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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.
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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.
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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.
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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
@ | =l
(=] "
‘s. —e— Metapopulation
) =% SFWW
A . -.m- MC
2 - -4 Touchet
= L
5 0540 T e
R "mm e Fons- o
T i -
© _| N’/*\‘L
o - .. e n"__"""-—-_.e
Asemal Ll Ao,
P A,
o ] Trs -
“ A
T T T T T T
0.00 0.02 0.04 0.06 0.08 0.10

Proportion change sent change

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

47



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 an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>