25 2.71 3.55
= Wws 4.17 4.17 4.15 3.90 3.52 2.86 1.82 2.08 2.48 2.53 3.16 4.00
% WW9 4.12 4.15 4.12 3.90 2.97 2.25 251 2.71 291 3.54 4.12
= | wwio | 387 4,07 4,07 3.61 3.41 2.84 217 243 2.63 2.78 2.98 3.81
WW11 | 3.93 4.13 4.13 3.93 3.88 2.78 _ 2.25 2.35 3.29 3.93
WW12 | 4.09 4.09 4.09 4.04 3.32 2.39 2.59 2.59 2.99 3.72 4.09
WW13 | 4.08 4.08 4.08 4.08 3.36 2.43 2.63 2.63 3.03 3.76 4.08
MC14
= MC15 3.94 3.94 3.94 4.14 3.94 3.71 3.45 3.45 3.45 3.45 3.71 3.67
3 MC16 3.94 3.94 4.14 4.14 3.94 3.68 297 2.97 3.17 3.42 3.88 3.94
§ MC17 3.30 3.30 3.50 3.50 3.30 2.71 2.25 2.25 2.45 2.65 3.27 3.30
X MC18 2.94 2.94 3.14 3.14 2.68 2.18 1.85 248 2.68
8 MC19 3.13 297 3.00 3.00 2.54 2.20 1.88 2.50 2.87
= MC20 3.07 3.07 3.27 3.27 2.81 2.15 1.82 2.45 2.81
= Mc21 3.41 2.89 3.61 3.88 3.68 3.18 1.87 1.87 2.07 2.85 3.21 3.41
[ vic22 | 387 | 387 | 407 | 387 | 387 | 367 | 341 341 361 387 | 407 | 387 |
Poor - Low \:l Fair \:l Good \:l High -
@ SF/Mainstem WW
5.0 - aMill Creek
4.5 - O Yellowhawk Creek
4.0 - T .
3 30 *
I 25 -
2.0 A
15 -
1.0
0.5 -
0.0 -

High

Low
Level of Occurrence

None

Figure 3.39. Mean habitat quality scores when occurrence of fluvial adult downstream migration
is high, low and not observed during time periods when occurrence is conceivable in the South
Fork and Mainstem Walla Walla rivers, Mill Creek and Yellowhawk Creek. Habitat quality
scores of < 1.8,>1.8 - 2.6, >2.6 — 3.4, >3.4 — 4.2 and >4.2 are considered to be of poor, low,
fair, good and high quality, respectively.
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Table 3.40. Periodicity table comparing monthly habitat quality scores for fluvial sub-adult
downstream migration with occurrence for reaches in the South Fork and mainstem Walla Walla
rivers as well as Mill and Yellowhawk creeks within the Walla Walla Basin. Cells outlined in red
indicate when and where fluvial sub-adult downstream migration commonly occurs, purple
indicates low occurrence and green indicates reaches and months when upstream movement
may be conceivable, but does not occur or rarely is observed.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
SFww1 4.17 4.17 4.17 4.17 4.17 4.17
SFWW?2
SFWW3
Ww4 4.18 4.18 3.94 3.94 4.18

WW5 3.90 3.90 4.14 4.14 3.85 3.85 3.61 3.61 3.85 3.85 4.09 3.90
WW6 3.70 3.70 3.94 3.73 3.44 3.34 2.68 2.89 3.13 2.92 3.84 3.70
3.49 3.49 3.73 3.52 3.06 251 1.85 2.06 2.30 2.33 2.78 3.49
Wws8 4.13 4.13 4.15 3.92 3.52 2.81 1.88 2.10 2.57 2.62 3.25 3.96
Ww9 4.09 - 4.15 4.09 3.86 2.93 2.27 2.48 2.72 2.96 3.58 4.09
WW10 3.83 4.07 4.07 3.62 3.38 2.87 2.19 241 2.64 2.90 3.13 3.86
WW11 3.88 4.12 4.12 3.88 3.83 2.74 1.87 1.87 2.32 2.52 3.40 3.88
WWwW12 4.05 4.05 4.05 4.00 3.31 241 2.65 2.65 3.12 3.78 4.05
WW13 4.03 4.03 4.03 4.03 3.34 244 2.68 2.68 3.16 3.82 4.03

Walla Walla Subbasin
:

MC15 3.90 3.90 3.90 4.14 3.90 3.72 3.51 3.51 3.51 3.51 3.72 3.69
MC16 3.91 391 4.14 4.14 391 3.69 2.95 2.95 3.19 3.48 3.93 3.91
MC17 3.41 341 3.65 3.65 341 2.82 2.37 2.37 2,61 2.84 3.29 341
3.08 3.08 3.32 3.32
MC19 3.27 3.27 3.51 3.51
MC20 3.23 3.23 347 3.47
MC21 3.77 3.35 4.01

YHC22 3.83 3.83 4.06 3.83

Mill Creek Subbasin
<
o)
&

5.0 - m SF/Mainstem WW
45 - B Mill Creek
4.0 T T
35 - = L
B, 3.0 -
Q25 -
2.0 -
15 -
1.0 -
0.5 -
0.0 -
High Low None

Level of Occurrence

Figure 3.40. Mean habitat quality scores when occurrence of fluvial sub-adult downstream
migration is high, low and not observed during time periods when occurrence is conceivable in
the South Fork and Mainstem Walla Walla rivers, Mill Creek and Yellowhawk Creek. Habitat
quality scores of < 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 — 4.2 and >4.2 are considered to be of poor,
low, fair, good and high quality, respectively.
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Table 3.41. Periodicity table comparing monthly habitat quality scores for fluvial sub-adult
upstream migration with occurrence for reaches in the South Fork and mainstem Walla Walla
rivers as well as Mill and Yellowhawk creeks within the Walla Walla Basin. Cells outlined in red
indicate when and where fluvial sub-adult upstream migration commonly occurs, purple
indicates low occurrence and green indicates reaches and months when upstream movement
may be conceivable, but does not occur or rarely is observed.

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

SFWW1
SFWW?2
SFWW3
£ [ wwa
3+
S [ wws
a | wwe 271 | 311 | 284 | 328
©
S Fows
[5+]
= [Cwws
3
WWw11 323
wwiz
wwi13
MC14

MC16 2.82

v

3.28 3.28 3.28 3.01

Mill Creek Subbasin
<
Q
(o0}

MC19 330 | 330 330 | 3.03
uczo
[ vezs
YHC22 3.23 3.23
m SF/Mainstem WW
@ Mill Creek
‘513 ] O Yellowhawk Creek
. 4.0 -
o355
I .
2.5 -
2.0 -
1.5 -
1.0
0.5 -
0.0 - —

High Low None
Level of Occurrence
Figure 3.41. Mean habitat quality scores when occurrence of fluvial sub-adult upstream
migration is high, low and not observed during time periods when occurrence is conceivable in
the South Fork and Mainstem Walla Walla rivers, Mill Creek and Yellowhawk Creek. Habitat
quality scores of 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 — 4.2 and >4.2 are considered to be of poor,
low, fair, good and high quality, respectively.
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Table 3.42. Periodicity table comparing monthly habitat quality scores for fluvial sub-adult
rearing, foraging and growth with occurrence for reaches in the South Fork and mainstem Walla
Walla rivers as well as Mill and Yellowhawk creeks within the Walla Walla Basin. Cells outlined
in red indicate when and where fluvial sub-adult rearing, foraging and growth commonly occurs,
purple indicates low occurrence and green indicates reaches and months when upstream
movement may be conceivable, but does not occur or rarely is observed.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
SFWW1 [ 3.78 3.78 3.78 3.78 3.78 4.07 4.07 4.07 4.07 3.81 3.81 3.78
SFWW?2 [ 3.80 3.80 3.80 3.80 4.07 4.09 4.09 4.09 4.09 4.09 3.83 3.80
sPwws | 372 | 372 | 399 | 399 | 416 | 419 393 | 3.72
'% WwW4 3.57 3.57 3.84 3.84 4.01 4.01 4.01 4,01 3.75 3.75 3.57
re) WWS5 3.13 3.13 3.39 3.39 3.57 3.83 3.30 3.57 3.83 3.57 3.30 3.13
& WW6 3.14 3.14 3.41 3.20 3.37 3.55 2.61 2.81 3.34 2.87 2.81 3.14
% WW7 2.74 2.74 3.00 2.79 2.90 271 - 1.97 2.24 2.29 224 2.74
= Ww8 3.45 3.45 3.56 3.78 3.54 3.28 2.04 2.25 2.78 2.87 2.88 3.38
(=‘§ Ww9 3.41 3.67 3.60 3.94 3.78 331 236 2.57 3.10 3.10 3.12 3.41
= | wwio 3.20 3.47 3.47 3.53 3.53 2.87 2.23 244 2.97 2.92 2.66 3.26
WW11 3.28 3.54 3.54 3.81 3.72 3.00 1.85 1.85 232 2.45 2.76 3.28
WwW12 331 331 3.57 3.84 4.01 3.00 2.05 232 2.32 2.85 3.00 331
WW13 3.22 3.22 3.48 3.75 4.01 3.00 2.05 231 231 2.85 3.00 3.22
MC14 3.85 3.85 3.85 412 4.12 4.15 _E 4.15 - 3.85
% MC15 3.37 3.37 3.37 3.64 3.90 3.72 3.78 3.78 3.51 3.51 3.19 3.16
3 MC16 3.34 3.34 3.61 3.61 3.87 3.93 2.84 2.84 3.37 3.46 3.40 3.34
§ MC17 2.62 2.62 2.88 2.88 3.41 2.63 2.16 2.16 2.42 2.69 2.63 2.62
x MC18 241 241 2.67 2.67 2.99 2.20 2.05 2.07 2.20
8 MC19 241 241 2.67 2.67 2.99 221 2.05 2.14 2.20
= MC20 244 244 2.70 2.70 3.03 2.24 1.82 2.09 2.03 2.23
= Mc21 3.03 261 3.29 3.50 4.03 3.24 2.06 2.06 2.32 3.09 2.83 3.03
[ vrco2 | 320 [ 320 | 346 | 373 | 373 | 373 | 311 | 311 | 337 | 373 | 346 | 320 |
Poor - Low \:I Fair \:l Good \:l High -
5.0 - B SF/Mainstem WW
4.5 - @ Mill Creek
4.0 - T o Yellowhawk Creek
3.5 A T
2 30 | 1
T 25 -
2.0 -
15 -
1.0 -
0.5 -
0.0 -

High

Low

Level of Occurrence

Figure 3.42. Mean habitat quality scores when occurrence of fluvial sub-adult rearing, foraging
and growth is high, low and not observed during time periods when occurrence is conceivable in
the South Fork and Mainstem Walla Walla rivers, Mill Creek and Yellowhawk Creek. Habitat
quality scores of £ 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 — 4.2 and >4.2 are considered to be of poor,
low, fair, good and high quality, respectively.

None

160



. o - > 3

) ‘l‘. ; % “- ‘; - - A A rd P asite ) 3 _ . ~ a
Figure 3.43. High flow event at the downstream boundary of reach SFWW2 (Harris County
Park Bridge — rkm 95.5).

likely limits migratory adult bull trout access to upstream spawning areas.
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Flgure 3. 45 "The C|ty of WaIIa WaIIa Intake D‘éhi and assomated fISh Iadder at the downstream
boundary of reach MC14 (rkm 44.2).

Figure 3 46' Picture depicting juvenile bull trout in off-channel habitat i in  the South Fork WaIIa
Walla River.
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Figure 3.47. Portion of the Walla Walla River influenced by backwater from the mainstem
Columbia River (reach WW13).

a

Figure 3.48. Portion of the Walla Walla River rééch WWIZ.
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Figure 3.49. Garden Cit-OId Lowden #2 Dirson Dam and associated fish ladder in reach
WW11.

Figure 3.50. Burlingame Diversion Dam and associated fish ladder at the upstream boundary of
reach WW10.
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Figure 3.51. Photograph depicting one of many seasonal passage barriers that result from
depleted surface flows within reaches WW8 and WW9.
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Figure 3.52. Nursery Bridge Dam (rkm 73.1) on the Walla Walla River near Milto-Fréewater,
OR.
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Figure 3.53. Levee section downstream of Nursery Bridge Dam (reach WW) on the Walla
Walla River near Milton-Freewater, OR.

r

Figure 3.54. Photographs depicting the inflatable dam (Ieft),diversion canal (center) and fish
ladder (right) at the Little Walla Walla Diversion facility (rkm 75.1) on the Walla Walla River near
Milton-Freewater, OR.
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Figu 3.55. Lg jas in reaches SFWW?2 (left) and SFWW1 (right).

’ - “-&;,’. g.';”
Gose Street fish ladder in lower Mill Creek near Walla Walla, WA.

Figure 3.56.
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Figur 3.58. Concrete flume in reach MC19 in Mill Creek near Walla Walla, WA.
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Figure 3.59. Mill Creek Division Dam onll\/‘l—ill Creek near aIIa Walla, W. '
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7FTgurre—3.60. Gabtién-style concrete sills downstream of the Mill Creek Division Dam on Mill
Creek near Walla Walla, WA.
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Figure 3.61. Stabilization sills within reach MC17 in Mill Creek near Walla Walla, WA.

Figure 3.62. Mill Creek Diversion Dam on Mill Creek near Walla Walla, WA.
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Flgure 3. 63 Low flow outlet and fish Iadder entrance (left), eco- block separatron waII (center)
and impinged adult-sized bull trout (right) at the Mill Creek Diversion Dam in Mill Creek near
Walla Walla, WA.

Flgure 3 64. The Clty of Walla Walla Intake Dam in upper Mill Creek near WaIIa WaIIa WA.
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Figure 3.65. Pictured on the left, is an example of deep, slow water habitat common in the
lower basin reaches in the mainstem Walla Walla River (left) near Lowden, WA. Habitat where
bull trout have been located within the mainstem Columbia River upstream of McNary Dam near
the Wallula Gap, WA (right).

Figure 3.66. Examples of pool-type habitat created by water control structures and diversion
dams in middle and lower basin areas. Pictured are Nursery Bridge Dam (left), the Garden City-
Old Lowden #2 diversion dam (center) and the Burlingame diversion dam (right) near Milton-
Freewater, OR and Lowden, WA.
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Figure 3.67. Scoured pools immediately downstream of stabilization sills within the flood control
project in reach MC17 (approximately rkm 19) near Walla Walla, WA.

Vo BRI T “ha
Figure 3.68. Deep water, pool-type habitat associated with Nursery Bridge Dam (rkm 73.1) in
the reach WW?7 within the mainstem Walla Walla River near Milton-Freewater, OR.
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Figure 3.69. Example of stabilization sills near the downstream bound ofeach MC18
(approximately rkm 15) as surface flows decline during early summer months in Mill Creek near
Walla Walla, WA.

Figure 3.70. Examples of low flow barriers at riffles resulting from depleted instream surface
flows that are common throughout the summer and early fall months within reach WW8 near
Milton-Freewater, OR.
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Figure 3.71. Example of unsuccessful avian predation that is commonly observed during

summer sampling activities in middle basin reaches in the mainstem Walla Walla River near
Milton-Freewater, OR.

E—— —

Figure 3.72. Photographs of severely degraded habitat conditions within the Mill Creek Flood
Control Project near Walla Walla, WA.
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Figure 3.73. Improvements to fish passage in reach MC17 (left) and channel
roughness/passage revisions within the concrete flume in reach MC19 in Mill Creek near Walla
Walla, WA.
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Appendix A: Reach Delineation

Table A1l. Walla Walla River Subbasin reach delineation matrix.

Reach
#

SFWW1

SFWW2

SFWW3

Ww4

WW5

WW6

WWwW7

Major Major Channel . Stream
RKM Tributaries Diversions Modification Land Use Elevation Gradient Geology
126 Not Modified Forested High High Uplands
125 Not Modified Forested High High Uplands
SFWWR
124 Headwaters Not Modified Forested High High Uplands
(rkm 125.4)
123 Not Modified Forested High High Uplands
122 Not Modified Forested High High Uplands
121 Not Modified Forested High High Uplands
120 Not Modified Forested High Medium Uplands
119 Not Modified Forested High Medium Uplands
118 Not Modified Forested High Medium Uplands
117 Not Modified Forested Medium Medium Uplands
116 (ﬁ(enfirlgg)ek Not Modified Forested Medium Medium Uplands
115 Not Modified Forested Medium Medium Uplands
114 Not Modified Forested Medium Medium Uplands
113 (Srtlrzhflrtzo.g)Cr. Not Modified Forested Medium Medium Uplands
112 Not Modified Forested Medium Medium Uplands
111 Not Modified Forested Medium Medium Uplands
110 Not Modified Forested Medium Fairly Low Uplands
109 Not Modified Forested Medium Fairly Low Uplands
108 Not Modified Forested Medium Fairly Low Uplands
107 Not Modified Forested Medium Fairly Low Uplands
106 Not Modified Forested Medium Fairly Low Uplands
105 Not Modified Forested Medium Fairly Low Uplands
104 Not Modified Forested Medium Fairly Low Uplands
103 Not Modified Forested Medium Fairly Low Uplands
102 Not Modified Forested Medium Fairly Low Uplands
101 Not Modified Forested Medium Fairly Low Uplands
100 Not Modified Forested Medium Fairly Low Uplands
99 Not Modified Forested Medium Fairly Low Uplands
98 Not Modified Forested Medium Fairly Low Uplands
Harris Park
97 Bridge Min. Modified Forested Medium Fairly Low Uplands
(rkm 95.5)
96 Min. Modified Forested Medium Fairly Low Uplands
95 Min. Modified Agr. - Pasture Medium Fairly Low Uplands
94 Min. Modified Agr. - Pasture Medium Fairly Low Uplands
93 Min. Modified Agr. - Pasture Medium Fairly Low Uplands
92 Min. Modified Agr. - Pasture Medium Fairly Low Uplands
91 Min. Modified Agr. - Pasture Medium Fairly Low Uplands
90 Min. Modified Agr. - Pasture Medium Fairly Low Uplands
89 Min. Modified Agr. - Pasture Low Fairly Low Uplands
88 Min. Modified Agr. - Pasture Low Fairly Low Uplands
87 Min. Modified Agr. - Orch/Vin Low Fairly Low Uplands
86 Min. Modified Agr. - Orch/Vin Low Fairly Low Uplands
85 Min. Modified Agr. - Orch/Vin Low Fairly Low Uplands
84 ?:k':n ‘Q’ZV_\Q)R'V” Min. Modified Agr. - Orch/Vin Low Fairly Low | Foothills
83 Min. Modified Agr. - Orch/Vin Low Fairly Low Foothills
82 Min. Modified Agr. - Orch/Vin Low Fairly Low Foothills
81 Min. Modified Agr. - Orch/Vin Low Fairly Low Foothills
80 Min. Modified Agr. - Orch/Vin Low Fairly Low Foothills
79 %)Lge Cr. (rkm Highly Modified Agr. - Orch/Vin Low Fairly Low Foothills
78 Highly Modified Urban Devel. Low Fairly Low Foothills
7 Highly Modified Urban Devel. Low Fairly Low Foothills
LWWR
76 Diversion Highly Modified Urban Devel. Low Fairly Low Low Lands
_(rkm 75.1)
75 Highly Modified Urban Devel. Low Fairly Low Low Lands
East Side
74 Diversion Highly Modified Urban Devel. Low Fairly Low Low Lands
_(rkm 73.1)
73 Highly Modified Agr. - Row Crops Low Fairly Low Low Lands
72 Highly Modified Agr. - Row Crops Low Fairly Low Low Lands
71 Highly Modified Agr. - Row Crops Low Fairly Low Low Lands
End of Levy -
70 Tumalum Br. Highly Modified Agr. - Row Crops Low Fairly Low Low Lands
(rkm 69.3)
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wws

Ww9

WW10

Wwi1l

Wwi12

WW13

69 Moderate Mod. Agr. - Row Crops Low Low Low Lands
68 Moderate Mod. Agr. - Row Crops Low Low Low Lands
67 Moderate Mod. Agr. - Row Crops Low Low Low Lands
66 Moderate Mod. Agr. - Row Crops Low Low Low Lands
65 Moderate Mod. Agr. - Row Crops Low Low Low Lands
64 ZE:{?"G\’S%‘;‘IK cr. Moderate Mod. Agr. - Row Crops Low Low Low Lands
63 Moderate Mod. Agr. - Row Crops Low Low Low Lands
62 Moderate Mod. Agr. - Row Crops Low Low Low Lands

Burlingame
61 Diversion Moderate Mod. Agr. - Row Crops Low Low Low Lands

_(rkm 60.3)
60 Moderate Mod. Agr. - Row Crops Low Low Low Lands
59 Moderate Mod. Agr. - Row Crops Low Low Low Lands
58 Moderate Mod. Agr. - Row Crops Low Low Low Lands
57 Moderate Mod. Agr. - Row Crops Low Low Low Lands
56 Moderate Mod. Agr. - Row Crops Low Low Low Lands
55 SM‘{HS?EEI( (rkm Moderate Mod. Agr. - Row Crops Low Low Low Lands
54 Moderate Mod. Agr. - Row Crops Low Low Low Lands
53 Moderate Mod. Agr. - Row Crops Low Low Low Lands
52 Moderate Mod. Agr. - Row Crops Low Low Low Lands
51 Garden City M

oderate Mod. Agr. - Row Crops Low Low Low Lands

- Lowden #2
50 Moderate Mod. Agr. - Row Crops Low Low Low Lands
49 Moderate Mod. Agr. - Row Crops Low Low Low Lands
48 Moderate Mod. Agr. - Row Crops Low Low Low Lands
a7 Moderate Mod. Agr. - Row Crops Low Low Low Lands
46 ?rll\(’ﬁ:i'g;] Moderate Mod. Agr. - Row Crops Low Low Low Lands
45 Moderate Mod. Agr. - Row Crops Low Low Low Lands
44 Moderate Mod. Agr. - Row Crops Low Low Low Lands
43 Moderate Mod. Agr. - Row Crops Low Low Low Lands
42 Moderate Mod. Agr. - Row Crops Low Low Low Lands
41 Moderate Mod. Agr. - Row Crops Low Low Low Lands
40 Moderate Mod. Agr. - Row Crops Low Low Low Lands
39 Moderate Mod. Agr. - Row Crops Low Low Low Lands
38 Moderate Mod. Agr. - Row Crops Low Low Low Lands
37 Moderate Mod. Agr. - Row Crops Low Low Low Lands
36 Moderate Mod. Agr. - Row Crops Low Low Low Lands
35 Moderate Mod. Agr. - Row Crops Low Low Low Lands
34 Moderate Mod. Agr. - Row Crops Low Low Low Lands
33 Moderate Mod. Agr. - Row Crops Low Low Low Lands
32 (-rrlf muc:?f t3;?|ver Moderate Mod. Agr. - Row Crops Low Low Low Lands
31 Moderate Mod. Agr. - Row Crops Low Low Low Lands
30 Moderate Mod. Agr. - Row Crops Low Low Low Lands
29 Moderate Mod. Agr. - Row Crops Low Low Low Lands
28 Moderate Mod. Agr. - Row Crops Low Low Low Lands
27 Moderate Mod. Agr. - Row Crops Low Low Low Lands
26 Moderate Mod. Agr. - Row Crops Low Low Low Lands
25 Moderate Mod. Agr. - Row Crops Low Low Low Lands
24 Moderate Mod. Agr. - Row Crops Low Low Low Lands
23 Moderate Mod. Agr. - Row Crops Low Low Low Lands
22 Moderate Mod. Agr. - Row Crops Low Low Low Lands
21 Moderate Mod. Agr. - Row Crops Low Low Low Lands
20 Moderate Mod. Agr. - Row Crops Low Low Low Lands
19 Moderate Mod. Agr. - Row Crops Low Low Low Lands
18 Moderate Mod. Agr. - Row Crops Low Low Low Lands
17 Moderate Mod. Agr. - Row Crops Low Low Low Lands
16 Moderate Mod. Agr. - Row Crops Low Low Low Lands
15 Moderate Mod. Agr. - Row Crops Low Low Low Lands
14 Moderate Mod. Agr. - Row Crops Low Low Low Lands
13 Moderate Mod. Agr. - Row Crops Low Low Low Lands
12 Moderate Mod. Agr. - Row Crops Low Low Low Lands
11 Moderate Mod. Agr. - Row Crops Low Low Low Lands
10 Moderate Mod. Agr. - Row Crops Low Low Low Lands
9 Moderate Mod. Agr. - Row Crops Low Low Low Lands

Backwater
8 influence (rkm Moderate Mod. Wildlife Refuge Low Low Low Lands
8.0)

7 Moderate Mod. Wildlife Refuge Low Low Low Lands
6 Moderate Mod. Wildlife Refuge Low Low Low Lands
5 Moderate Mod. Wildlife Refuge Low Low Low Lands
4 Moderate Mod. Wildlife Refuge Low Low Low Lands
3 Moderate Mod. Wildlife Refuge Low Low Low Lands
2 Moderate Mod. Wildlife Refuge Low Low Low Lands
1 Moderate Mod. Wildlife Refuge Low Low Low Lands
0 Moderate Mod. Wildlife Refuge Low Low Low Lands
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Table A2. Mill Creek Subbasin reach delineation matrix.

Reach | Major Major Channel . Stream
# RkM Tributaries Diversions Modification Land Use Elevation Gradient Geology
59 Not Modified Forested Fairly High High Uplands
Mill Creek
58 Headwaters Not Modified Forested Fairly High High Uplands
(rkm 58.7)
57 Not Modified Forested Fairly High High Uplands
56 Not Modified Forested Fairly High High Uplands
55 Not Modified Forested Fairly High High Uplands
54 Not Modified Forested Fairly High High Uplands
MC14 53 Not Modified Forested Fairly High High Uplands
52 Not Modified Forested Fairly High High Uplands
51 Not Modified Forested Fairly High High Uplands
50 Not Modified Forested Fairly High Fairly Low Uplands
49 Not Modified Forested Fairly High Fairly Low Uplands
48 Not Modified Forested Medium Fairly Low Uplands
47 Not Modified Forested Medium Fairly Low Uplands
46 Not Modified Forested Medium Fairly Low Uplands
Mill Creek
45 Intake Dam Not Modified Forested Medium Fairly Low Uplands
(rkm 44.2)
44 Moderate Forested Medium Fairly Low Uplands
43 Moderate Forested Medium Fairly Low Uplands
42 Moderate Forested Medium Fairly Low Uplands
41 Moderate Forested Medium Fairly Low Uplands
40 Moderate Forested Fairly Low Fairly Low Uplands
39 Moderate Forested Fairly Low Fairly Low Uplands
- 38 Moderate Forested Fairly Low Fairly Low Uplands
MC15 i 37 Moderate Forested Fairly Low Fairly Low Uplands
36 Moderate Forested Fairly Low Fairly Low Uplands
35 Moderate Forested Fairly Low Fairly Low Foothills
34 Moderate Urban Development Fairly Low Fairly Low Foothills
33 Moderate Urban Development Fairly Low Fairly Low Foothills
32 Moderate Forested Fairly Low Fairly Low Foothills
31 Moderate Forested Fairly Low Fairly Low Foothills
30 Frllfr: (;;eg;( Moderate Forested Fairly Low Fairly Low Foothills
29 Moderate Agr. - Row Crops Fairly Low Fairly Low Low Lands
28 Moderate Agr. - Row Crops Fairly Low Fairly Low Low Lands
i27 Moderate Agr. - Row Crops Fairly Low Fairly Low Low Lands
MC16 | 26 Moderate Agr. - Row Crops Fairly Low Fairly Low Low Lands
i 25 Moderate Agr. - Row Crops Low Fairly Low Low Lands
24 Moderate Agr. - Row Crops Low Fairly Low Low Lands
23 Moderate Agr. - Row Crops Low Fairly Low Low Lands
22 Moderate Agr. - Row Crops Low Fairly Low Low Lands
21 Moderate Agr. - Row Crops Low Fairly Low Low Lands
Mill Cr.
MC17 20 Diversion Highly Mod. Urban Development Low Fairly Low Low Lands
(rkm 20.1)
19 Highly Mod. Urban Development Low Fairly Low Low Lands
MC18 18 Divi'\s/:glnclgam Highly Mod. Urban Development Low Fairly Low Low Lands
Y (rkm 18.5) Highly Mod. Urban Development Low Fairly Low Low Lands
16 Highly Mod. Urban Development Low Fairly Low Low Lands
i 15 Severely Mod. Urban Development Low Fairly Low Low Lands
McC19 o 14 Severely Mod. Urban Development Low Fairly Low Low Lands
13 Severely Mod. Urban Development Low Fairly Low Low Lands
12 Severely Mod. Urban Development Low Fairly Low Low Lands
MC20 P Highly Mod. Urban Development Low Fairly Low Low Lands
10 Highly Mod. Urban Development Low Low Low Lands
9 Highly Mod. Urban Development Low Low Low Lands
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8 Moderate Agr. - Row Crops Low Low Low Lands
7 Moderate Agr. - Row Crops Low Low Low Lands
6 Moderate Agr. - Row Crops Low Low Low Lands
i 5 Moderate Agr. - Row Crops Low Low Low Lands
MC21 4 Moderate Agr. - Row Crops Low Low Low Lands
i3 Moderate Agr. - Row Crops Low Low Low Lands
2 Moderate Agr. - Row Crops Low Low Low Lands
1 Moderate Agr. - Row Crops Low Low Low Lands
0 Moderate Agr. - Row Crops Low Low Low Lands
Table A3. Yellowhawk Creek reach delineation matrix.
Reach Major Major Channel . Stream
# M ributaries Diversions | Modification Land Use Elevation | ¢ adient = 9e0lo8Y
vellowhawk Garrison Cr.
14 Headgate X o Moderate Agriculture - Row Crops Low Low Low Lands
Diversion
(rkm 14.5)
13 Moderate Agriculture - Row Crops Low Low Low Lands
12 Moderate Agriculture - Row Crops Low Low Low Lands
11 Moderate Urban Development Low Low Low Lands
10 Moderate Urban Development Low Low Low Lands
9 Moderate Agriculture - Row Crops Low Low Low Lands
YHC22 8 Moderate Agriculture - Row Crops Low Low Low Lands
7 Moderate Agriculture - Row Crops Low Low Low Lands
6 Moderate Agriculture - Row Crops Low Low Low Lands
5 Moderate Agriculture - Row Crops Low Low Low Lands
4 Moderate Agriculture - Row Crops Low Low Low Lands
3 Moderate Agriculture - Row Crops Low Low Low Lands
2 Moderate Agriculture - Row Crops Low Low Low Lands
1 Moderate Agriculture - Row Crops Low Low Low Lands
Confluence
0 with Walla Moderate Agriculture - Row Crops Low Low Low Lands
Walla River
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Table B1. Example of primary questionnaire for ranking variables and populating the pair wise

Appendix B: Primary Questionnaire
comparison matrix.

Factor Weighting Score Factor
HV2
HV3

Factor

HV4
HV5

10
10
10
10

5 6 7 8 9
5 6 7 8 9
5 6 7 8 9
5 6 7 8 9

Less Importance Than...
4
4
4
4

3
3
3
3

6 5 4 3
6 5 4 3
6 5 4 3
6 5 4 3

More Importance Than...
7
7
7
7

9 8
9 8
8
8

10
10
10 9
10 9
10
10
10
10
10
10
10

HV1
HV2
HV3
HV4
HV5
HV6
HV7
HV8
HV9
HV10

HV6
HV7
HV8
HV9
HV10
HV11
HV3
HV4
HV5
HV6
HV7
HV8
HV9
HV10
HV11
HV4
HV5
HV6
HV7
HV8
HV9
HV10
HV11
HV5
HV6
HV7
HV8
HV9
HV10
HV11
HV6
HV7
HV8
HV9
HV10
HV11
HV7
HV8
HV9
HV10
HV11
HV8
HV9
HV10
HV11
HV9
HV10
HV11
HV10
HV11
HV11

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

10 9
10
10
10
10
10
10
10
10 9
10
10
10
10
10
10
10
10
10 9
10
10
10
10
10
10
10
10 9
10
10
10
10
10
10
10
10 9
10
10
10
10
10
10
10
10 9
10
10

HV1
HV2
HV3
HV4
HV5
HV6
HV7
HV8
HV9
HV1
HV2
HV3
HV4
HV5
HV6
HV7
HV8
HV1
HV2
HV3
HV4
HV5
HV6
HV7
HV1
HV2
HV3
HV4
HV5
HV6
HV1
HV2
HV3
HV4
HV5
HV1
HV2
HV3
HV4
HV1
HV2
HV3
HV1
HV2
HV1
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Appendix C: Reach-specific Narratives

This appendix contains descriptive details on each of the 22 delineated river reaches in the
SFWWR and the WWR, as well as MC and YHC to characterize riverine habitat to help inform
current bull trout status, effectiveness of recovery actions and to help prioritize and guide future
recovery actions. Available biological, chemical, riparian, geomorphic and hydrologic data were
used to temporally describe environmental conditions at the reach scale.

SFWW1

Located within the Umatilla National Forest, this 9.8 km, nearly pristine reach of the SFWWR
includes the headwaters from approximately rkm 124 to its downstream boundary at the Reser
Creek confluence (rkm 115.6). This relatively high elevation, high gradient stream segment
runs through a coniferous forested canyon, characterized by steep slopes, intact riparian
canopy and a complex stream channel. Although influenced by snowpack and variable
seasonal precipitation, constant groundwater influx and small tributaries drive flows within this
reach. Adequate, year-round streamflows and cool water temperatures provide suitable habitat
conditions for all bull trout life stages and strategies. This reach is designated as critical bull
trout spawning and rearing habitat and is essentially free of channel modifications and
anthropogenic influences largely due to its remote disposition and limited access. The collective
habitat characteristics of this reach may lessen the direct effects of changing climatic trends
than in other, less pristine reaches within the Basin.

SFWW?2

This 20.1 km, relatively pristine reach of the SFWWR is bounded upstream by the confluence of
Reser Creek (rkm 115.6), and flows through coniferous forest canopy to Harris Park Bridge (rkm
95.5). The lower bounds of this reach marks a notable change in ownership from government
owned and managed property (U. S. Forest Service, Bureau of Land Management and Umatilla
County) to primarily private landownership. With this change in ownership, land use also
distinctly changes from protected, forested land to primarily rural pasture for livestock.
Streamflow within this reach incrementally increases downstream with the contribution from
small, perennial and seasonal tributaries including: Reser, Skiphorton, Table, Burnt Cabin, Bear
and Elbow Creeks. Seasonal flows are influenced by snowpack and variable precipitation.
Summer base flows near the downstream end of this reach average over 100 cfs, providing
reliable, year-round, cool water conditions for all bull trout life stages and strategies. This reach
of the SFWWR is designated as critical bull trout spawning and rearing habitat and houses the
majority of known spawning areas, which include portions of Skiphorton and Reser Creeks.
Habitat conditions within this middle elevation and moderate gradient reach are characterized
by intact riparian canopy and high channel complexity, ample large woody debris, as well as
minimal channel confinement or modification. The relatively pristine nature and hydrologic
regime of this reach may make it less prone to the direct effects of climate change than other,
more modified reaches within the Basin.

SFWW3
Downstream from the Harris Park Bridge (rkm 95.5) to the confluence of the NFWWR (rkm
82.9), the steepness of canyon slopes decreases, valley bottoms widen and accordingly the

stream gradient lessens. This geomorphic transition marks a shift in land-use from forested,
sparsely disturbed reaches to that of agricultural pasture land, orchards and vineyards, as
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evidenced by cleared vegetation and altered riparian zones. Although a mixed coniferous and
deciduous canopy lines most of the immediate river channel, much of the valley bottom has
been cleared and the river is disconnected from its flood plain in many areas. As elevation
decreases, climatic conditions generally become warmer and drier. Data collected during
“seepage runs” categorized this reach of the SFWWR as primarily a gaining reach (Bower
2007). Within this 12.6 km upland reach, the presence of agricultural and rural development
associates the need for irrigation, in addition to bank armoring and channel straightening to
maintain fields, roads and bridges. Although surface water is tapped for livestock and irrigation
purposes, withdrawals within this reach are minimal compared to further downstream reaches.
Bull trout spawning may occur within this reach, but it is likely limited if it occurs at all. Habitat in
this reach has been designated as critical foraging, migration and overwintering habitat for
fluvial adult and sub-adult bull trout (USFWS 2010). No major tributaries contribute to flow in
this reach until the NFWWR enters at the downstream boundary. The magnitude of the river
and habitat characteristics within this reach may increase its resiliency to the direct effects of
climate change.

Ww4

From the confluence of the North and South Forks (rkm 82.9), downstream through a valley
bottom amongst rolling foothills, this 4.8 km reach flows through land primarily used for orchards
and vineyards. The downstream boundary of this reach (rkm 78.1) is delineated by the
upstream end of a major flood control levee that represents a radical, anthropogenic change to
the riverine habitat. The aquatic habitat within this relatively low elevation, low gradient stream
segment is influenced by a notable increase in rural development, channel modification and the
river is largely disconnect from its floodplain. Primarily deciduous riparian vegetation lines most
of the river channel, but much of the valley bottom has been cleared for agricultural and rural
development. Recently, a sizeable riparian restoration project, catalyzed and facilitated by the
Confederated Tribes of the Umatilla Indian Reservation, was implemented within this reach.
Completed by 2011, this project removed almost 800 m of levee, restoring the river’s access to
a portion of its historic floodplain and established a 335 m, perennial side channel to increase
aguatic habitat quantity and quality within this reach. The NFWWR contributes perennial flow to
the mainstem at the head of this reach, but no other significant tributaries or diversions influence
instream flows. This reach is generally warmer and drier than higher elevation areas and
surface water is withdrawn for agricultural needs. Habitat in this reach has been designated as
critical foraging, migration and overwintering habitat for fluvial adult and sub-adult bull trout. No
major tributaries contribute to flow in this reach until the NFWWR enters at the downstream
boundary. The size of the river and the remaining quality of habitat may provide enough
thermal buffering capacity to lessen the direct effects of climate change.

WW5S

Beginning at rkm 78.1 and continuing downstream for 3 km, this extensively modified, low
elevation, low gradient reach of the WWR is confined on both banks by a flood control levee.
Severe channel modifications (e.g. straightening, bank armoring) and riparian vegetation
removal characterize this reach. Although the levee section continues past 3 km, the Little
WWR Diversion (rkm 75.1) depletes river flows during the irrigation season (April — October),
marking a clear, seasonal change in macrohabitat conditions. Couse Creek, which enters the
WWR near the upstream end, is the only major tributary to this reach. The WWR tracks the
eastern boundary of Milton-Freewater, Oregon, and is influenced by urban development to the
west and row-crops to the east. Summer water temperatures exceed those of upstream
reaches, but the water volume, remnant streamside vegetation and groundwater influx
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somewhat buffer the effects of solar radiative heating. This reach is designated as critical
foraging, migrating and overwintering habitat for bull trout.

WW6

The Little Walla Walla Diversion (rkm 75.1) seasonally diverts the majority of surface flows
during the irrigation season (April to October), bypassing only enough during summer base
flows to ensure a minimum of 25 cfs is measured at the end of this reach near Nursery Bridge
Dam (rkm 73.1). The physical habitat within this highly modified, 2 km reach is relatively similar
to the adjacent segment upstream but the seasonal lack of surface flows distinctly differentiates
it. Severe straightening of the stream channel, armoring of the banks, vegetation alteration and
a general lack of channel complexity characterizes this reach. Data collected during seepage
runs (Bower 2007) indicated that this reach of the WWR is a losing reach. A barrier to fish
migration (Smith Grade Control Sill) existed during low flows, and was removed during 2012.
Summer water temperatures exceed those of upstream reaches. The remnant streamside
vegetation creates only a minimal buffer to thermal heating. This combined with artificially low
discharge and the loss of surface to subsurface flows in this reach results in exacerbated water
temperatures. This reach is designated as critical foraging, migrating and overwintering habitat
for bull trout.

WW7

The Nursery Bridge Dam (rkm 73.1) is the upstream bound of this reach. In combination with
downstream levees, it provides flood control for the City of Milton-Freewater, OR and the
surrounding agricultural land. The Dam consists of two permanent concrete gravity dams with a
70 foot stilling basin between them that dissipates hydrologic energy, especially during high flow
events. Prior to 2001, fish passage at the Nursery Bridge Dam was considered inadequate for
migratory fish species. A new fish ladder was completed in 2001 to facilitate upstream passage
of bull trout and other migratory salmonids. The East Side Diversion draws water for seasonal
irrigation just upstream from the Nursery Bridge Dam leaving a minimum of 25 cfs instream at
the head of this reach. Seepage runs indicate that this reach is a losing reach and at times,
more than half of the bypassed surface water becomes subsurface prior to reaching the end of
the reach at Tumalum Bridge (rkm 69.3). The habitat within this highly modified, 3.8 km reach is
similar to the adjacent, upstream segment, but is differentiated by more intensive vegetation
management on and along its control structures. In addition, the levee in this reach is much
larger (e.g. wider), and the highly degraded aquatic habitat is almost entirely unshaded. The
lack of riparian complexity, channel modification and seasonal dewatering contribute to elevated
stream temperatures within this reach. The poor quality of riparian habitat and lack of summer
discharge likely provide very little thermal buffering capacity, thus exposing this reach to many
of the direct effects of climate change. This reach is designated as critical foraging, migrating
and overwintering habitat for bull trout.

WWwW8

This 6.4 km reach of the WWR is bounded upstream by the downriver end of the flood control
levee (rkm 69.3) and flows through a corridor of relatively intact riparian canopy to its confluence
with YHC (rkm 62.9). Primarily row crops to the east and small, residential pastures to the west
sheath the relatively narrow riparian zone. Despite being influenced by occasional erosion
control measures (e.g. bank armoring), the river is allowed at least some ability to meander
freely within its immediate floodplain, alternately eroding and depositing sediments. Increased
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sinuosity and improved riparian function distinctly differentiates this reach from the adjacent,
upstream segment. Hyporheic exchange and the notable influx of groundwater contribute to its
categorization as a gaining reach (Bower 2007). Thermal buffering by mature riparian
vegetation and the influence of groundwater reduce the rate at which river temperatures
increase through this reach.. The influence of groundwater may provide pockets of thermal
refugia during winter months as well. The natural processes of scouring and subsequent
deposition that occur during elevated flows, result in higher channel complexity and function
within this reach. Unfortunately, severely reduced seasonal surface flows within this reach
create numerous barriers at hydraulic controls (e.g. riffles). Under a more natural flow regime,
the depth of surface flows at riffles would likely not impede seasonal salmonid migration. This
reach is designated as critical foraging, migrating and overwintering habitat for bull trout.

WW9

From its confluence with YHC (rkm 62.9), downstream through a narrow, but relatively intact
riparian zone, this reach of the WWR is bordered on both banks by primarily row crop
agriculture. This 2.6 km reach terminates at the Burlingame Diversion Dam (rkm 60.3), the
largest irrigation diversion in the Washington portion of the river. Seepage runs determined this
portion of the WWR to be within a losing reach. Surface flow from MC is diverted into YHC at
the Mill Creek Division Dam to satisfy senior water rights in addition to providing an important
migration corridor for bull trout and other migratory salmonids between MC and the WWR.
During summer months, almost all of the surface flow from MC is diverted to the YHC
distributary and eventually discharges into the mainstem WWR at the head of this reach. This
reach is critical foraging, migration and overwintering habitat for bull trout. At the onset of
summer base flows, both adult and sub-adult bull trout utilize this reach to escape deteriorating
habitat conditions resulting from elevated water temperatures and low surface flows. The inflow
from YHC, albeit small, contributes significantly to depleted surface flows during summer and
fall months, reducing the occurrence of low flow barriers and facilitating bull trout movement.
Similarly, the East Little WWR seasonally contributes between approximately 5 and 20 cfs of
groundwater influenced surface water to this reach. Brook trout have been observed and
captured in multiple reaches within the East Big Spring Branch of the East Little Walla Walla
River. Multiple year classes were observed, indicative of an established, self-sustaining brook
trout population. The Bull Trout Draft Recovery Plan (USFWS 2002) identifies the presence of
brook trout within a bull trout core area as a major threat to the long-term persistence and
eventual recovery of bull trout populations. To date, there has been no indication that brook
trout enter and occupy this reach of the WWR, possibly due to seasonal habitat limitations

WW10

This 5.6 km reach of the WWR is bounded upstream by the Burlingame Diversion Dam (rkm
60.3) and flows through corridor of relatively intact riparian canopy to its confluence with MC
(rkm 54.5). The riparian zone in this reach is wider than adjacent habitat segments. Row crops
dominate the landscape and seepage runs seepage runs determined that this portion of the
WWR is within a losing reach. The Burlingame Dam diverts water for irrigation during the spring
and early summer months, ensuring a minimum of 18 cfs is bypassed downstream. Surface
flows during summer months generally are insufficient to divert water throughout much of July,
August and September. Water diversion usually resumes in October and continues until
January most years. This reach is critical foraging, migration and overwintering habitat for bull
trout. At the onset of summer base flows, both adult and sub-adult bull trout utilize this reach to
escape deteriorating habitat conditions resulting from elevated water temperatures and low
surface flows in the lower river. The diversion dam is equipped with a fish ladder.
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WWwW11

From its confluence with MC (rkm 54.8), downstream through approximately 23.5 km of row
crop farmland, this low gradient, low elevation reach of the WWR is a gaining reach, designated
as critical foraging, migration and overwintering habitat for bull trout. The downstream end of
this reach is the Touchet River confluence (rkm 31.3). In the upper portion of this reach,
riparian habitat is notably less intact and considerably narrower than the downstream portion.

At approximately rkm 42, sinuosity markedly increases, side channels are common and the river
is allowed to meander somewhat freely within its immediate flood plain. Although certain intra-
reach habitat characteristics differ, the main attributes used to delineate habitat reaches indicate
a relatively homogenous segment that differs from neighboring segments primarily due to
hydrologic characteristics (e.g. major tributaries and diversions). MC is a major tributary to this
reach and aside from smaller irrigation withdrawals (e.g. Garden City — Lowden #2) and
temporary push-up diversions, no major diversions exist. Diversions upstream from this reach
seasonally reduce surface flows within this reach, likely contributing to warmer water
temperatures, migratory difficulties and possibly increasing exposure to predation.

WW12

From its confluence with the Touchet River (rkm 31.3), downstream through a willow-lined
riparian zone, almost void of mature canopy trees, this reach of the WWR is bordered to the
northeast by primarily row crop agriculture and to the southeast by pasture land. This
approximately 23.3 km reach terminates where the river is influenced by backwater from the
Columbia River (rkm 8). This low elevation, low gradient losing reach is moderately confined by
bank armoring, roads and railroad tracks and is allowed to meander to some extent within its
immediate flood plain. The riverbed throughout much of this reach consists of deposited gravel,
cobble and silt perched upon frequently exposed basalt bedrock. During summer and fall
months, upstream irrigation diversions in both the Walla Walla and Touchet rivers greatly
reduce instream flows within this reach. This portion of the WWR is often subject to substantial
freshets during winter and spring months due to its lower basin disposition and the influence
from the Touchet River. The absence of an intact, mature riparian canopy and lack of summer
discharge likely provide very little thermal buffering capacity, thus exposing this reach to many
of the direct effects of climate change. This reach is designated as critical foraging, migrating
and overwintering habitat for bull trout.

WW13

Almost the entire 8 km reach is located within the Wallula Unit of the McNary National Wildlife
Refuge from rkm 8 to its confluence with the Columbia River (rkm 0). This low elevation, low
gradient reach is heavily influenced by backwater from the Columbia River, distinguishing it from
all other reaches within the Walla Walla Basin. This is a highly depositional reach due largely to
the influence from the Columbia River. The relatively slow, deep channel lacks complexity and
mature riparian canopy. Multiple, off-channel areas (e.g. ponds and wetlands) exist and are
managed primarily for waterfowl habitat. There are no major irrigation withdrawals, only small,
screened pump stations to seasonally fill ponds for waterfowl. The absence of mature riparian
canopy vegetation and a lack of discharge likely provide very little thermal buffering capacity
during the summer. This may expose this reach to many of the direct effects of climate change.
This reach is designated as critical foraging, migrating and overwintering habitat for bull trout.
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MC14

Located within the Umatilla National Forest, this 14.6 km, nearly pristine reach of MC includes
the headwaters from approximately rkm 58.7 to its downstream boundary at the City of Walla
Walla Intake Dam (rkm 44.2). This relatively high elevation, high gradient stream segment runs
through a coniferous forested canyon, characterized by steep slopes, intact riparian canopy and
a complex stream channel. Although influenced by snowpack and variable seasonal
precipitation, constant groundwater influx and small tributaries drive flows within this reach.
Adequate, year-round streamflows and cool water temperatures provide suitable habitat
conditions for all bull trout life stages and strategies. This reach is designated as critical bull
trout spawning and rearing habitat and is essentially free of channel modifications and
anthropogenic influences largely due to its remote disposition and restricted access. A portion
of the streamflow is diverted for municipal use at the downstream end of this reach. The
collective habitat characteristics of this reach may lessen the direct effects of changing climatic
trends than in other, less pristine reaches within the Basin.

MC15

This 14.4 km reach of MC is bounded upstream by the City of Walla Walla Intake Dam (rkm
44.2), and flows through coniferous forest canopy before transitioning to a primarily deciduous
riparian zone before reaching the Blue Creek confluence (rkm 29.7). The lower bounds of this
reach marks a notable geological change from forested uplands to rolling foothills. Private
landownership is prevalent and land use is mostly rural residential with sporadic orchards and
pasture land intermixed. Mill Creek flows through a short, highly channelized residential stretch
from approximately rkm 34 to 33. Although mature canopy lines most of the immediate river
channel, much of the valley bottom has been altered and the river is disconnected and
moderately channelized, disconnecting it from its flood plain in many areas. As elevation
decreases, climatic conditions generally become warmer and drier. Aside from the municipal
water withdrawal at the head of this reach, other diversions for irrigation are small. Bull trout
spawning near the head of this reach has been documented, but likely is limited. This reach
has been designated as critical foraging, migration and overwintering habitat for fluvial adult and
sub-adult bull trout (USFWS 2010). Only small tributaries contribute to surface flow in this reach
until Blue Creek enters at the downstream boundary. The collective habitat characteristics
within this reach, may buffer the direct effects of climate change.

MC16

Downstream from the Blue Creek confluence (rkm 29.7) to the Mill Creek Diversion Dam (rkm
20.1), the steepness of canyon slopes decreases, valley bottoms widen and accordingly the
stream gradient lessens. This transition marks a shift in land-use from relatively forested,
moderately disturbed reaches to that of primarily row-crop agriculture and vineyards. A largely
deciduous canopy lines most of the immediate river channel, but much of the valley bottom has
been cleared for farmland and the river is disconnected from its flood plain in many areas. This
portion of MC has been determined to be primarily a losing reach. Aside from the influence of
Blue Creek at the head of the reach, no major tributaries contribute to surface flows. The
habitat characteristics within this reach, may buffer some of the direct influences associated with
climate change.
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MC17

The Mill Creek Diversion Dam (rkm 20.1) is the upstream bound of this reach. It is a diversion
structure that marks the upstream end of the Mill Creek Flood Control Project for the City of
Walla Walla, constructed in 1942 by the US Army Corps of Engineers. During extreme flood
events, water is shunted to an off stream storage dam (Bennington Lake), otherwise MC surface
flows enter an approximately 30 m wide flood control channel. Within this reach, there are 80
concrete stabilization sills spaced approximately 18 m apart that dissipate energy during high
flows. Pools have been scoured out downstream from each of the concrete weirs providing
limited, unnatural habitat. As summer streamflow drops to base levels, movement of fish
though this section is severely restricted, and may confine fish to areas where temperatures
may become lethal and exposure to predation will likely be increased. This reach is highly
channelized, lacks complexity, is disconnected from its natural floodplain by dykes on both
banks, and riparian canopy is absent. Water is diverted to YHC during all months of the year,
but during summer months, the majority of MC surface flows are diverted at the Mill Creek
Division Dam (rkm 18.5), effectively dewatering the downstream segment. The lack of riparian
complexity and channel modification contribute to elevated stream temperatures within this
reach. The poor quality of riparian habitat and lack of summer discharge likely provide very
little thermal buffering capacity, thus exposing this reach to many of the direct effects of climate
change. This reach is designated as critical foraging, migrating and overwintering habitat for
bull trout.

MC18

The Mill Creek Division Dam (rkm 18.5) marks the upstream boundary of this reach. At this
location, surface water is diverted from MC down the YHC and Garrison creek distributaries
during all months of the year to augment irrigation withdrawals and to provide fish passage. As
MC reaches base summer flows, almost all surface flow is diverted down YHC and Garrison
Creeks, effectively dewatering the reach. This reach is similar to the upstream reach in that it is
a flood control channel with concrete stabilization sills. There are 77 concrete capped gabian
style sills in this reach that are spaced from 21.3 to 62.5 m apart with lengths that vary from 21.3
to 167.6 m (Burns et al. 2009). The channel widens the wetted width, limits fish movement,
affects water temperatures and likely exposes bull trout to increased predation This
channelized reach lacks complexity, is disconnected from its natural floodplain by dykes on both
banks and riparian canopy is absent. The downstream boundary of this 3.3 km reach is at rkm
15.2, where the MC channel is transitioned into a concrete flume. This reach is designated as
critical foraging, migrating and overwintering habitat for bull trout.

MC19

Beginning at rkm 15.2 and continuing downstream for 3.2 km, this extensively modified and
confined reach of MC is transitioned into a concrete flume, which is an open channel with a low
flow trench down the center that varies from 2.7 to 4.6 m wide and is approximately 0.5 m deep.
Some portions of the channel are split while others remain a single flume. Some sections of the
flume run underground and remain completely dark. As MC reaches base summer flows,
almost all surface flow is diverted down YHC and Garrison Creek, largely dewatering this reach.
At low flows, all of the water is contained in the trench where concrete baffles are spaced
between 18.2 and 30.5 m (Burns et al. 2009). At higher discharge, water flows outside this
trench along sloped overbank areas. Regardless of flume geometry and channel type, the
function in terms of bull trout habitat is similar. The relative uniformity of the flume results in
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very low channel complexity and velocities at times impede fish movement. Holding water is
lacking, no substrate exists, there is no floodplain or hyporheic interaction and very limited
riparian canopy. At rkm 12.0, a transition from concrete flume to channel sills marks the
downstream end of this reach. This portion of MC is designated as critical foraging, migrating
and overwintering habitat for bull trout.

MC20

Mill Creek transitions from a concrete flume to channel sills at rkm 12.0, marking the upstream
boundary of this reach. Within this reach, there are 145 stabilization sills (91 sheet pile and 54
concrete capped) that are spaced 21.3 m apart and are approximately 21.3 m long (Burns et al.
2009). These sills dissipate energy during high flows. Pools have been scoured out
downstream from each of the concrete weirs providing limited, unnatural habitat. As summer
streamflow drops to base levels, movement of fish though this section is severely restricted, and
may confine fish to areas where temperatures may become lethal and exposure to predation will
likely be increased. This reach is highly channelized, lacks complexity, is disconnected from its
natural floodplain by dykes on both banks, and riparian canopy is absent. This portion of MC is
designated as critical foraging, migrating and overwintering habitat for bull trout. The point at
which MC transitions from channel sills to a more natural functioning stream reach (rkm 8.9)
marks the downstream boundary of this reach.

MC21

This 8.9 km reach of MC is bounded upstream by the downriver end of the Mill Creek Flood
Control Project for the City of Walla Walla (rkm 8.9) and flows through a narrow riparian corridor
with intermittent mature canopy. Despite being influenced by erosion control measures (e.g.
bank armoring), the low elevation, low gradient channel is allowed at least some ability to
meander within its immediate floodplain. Whether this reach is a gaining or losing reach has not
been determined. Increased sinuosity, improved riparian function and less channel confinement
distinctly differentiates this reach from the adjacent upstream segment. The landscape is
dominated by row-crop agriculture to the north and south of the riparian corridor. Severely
reduced summer surface flows within this reach likely contribute to elevated water temperatures
and increased predation. This portion of MC is designated as critical foraging, migrating and
overwintering habitat for bull trout.

YHC22

At the Mill Creek Division Dam, surface water is diverted from MC down YHC during all months
of the year to augment irrigation withdrawals and to provide passage for migrating salmonids.
As MC reaches base summer flows, most of the surface flow is diverted down this 14.5 km
distributary almost entirely dewatering downstream reaches in MC. Yellowhawk Creek
functions as a migration corridor for bull trout and other migratory salmonids that connects
upper MC with the WWR while bypassing much of the fish passage barriers in the lower Mill
Creek Flood Control Project. Cottonwood and Russell Creeks are small tributaries to this reach
and bull trout occupancy of these streams, albeit unlikely, is currently unknown. Other spring
channel tributaries contribute to discharge within this reach. A small portion of surface flows are
diverted near the head of this reach down Garrison Creek. There is a fish screen to prevent
downstream migrating fish from entering Garrison Creek.
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Appendix D: Summary of Habitat Quality Scores

Table D1. Summary of habitat quality conditions for bull trout spawning in the South Fork and
Mainstem Walla Walla rivers. Habitat quality scores of <1.8,>1.8-2.6,>2.6 —3.4,>3.4-4.2
and >4.2 are considered to be of poor, low, fair, good and high quality, respectively.

Subbasin/Life Stage S.F. and Mainstem Walla Walla River - Adult Spawning
Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linea HQS Linea HQS Linea HQS Linea HQS Linea HQS Linear HQS Linear
(Avg.) r (km) (Avg.) r (km) (Avg.) r (km) (Avg.) r (km) (Avg.) r (km) (Avg.) (km) (Avg.) (km)
January - 0 - 0 3.33 4 3.91 89 4.29 33 - 0 3.92 126
February - 0 - 0 - 0 3.98 86 4.27 39 - 0 4.04 126
March - 0 - 0 3.07 4 3.62 89 4.42 33 - 0 3.70 126
April - 0 - 0 3.17 73 3.82 33 4.47 20 - 0 3.52 126
May - 0 2.38 4 3.05 74 3.77 17 4.44 30 2.38 4 3.38 122
June - 0 2.17 73 2.97 5 3.82 47 - 0 217 73 3.54 52
July 1.48 39 1.95 36 3.08 8 3.91 43 - 0 1.72 75 3.58 50
August 1.55 34 2.04 42 3.08 8 3.91 43 - 0 1.85 75 3.58 50
September 1.62 34 2.09 42 3.14 3 3.66 17 4.49 30 1.91 75 3.89 50
October 1.68 27 2.20 45 2.88 6 3.92 17 4.49 30 2.05 73 3.76 53
November - 0 2.29 9 2.97 66 3.40 3 4.40 47 2.29 9 3.53 116
December = 0 = 0 3.33 4 3.87 89 4.29 33 = 0 3.89 126
Average HQS (All Months) 1.57 2.12 3.07 3.83 4.39 1.96 3.71
Total Linear Distance 134 251 253 574 294 385 1121
Total Months 12 28 33 62 20 40 115
Zfi’ S‘)Ifa;hceef”bbas'” (linear 9% 17% 17% 38% 20% 26% 74%
% of the Subbasin (% of the Year) 8% 18% 21% 40% 13% 26% 74%

Table D2. Summary of habitat quality conditions for bull trout spawning in Mill Creek. Habitat
quality scores of £ 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 — 4.2 and >4.2 are considered to be of poor,
low, fair, good and high quality, respectively.

Subbasin/Life Stage Mill Creek - Adult Spawning
Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg) (km) (Avg) (km) (Avg) (km)
January - 0 - 0 3.00 20 3.86 10 4.25 29 - 0 3.42 59
February - 0 - 0 291 20 4.12 10 4.25 29 - 0 3.40 59
March - 0 2.51 3 2.80 17 3.60 10 4.25 29 251 3 3.32 56
April - 0 2,51 3 2.85 17 3.60 10 451 29 251 3 3.43 56
May - 0 221 11 3.17 19 3.86 29 - 0 221 11 3.51 48
June 157 10 2.23 10 3.12 10 3.80 29 - 0 1.83 20 3.57 39
July 1.22 19 217 11 3.32 14 3.81 15 - 0 1.54 30 3.56 29
August 1.22 19 217 11 3.06 14 3.81 15 - 0 1.54 30 3.43 29
September 1.22 19 2.17 11 3.32 14 4.07 15 - 0 1.54 30 3.69 29
October 1.43 10 2.16 10 3.11 24 4.07 15 - 0 1.73 20 3.43 39
November - 0 1.91 10 2.89 20 - 0 4.45 29 191 10 3.51 49
December - 0 2.56 3 2.95 17 3.93 24 4.28 15 2.56 3 3.42 56
Average HQS (All Months) 1.32 2.20 2.97 3.86 4.33 1.78 3.44
Total Linear Distance 75 85 206 179 160 159 545
Total Months 18 20 33 14 11 38 58
% of the Subbasin (linear distance) 11% 12% 29% 25% 23% 23% 7%
% of the Subbasin (% of the Year) 19% 21% 34% 15% 11% 40% 60%

Table D3. Summary of habitat quality conditions for bull trout spawning in Yellowhawk Creek.
Habitat quality scores of < 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 — 4.2 and >4.2 are considered to be
of poor, low, fair, good and high quality, respectively.

Subbasin/Life Stage Yellowhawk Creek - Adult Spawning
Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km)
January - 0 - 0 - 0 3.70 15 - 0 - 0 3.70 15
February - 0 - 0 - 0 3.96 15 - 0 - 0 3.96 15
March - 0 - 0 - 0 3.44 15 - 0 - 0 3.44 15
April - 0 - 0 3.18 15 - 0 - 0 - 0 3.18 15
May - 0 - 0 3.18 15 - 0 - 0 - 0 3.18 15
June - 0 - 0 2.92 15 - 0 - 0 - 0 2.92 15
July - 0 - 0 2.82 15 - 0 - 0 - 0 2.82 15
August - 0 - 0 2.82 15 - 0 - 0 - 0 2.82 15
September - 0 - 0 2.82 15 - 0 - 0 - 0 2.82 15
October - 0 - 0 3.18 15 - 0 - 0 - 0 3.18 15
November - 0 - 0 3.18 15 - 0 - 0 - 0 3.18 15
December — 0 — 0 — 0 3.70 15 — 0 — 0 3.70 15
Average HQS (All Months) — — 3.01 3.70 — — 3.24
Total Linear Distance 4] 4] 116 58 0 0 174
Total Months 0 0 8 4 0 0 12
% of the Subbasin (linear distance) 0% 0% 67% 33% 0% 0% 100%
% of the Subbasin (% of the Year) 0% 0% 67% 33% 0% 0% 100%
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Table D4. Summary of habitat quality conditions for juvenile bull trout rearing, foraging and
growth in the South Fork and Mainstem Walla Walla rivers. Habitat quality scores of < 1.8, >1.8
—2.6,>2.6 —3.4,>3.4—-4.2 and >4.2 are considered to be of poor, low, fair, good and high

quality, respectively.

Subbasin/Life Stage

S.F. and Mainstem Walla Walla River - Juvenile Rearing, Foraging and Growth

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km)

January - 0 - 0 3.38 8 3.69 118 - 0 - 0 3.67 126
February - 0 - 0 3.38 8 3.77 118 - 0 - 0 3.74 126
March - 0 - 0 - 0 3.83 108 4.29 17 - 0 3.90 126
April - 0 - 0 - 0 3.90 106 4.26 20 - 0 3.98 126
May - 0 - 0 3.24 6 3.75 82 4.47 38 - 0 3.87 126
June - 0 2.53 37 3.08 38 3.68 3 4.33 47 2.53 37 3.64 89
July 1.44 24 2.15 46 2.87 9 - 0 4.33 47 2.03 69 3.71 56
August 1.44 24 2.28 46 3.02 9 - 0 4.33 47 2.14 69 3.77 56
September - 0 217 61 2.94 14 3.68 3 4.55 47 217 61 3.74 64
October - 0 2.36 24 2.95 52 3.96 3 4.40 47 2.36 24 3.52 102
November - 0 - 0 3.14 52 3.75 46 4.29 27 - 0 3.54 126
December - 0 - 0 3.38 8 3.67 108 4.33 10 — 0 3.69 126
Average HQS (All Months) 1.44 2.26 3.06 3.76 4.37 2.18 3.73
Total Linear Distance 47 213 203 694 348 260 1246
Total Months 2 18 34 70 32 20 136

% of the Subbasin (linear distance) 3% 14% 13% 46% 23% 17% 83%

% of the Subbasin (% of the Year) 1% 12% 22% 45% 21% 13% 87%

Table D5. Summary of habitat quality conditions for juvenile bull trout rearing, foraging and
growth in Mill Creek. Habitat quality scores of < 1.8, >1.8 - 2.6, >2.6 — 3.4, >3.4— 4.2 and >4.2
are considered to be of poor, low, fair, good and high quality, respectively.

Subbasin/Life Stage

Mill Creek - Juvenile Rearing, Foraging and Growth

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) | (Avg) (km) | (Avg) (km) | (Avg) (km)
January - 0 2.55 6 2.83 14 3.81 39 - 0 2.55 6 3.32 52
February - 0 2.55 6 2.69 14 3.81 39 - 0 2.55 6 3.25 52
March - 0 - 0 2.90 11 3.78 48 - 0 - 0 3.34 59
April - 0 - 0 2.90 11 3.88 33 4.28 15 - 0 3.44 59
May - 0 - 0 2.73 11 3.88 33 4.28 15 - 0 3.35 59
June 1.80 3 1.98 8 2.86 9 3.81 24 4.32 15 193 11 3.70 48
July 1.34 20 - 0 2.79 10 3.74 14 4.61 15 1.34 20 3.71 39
August 1.34 20 - 0 2.79 10 3.74 14 4.61 15 1.34 20 3.71 39
September 1.39 10 1.99 10 3.08 10 4.03 14 4.32 15 1.63 20 3.81 39
October - 0 1.99 10 2.82 10 3.74 24 4.32 15 1.99 10 3.49 49
November - 0 2.20 10 2.95 10 3.79 39 - 0 2.20 10 3.45 49
December - 0 2.35 10 2.94 10 3.73 39 - 0 2.35 10 341 49
Average HQS (All Months) 1.39 2.21 2.84 3.81 4,39 1.85 3.45
Total Linear Distance 53 60 130 360 102 113 592
Total Months 14 18 28 29 7 32 64
% of the Subbasin (linear distance) 7% 8% 18% 51% 15% 16% 84%

% of the Subbasin (% of the Year)

15%

19%

29%

30%

7%

33%

67%

Table D6. Summary of habitat quality conditions for juvenile bull trout rearing, foraging and
growth in Yellowhawk Creek. Habitat quality scores of <1.8,>1.8 -2.6,>2.6 —3.4,>3.4-4.2
and >4.2 are considered to be of poor, low, fair, good and high quality, respectively.

Subbasin/Life Stage

Yellowhawk Creek - Juvenile Rearing, Foraging and Growth

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km)
January - 0 - 0 3.40 15 - 0 - 0 - 0 3.40 15
February - 0 - 0 3.40 15 - 0 - 0 - 0 3.40 15
March - 0 - 0 - 0 3.69 15 - 0 - 0 3.69 15
April - 0 - 0 - 0 3.98 15 - 0 - 0 3.98 15
May - 0 - 0 - 0 3.69 15 - 0 - 0 3.69 15
June - 0 - 0 3.40 15 - 0 - 0 - 0 3.40 15
July - 0 - 0 2.74 15 - 0 - 0 - 0 2.74 15
August - 0 - 0 2.74 15 - 0 - 0 - 0 2.74 15
September - 0 - 0 3.03 15 - 0 - 0 - 0 3.03 15
October - 0 - 0 - 0 3.69 15 - 0 - 0 3.69 15
November - 0 - 0 - 0 3.69 15 - 0 - 0 3.69 15
December - 0 - 0 3.40 15 - 0 — 0 — 0 3.40 15
Average HQS (All Months) — — 3.16 3.74 — — 3.40
Total Linear Distance 0 0 102 73 0 0 174
Total Months 0 0 7 5 0 0 12
% of the Subbasin (linear distance) 0% 0% 58% 42% 0% 0% 100%
% of the Subbasin (% of the Year) 0% 0% 58% 42% 0% 0% 100%
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Table D7. Summary of habitat quality conditions for fluvial adult bull trout upstream migration in
the South Fork and Mainstem Walla Walla rivers. Habitat quality scores of < 1.8, >1.8 — 2.6,
>2.6 — 3.4, >3.4 — 4.2 and >4.2 are considered to be of poor, low, fair, good and high quality,

respectively.

Subbasin/Life Stage

S.F. and Mainstem Walla Walla River - Fluvial Adult Upstream Migration

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg) (km) | (Avg) (km) | (Avg) (km) | (Avg) (km) | (Avg) (km) | (Avg) (km) | (Avg)  (km)

January - 0 - 0 3.21 9 3.65 117 - 0 - 0 3.55 126
February - 0 - 0 3.28 4 3.66 122 - 0 - 0 3.63 126
March - 0 - 0 3.28 4 3.69 122 - 0 - 0 3.66 126
April - 0 - 0 3.17 4 3.78 120 - 0 - 0 3.68 126
May - 0 - 0 3.13 4 3.80 117 4.28 5 - 0 3.78 126
June - 0 2.59 4 2.96 61 3.66 43 4.42 17 2.59 4 3.50 122
July 1.77 30 231 45 - 0 3.77 38 4.56 13 2.18 75 3.93 50
August 1.78 24 2.28 18 2.75 33 3.67 33 4.50 17 2.18 42 3.53 84
September - 0 2.26 34 2.78 42 3.78 33 4.33 17 2.26 34 3.39 92
October - 0 2.33 34 2.89 42 3.75 50 - 0 2.33 34 3.32 92
November - 0 2.48 16 2.98 59 3.72 50 - 0 2.48 16 3.35 110
December - 0 - 0 3.21 9 3.61 117 — 0 — 0 3.52 126
Average HQS (All Months) 1.78 2.34 2.99 3.71 4.42 2.27 3.57
Total Linear Distance 53 151 270 960 70 204 1302
Total Months 3 20 34 91 8 23 133

% of the Subbasin (linear distance) 4% 10% 18% 64% 5% 14% 86%

% of the Subbasin (% of the Year) 2% 13% 22% 58% 5% 15% 85%

Table D8. Summary of habitat quality conditions for fluvial adult bull trout upstream migration in
Mill Creek. Habitat quality scores of < 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 — 4.2 and >4.2 are
oor, low, fair, good and high quality, respectively.

considered to be of

Subbasin/Life Stage

Mill Creek - Fluvial Adult Upstream Migration

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) | (Avg) (km) | (Avg) (km) | (Avg) (km)
January - 0 2.52 6 2.80 14 3.61 39 - 0 2.52 6 3.20 52
February - 0 2.46 19 2.83 2 3.67 39 - 0 2.46 19 3.46 40
March - 0 2.46 3 2.87 17 3.67 39 - 0 2.46 3 3.21 56
April - 0 2.46 3 2.94 17 3.78 39 - 0 2.46 3 3.30 56
May - 0 - 0 2.87 10 3.90 49 - 0 - 0 3.51 59
June - 0 2.16 10 297 10 3.92 39 - 0 2.16 10 3.54 49
July 1.43 10 2.08 10 3.04 10 3.81 14 4.32 15 1.69 20 3.72 39
August 1.43 10 2.08 10 3.04 10 3.89 29 - 0 1.69 20 3.60 39
September 161 10 2.26 10 3.21 10 3.80 29 - 0 1.87 20 3.60 39
October 1.77 6 1.82 3 291 10 3.70 24 - 0 1.78 10 3.23 49
November - 0 1.90 10 2.92 10 3.76 29 - 0 1.90 10 3.26 49
December - 0 2.29 10 3.02 10 3.60 24 - 0 2.29 10 3.26 49
Average HQS (All Months) 1.54 2.23 2.93 3.77 4.32 2.01 3.38
Total Linear Distance 35 95 129 393 15 130 575
Total Months 11 24 29 31 1 35 61
% of the Subbasin (linear distance) 5% 13% 18% 56% 2% 18% 82%

% of the Subbasin (% of the Year)

11%

25%

30%

32%

1%

36%

64%

Table D9. Summary of habitat quality conditions for fluvial adult bull trout upstream migration in
Yellowhawk Creek. Habitat quality scores of < 1.8, >1.8 — 2.6, >2.6 —3.4,>3.4 - 4.2 and >4.2

are considered to be of poor, low, fair, good and high quality, respectively.

Subbasin/Life Stage

Yellowhawk Creek - Fluvial Adult Upstream Migration

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km)
January - 0 - 0 - 0 3.41 15 - 0 - 0 3.41 15
February - 0 - 0 - 0 3.58 15 - 0 - 0 3.58 15
March - 0 - 0 - 0 3.58 15 - 0 - 0 3.58 15
April - 0 - 0 - 0 3.58 15 - 0 - 0 3.58 15
May - 0 - 0 - 0 3.94 15 - 0 - 0 3.94 15
June - 0 - 0 - 0 3.76 15 - 0 - 0 3.76 15
July - 0 - 0 - 0 3.54 15 - 0 - 0 3.54 15
August - 0 - 0 - 0 3.54 15 - 0 - 0 3.54 15
September - 0 - 0 - 0 3.72 15 - 0 - 0 3.72 15
October - 0 - 0 - 0 3.94 15 - 0 - 0 3.94 15
November - 0 - 0 - 0 3.41 15 - 0 - 0 3.58 15
December - 0 - 0 - 0 3.41 15 — 0 — 0 3.41 15
Average HQS (All Months) — — — 3.63 — — 3.63
Total Linear Distance 0 0 0 174 0 0 174
Total Months 0 0 0 12 0 0 12
% of the Subbasin (linear distance) 0% 0% 0% 100% 0% 0% 100%
% of the Subbasin (% of the Year) 0% 0% 0% 100% 0% 0% 100%
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Table D10. Summary of habitat quality conditions for adult bull trout foraging and maintenance
in the South Fork and Mainstem Walla Walla rivers. Habitat quality scores of < 1.8, >1.8 — 2.6,
>2.6 — 3.4, >3.4 — 4.2 and >4.2 are considered to be of poor, low, fair, good and high quality,

respectively.

Subbasin/Life Stage

S.F. and Mainstem Walla Walla River - Adult Foraging and Maintenance

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg) (km) | (Avg) (km) | (Avg) (km) | (Avg) (km) | (Avg) (km) | (Avg) (km) | (Avg)  (km)

January - 0 - 0 3.02 4 3.73 122 - 0 - 0 3.68 126
February - 0 - 0 3.02 4 3.79 122 - 0 - 0 3.74 126
March - 0 - 0 3.27 4 3.89 109 4.26 13 - 0 3.87 126
April - 0 - 0 3.05 4 3.90 109 4.26 13 - 0 3.86 126
May - 0 - 0 2.90 4 3.80 102 4.31 20 - 0 3.77 126
June - 0 - 0 3.06 73 3.73 5 4.28 47 - 0 3.54 126
July 1.76 4 2.14 69 3.00 5 4.02 5 4.37 43 2.09 73 3.86 52
August - 0 2.23 71 2.74 5 3.83 8 4.37 43 2.23 71 3.75 55
September - 0 2.32 59 3.08 17 3.96 8 4.29 43 2.32 59 3.68 67
October - 0 2.35 27 2.93 17 3.91 18 4.28 33 2.35 27 3.44 98
November - 0 2.49 4 3.15 69 3.85 40 4.21 13 2.49 4 3.53 122
December - 0 - 0 3.02 4 3.73 122 — 0 — 0 3.67 48
Average HQS (All Months) 1.76 2.25 3.03 3.82 4.31 2.22 3.69
Total Linear Distance 4 230 208 768 265 234 1195
Total Months 1 19 33 84 19 20 136

% of the Subbasin (linear distance) 0% 15% 14% 51% 18% 16% 79%

% of the Subbasin (% of the Year) 1% 12% 21% 54% 12% 13% 87%

Table D11. Summary of habitat quality conditions for adult bull trout foraging and maintenance
in Mill Creek. Habitat quality scores of < 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 — 4.2 and >4.2 are
oor, low, fair, good and high quality, respectively.

considered to be of

Subbasin/Life Stage

Mill Creek - Adult Foraging and Maintenance

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) | (Avg) (km) | (Avg) (km) | (Avg) (km)
January - 0 - 0 2.79 20 3.78 39 - 0 - 0 3.16 59
February - 0 2.56 3 2.72 17 3.78 39 - 0 2.56 3 3.17 56
March - 0 - 0 2.90 11 3.76 48 - 0 - 0 3.33 59
April - 0 - 0 2.90 11 3.82 33 4.29 15 - 0 3.42 59
May - 0 2.36 10 2.84 2 3.74 11 4.29 15 2.36 10 3.67 49
June - 0 2.27 11 3.23 9 3.82 24 431 15 227 11 3.79 48
July 1.48 10 2.05 10 2.87 10 3.75 14 4.31 15 1.71 20 3.64 39
August 1.48 10 2.05 10 2.87 10 3.75 14 4.31 15 1.71 20 3.64 39
September 1.73 10 231 10 3.37 10 3.50 14 431 15 1.96 20 3.73 39
October - 0 1.98 10 2.82 10 3.47 24 4.31 15 1.98 10 3.38 49
November - 0 2.28 10 3.01 10 3.73 39 - 0 2.28 10 3.44 49
December — 0 2.41 10 3.02 10 3.70 39 - 0 241 10 3.43 49
Average HQS (All Months) 1.56 2.24 2.89 3.73 4.31 2.05 3.43
Total Linear Distance 29 84 130 338 102 113 592
Total Months 9 23 28 29 7 32 64
% of the Subbasin (linear distance) 4% 12% 18% 48% 15% 16% 84%

% of the Subbasin (% of the Year)

9%

24%

29%

30%

7%

33%

67%

Table D12. Summary of habitat quality conditions for adult bull trout foraging and maintenance
in Yellowhawk Creek. Habitat quality scores of <1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 — 4.2 and
>4.2 are considered to be of poor, low, fair, good and high quality, respectively.

Subbasin/Life Stage

Yellowhawk Creek - Adult Foraging and Maintenance

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km)
January - 0 - 0 - 0 3.50 15 - 0 - 0 3.50 15
February - 0 - 0 - 0 3.50 15 - 0 - 0 3.50 15
March - 0 - 0 - 0 3.76 15 - 0 - 0 3.76 15
April - 0 - 0 - 0 3.76 15 - 0 - 0 3.76 15
May - 0 - 0 - 0 3.76 15 - 0 - 0 3.76 15
June - 0 - 0 - 0 3.76 15 - 0 - 0 3.76 15
July - 0 - 0 3.18 15 - 0 - 0 - 0 3.18 15
August - 0 - 0 3.18 15 - 0 - 0 - 0 3.18 15
September - 0 - 0 - 0 3.43 15 - 0 - 0 3.43 15
October - 0 - 0 - 0 3.76 15 - 0 - 0 3.76 15
November - 0 - 0 - 0 3.50 15 - 0 - 0 3.76 15
December - 0 - 0 - 0 3.50 0 — 0 — 0 3.50 15
Average HQS (All Months) — — 3.18 3.65 — — 3.57
Total Linear Distance 0 0 29 131 0 0 174
Total Months 0 0 2 10 0 0 12
% of the Subbasin (linear distance) 0% 0% 17% 75% 0% 0% 100%
% of the Subbasin (% of the Year) 0% 0% 17% 83% 0% 0% 100%
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Table D13. Summary of habitat quality conditions for fluvial adult bull trout downstream

migration in the South Fork and Mainstem Walla Walla rivers. Habitat quality scores of < 1.8,
>1.8-2.6,>2.6 -3.4,>3.4—-4.2 and >4.2 are considered to be of poor, low, fair, good and high

guality, respectively.

Subbasin/Life Stage

South Fork and Mainstem Walla Walla Rivers - Fluvial Adult Downstream Migration

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km)

January - 0 - 0 - 0 3.96 108 4.28 17 - 0 4.01 126
February - 0 - 0 - 0 3.99 106 4.29 20 - 0 4.06 126
March - 0 - 0 - 0 4.05 77 4.38 49 - 0 4.15 126
April - 0 - 0 - 0 3.92 108 4.48 17 - 0 4.01 126
May - 0 - 0 3.07 4 3.84 89 4.27 33 - 0 3.85 126
June - 0 2.57 4 3.07 71 3.95 8 4.35 43 2.57 4 3.53 122
July 1.79 24 2.15 50 2.60 2 3.75 8 4.35 43 2.10 73 3.86 52
August 1.79 24 2.34 42 2.75 10 3.75 8 4.35 43 2.25 65 3.72 60
September - 0 241 57 2.76 18 3.95 8 4.35 43 2.41 57 3.55 69
October - 0 2.38 34 2.90 42 3.73 3 4.36 47 2.38 34 3.57 92
November - 0 - 0 3.04 39 3.78 59 4.38 27 - 0 3.69 126
December - 0 - 0 - 0 3.94 108 4.28 17 — 0 3.99 126
Average HQS (All Months) 1.79 2.31 2.93 3.92 4.35 2.26 3.85
Total Linear Distance 47 186 186 689 398 233 1273
Total Months 2 19 24 77 34 21 135

% of the Subbasin (linear distance) 3% 12% 12% 46% 26% 15% 85%

% of the Subbasin (% of the Year) 1% 12% 15% 49% 22% 13% 87%

Table D14. Summary of habitat quality conditions for fluvial adult bull trout downstream

migration in Mill Creek. Habitat quality scores of < 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 - 4.2 and
>4.2 are considered to be of poor, low, fair, good and high quality, respectively.

Subbasin/Life Stage

Mill Creek - Fluvial Adult Downstream Migration

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) | (Avg) (km) | (Avg) (km) | (Avg) (km)
January - 0 - 0 3.11 11 3.76 33 4.30 15 - 0 3.50 59
February - 0 - 0 3.03 20 3.94 24 4.30 15 - 0 3.42 59
March - 0 - 0 3.14 10 3.80 35 4.30 15 - 0 3.61 59
April - 0 - 0 3.14 10 3.92 35 4.50 15 - 0 3.70 59
May - 0 2.54 3 2.93 8 3.85 33 4.50 15 254 3 3.55 56
June - 0 217 10 2.94 10 3.69 24 4.53 15 217 10 3.56 49
July 1.45 10 2.06 10 2.97 10 3.45 14 4.33 15 1.69 20 3.58 39
August 1.45 10 2.06 10 2.97 10 3.45 14 4.33 15 1.69 20 3.58 39
September 1.65 10 2.26 10 3.17 10 3.45 14 4.53 15 1.89 20 3.71 39
October - 0 1.85 10 2.75 10 3.43 24 4.53 15 1.85 10 3.38 49
November - 0 2.48 10 3.24 10 3.79 24 4.33 15 2.48 10 3.68 49
December - 0 - 0 2.91 11 3.68 33 4.30 15 — 0 3.37 59
Average HQS (All Months) 151 2.17 3.03 3.74 4.40 1.94 3.54
Total Linear Distance 29 63 130 308 175 92 612
Total Months 9 16 31 28 12 25 71
% of the Subbasin (linear distance) 4% 9% 18% 44% 25% 13% 87%

% of the Subbasin (% of the Year)

9%

17%

32%

29%

13%

74%

Table D15. Summary of habitat quality conditions for fluvial adult bull trout downstream

migration in Yellowhawk Creek. Habitat quality scores of < 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 —

4.2 and >4.2 are considered to be of poor, low, fair, good and high quality, respectively.

Subbasin/Life Stage

Yellowhawk Creek - Fluvial Adult Downstream Migration

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km)
January - 0 - 0 - 0 3.87 15 - 0 - 0 3.87 15
February - 0 - 0 - 0 3.87 15 - 0 - 0 3.87 15
March - 0 - 0 - 0 4.07 15 - 0 - 0 4.07 15
April - 0 - 0 - 0 3.87 15 - 0 - 0 3.87 15
May - 0 - 0 - 0 3.87 15 - 0 - 0 3.87 15
June - 0 - 0 - 0 3.67 15 - 0 - 0 3.67 15
July - 0 - 0 - 0 3.41 15 - 0 - 0 3.41 15
August - 0 - 0 - 0 3.41 15 - 0 - 0 3.41 15
September - 0 - 0 - 0 3.61 15 - 0 - 0 3.61 15
October - 0 - 0 - 0 3.87 15 - 0 - 0 3.87 15
November - 0 - 0 - 0 3.87 15 - 0 - 0 4.07 15
December - 0 - 0 - 0 3.87 15 — 0 — 0 3.87 15
Average HQS (All Months) — — — 3.79 — — 3.79
Total Linear Distance 0 0 0 174 0 0 174
Total Months 0 0 0 12 0 0 12
% of the Subbasin (linear distance) 0% 0% 0% 100% 0% 0% 100%
% of the Subbasin (% of the Year) 0% 0% 0% 100% 0% 0% 100%

194



Table D16. Summary of habitat quality conditions for fluvial sub-adult bull trout downstream
migration in the South Fork and Mainstem Walla Walla rivers. Habitat quality scores of < 1.8,
>1.8-2.6,>2.6 -3.4,>3.4—-4.2 and >4.2 are considered to be of poor, low, fair, good and high

guality, respectively.

Subbasin/Life Stage

South Fork and Mainstem Walla Walla Rivers - Fluvial Sub-adult Downstream Migration

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km)

January - 0 - 0 - 0 3.93 88 4.25 13 - 0 4.00 126
February - 0 - 0 - 0 3.96 85 4.27 40 - 0 4.06 126
March - 0 - 0 - 0 4.06 57 4.36 69 - 0 4.17 126
April - 0 - 0 - 0 3.91 88 4.41 38 - 0 4.03 126
May - 0 - 0 3.22 9 3.88 83 4.36 33 - 0 3.85 126
June - 0 2,51 4 3.05 71 4.02 8 4.41 43 251 4 3.55 122
July - 0 2.13 73 2.68 2 3.78 8 4.41 43 213 73 3.91 52
August - 0 2.18 42 2.74 33 3.78 8 4.41 43 2.18 42 3.62 84
September - 0 2.40 34 2.76 42 4.02 8 4.41 43 2.40 34 3.51 92
October - 0 2.42 27 2.95 48 3.85 3 4.41 47 242 27 3.56 98
November - 0 - 0 3.05 16 3.75 62 4.35 47 - 0 3.78 126
December - 0 - 0 - 0 3.91 88 4.25 38 — 0 3.99 126
Average HQS (All Months) — 2.24 2.94 3.92 4.36 2.24 3.85
Total Linear Distance 0 180 221 586 494 180 1326
Total Months 0 18 27 71 40 18 138

% of the Subbasin (linear distance) 0% 12% 15% 39% 33% 12% 88%

% of the Subbasin (% of the Year) 0% 12% 17% 46% 26% 12% 88%

Table D17. Summary of habitat quality conditions for fluvial sub-adult bull trout downstream
migration in Mill Creek. Habitat quality scores of < 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 - 4.2 and
>4.2 are considered to be of poor, low, fair, good and high quality, respectively.

Subbasin/Life Stage

Mill Creek - Fluvial Sub-adult Downstream Migration

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) | (Avg) (km) | (Avg) (km) | (Avg) (km)
January - 0 - 0 3.19 10 3.75 35 4.45 15 - 0 3.63 59
February - 0 - 0 3.23 19 3.74 26 4.45 15 - 0 3.57 59
March - 0 - 0 3.32 3 3.78 41 4.45 15 - 0 3.81 59
April - 0 - 0 3.32 3 3.78 32 4.45 24 - 0 3.89 59
May - 0 - 0 2.98 10 3.80 35 4.69 15 - 0 3.60 59
June - 0 2.27 10 3.04 10 3.71 24 4.72 15 227 10 3.64 49
July 1.60 10 2.25 10 2.95 10 3.51 14 4.49 15 1.86 20 3.65 39
August 1.60 10 2.25 10 2.95 10 3.51 14 4.49 15 1.86 20 3.65 39
September 1.73 3 2.05 15 2.90 11 3.51 14 4.72 15 197 19 3.51 40
October - 0 2.08 10 2.96 10 3.50 24 4.72 15 2.08 10 3.53 49
November - 0 2.58 6 3.19 14 3.83 24 4.49 15 2.58 6 3.62 52
December - 0 - 0 2.98 10 3.69 35 4.45 15 — 0 3.52 59
Average HQS (All Months) 1.62 2.22 3.09 3.72 454 2.03 3.64
Total Linear Distance 23 62 119 317 184 84 620
Total Months 7 15 26 35 13 22 74
% of the Subbasin (linear distance) 3% 9% 17% 45% 26% 12% 88%

% of the Subbasin (% of the Year)

7%

16%

27%

36%

14%

23%

77%

Table D18. Summary of habitat quality conditions for fluvial sub-adult bull trout downstream
migration in Yellowhawk Creek. Habitat quality scores of < 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 —

4.2 and >4.2 are considered to be of poor, low, fair, good and high quality, respectively.

Subbasin/Life Stage

Yellowhawk Creek - Fluvial Sub-adult Downstream Migration

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km)
January - 0 - 0 - 0 3.83 15 - 0 - 0 3.83 15
February - 0 - 0 - 0 3.83 15 - 0 - 0 3.83 15
March - 0 - 0 - 0 4.06 15 - 0 - 0 4.06 15
April - 0 - 0 - 0 3.83 15 - 0 - 0 3.83 15
May - 0 - 0 - 0 3.83 15 - 0 - 0 3.83 15
June - 0 - 0 - 0 3.59 15 - 0 - 0 3.59 15
July - 0 - 0 3.30 15 - 0 - 0 - 0 3.30 15
August - 0 - 0 3.30 15 - 0 - 0 - 0 3.30 15
September - 0 - 0 - 0 3.54 15 - 0 - 0 3.54 15
October - 0 - 0 - 0 3.83 15 - 0 - 0 3.83 15
November - 0 - 0 - 0 3.83 15 - 0 - 0 4.06 15
December - 0 - 0 - 0 3.83 15 — 0 — 0 3.83 15
Average HQS (All Months) — — 3.30 3.82 — — 3.73
Total Linear Distance 0 0 29 145 0 0 174
Total Months 0 0 2 10 0 0 12
% of the Subbasin (linear distance) 0% 0% 17% 83% 0% 0% 100%
% of the Subbasin (% of the Year) 0% 0% 17% 83% 0% 0% 100%
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Table D19. Summary of habitat quality conditions for fluvial sub-adult bull trout upstream
migration in the South Fork and Mainstem Walla Walla rivers. Habitat quality scores of < 1.8,
>1.8-2.6,>2.6 -3.4,>3.4—-4.2 and >4.2 are considered to be of poor, low, fair, good and high

guality, respectively.

Subbasin/Life Stage

South Fork and Mainstem Walla Walla Rivers - Fluvial Sub-adult Upstream Migration

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km)

January - 0 - 0 - 0 3.97 32 4.33 93 - 0 4.22 126
February - 0 - 0 - 0 3.97 32 4.33 93 - 0 4.22 126
March - 0 - 0 - 0 4.02 41 4.34 84 - 0 4.19 126
April - 0 - 0 - 0 3.89 44 4.35 81 - 0 4.14 126
May - 0 - 0 3.26 4 3.83 43 4.33 79 - 0 4.02 126
June - 0 - 0 3.06 75 3.97 3 4.41 47 - 0 3.54 126
July 1.73 34 2.27 42 - 0 3.83 8 4.45 43 2.07 75 4.20 50
August 1.70 24 2.32 50 2,71 2 3.93 8 4.45 43 2.23 73 3.99 52
September - 0 2.38 65 2.89 10 3.97 3 4.41 47 2.38 65 3.79 61
October - 0 2.42 27 2.95 48 3.97 3 4.41 47 242 27 3.57 98
November - 0 - 0 3.03 41 3.71 37 4.41 47 - 0 3.66 126
December - 0 - 0 - 0 4.00 44 4.35 126 — 0 4.19 126
Average HQS (All Months) 1.72 2.33 3.00 3.92 4.37 2.22 3.98
Total Linear Distance 57 184 180 299 830 241 1265
Total Months 4 18 24 43 67 22 134

% of the Subbasin (linear distance) 4% 12% 12% 20% 55% 16% 84%

% of the Subbasin (% of the Year) 3% 12% 15% 28% 43% 14% 86%

Table D20. Summary of habitat quality conditions for fluvial sub-adult bull trout upstream
migration in Mill Creek. Habitat quality scores of < 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 - 4.2 and
>4.2 are considered to be of poor, low, fair, good and high quality, respectively.

Subbasin/Life Stage

Mill Creek - Fluvial Sub-adult Upstream Migration

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) | (Avg) (km) | (Avg) (km) | (Avg) (km)
January - 0 - 0 3.29 7 3.75 23 4.48 29 - 0 3.82 59
February - 0 - 0 3.26 15 3.76 14 4.48 29 - 0 3.75 59
March - 0 - 0 3.29 7 3.75 23 4.48 29 - 0 3.82 59
April - 0 - 0 3.29 7 3.82 23 4.48 29 - 0 3.85 59
May - 0 - 0 3.06 10 3.95 20 4.48 29 - 0 3.75 59
June - 0 2.23 10 2.99 10 3.96 24 4.61 15 2.23 10 3.70 49
July 1.55 19 2.39 2 2.82 10 3.89 14 4.61 15 172 20 3.77 39
August 1.55 19 2.39 2 2.82 10 3.89 14 4.61 15 1.72 20 3.77 39
September 1.68 10 2.28 10 3.22 10 3.89 14 4.61 15 1.92 20 3.91 39
October - 0 2.08 10 2.98 10 3.68 24 4.61 15 2.08 10 3.59 49
November - 0 2.46 10 3.20 10 3.96 24 4.61 15 2.46 10 3.78 49
December - 0 - 0 3.06 10 3.93 35 4.57 15 — 0 3.68 59
Average HQS (All Months) 1.59 2.28 3.13 3.84 4,53 1.96 3.77
Total Linear Distance 47 42 114 254 247 89 616
Total Months 11 13 24 31 17 24 72
% of the Subbasin (linear distance) 7% 6% 16% 36% 35% 13% 87%

% of the Subbasin (% of the Year)

11%

14%

25%

32%

18%

25%

75%

Table D21. Summary of habitat quality conditions for fluvial sub-adult bull trout upstream
migration in Yellowhawk Creek. Habitat quality scores of < 1.8, >1.8 — 2.6, >2.6 — 3.4, >3.4 —

4.2 and >4.2 are considered to be of poor, low, fair, good and high quality, respectively.

Subbasin/Life Stage

Yellowhawk Creek - Fluvial Sub-adult Upstream Migration

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km)
January - 0 - 0 - 0 3.88 15 - 0 - 0 3.88 15
February - 0 - 0 - 0 3.88 15 - 0 - 0 3.88 15
March - 0 - 0 - 0 3.88 15 - 0 - 0 3.88 15
April - 0 - 0 - 0 3.88 15 - 0 - 0 3.88 15
May - 0 - 0 - 0 3.88 15 - 0 - 0 3.88 15
June - 0 - 0 - 0 3.68 15 - 0 - 0 3.68 15
July - 0 - 0 3.23 15 - 0 - 0 - 0 3.23 15
August - 0 - 0 3.23 15 - 0 - 0 - 0 3.23 15
September - 0 - 0 - 0 3.43 15 - 0 - 0 3.43 15
October - 0 - 0 - 0 3.88 15 - 0 - 0 3.88 15
November - 0 - 0 - 0 3.88 15 - 0 - 0 3.88 15
December - 0 - 0 - 0 3.88 15 — 0 — 0 3.88 15
Average HQS (All Months) — — 3.23 3.82 — — 3.72
Total Linear Distance 0 0 29 145 0 0 174
Total Months 0 0 2 10 0 0 12
% of the Subbasin (linear distance) 0% 0% 17% 83% 0% 0% 100%
% of the Subbasin (% of the Year) 0% 0% 17% 83% 0% 0% 100%
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Table D22. Summary of habitat quality conditions for fluvial sub-adult bull trout rearing, foraging
and growth in the South Fork and Mainstem Walla Walla rivers. Habitat quality scores of < 1.8,
>1.8-2.6,>2.6 -3.4,>3.4—-4.2 and >4.2 are considered to be of poor, low, fair, good and high

guality, respectively.

Subbasin/Life Stage

South Fork and Mainstem Walla Walla Rivers - Fluvial Sub-adult Rearing, Fora

ing and Growth

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km)

January - 0 - 0 - 0 3.93 88 4.25 38 - 0 4.00 126
February - 0 - 0 - 0 3.96 85 4.27 40 - 0 4.06 126
March - 0 - 0 - 0 4.06 57 4.36 69 - 0 4.17 126
April - 0 - 0 - 0 3.91 88 4.41 38 - 0 4.03 126
May - 0 - 0 3.22 9 3.88 83 4.36 33 - 0 3.85 126
June - 0 2,51 4 3.05 71 4.02 8 4.41 43 251 4 3.55 122
July - 0 2.13 73 2.68 2 3.78 8 4.41 43 213 27 3.91 52
August - 0 2.18 42 2.74 2 3.78 8 4.41 43 2.18 19 3.94 33
September - 0 2.40 34 2.76 42 4.02 8 4.41 43 2.40 34 3.51 42
October - 0 2.42 27 2.95 48 3.85 3 4.41 47 242 27 3.56 35
November - 0 - 0 3.05 16 3.75 62 4.35 47 - 0 3.78 126
December - 0 - 0 - 0 3.91 39 4.25 13 — 0 3.99 126
Average HQS (All Months) — 2.24 2.94 3.92 4.36 2.24 3.85
Total Linear Distance 0 180 190 537 494 111 1162
Total Months 0 18 27 101 40 18 138

% of the Subbasin (linear distance) 0% 12% 13% 36% 33% 7% 77%

% of the Subbasin (% of the Year) 0% 12% 17% 65% 26% 12% 88%

Table D23. Summary of habitat quality conditions for fluvial sub-adult bull trout rearing, foraging
and growth in Mill Creek. Habitat quality scores of <1.8,>1.8 - 2.6, >2.6 — 3.4, >3.4 - 4.2 and
>4.2 are considered to be of poor, low, fair, good and high quality, respectively.

Subbasin/Life Stage

Mill Creek - Fluvial Sub-adult Rearing, Foraging and Growth

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) | (Avg) (km) | (Avg) (km) | (Avg) (km)
January - 0 - 0 3.19 10 3.75 35 4.45 15 - 0 3.63 59
February - 0 - 0 3.23 19 3.74 26 4.45 15 - 0 3.57 59
March - 0 - 0 3.32 3 3.78 41 4.45 15 - 0 3.81 59
April - 0 - 0 3.32 3 3.78 32 4.45 24 - 0 3.89 59
May - 0 - 0 2.98 10 3.80 35 4.69 15 - 0 3.60 59
June - 0 2.27 10 3.04 10 3.71 24 4.72 15 227 10 3.64 49
July 1.60 10 2.25 10 2.95 10 3.51 14 4.49 15 1.86 20 3.65 39
August 1.60 10 2.25 10 2.95 10 3.51 14 4.49 15 1.86 20 3.65 39
September 1.73 3 2.05 15 2.90 11 3.51 14 4.72 15 197 19 3.51 40
October - 0 2.08 10 2.96 10 3.50 24 4.72 15 2.08 10 3.53 49
November - 0 2.58 6 3.19 14 3.83 24 4.49 15 2.58 6 3.62 52
December - 0 - 0 2.98 10 3.69 35 4.45 15 — 0 3.52 59
Average HQS (All Months) 1.62 2.22 3.09 3.72 454 2.03 3.64
Total Linear Distance 23 62 119 317 184 84 620
Total Months 7 15 26 35 13 22 74
% of the Subbasin (linear distance) 3% 9% 17% 45% 26% 12% 88%

% of the Subbasin (% of the Year)

7%

16%

27%

36%

14%

23%

77%

Table D24. Summary of habitat quality conditions for fluvial sub-adult bull trout rearing, foraging
and growth in Yellowhawk Creek. Habitat quality scores of <1.8,>1.8 - 2.6, >2.6 —3.4, >34 —

4.2 and >4.2 are considered to be of poor, low, fair, good and high quality, respectively.

Subbasin/Life Stage

Yellowhawk Creek - Fluvial Sub-adult Rearing, Foraging and Growth

Habitat Quality Poor Low Fair Good High Poor - Low Fair - High
HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear HQS Linear
(Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km) (Avg.) (km)
January - 0 - 0 - 0 3.83 15 - 0 - 0 3.83 15
February - 0 - 0 - 0 3.83 15 - 0 - 0 3.83 15
March - 0 - 0 - 0 4.06 15 - 0 - 0 4.06 15
April - 0 - 0 - 0 3.83 15 - 0 - 0 3.83 15
May - 0 - 0 - 0 3.83 15 - 0 - 0 3.83 15
June - 0 - 0 - 0 3.59 15 - 0 - 0 3.59 15
July - 0 - 0 3.30 15 - 0 - 0 - 0 3.30 15
August - 0 - 0 3.30 15 - 0 - 0 - 0 3.30 15
September - 0 - 0 - 0 3.54 15 - 0 - 0 3.54 15
October - 0 - 0 - 0 3.83 15 - 0 - 0 3.83 15
November - 0 - 0 - 0 3.83 15 - 0 - 0 4.06 15
December - 0 - 0 - 0 3.83 0 — 0 — 0 3.83 15
Average HQS (All Months) — — 3.30 3.82 — — 3.73
Total Linear Distance 0 0 29 131 0 0 174
Total Months 0 0 2 10 0 0 12
% of the Subbasin (linear distance) 0% 0% 17% 75% 0% 0% 100%
% of the Subbasin (% of the Year) 0% 0% 17% 83% 0% 0% 100%
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Appendix E: Summary of Bull Trout Occurrence

Table E1. Summary of occurrence for bull trout spawning in the South Fork and Mainstem

Walla Walla rivers, Mill Creek and Yellowhawk Creek.

River/Creek SF/Mainstem WW R. Mill Creek Yellowhawk Creek
High Low Conceivable None High Low Conceivable None High Low Conceivable None
Occurrence Level Linear Linear Linear Linear Linear Linear Linear Linear Linear Linear Linear Linear
(km) (km) (km) (km) (km) (km) (km) (km) (km) (km) (km) (km)
January 0.0 0.0 0.0 1255 0.0 0.0 0.0 58.7 0.0 0.0 0.0 145
February 0.0 0.0 0.0 125.5 0.0 0.0 0.0 58.7 0.0 0.0 0.0 145
March 0.0 0.0 0.0 1255 0.0 0.0 0.0 58.7 0.0 0.0 0.0 145
April 0.0 0.0 0.0 125.5 0.0 0.0 0.0 58.7 0.0 0.0 0.0 145
May 0.0 0.0 0.0 1255 0.0 0.0 0.0 58.7 0.0 0.0 0.0 145
June 0.0 0.0 0.0 125.5 0.0 0.0 0.0 58.7 0.0 0.0 0.0 145
July 0.0 0.0 0.0 1255 0.0 0.0 0.0 58.7 0.0 0.0 0.0 145
August 29.9 0.0 95.6 0.0 14.6 14.4 29.7 0.0 0.0 0.0 14.5 0.0
September 29.9 0.0 95.6 0.0 14.6 14.4 29.7 0.0 0.0 0.0 145 0.0
October 29.9 0.0 95.6 0.0 14.6 14.4 29.7 0.0 0.0 0.0 14.5 0.0
November 0.0 0.0 125.5 0.0 0.0 0.0 58.7 0.0 0.0 0.0 145 0.0
December 0.0 0.0 0.0 125.5 0.0 0.0 0.0 58.7 0.0 0.0 0.0 14.5
Total Linear Distance 89.7 0.0 412.3 1004.0 43.8 43.2 147.8 469.6 0.0 0.0 58.0 116.0
Total Months 3 0 4 8 3 3 4 8 0 0 4 8
% Subbasin (linear distance) 6% 0% 27% 67% 6% 6% 21% 67% 0% 0% 33% 67%
% of the Subbasin (% of the Year) 25% 0% 33% 67% 25% 25% 33% 67% 0% 0% 33% 67%
Table E2. Summary of occurrence for juvenile bull trout rearing, foraging and growth in the
South Fork and Mainstem Walla Walla rivers, Mill Creek and Yellowhawk Creek.
River/Creek SF/Mainstem WW R. Mill Creek Yellowhawk Creek
High Low Conceivable None High Low Conceivable None High Low Conceivable None
Occurrence Level Linear Linear Linear Linear Linear Linear Linear Linear Linear Linear Linear Linear
(km) (km) (km) (km) (km) (km) (km) (km) (km) (km) (km) (km)
January 29.9 12.6 83.0 0.0 14.6 14.4 29.7 0.0 0.0 0.0 145 0.0
February 29.9 12.6 83.0 0.0 14.6 14.4 29.7 0.0 0.0 0.0 145 0.0
March 29.9 12.6 83.0 0.0 14.6 14.4 29.7 0.0 0.0 0.0 145 0.0
April 29.9 12.6 83.0 0.0 14.6 14.4 29.7 0.0 0.0 0.0 145 0.0
May 29.9 12.6 83.0 0.0 14.6 14.4 29.7 0.0 0.0 0.0 145 0.0
June 29.9 12.6 83.0 0.0 14.6 14.4 29.7 0.0 0.0 0.0 145 0.0
July 29.9 12.6 83.0 0.0 14.6 14.4 29.7 0.0 0.0 0.0 145 0.0
August 29.9 12.6 83.0 0.0 14.6 144 29.7 0.0 0.0 0.0 14.5 0.0
September 29.9 12.6 83.0 0.0 14.6 14.4 29.7 0.0 0.0 0.0 145 0.0
October 29.9 12.6 83.0 0.0 14.6 144 29.7 0.0 0.0 0.0 14.5 0.0
November 29.9 12.6 83.0 0.0 14.6 14.4 29.7 0.0 0.0 0.0 145 0.0
December 29.9 12.6 83.0 0.0 14.6 14.4 29.7 0.0 0.0 0.0 14.5 0.0
Total Linear Distance 358.8 151.2 996.0 0.0 175.2 172.8 356.4 0.0 0.0 0.0 174.0 0.0
Total Months 12 12 12 0 12 12 12 0 0 0 12 0
% of the Subbasin (linear distance) 24% 10% 66% 0% 25% 25% 51% 0% 0% 0% 100% 0%
% of the Subbasin (% of the Year) 100% 100% 100% 0% 100% 100% 100% 0% 0% 0% 100% 0%
Table E3. Summary of occurrence for fluvial adult bull trout upstream migration in the South
Fork and Mainstem Walla Walla rivers, Mill Creek and Yellowhawk Creek.
River/Creek SF/Mainstem WW R. Mill Creek Yellowhawk Creek
High Low Conceivable None High Low Conceivable None High Low Conceivable None
Occurrence Level Linear Linear Linear Linear Linear Linear Linear Linear Linear Linear Linear Linear
(km) (km) (km) (km) (km) (km) (km) (km) (km) (km) (km) (km)
January 0.0 0.0 0.0 125.5 0.0 0.0 0.0 58.7 0.0 0.0 0.0 145
February 0.0 0.0 0.0 125.5 0.0 0.0 0.0 58.7 0.0 0.0 0.0 145
March 0.0 54.8 70.7 0.0 0.0 12.0 46.7 0.0 0.0 0.0 14.5 0.0
April 0.0 60.4 65.1 0.0 0.0 29.7 29.0 0.0 0.0 145 0.0 0.0
May 78.2 4.8 425 0.0 29.7 144 14.6 0.0 0.0 145 0.0 0.0
June 40.8 74.9 9.8 0.0 43.5 15.2 0.0 0.0 0.0 145 0.0 0.0
July 42,5 18.4 64.6 0.0 29.0 145 15.2 0.0 0.0 145 0.0 0.0
August 47.3 3.0 75.2 0.0 29.0 9.7 20.0 0.0 0.0 0.0 145 0.0
September 29.9 0.0 95.6 0.0 0.0 29.0 29.7 0.0 0.0 0.0 14.5 0.0
October 0.0 0.0 125.5 0.0 0.0 0.0 58.7 0.0 0.0 0.0 145 0.0
November 0.0 0.0 0.0 125.5 0.0 0.0 0.0 58.7 0.0 0.0 0.0 145
December 0.0 0.0 0.0 125.5 0.0 0.0 0.0 58.7 0.0 0.0 0.0 145
Total Linear Distance 238.7 216.3 549.0 502.0 131.2 124.5 2139 234.8 0.0 58.0 58.0 58.0
Total Months 5 6 8 4 4 7 7 4 0 4 4 4
% of the Subbasin (linear dist! ) 16% 14% 37% 33% 19% 18% 30% 33% 0% 33% 33% 33%
% of the Subbasin (% o