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GLOSSARY OF TERMS

Term

Definition

Adfluvial

Refer to a life cycle trait of fish in which adults migrate from lakes to
reproduce in rivers.

Allee effects

A decline in individual fitness at low population size or density, that can
result in critical population thresholds below which populations crash to
extinction

Anadromous

Individuals: Refer to a life cycle trait of fish in which adults migrate from
salt water to reproduce in fresh water and juveniles migrate from fresh
water to mature in salt water.

Waters: Refer to reaches that are potentially accessible to adult steelhead
migrants (i.e., not blocked by a complete barrier to migration).

Assisted colonization

Organisms that are translocated to habitat outside a species’ indigenous
range (IUCN and SSC 2013, Hayes and Banish 2017) (interchangeable
with introduction); the movement of a species to a location outside of its
existing or historical range into a new range where it should survive in
future climate scenarios to avoid extinction (IUCN and SSC 2013).

Assisted migration

Organisms that are translocated around barriers when volitional upstream
and/or downstream passage is not possible under current conditions;
anthropogenic-assisted movement of salmonids around barriers for
conservation

Biogeographic Population
Group (BPG)

The division of southern California steelhead populations based on
physical characteristics representing differing natural selective regimes
for populations.

Conservation introduction

The intentional movement and release of an organism outside its
indigenous range (IUCN and SSC 2013).

Conservation hatchery

A program that “conserves and propagates steelhead taken from the wild
for conservation purposes, and returns the progeny to their native habitats
to mature and reproduce naturally” (NMFS 2012).

Conservation translocation

The intentional movement and release of a living organism where the
primary objective is a conservation benefit (IUCN and SSC 2013).
Rescues, reintroductions, and reinforcements fall under this action.

Donor population

The “source” or “founder” population used in reintroductions.

Distinct Population
Segment (DPS)

A population of species listed under the U.S. Endangered Species Act.

Founder effects

A reduction in genomic variability that occurs when a small group of
individuals becomes separated from a larger population

Fry

Juvenile fish that has absorbed their yolk sac and can feed on their own.

Introduction

Fish that are translocated to habitat outside a species’ indigenous range
(IUCN and SSC 2013, Hayes and Banish 2017) (interchangeable with
assisted colonization).

Isolated Rescues

Rescue action in response to a stochastic disturbance event or in response
to isolated observations of stranded fish that was not previously
established.

Juvenile O. mykiss

Immature O. mykiss who could either enter the anadromous or resident
O. mykiss life history stage

Kelt

An adult steelhead that has successfully spawned and is returning to the
ocean.

Natural colonization

The establishment or reestablishment of a population via natural
mechanisms such as straying and dispersal.

Oomy5

A large genomic region associated with anadromy in O. mykiss.
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Term

Definition

O. mykiss

To refer to life stages that are indistinguishable as either steelhead or
resident rainbow trout.

Population mining

Extracting individuals from their habitat.

Programmatic Rescues

Rescue of organisms in response to previously established biological and
environmental triggers that are known to occur repeatedly.

Redd

The spawning location or nest of certain fishes.

Reinforcement

A type of conservation translocation: the intentional movement and
release of an organism into an existing population of conspecifics.

Reintroduction

A type of conservation translocation: the intentional movement and
release of an organism inside its indigenous range from which it has
disappeared.

Rescues

A type of conservation translocation: movement of organisms out of
habitat that is no longer suitable due to catastrophic event into suitable
habitat.

Resident O. mykiss

O. mykiss individuals that are freshwater-resident (interchangeable with
resident rainbow trout).

Resident rainbow trout

O. mykiss individuals that are freshwater-resident (interchangeable with
resident O. mykiss).

A juvenile salmonid that exhibits traits of physiological change in

Smolt - S -
preparation for downstream migration and entering the ocean.
Individuals: O. mykiss that express anadromous life-history.

Steelhead Populations: Contain steelhead individuals and possibly resident O.
mykiss individuals.

Stray A life-history strategy where an individual spawns within a non-natal

watershed.

Translocation

The human-mediated movement of living organisms from one area to
release in another (IUCN and SSC 2013).

Young-of-the year

Juvenile fish that are less than a year old.
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EXECUTIVE SUMMARY

The Southern California Steelhead Distinct Population Segment (DPS) is at the southern end of
the species’ range. The DPS is listed as endangered under the U.S. Endangered Species Act.
Population declines across the DPS are attributed to numerous anthropogenic factors including
presence of migration barriers, habitat loss, flow manipulations, and climate change. In southern
California, the frequency and severity of droughts, wildfire, and debris flows are anticipated to
increase under climate change predictions, which could further reduce population abundance,
cause extirpations, and limit the effectiveness of recovery efforts. The National Marine Fisheries
Service (NMFS) (2012) Recovery Plan and subsequent 5-year status reviews (NMFS 2016, 2023)
recommend actions that address the fundamental issues underlying population declines, and in
addition, recommend consideration of alternative actions that could be used to prevent population
extirpation and expand the demographic variability of the Southern California Steelhead DPS.

Following these recommendations, this Evaluation and Guidance document considers two
specific conservation actions, rescues and reintroductions, that could be used in the short-term to
prevent population extirpation and increase demographic variability. These actions could
ultimately reduce the risk of extinction and increase the effectiveness of recovery actions focused
on providing additional habitat that are being implemented over longer time frames. In addition,
genetic conservation strategies are evaluated that could be used to preserve unique genetic
adaptations of southern steelhead to extreme conditions (e.g., temperature, intermittent flows).
Conservation of these adaptations could aid long-term viability of more northern populations in
the face of climate change. The risks, benefits, and constraints of rescue, reintroduction, and
genetic conservation actions are evaluated both broadly as conservation measures for salmonids
(within this Evaluation and Guidance document), as well as on a watershed-specific basis (within
watershed-specific plans that are available upon request). Specific guidelines for implementation
of rescue and reintroduction actions are also presented.

Rescue actions, which fall under the category of “conservation translocations,” in response to
ecological disturbances (e.g., drought, wildfire, and debris flows) could be used to maintain
population sizes and reduce the risk of extirpation, as well as maintain genetic diversity and
prevent genetic bottlenecks. Potential risks to consider include spread of pathogens, density
dependent effects at release sites, and disruption of natural selection processes. To address risks, a
set of biological (fish densities) and environmental (flows, wildfire severity) triggers were
developed to reduce risks, and factors were considered that could be used to prioritize release
sites. Generally, rescues would be implemented when flows create intermittent habitat during low
flow periods and when fish densities at release sites support additional stocking. Rescues in
response to wildfires would be implemented after a wildfire event that burns large portions of the
watershed (including headwaters) at moderate to severe intensity and that eliminates a large
proportion of the canopy cover coupled with an imminent risk of extirpation from debris flows.
Relocation sites would be prioritized within the rescue watershed to reduce risks, but relocation to
external watersheds could be considered if watershed conditions are not suitable for release due to
limited unimpacted or poor habitat or the potential for density dependent effects at release sites. If
an external release site was required, adjacent watersheds that share similar environmental
conditions and have suitable habitat, but where steelhead are no longer present due to extirpation,
would be prioritized. The potential application of temporary holding facilities within the context
of rescue and reintroduction programs is also considered.

Reintroduction actions, which also fall under the category of “conservation translocations,” could
result in increased species distribution, promote population redundancy, increase

February 2024 Stillwater Sciences
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genetic/phenotypic/life-history diversity, and restore ecosystem function. Potential risks to
consider include stress and mortality on individuals used for reintroductions, disease
transmission, deleterious effects on the donor population due to removal of individuals (i.e.,
population mining), genetic founder effects, increased straying rates, and reduced fitness of wild
populations due to outbreeding depression. Human-mediated reintroductions can also disrupt
natural recolonization processes, but natural recolonization rates have likely been severely
disrupted and may not be able to ensure population persistence under a rapidly changing climate.

To address risks, guidelines are presented for selecting reintroduction sites and donor (or source)
populations. Reintroduction sites would be prioritized where steelhead had been extirpated and
based on habitat suitability, the likelihood of natural recolonization (i.e., the distance to extant
populations), the ability to provide diverse life-history expression, and the degree to which
limiting factors have been addressed. Donor (or source) populations for reintroductions would
only include wild steelhead of native coastal ancestry (or with evidence of limited hatchery
introgression), with high genetic diversity, and with the anadromous Omy5 haplotype. Due to the
small size of existing anadromous populations, which are likely not capable of sustaining
population mining, either fish collected from above barrier populations or fish collected during
rescues actions within anadromous waters would be used for reintroductions. Based on the
proposed guidelines, large numbers of fish reintroduced over multiple generations are not
recommended to prevent negative effects from straying and outbreeding depression.

Following rescue or reintroduction actions, monitoring at release sites and within the donor
population is essential for understanding the action’s efficacy. Monitoring would assess
population abundance, growth rates, dispersal, movements, habitat use, fitness, genetic and life
history diversity, as well as ecological impacts. Monitoring should align with California’s Coastal
Monitoring Plan (CMP) outlined in Fish Bulletin 182 (Boughton et al. 2022). Results from
monitoring can be used for decision-making under an adaptive management framework, and we
recommend convening a technical advisory committee to assist with decision-making regarding
implementation of rescues and reintroductions.

A key step toward potential implementation of rescue or reintroduction actions is determining
which watershed(s) would be suitable for either action. Within appendices to this report, a
decision framework is described that can be used to prioritize watersheds for implementation of
rescue and reintroduction actions based on watershed-specific characteristics including steelhead
presence, population size, distribution, and potential for natural recolonization. Watershed-
specific information is also compiled and proactively summarized in accordance with existing
California Department of Fish and Wildlife (CDFW) policies and guidelines regarding rescues
and reintroductions (actions which fall under ‘translocations’ as defined in CDFW Bulletin 2017-
05). These watershed-specific summaries will not be publicly available due to concerns related to
poaching but can be made available upon request by contacting the Resource Conservation
District of the Santa Monica Mountains (RCDSMM).

In addition to considering rescues and reintroductions, a set of genetic conservation approaches
were reviewed to evaluate suitability for preserving unique genetic traits and increasing genetic
diversity of southern California steelhead that build upon CDFW guidelines (CDFW Bulletin
2017-04, discussed further in Section 1.4). Assisted migration, assisted colonization, conservation
hatcheries, streamside incubators, and cryopreservation were defined and assessed as potential
genetic conservation approaches.

Assisted migration, defined as the human-mediated movement of fish around barriers, could
increase genetic diversity between fragmented populations and promote variable life history

February 2024 Stillwater Sciences
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expression. Low collection efficiencies of downstream migrants would limit the numbers of
migrants that could be moved downstream, but reduced collection efficiency would ensure the
above barrier population continues to express variable life-history strategies that could help
maintain genetics associated with anadromy. It was determined that assisted migration should be
used as an interim strategy while volitional passage (or barrier removals) is implemented or when
volitional passage was not feasible. In particular, assisted downstream migration could promote
anadromous life history expression and increase numbers of returning adults across the DPS.

Assisted colonization, defined as the introduction of fish outside their native range, would not
meet the goals of conserving local genetic diversity, although movement of the DPS northward
would provide opportunities for genetic mixing with more northern populations, both a potential
benefit and a risk.

Conservation hatcheries that use wild broodstock (and not hatchery or crosses between hatchery
and wild fish) could be used to increase the effectiveness of reintroductions by providing
increased numbers of individuals for release, which reduces the risks of founder effects.
However, many risks are associated with this strategy, mostly related to reduced genetic diversity
and domestication selection. Increased straying rates of broodstock progeny could also result in
mixing between hatchery offspring and wild populations in adjacent watersheds, potentially
reducing the fitness of wild populations. Ultimately, conservation hatcheries are an extreme form
of human intervention that come with greater risks than other conservation actions recommended
herein (e.g., rescues and reintroductions).

Streamside incubators, a form of captive breeding where gametes from wild fish are fertilized and
incubated at the release site using the local water source, reduces many of the risks related to
conservation hatcheries by providing additional time for imprinting on natal cues and more
favorable conditions for natural selection. We recommend experimental implementation of
streamside incubators for reintroduction of O. mykiss into extirpated watershed to evaluate the
effectiveness and constraints.

Finally, cryopreservation could be a tool for storing genetic material as a last resort conservation
strategy and as an “insurance policy” to preserve variable genetics associated with local
adaptations expressed among different populations in the DPS. However, the efficacy of
cryopreservation is questionable and would likely come with high costs, and thus,
cryopreservation is not recommended until this technique has been further developed.

Based on our review of the various conservation actions and our scientific judgement, we
specifically recommend the following:
¢ Continue convening a Technical Advisory Committee (TAC) to aid decision-making
regarding implementation and to evaluate success of actions.
¢ Implementing rescues in response to specific environmental and biological triggers on an
individual watershed basis, as well as in response to stochastic environmental
disturbances, such as being done by CDFW and NMFS.
¢ Implementing an experimental reintroduction into an extirpated watershed using direct
release of wild fish from a source population or from wild rescued fish.
¢ Implementing an experimental reintroduction into an extirpated watershed using progeny
from wild fish broodstock using streamside incubators.
e Developing a temporary holding facility to aid rescue and reintroductions.
¢ Implementation of assisted migration to aid downstream movements of above-barrier
populations when volitional passage or barrier removals are not possible.
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e Increased monitoring including implementation of the CMP.

e ldentification of current and future drought refugia that will be resilient to climate
change.

e Research on habitat suitability, genetics, metapopulation dynamics, and adaptations of
southern California steelhead.

In summary, there is concern whether steelhead populations with adequate life history, spatial,
and genetic diversity will be available in the future to respond to environmental variability and to
recolonize habitat naturally following implementation of recovery actions that could take decades
to implement. Given the current state of steelhead in southern California, short-term conservation
strategies including rescues and reintroductions, as well as genetic conservation strategies could
protect existing populations, increase demographic stability, and conserve genetic diversity while
long-term recovery actions are implemented. The actions recommended in the NMFS (2012)
Recovery Plan are designed to address the underlying causes of declines, and we believe the
implementation of these measures (e.g., removing dams, increasing instream flows, removing
invasive predators) are the only means to achieve long-term viability. However, as described in
NMFS (2023), without short-term bold and decisive action, the current rate of extirpation is
threatening the opportunity for long-term recovery. Thus, although there are risks associated with
our recommended conservation actions, there are also risks to the status quo. The actions
recommended herein are designed to minimize risks, to mimic natural life-history processes, and
ultimately, to ensure more intensive human interventions such as conservation hatcheries are not
needed in the future. Implementation of rescue and reintroduction strategies should be carefully
considered on a watershed-by-watershed basis before widespread implementation. The
watershed-specific information provided within appendices to this document will aid decision-
making regarding where and when it is appropriate for implementation. Experimental
implementation of some of these approaches is recommended followed by monitoring to further
explore efficacy.
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1 PART 1 — INTRODUCTION

Steelhead (Oncorhynchus mykiss) in southern California are at the southern edge of the species’
range where habitat has been most severely impacted by anthropogenic stressors (National
Research Council 1996, Gustafson et al. 2007). Artificial barriers, urbanization, and changes in
land and water use over the last half century have resulted in habitat loss and fragmentation,
which, in turn, have decreased steelhead populations within southern California, where it is
estimated that steelhead now occupy between 37 and 43% of its historical watersheds (NMFS
2012). As a result of declining numbers, the Southern California Steelhead Distinct Population
Segment (DPS) was listed as endangered under the Endangered Species Act (ESA) in 1997
(NMFS 2012). Decreases in southern California steelhead populations is of particular concern
because, in addition to being of ecological and cultural importance, these fish may possess
important traits that allow them to persist under variable conditions (e.g., high temperatures and
intermittent flows), and these traits could be important for creating resilient populations in
northern areas in the face of climate change.

Steelhead in southern California evolved and persisted for thousands if not millions of years in an
environment characterized by extremes (Nielsen 1990, Waples et al. 2008). Drought, wildfire,
and other ecological disturbances are ubiquitous features in southern California. However,
elevated water temperatures and more frequent and severe drought and wildfire events associated
with human-caused climate change have increasingly contributed to population declines and
extirpation and threatened recovery efforts. These disturbances are expected to become more
severe and frequent due to climate and land use change, and statewide climate change models
predict “fewer wet days, wetter winters, drier springs and autumns, and an increase in dry years
as well as maximum precipitation in a single day” (Pierce et al. 2018). In addition to erratic
weather patterns, these climatic changes have the potential to increase the frequency and
magnitude of wildfires and associated debris flows; increase the frequency, severity, and duration
of droughts; result in the acidification and rapid rise of temperatures in oceans; increase surface
water temperatures; disrupt vegetative cover; and increase the risk of pathogens, all detrimental
effects to already threatened populations of fish (Luers and Moser 2006, NMFS 2012, CEC 2020,
Cheng et al. 2021). These threats are exacerbated for steelhead due to the use of different habitats
(oceans, estuaries/lagoons, and freshwater) during its life history cycle.

In response to steelhead population declines and ESA listing, the National Marine Fisheries
Service (NMFS) released the Southern California Steelhead Recovery Plan (Recovery Plan) in
2012 (NMFS 2012). The Recovery Plan outlines recovery actions, including barrier removals,
habitat restoration, and flow management, that address fundamental causes of declines and are
essential for the recovery and long-term viability of the population. Following issuance of the
Recovery Plan, NMFS issued a status review of the DPS in 2016 and 2023, outlining the current
status of population trends and implementation of recovery actions. As described in the latest
status review in 2023, there has been substantial progress toward implementation of the Recovery
Plan over the last decade, but there is no evidence at this point that recovery actions have
improved steelhead viability and population declines have continued during this same period
(NMFS 2023); although as noted in NMFS (2023), sufficient monitoring is lacking within the
region. A major factor contributing to declines and preventing potential recovery is an extended
drought that has been affecting southern California since 2014 and concurrent elevated ocean
temperatures (Cheng et al. 2021). In addition, wildfire and associated debris flows have also
directly extirpated populations throughout the DPS. Persistent loss of habitat availability and
connectivity due to the presence of barriers and other human factors have made populations more

February 2024 Stillwater Sciences



Technical Report Conservation Strategies for Southern California Steelhead

susceptible to these disturbances. Ultimately, there are no existing O. mykiss populations that are
considered viable in the long term (NMFS 2012, 2016, 2023).

_ o _ FOCUS ON TWO STEELHEAD
R_ecently, the rate of popu_latlon extirpation appears _to be ala_rmmgly CONSERVATION TRANSLOCATION
higher than the rate at which natural recolonization is occurring ACTIONS:
within the region, as well as higher than the rate of recovery actions, RESCUE: movement of iﬁdividuals out
such as barrier removals, can be implemented. This discrepancy of habi tét that is no lonaer suitable due
between rates of extirpation and recovery is a result of rapid shifts in to catastrophic event in?o suitable
climate combined with smaller, fragmented populations, and the habitat P
social, financial, and logistical challenges of implementing recovery
actions. As an example, steps toward the removal of the Matilija Dam : .
in the Ventura River watershed began in 1998, and dam removal is REINTRODUCTION: the intentional
unlikely until at least 2030. During this period, a severe wildfire, the movement and release of individuals
2017 Thomas Fire, burned large portions of the watershed and inside its indigenous range from which
extirpated steelhead from a number of tributaries upstream and it has disapoeared.
downstream of barriers, as well as populations from other coastal watersheds. However, as
evidence of the resiliency of steelhead, reaches of the mainstem Ventura River where steelhead
were extirpated following the 2017 Thomas Fire have been recolonized by upstream populations
that survived the wildfire and debris flows (NMFS 2023), highlighting the importance of having
broadly distributed populations across variable habitats. Also, the recent drought has reduced
opportunities for anadromy, thereby reducing the probability of recolonization.

Historically, life history strategies such as straying (i.e., dispersal) allowed recolonization,
increased genetic diversity, and sustained steelhead populations in California (Clemento et al.
2009, Pearse et al. 2009, Donohoe et al. 2021). Indeed, population expansion and retreat of
steelhead in this region occurred in response to changing climates over millennia, which is only
accomplished through straying. However, the current accelerated rate of climate change is
unprecedented, and when combined with the loss of life history and habitat variability and fewer,
spatially discrete populations across both southern and central California, it is uncertain whether
natural recolonization rates will be able to keep up with increased extirpation rates. Simply put,
within the concept of metapopulation dynamics, there are increasingly fewer, smaller, fragmented
populations, which are more susceptible to demographic and environmental fluctuations and the
loss of genetic diversity. The loss of genetic diversity further compromises steelhead population
viability by making the population more susceptible to deleterious genetic effects from inbreeding
depression and genetic drift.

In summary, there is concern whether steelhead populations with adequate life history, spatial,
and genetic diversity will be available in the future to respond to environmental variability and to
recolonize habitat naturally following implementation of recovery actions that could take decades
to implement. Because of the current state of steelhead in southern California, there is a need to
consider additional short-term conservation actions that could protect existing populations and
increase demographic stability while long-term recovery actions are implemented. We recognize
the comprehensive depth of the NMFS (2012) Recovery Plan and believe that implementation of
the bold measures described therein (e.g., removing dams, increasing instream flows, removing
invasive predators) will dramatically increase the probability of the species long-term viability.
However, as described in NMFS (2023), without short-term bold and decisive action, the current
rate of extirpation is threatening the opportunity for long-term recovery.

Within this document (hereafter “Evaluation and Guidance document”), we evaluate two specific
conservation translocation actions—rescues and reintroductions—that could be implemented in
the near term to prevent extirpation and increase demographic variability, respectively. The
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evaluation of these conservation actions addresses two recommendations within the NMFS
(2023) 5-year status review: (1) "Explore other means of conserving individual populations of O.
mykiss that may face the risk of extirpation”; and (2) “Coordinate and implement relocation
activities and plans (including post relocation monitoring) for rescued O. mykiss within all
Southern California Steelhead DPS [Biogeographic Population Groups, (BPGs)]” (see Section 4.2
in NMFS 2023). In addition, these conservation actions have the potential to support and enhance
the effectiveness of long-term recovery actions presented in the NMFS (2012) Recovery Plan by
addressing viable salmon population parameters (abundance, population growth rate, population
spatial structure, and diversity) as described in McElhany et al. (2000).

This Evaluation and Guidance document goes further by proactively summarizing watershed-
specific information that can be used to inform watershed-specific rescue and relocation
coordination and planning and provide required information needed for execution as outlined in
the California Department of Fish and Wildlife (CDFW) Bulletins 2013-04 and 2017-05 (CDFW
2013, 2017a). This Evaluation and Guidance document is not intended to replace or compete with
existing recovery plans, but rather, to explore additional alternative conservation actions that
could ensure the population remains intact with enough spatial and genetic diversity to enhance
the success of long-term habitat restoration actions. Both CDFW and NMFS stress collaboration
with partners and stakeholders to conserve and rebuild populations, and it is in that spirit that
these actions are explored.

The following document is divided into four parts and accompanying appendices. Part 1 (this
section) summarizes background information on southern California steelhead, provides
justification for considering rescues and reintroductions as conservation actions, and discusses
how these actions relate to existing recovery plans and policies. Part 2 evaluates and presents
guidelines for rescues and reintroduction conservation actions. The information presented in Part
2 is used to help prioritize and develop watershed-specific guidance documents under a decision
framework, which is presented in Appendix A. Part 3 then reviews genetic conservation
approaches. Part 4 provides specific recommendations and steps for near- and long-term
implementation of conservation actions. Prior to discussing conservation strategies specifically,
we first outline the goals and objectives of this Evaluation and Guidance document.

1.1 Goals and Objectives

The overall goal of this Evaluation and Guidance document is to evaluate conservation actions
that can be implemented in the short-term to maintain existing steelhead populations, expand
demographic variability, and ultimately reduce extinction risk and aid in the recovery and long-
term viability of the Southern California Steelhead DPS. Specific objectives include the
following:

e FEvaluation of a set of short-term conservation actions that could be used to maintain
existing steelhead populations and expand demographic variability;

¢ Development of decision-making guidelines to assign and prioritize appropriate short-term
actions for watersheds across the Southern California Steelhead DPS;

e Compilation of watershed-specific information that can be used to inform appropriate
short-term actions;

¢ ldentification of data gaps needed for directing conservation actions; and
e Evaluation of approaches for conserving genetic diversity.
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1.2 Overview of Conservation Actions

Numerous conservation actions are commonly applied to aid in the conservation and management
of anadromous salmonids. Many of these strategies, including barrier removals, habitat
restoration, and flow management, have been thoroughly considered within the NMFS (2012)
Recovery Plan. These actions are a necessity for ensuring a self-sustaining and viable long-term
Southern California Steelhead DPS by addressing the underlying causes of population declines,
including habitat fragmentation and loss. However, large-scale dam removal and habitat
restoration can take years, if not decades, to implement due to financial, technical, and social
challenges. Meanwhile, the effects of human actions and climate change will continue to reduce
population abundance and life-history and genetic diversity, further reducing the adaptive
capacity and long-term viability of southern California steelhead. In contrast to recovery actions
that address underlying causes of declines, more intensive human interventions, such as the use of
conservation hatcheries and assisted migration, have also been considered (including within the
NMPFS [2012] Recovery Plan) as additional approaches for conserving anadromous salmonid
populations. Indeed, conservation actions occur across a spectrum from natural—with the goal of
creating natural, free flowing, rivers (e.g., habitat restoration, barrier removals) to intensive
human interventions—with the goal of supplementing populations (e.g., conservation hatcheries).

A useful framework for considering conservation strategies in an anthropogenically altered world
is the resist-accept-direct (RAD) framework (Thompson et al. 2021, Kocik et al. 2022). Kocik et
al. (2022) applied the RAD framework to conservation strategies for anadromous salmonids,
highlighting three options for managers to consider: (1) accept changes that have occurred and
focus on conserving other species, (2) resist changes by restoring habitat and connectivity, and
(3) direct conservation strategies by creating/using novel or artificial habitats. As it relates to
southern California steelhead, accept could mean that population declines and extirpations are
inevitable. As mentioned previously, extirpation can be a natural event, but the rate of extirpation
has greatly accelerated beyond natural levels due to direct human influences and climate change.
Moreover, the accept option disregards the fact that existing populations have demonstrated
resilience to environmental variability over recent time and therefore may have important traits
(genetic, physiological, or behavioral) that warrant protection. For these reasons, the accept
option is not considered further in this Evaluation and Guidance document. There is strong
enough resistance within the steelhead management community to the direct options (e.g., novel
habitats outside of identified natural range, conservation hatcheries) that considering these
options more than conceptually will be a disservice to goals of this Evaluation and Guidance
document. Therefore, the actions considered herein fall under the resist option, which is
proportionate to the risk faced by the DPS at this time.

The recovery actions presented in the NMFS (2012) Recovery Plan focus on addressing
fundamental causes of population declines and fall under the resist option. Herein, we consider a
category of more human interventionist conservation actions known as conservation
translocations, which also fall under the resist option. Conservation translocations are defined as
the intentional movement and release of a living organism (or gametes, propagules, or
reproductively viable plant parts) where the primary objective is a conservation benefit (IUCN
and SSC 2013, CDFW 2017b). We specifically consider the following two classes of
conservation translocation techniques:

e Fish rescues—an individual or group of O. mykiss are moved out of habitat impacted by a
catastrophic event (i.e., habitat that is no longer suitable) into suitable habitat to prevent the
direct mortality of individual fish (falls under “translocation” as defined by CDFW
Bulletin 2017-05).
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e Targeted reintroduction (hereafter “reintroduction”)—a group of O. mykiss are moved from
an extant population to an area within the indigenous range from which O. mykiss have
disappeared, with the goal of populating the region (falls under “translocation” as defined
by CDFW Bulletin 2017-05).

These techniques (fish rescues and reintroduction) were evaluated and developed in detail within
this Evaluation and Guidance document for the following reasons:

¢ Rescues and reintroductions meet our objectives of being short-term conservation actions
that can be used to maintain existing populations and expanding demographic variability,
respectively.

e These actions have been widely applied as conservation measures for at-risk fish
populations.

e Because these actions have been widely applied, there are informed guidelines that can be
followed to increase success and minimize risks.

o Fish rescues are already conducted by CDFW across the Southern California Steelhead
DPS region, albeit reactively rather than proactively.

¢ Reintroductions are conducted by CDFW as part of rescue operations for O. mykiss within
southern California, although without a specific intention of reintroducing extirpated
populations (CDFW Bulletin 2017-05).

¢ Fish rescues and reintroductions align with objectives outlined in the NMFS (2012)
Recovery Plan and address recommendations from the NMFS (2023) 5-Year Status
Review (specific details in Section 1.4 below).

e Actions such as barrier removal, habitat restoration, and flow management (including
functional flows) are thoroughly covered in other recovery plans (NMFS 2012, 2016,
2023) and would be implemented over longer time scales.

¢ Other actions, such as conservation hatcheries and assisted migration, would either be
implemented over the long term or have many risks/uncertainties that are not easily
overcome (see Part 3 for additional discussion).

¢ Rescues and reintroductions could be more or less immediately implemented as
conservation measures (i.e., it will take less time to implement than many restoration and
barrier removal projects).

While we consider rescues and reintroductions in detail herein, we emphasize that we are not
recommending their widespread implementation within the DPS. There are numerous
considerations that inform the appropriateness of either strategy, which are reviewed in more
detail within Part 2. Essentially, we evaluate these strategies in detail to consider their
justification and to inform when, where, why, and how these conservation actions could be
implemented. Decisions on implementation will ultimately be made by regulatory agencies, and
we hope this document, along with watershed-specific information compiled within the
appendices, will provide the background information needed to inform decision-making.

In addition to rescues and reintroductions, other strategies that could be used to conserve genetic
diversity are reviewed separately in Part 3 of this report. Immediately below, we briefly review
southern California steelhead status and life-history and provide an overview of existing recovery
plans and policies.
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1.3 Southern California Steelhead Summary

Steelhead are native to the Pacific coast of North America (NMFS 2012). The Southern
California Steelhead DPS is ecologically and genetically discrete from other O. mykiss regional
groups, encompassing steelhead populations from the Santa Maria River to the Tijuana River
(NMFS 2012). This DPS was listed as “endangered” under the federal ESA in 1997 (considered
an evolutionary significant unit at the time of listing and subsequently relisted in 2006). Most
anadromous southern California steelhead populations have been extirpated, especially in the
southern end of their range (NMFS 2012). Anadromous steelhead historically inhabited 46
watersheds in the Southern California Steelhead DPS range and now occupy between 37 and 43%
of these watersheds; adult steelhead runs have declined dramatically in recent decades. For
example, only 177 individual adult steelhead were observed between 1994 and 2018 (Dagit et al.
2020). The effectiveness (and depth) of adult monitoring is extremely limited in southern
California due to high flows and sediment loads that are characteristic of conditions that would
facilitate migration. Thus, the reported numbers of returning anadromous adults are likely
underestimated, but the actual number is certainly low (both from historical and viability
perspective) as evidenced by the current population trends (NMFS 2023). Wildfires, drought, and
debris flows are among the most common and most severe threats to steelhead within the
Southern California Steelhead DPS, and these events are expected to become more frequent and
severe in worsening climate change conditions.

Steelhead have complex and varied life histories. Steelhead are the anadromous form of O. mykiss
that migrate to the ocean, whereas resident rainbow trout are O. mykiss that remain in freshwater
over their entire life cycle. An anadromous steelhead can produce both anadromous and resident
offspring, and vice versa (Donohoe et al. 2021, Boughton et al. 2022). Due to these complexities
and uncertainties regarding life-history types, this document uses the term O. mykiss to refer to
life stages that are indistinguishable as either steelhead or resident rainbow trout. Steelhead
exhibit greater variation in the timing and location of each life-history stage than any other
Pacific salmonid species in the genus Oncorhynchus. Rearing in freshwater can take 1-3 years,
and subsequent maturing in the ocean can take 1-4 years. Ocean migrants grow larger and
produce more eggs than freshwater residents (NMFS 2012).

Southern California steelhead are considered a “winter-run” type, meaning they enter rivers from
the ocean in the winter and spawn shortly thereafter. Winter-run adult steelhead along the
California coast can enter rivers as early as October and as late as June when hydrologic
conditions allow, but most adult steelhead enter rivers between January and April (Shapovalov
and Taft 1954). River entry and upstream migration of steelhead in many southern California
watersheds is dependent on high-flow events that breach sandbars in the lagoon to provide
upstream passage. These high-flow events occur during the winter and spring and follow periods
of substantial precipitation. The life-history types described above are only some of the
predominant life histories, and many other life-history forms, such as lagoon anadromous, can be
important to populations in southern populations (Kendall et al. 2014). The overall flexibility and
diversity of life-history types is what makes O. mykiss capable of occupying variable habitats and
persisting within the extreme environments in southern California.

Similar to anadromous Pacific salmonids, most steelhead return to natal rivers or streams to
reproduce, but some stray to non-natal watersheds. Straying is an important evolutionary life-
history strategy that supports colonization or recolonization of new or previously occupied
habitat, respectively, and is also a mechanism to enhance genetic diversity across populations
(Keefer and Caudill 2014). Straying is thought to be particularly important for supporting
southern California steelhead, especially small coastal populations that may be too small to be
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viable (NMFS 2012). Documentation of straying is limited in California, but a study on the Santa
Ynez River found 6 of the 16 (38%) anadromous adult steelhead sampled in 2008 were strays
(COMB 2013, NMFS 2016, COMB 2021), a much higher straying rate compared to estimates
from more northern populations or winter-run steelhead (4—14%; Keefer and Caudill 2014). A
more recent study from central California showed strays in the watershed can be from distances
as far as 680 kilometers apart (Donohoe et al. 2021). These studies indicate that straying is an
important life history strategy in steelhead and that steelhead can stray from distant watersheds.
The influences of straying on metapopulation dynamics of steelhead warrants additional study,
especially in southern California.

The studies described above are examples of straying into watersheds where O. mykiss were
already present. Like other anadromous salmonids, steelhead locate spawning grounds by
following natal olfactory cues imprinted during early life stages (Hasler and Scholz 1983,
Dittman and Quinn 1996), or in the absence of natal olfactory cues, it is thought that anadromous
salmonids rely on olfactory cues from conspecifics (Bett and Hinch 2016). The ability to use cues
from conspecifics, whether co-migrating adults, outmigrating smolts, or rearing juveniles, would
increase the likelihood of locating suitable habitat and mates. These navigational mechanisms
would be more important for semelparous species of Pacific salmon compared to iteroparous
steelhead, which have more than one opportunity to spawn within a lifetime. Straying into
habitats where homing cues are absent provides a mechanism to recolonize formerly occupied
habitat or colonize new habitat and may be especially important in a high disturbance regime like
southern California and for smaller, coastal watersheds that tend to be more prone to extirpation
events. Following an extirpation event in smaller watersheds, it is thought that nearby, larger
watersheds that retain populations will recolonize extirpated habitat through straying.
Documentation of this phenomena is rare, but in the San Mateo River in Orange and San Diego
counties, a steelhead population was established by anadromous strays in 1999 after a more than
50-year absence (Hovey 2004). In Topanga Creek, steelhead recolonized in the late 1990s
following extirpation in the 1980s (Bell et al. 2011). In the late 1990s, steelhead were found to be
extirpated in the Santa Margarita watershed, then were observed to be present in 2009 (Becker et
al. 2010, Dagit et al. 2020). We found no other documentation of recolonization events that have
occurred in the last two decades, but once again, limited monitoring is conducted throughout the
region.

While there are few examples of recolonization of extirpated watersheds, there are numerous
examples of recolonization of extirpated habitat from other occupied habitat within a watershed
(i.e., within watershed dispersal). For example, reaches of the mainstem Ventura River, Murrieta
Creek, and Matilija Creek where steelhead were extirpated following the 2017 Thomas Fire have
been recolonized, likely by upstream populations that survived the wildfire and debris flows
(NMFS 2023). In the Santa Ynez watershed, O. mykiss were extirpated from large sections of
upper El Jaro Creek in 2015 due to a drought resulting in no flow; however, an adult was
observed in 2020, indicating recolonization (COMB 2022).

There are also examples of recolonization of upstream habitat following barrier removal.
Famously, steelhead returned to upstream habitat in the Elwah River following dam removal,
although it is believed the returning steelhead originated from the existing resident rainbow trout
population that persisted above the dam. Steelhead also recolonized habitat in Mill Creek,
California, less than a year following dam removal. In another example, two Arizona-type
crossings (one of which limited passage over approximately 95% of the flow range and was
located 0.75 mile upstream from the ocean, Becker et al. 2010) were removed in the lower
Arroyo Sequit Creek in 2015, opening up habitat to migrating steelhead. Two steelhead were
observed in the creek just 2 years later in 2017 (Dagit et al. 2020), but despite steelhead being
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observed, no population currently exists in Arroyo Sequit Creek, presumably due to low flows
and poor habitat quality following the 2018 Woolsey Fire. These examples highlight the
importance of having broadly distributed populations across variable habitats and also
demonstrate the ability of populations to respond quickly to large-scale restoration actions.

Population expansion and contraction of steelhead is a natural feature within dynamic landscapes
affected by dry and wet seasons and more long-term fluctuations in environmental conditions
such as drought. For example, based on research from the Carmel River, during periods of
drought, steelhead populations retract into more stable, drought refugia habitats, but then expand
into less stable habitats once conditions improve (Boughton et al. 2020, Boughton and Ohms
2022; NFMS 2023). Increased variability in life history expression would be expected when
environmental conditions create more abundant and widely distributed populations. Thus, the
recent drought affecting southern California would be associated with reduced rates of anadromy
from both a population abundance and migration opportunity perspective. Reduced rates of
anadromy would, in turn, reduce the probability of natural recolonization. As conditions improve,
we would expect to see increased numbers of anadromous adults, increased genetic mixing
among populations through straying, and potentially increased rates of recolonization of
previously extirpated habitat.

However, a fundamentally changed environment will present many challenges to these
historically successful life history dynamics that operated at natural reoccurrence intervals for
disturbances. For example, increases in freshwater temperature associated with climate change
may reduce juvenile growth rates, an intrinsic biological factor associated with anadromy (Hayes
2008, Kendall et al. 2014), but only if temperature increases beyond optimal conditions for
growth. In addition, climate change predictions for the region indicate more frequent and severe
droughts, as well as potentially increased amounts of precipitation across fewer days (i.e., the
annual rainfall with be encompassed within fewer, heavier storm events; Modrick

and Georgakakos 2015, NMFS 2023). Finally, steelhead ocean migration appears to be largely
driven by temperature (Miller 2020), and increased ocean temperatures could drive ocean
migrations further northward, making it less energetically feasible for anadromous migrants to
return to southern California streams. These conditions could further reduce anadromous rates
and opportunities. Overall, it is difficult to predict how these dynamics will play out in the future,
which is a primary reason for considering all available conservation options for southern
California steelhead.

All O. mykiss downstream of barriers to anadromy are federally protected and are considered
candidate species for California Endangered Species Act (CESA) listing (currently in review as
of October 2022). Resident O. mykiss upstream of barriers to anadromy are not federally
protected despite being genetically similar to anadromous populations downstream of barriers.
Indeed, Clemento et al. (2009) and Garza and Clemento (2007) showed that resident populations
above barriers are more genetically similar to anadromous fish below barriers of the same
watershed compared to fish populations in a different watershed. Resident O. mykiss that
currently exist upstream of barriers are considered by NMFS as having potential to contribute to
the recovery of the Southern California Steelhead DPS by adding population spatial structure and
diversity (NMFS 2023).

1.4 Overview of Existing Recovery Plans and Policies

The NMFS (2012) Recovery Plan and 5-year status reviews (NMFS 2016, 2023) provide
extensive information on the biology and ecology of steelhead trout and the Southern California
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Steelhead DPS, threats to the DPS, recovery goals, strategy, and actions, as well as information
on the BPGs, adaptive management, and implementation of the Recovery Plan. Of note, this
Evaluation and Guidance document described herein is not intended to reproduce or refine
materials presented in the Recovery Plan; rather, it is intended to support the Recovery Plan. For
example, as part of a summary of watershed-specific information, this Evaluation and Guidance
document identifies known locations with drought refugia, which is a key factor for determining
core populations where recovery action should be focused, as described in the NMFS (2016) 5-
year status review. Furthermore, the actions considered herein will increase the likelihood of
success of the NMFS (2012) Recovery Plan by ensuring that adequate numbers of
fish/populations remain in the DPS to benefit from recovery actions.

Of note, the conservation actions considered herein addresses three of the six recovery objectives
from the NMFS (2012) Recovery Plan, including the following:

e “Prevent steelhead extinction by protecting existing populations and their habitats.”

e “Maintain current distribution of steelhead and restore distribution to some previously
occupied areas.”

e “Conserve existing genetic diversity and provide opportunities for interchange of genetic
material between and within viable populations.”

Recovery actions recommended by NMFS to address these objectives are focused on resolving
the fundamental causes of population declines, mainly decreased habitat availability and
connectivity. In this way, the NMFS-recommended recovery actions differ from rescues and
reintroductions, which do not address fundamental causes of population level declines. However,
NFMS (2012) also states: “Opportunistically, other recovery actions may be implemented prior to
these actions.” Furthermore, the recent NMFS (2023) 5-year status review outlined specific
recommendations for preventing local extirpation of O. mykiss. The following were among
recommendations in the NMFS (2023) 5-year status review and are supported by the information
presented on rescues and reintroductions presented herein:

o “Explore other means of conserving individual populations of O. mykiss that may face the
risk of extirpation (e.g., using other existing facilities at academic institutions or museums,
or natural refugia habitats); and

¢ Coordinate and implement relocation activities and plans (including post relocation
monitoring) for rescued O. mykiss within all Southern California Steelhead DPS BPGs”
(see Section 4.2 in NMFS 2023).

In addition to the NMFS Recovery Plan and 5-year status reviews, additional federal and state
strategy and policy documents relevant to conservation actions are considered herein.

The California Interagency Anadromous Fish Rescue Strategy 2021 to 2026 (NMFS and CDFW
2021) describes the goals of fish rescue efforts, the roles and responsibilities of NMFS and
CDFW, fish rescue approval and authorizations, general guidance on fish rescue implementation,
and notification, reporting, and conflict resolution processes. This Evaluation and Guidance
document uses specific guidelines from this rescue strategy to develop watershed-specific
guidelines.

CDFW Bulletin 2013-04 fish rescue policy (CDFW 2013) defines fish rescue actions and
describes the Fish and Game Code and Commission policies that apply to fish rescues, including
Fish and Game Code sections 1001 and 1700 and Fish and Game Commission policies on
Anadromous Rainbow Trout (Steelhead) and Salmon. This document also describes the
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procedure for the appropriate Regional Manager to make decisions on fish rescue actions. This
Evaluation and Guidance document uses specific guidelines from this rescue policy to develop
watershed-specific guidance documents and to ensure all conservation actions described herein
adhere to existing policies and procedures.

CDFW Bulletin 2017-04 on propagation (CDFW 2017a) provides guidance in captive
propagation programs for conservation and education. This document states that propagation
usually requires “take” of the species being propagated, which therefore requires proper “take”
authorizations. This document also lists considerations for using captive populations for
conservation purposes, including the need for intervention, overall management strategy for the
species, resources required for the action, and potential risks of the action. The implementation
section details the processes of initial assessment and approvals, plan preparation and evaluation,
and examples of captive propagation plans that are available for reference. This Evaluation and
Guidance document does not specifically recommend propagation activities, but the guidelines
provided were considered when evaluating potential conservation strategies.

CDFW Bulletin 2017-05 on conservation translocations (CDFW 2017b) defines conservation
translocation actions and the challenges associated with them. This document provides guidance
for conservation translocations, and although it does not cover other types of translocations such
as rescues, the same principles would apply in other situations. This document also describes the
implementation of translocations and provides a decision matrix for these actions, with
considerations such as current threats to the donor and receiving populations, potential risks,
potential effectiveness, urgency, feasibility, and resources available. The Recommended
Metadata section lists the information to track throughout the translocation process, including
information on the collection, release, decision determination, and evaluation of success or
failure. This Evaluation and Guidance document used information and guidance presented in
CDFW (2017b) to inform decisions regarding conservation actions and for development of
watershed-specific guidance documents.

CDFW Fish Bulletin 182 on monitoring and management (Boughton et al. 2022) provides
guidance for monitoring methods for O. mykiss based on Adams et al. (2011) that are updated and
expanded upon to include nuances to the southern California flow regime as well as O. mykiss
distributions and life history phases that differ from the more northern California populations.
This document describes the efficiencies and practicalities to California’s Coastal Monitoring
Plan (CMP) for the Southern California Steelhead DPS. This Evaluation and Guidance document
used information and guidance presented in Boughton et al. (2022) to determine guidelines for
monitoring and management for rescues and reintroductions.

In addition to the recovery plans and policies described above, we followed translocation
guidelines and recommendations presented in the International Union for Conservation of Nature
(IUCN) and the Species Survival Commission’s Guidelines for Reintroductions and Other
Conservation Translocations (IUCN and SSC 2013) and NOAA’s Anadromous Salmonid
Reintroductions: General Planning Principles for Long-Term Viability and Recovery

(NOAA 2018). Additional publications within the peer-reviewed literature were also reviewed
and incorporated into this Evaluation and Guidance document.
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2 PART 2 — RESCUE AND REINTRODUCTION EVALUATION AND
GUIDELINES

Rescues and reintroductions are forms of conservation translocations. A conservation
translocation is defined as a human-mediated movement of living organisms from one location to
another where the primary objective is a quantifiable conservation benefit (George et al. 2009,
IUCN and SSC 2013, CDFW 2017b). Fish that are translocated (or sometimes referred to as
“transplanted”) can be moved to (a) habitat where the species are present (termed
“reinforcement”), (b) habitat that the species historically occupied but where they are no longer
present (termed “reintroduction”), or (c) to habitat outside a species’ indigenous range (termed
“introduction” or “assisted colonization”) (IUCN and SSC 2013, Hayes and Banish 2017).

We emphasize that rescues and reintroduction conservation actions described herein are not
intended to work independently of other recovery actions, such as habitat restoration or dam
removal. The tools discussed below are intended to protect current steelhead populations, slow
the decline of steelhead, and prevent further extirpation, and the recovery of southern California
steelhead will only occur through implementation of a host of recovery actions outlined in detail
within NMFS (2012).

A concern expressed by some stakeholders is that implementing these rescues and reintroductions
would distract from the recovery actions recommended in the NMFS (2012) Recovery Plan,
which are needed to address the fundamental causes of population declines. The concern is that
society is less likely to take actions that are needed to address fundamental causes of population
declines if they perceive threats have either been diminished or that actions can be taken in lieu of
restoration (in addition, funding and resources could be diverted away from other recovery
actions). The best example of this type of distraction is from large scale salmon production
hatcheries in the Pacific Northwest that have artificially inflated numbers of salmon available for
harvest, effectively masking (while also contributing) to the severity of declines of naturally
produced salmon. However, there are also examples when this scenario does not hold true. In the
Carmel River, the San Clemente Dam was removed to support the recovery of steelhead, despite
very developed fish rescue and rearing programs and the removal of several other large dams,
including the Elwha, Marmot, Condit, and most recently the initiation of removal of four dams on
the Klamath River, to support the recovery of salmonid populations that were being augmented
by hatcheries.

2.1 Rescue Guidelines
2.1.1 Background

For the purposes of this Evaluation and Guidance document, rescue is a management strategy
with the goal of preventing direct mortality or loss of genetic traits due to detrimental
environmental conditions. Rescue requires the movement (translocation) of fish from habitats that
have become unsuitable for survival to habitats better suited for individual survival and
population sustainability. Salvage is a term used interchangeably with rescue, indicating the
relocation of individuals from habitat that is degraded to refuges as a risk-spreading strategy
(Peacock et al. 2010). Fish rescues are conducted for a suite of reasons, the most common in
southern California streams being seasonal low flows that strand fish in isolated pools with poor
water quality. Low to moderate streamflow years or partial barriers can also force adults to spawn
in habitat that becomes unsuitable for rearing in the summer/fall, which leads to high mortalities
of YOY/fry. In addition, deleterious conditions caused by drought or wildfire can result in
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rescues. Rescue operations can also occur coincident with the operations of dams and diversions,
such as during dewatering of fish ladders for maintenance.

A review of the most recent rescue efforts led by CDFW indicated 10 rescues of 514 individuals
across five watersheds occurred in the Southern California Steelhead DPS region in 2022, with
the majority being attributed to low flows creating isolated habitat with poor water quality

(e.g., low dissolved oxygen [DO] levels, elevated temperatures, pollutants) where fish had
become stranded and were likely to die if no action were taken. Over the last decade (since 2012),
a total of 1,642 O. mykiss have been rescued and relocated by CDFW (K. Evans, CDFW, pers.
comm., 25 January 2023). The reported numbers of rescued individuals were all within
anadromous waters in Santa Barbara, Ventura, and Los Angeles counties. Additional rescues
have been conducted in non-anadromous waters (i.e., reaches upstream of impassable barriers)
over the same period, but the numbers of rescued fish from non-anadromous waters were not
included in the summary.

Historically, rescues were also frequently conducted by the California Department of Fish and
Game (CDFG). In the 1940s, for example, prior to construction of Bradbury Dam, CDFW
rescued fish stranded in drying pools in the lower Santa Ynez River during drought years. The
CDFG translocated these rescued fish to perennial habitat within the Santa Ynez River system
and to other rivers, such as the Santa Maria River. The number of rescued fish translocated during
the CDFG program numbered in the millions, which could have legacy effects on the genetic
composition of steelhead throughout southern California.

Ultimately, the goal of rescue is to prevent mortality of individual fish, and rescues typically
occur within populations at risk of extirpation. Rescue as a conservation action could help
maintain population sizes, reduce the risk of extirpation, maintain genetic diversity, and prevent
genetic bottlenecks and inbreeding depression. Rescues also have the potential to increase
population connectivity, augment populations with low abundance, and provide new genetic
material depending on release location of rescued individuals (Anderson et al. 2014). Indeed, the
introduction of even five adults was predicted to dramatically increase the heterozygosity of an
isolated, depressed population of cutthroat trout (Oncorhynchus clarkii) based on theoretical
models (Kovach et al. 2022).

The largest risks associated with rescues result from overstocking that could increase competition
at release locations (i.e., create density-dependent effects) and increase risk of disease
transmission from rescued fish that have been stressed, thereby creating conditions in which fish
are more susceptible to pathogens. There is also a risk to non-target species in the streams, if
pathogens for other species of fish or invertebrates are inadvertently moved along with the
rescues. In addition, rescue is a form of artificial selection because rescued fish (and their traits)
could have perished without human intervention—i.e., they would have been selected against.
Rescued fish that exhibited potential maladaptive traits could then compete and breed with fish at
the release site, reducing the fitness of the population. Similarly, rescued fish that are released
into non-natal watersheds could also reduce fitness of wild populations in non-target, adjacent
watersheds through increased straying that could introduce maladaptive genetic traits and
increase competition. Conversely increased straying could benefit wild populations through
increased genetic diversity and genetic rescue. Ultimately, while there is a lot of uncertainty
regarding the genetic effects of rescued fish mixing with wild populations, it is likely that most
southern California steelhead in need of rescue were prevented from expressing important life
history variability by anthropogenic factors such as water use and climate change (i.e., their
impending mortality was also a form of artificial selection). Additional consideration for rescues
specific to southern California steelhead is discussed in the following sections.
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Two separate types of rescues actions are described below. The first type of rescue action is
considered programmatic and includes rescues in response to previously established biological
and environmental triggers that are known to occur repeatedly (hereafter “Programmatic
Rescues”). The second type of rescue action is in response to a stochastic disturbance event or in
response to isolated observations of stranded fish that were not previously established (hereafter
“Isolated Rescues™). The specific details of either type of rescue, Programmatic and Isolated, will
be specific to the watershed and disturbance event, but general details are provided below as
guidelines. For the Programmatic Rescues, we describe an approach for developing biological
and environmental triggers for rescue actions. For Isolated Rescues, we describe general
disturbance triggers in sufficient detail to inform implementation of rescue actions.

2.1.2 Programmatic Rescue

Programmatic Rescues described herein were modeled after the Carmel River Steelhead Rescue
and Rearing Management Program (RRMP) that is used by the Monterey Peninsula Water
Management District (MPWMD 2018). MPWMD rescue and rear wild juvenile O. mykiss
annually to mitigate impacts of domestic water supply activities that often result in drying of the
lower Carmel River, potentially leading to fish mortalities without the rescue program. The
rescue program has been in place since 1989. Rescued fish are removed from the drying reaches,
transported into perennial reaches or into a temporary holding facility (located on a flood terrace
adjacent to the Carmel River), and then released back into the Carmel River once conditions are
suitable. Rescues are triggered based on flow declines that are known to lead to impaired juvenile
passage in lower Carmel River. Since it began in 1990, the Carmel River RRMP has rescued
more than 769,000 individuals, substantially contributing to the maintenance of the Carmel River
steelhead population over time (Boughton and Ohms 2022). Anywhere between approximately
1,000 to 100,000 individuals are brought into the holding facility annually (MPWMD 2018).

Programmatic Rescues in response to biological and environmental triggers will only occur in
summer and fall when environmental conditions (e.g., intermittent surface water, elevated
temperature, decreased DO, absence of prey) can be limiting to O. mykiss rearing within southern
California streams. Typically, Programmatic Rescues would be implemented within middle and
lower reaches of watersheds that are more prone to fish stranding due to the low flows and pool
isolation that occur in the summer and fall that create suboptimal conditions (elevated
temperature and low DO) for steelhead survival and growth. The best candidate locations for
implementing a Programmatic Rescue would have the following conditions:

¢ Reaches with intermittent or dry summer/fall conditions downstream from perennial
habitat;

e Frequently observed fish stranding in isolated pools or habitats;

e Rescues that are routinely implemented by CDFW in response to stranding, but not within
a structured or strategic framework;

¢ Low quantities of O. mykiss within anadromous reaches of the watershed, meaning the
rescue of even a few individuals is a substantial proportion of the population; and

e Existing and ongoing O. mykiss monitoring to establish population distribution and
densities.

Programmatic Rescues would be implemented only once biological and environmental triggers
are met. Biological triggers for implementing fish rescues within reaches would be based on fish
density and abundance estimates from upstream reaches where rescued fish could be relocated.
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O. mykiss densities in streams vary considerably across time due to environmental conditions and
density-dependent processes. Thus, the stocking capacity of a particular reach (or habitat unit)
would be expected to vary annually and seasonally. To determine stocking capacity, surveys in
the early summer (i.e., before conditions in the lower watershed deteriorate) could be used to
determine fish densities in upper reaches and to form a predictive relationship between physical
habitat measures (e.g., pool depths, pool area, pool-riffle ratios) and fish densities across age
classes of fish. Reaches or habitat units with below-average densities for the given conditions
would be identified as available for stocking. Ideally, over the long term, data collected on habitat
and fish densities could be used to model habitat suitability for specific streams and more broadly
across southern California. Alternatively, the 5-year status review of southern California
steelhead (NMFS 2023) determined a population density viability criterion below 0.30 fish/square
meter (m)?during the summer low-flow season buffers against density dependent effects. Thus,
0.30 fish/m? during sampling could be used to identify suitable habitat for stocking in the absence
of site-specific data. Overstocking may not be a major concern, however, due to most of the
effects of trout density on growth occurring at the lowest densities (Jenkins et al. 1999). In
addition, steelhead/trout can move fairly freely among stream sections in the absence of barriers
when winter flows are high, so natural dispersal mechanisms may alleviate ethe effects of
competition at a local scale.

Environmental triggers for conducting fish rescues would be based on stream flow. Rescue
operations would be triggered when stream flow is low enough to create semi-isolated or isolated
habitat in the summer and fall. The specific flows that create intermittent conditions would need
to be identified based on measured flow and field observations or could be modeled. A secondary
environmental trigger could rely on water temperature and DO within isolated pools. The water
temperature trigger could be met when temperature exceeds the thermal optimum for growth or
when it approaches lethal levels. However, suboptimal and lethal temperatures are not well
defined for O. mykiss in southern California, and the use of existing temperature standards, which
are derived from more northern populations, may be overly conservative. For example, steelhead
were present and feeding in a southern California stream at temperatures up to 28 degrees Celsius
(°C) (Sloat and Osterback 2013), a temperature that is at or above the critical thermal maximum
for more northern populations (McKenzie et al. 2020). The uncertainties associated with defining
a specific temperature threshold for O. mykiss in southern California is why we recommend
basing the environmental rescue trigger primarily using flow with the assumption that
temperature and DO conditions will deteriorate and become stressful or lethal within isolated
habitat in most southern California streams in the summer and fall. However, flow and
temperature are not necessarily related in all locations because groundwater inputs into isolated
pool habitat can provide thermal refuge (Nielsen et al. 1994). Thus, we recommend basing the
environmental trigger initially using flow and using temperature and DO as a secondary measure
to confirm conditions warrant rescues.

In addition to biological and environmental triggers, operational triggers associated with dams,
diversions, and other anthropogenic water use activities should also be considered. For example,
rescues in response to maintenance and dewatering of fish passage infrastructure at diversion
dams are routinely conducted at both the Freeman and Robles diversions in the Santa Clara and
Ventura rivers, respectively.

Based on the guidelines presented above, annual fish surveys would likely be a part of a
Programmatic Rescue program. Substantial resources and time are required for fish habitat
surveys and for the execution of Programmatic Rescues. Hence, watersheds would need to be
prioritized for Programmatic Rescues based on numerous factors including watershed conditions,
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accessibility, and availability of resources, to name a few. A watershed prioritization framework
is discussed in Appendix A.

After a rescue is triggered, all wetted habitat within the identified rescue reach/es would be
surveyed using dipnets or backpack electrofishing combined with seining. The rescue reaches
would be identified within watershed-specific guidance documents. Any captured O. mykiss
would be relocated to suitable upstream habitat (or habitat downstream that is connected to the
estuary), unless there is evidence of smolting, in which case, O. mykiss showing smolting
characteristics could be released into the lagoon, depending on the watershed and time of the
year.

If no suitable upstream habitat is present within the watershed or if overstocking is a concern,
rescues could still be implemented, but a release site external to the watershed would be needed.
External release sites could include a temporary holding facility (see Section 2.3 for additional
details about holding facilities) or a separate watershed. Release into a separate watershed
effectively becomes either a reinforcement translocation if O. mykiss were already present or a
reintroduction translocation if O. mykiss are not present (see Section 2.2). Benefits to
reinforcement translocation could include increasing genetic diversity and numbers of effective
spawners; however, many risks are associated with reinforcement translocations, including
introduction of maladaptive genetics or pathogens, as well as overstocking. Reintroductions
reduce risks of genetic mixing and overstocking. A temporary holding facility could be preferable
over an external watershed because it simplifies decision-making (e.g., there is no need to
evaluate risks associated with release into an external watershed), and it provides the easiest route
for reintroducing fish back into the natal watershed after conditions have improved (see Section
2.3 for a more detailed discussion of temporary holding facilities).

2.1.3 Isolated Rescues

Isolated Rescues would be designed for a stochastic disturbance event or could be undertaken in
response to isolated observations of stranded O. mykiss that are not covered by the Programmatic
Rescues described above. Isolated rescues in response to unpredictable operations of dams,
diversions, and other water use infrastructure, such as unplanned dewatering for maintenance,
could also occur. General descriptions of triggers in response to different types and severities of
disturbances are discussed below. Drought and wildfires, which are the most common
disturbances that would result in a need for fish rescues, are the focus of the ensuing discussion.
In the case of a drought, which leads to watershed conditions that are somewhat predictable
because they occur over longer periods, the rescue action would be modeled after the
Programmatic Rescues described above (i.e., they would be triggered based on biological and
environmental conditions).

If the disturbance led to conditions in the watershed that are unpredictable, as is the case with
wildfires, sudden unexpected water extractions, or pollution events, a variety of factors or
triggers, including location, timing, and severity of the event, would need to be considered prior
to conducting a rescue event. Wildfires and associated debris flows have been the most
ubiquitous, acute source of extirpation within the region over the last decade, and these events are
expected to increase in frequency and severity in the future. Thus, Isolated Rescues in response to
wildfires are considered in more detail hereafter.

Any rescue in response to a wildfire would occur after the wildfire, but before potential storm
events that could create high sediment erosion rates, transport, and deposition that may cause O.
mykiss extirpation. The timing of the rescues after a wildfire is due to the uncertainties related to
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wildfire movement across landscapes and, most importantly, safety concerns for a rescue team.
The rescue should occur before potential debris flows to avoid extirpation; however, it is difficult
to predict the occurrence and severity of a post-fire debris flow event because it is related to the
location and severity of the wildfire, the proportion of the watershed and riparian burned, and the
intensity, magnitude, and frequency of subsequent rain events (USFS 2018, Cooper et al. 2021).
Based on the literature, the following conditions are likely to cause severe debris flows and could
trigger an isolated rescue in response to a wildfire: (a) the wildfire burns large portions of the
watershed (e.g., 75% or more) at medium to high severity; (b) the wildfire extent includes the
upper watershed where there is potential refuge habitat; and (c) there is moderate to severe
burning of the riparian habitat (>50% of riparian habitat is burned). If these conditions are met, a
rescue should be implemented following a wildfire once conditions are safe for field crews to
enter and prior to a predicted significant rainfall event.

Although these conditions are associated with higher probability of debris flows and thus
extirpation of O. mykiss, other conditions could also be considered. The existence of O. mykiss in
tributaries that are not impacted by a wildfire could provide a means of natural recolonization of
extirpated habitat following a wildfire given barriers are not present. In addition, a wildfire that
only burns small proportions of the watershed or only affects the lower watershed or wildfires
followed by light or no rains would not trigger rescues or would only trigger local rescues.

Remarkably, there are instances when O. mykiss persist in a watershed after severe debris flows
following a wildfire. For example, following the 2017 Thomas Fire and subsequent, significant
debris flows, resident populations of O. mykiss persisted and repopulated extirpated reaches in the
Ventura River watershed (NMFS 2023). Alternatively, resident O. mykiss that were known to be
present in Carpinteria and Arroyo Hondo creeks are thought to be extirpated from the watershed
after the 2017 Thomas and 2021 Alisal fires, respectively, created deleterious conditions
downstream of the burned reaches (NMFS 2023). An Isolated Rescue could have saved the
Carpinteria and Arroyo Hondo creek populations by removing fish from the watersheds prior to
the severe debris flows that likely extirpated O. mykiss from each watershed.

Determining how many fish to target for removal could be based on numerous considerations,
including population size, accessibility, and availability of habitat or facilities for relocation. For
larger populations, the absolute numbers of fish rescued could be high, but the relative proportion
of the population could be low compared to a smaller population where fewer individuals would
be rescued but the number could be a larger proportion of the total population. It should be noted
that habitat restoration, including lagoon restoration over the long term, could provide
opportunities for fish to locate refuge from debris flows, reducing the need for rescues.

As outlined above, numerous factors must be considered when determining the need for an
Isolated Rescue, and we are unable to predict and account for all potential scenarios. Importantly,
decisions regarding rescues need to be made in real time, and in some cases, these decisions must
be made quickly, which is one reason the watershed-specific guidance documents were
developed. We also recommend convening a technical advisory committee to support decision-
making regarding implementation of rescues, including decisions about where (optional
relocation sites are a major consideration) and when to relocate fish.

2.1.4 Release Site Selection

Several factors will dictate where rescued fish can be relocated including the quality of upstream
habitat (e.g., water quality parameters, presence of cover, food availability, predators, and
perennial habitat) and the severity and location of the disturbance event (e.g., if there are any
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unburned areas and reaches above a fire). If a wildfire or other large-scale disturbances affect the
entire watershed, it may be necessary to consider release sites outside the watershed. Important
considerations for selecting among release sites are discussed below. Critically, release sites
should be prioritized that contain refuge habitat from low flows and high temperatures over sites
with suitable spawning substrates because it’s assumed that fish released into refuges from
drought will redistribute to find suitable spawning habitat when flows are higher.

2.1.4.1 Within watershed release

Optimally, rescued fish will be relocated to habitat that is normally accessible to fish within the
watershed where the rescues occurred, reducing handling/transport times and risks from pathogen
spread and genetic mixing. Typically, in southern California streams, the lower and uppermost
reaches of the watershed are more prone to drying and stranding, whereas intermediate reaches in
steep terrain consist of more perennial habitat. However, intermittent reaches can occur far
upstream within watersheds, depending on hydrogeomorphology. Fish and fish habitat surveys
should be conducted within potential release sites to determine habitat suitability prior to release
following the protocols described above for Programmatic Rescue releases (Section 2.1.2). If
surveys are not possible (due to safety or timing) or there are no suitable release locations within
the watershed where fish are rescued, an external site, such as an external watershed or temporary
holding facility, should be considered. A temporary holding facility offers many benefits over
release into an external watershed, as discussed below.

Estuaries/lagoons could be another release location in watersheds where lagoons contain suitable
oversummer rearing habitat but are typically disconnected from the rest of the watershed due to
dewatering, disconnected subsurface flow in mainstem habitat, or due to poor conditions in
mainstem rivers. Seasonal lagoons may contain conditions that promote growth but could also
come with risks related to increase predation. Release in estuaries/lagoons would mimic natural
movement patterns in undisturbed watersheds and promote diverse life-history expression, which
are key goals of conservation actions.

Another potential release location within a watershed could be in habitat that is upstream of
barriers to anadromy. Historically, the highest-quality habitat exists upstream of barriers to
anadromy within the Southern California Steelhead DPS (NMFS 2012), and these habitats could
serve as refuge habitat for rescued fish, but habitat suitability upstream of these barriers would
need to be confirmed. The presence of resident O. mykiss in the upstream barrier habitat is a good
indication of suitable habitat, but if O. mykiss were present, the protocols described above for
Programmatic Rescue releases (Section 2.1.2) should be followed to reduce the potential for
overstocking. The genetic lineages of the resident O. mykiss population upstream of the barrier
and risks tied to pathogens spread and invasive species should also be considered. Genetic
structure of many populations upstream of the barrier has been evaluated (Aguilar and Garza
2006; Pearse et al. 2007, 2014; Clemento et al. 2009; Garza et al. 2014; Pearse and Garza 2015;
Abadia-Cardoso 2016), and information from these studies can be used to facilitate decision-
making regarding genetic mixing. Of note, resident O. mykiss populations upstream of barriers
have been shown to have genetic divergence in alleles associated with anadromy (Pearse et al.
2014, Apgar et al. 2017, Pearse et al. 2019), but they have also been shown to be more genetically
similar to populations downstream of barriers within the same watershed compared to
neighboring populations (Clemento et al. 2009; see Part 3 for more discussion). Indeed, frequent
downstream movements of fish from above barrier populations occurs through spills.
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2.1.4.2 Temporary holding facility

A controlled temporary holding facility, such as that used near the Carmel River, could be highly
effective for temporarily holding fish that will be reintroduced into their natal watersheds
following a disturbance. A temporary holding facility could also be used for holding fish while
decisions are being made regarding an appropriate release location if conditions in the natal
watershed are not expected to recover in a timely manner. The use of temporary holding facility
would “buy time” for decision-making in the face of uncertainty. A major concern with the use of
a temporary holding facility is imposing artificial selection and rewarding fish that exhibited sub-
optimal strategies with increased growth. A temporary holding facility that is able to hold listed
steelhead is not currently available within the Southern California Steelhead DPS, but Filmore
Fish Hatchery is currently being considered as a temporary holding site for southern California
steelhead (R. Burg, CDFW, pers. comm., 28 February 2024). A more detailed discussion of
temporary holding facilities is provided in Section 2.3 below.

2.1.4.3 External watershed

Release into an external watershed is a viable option only if fish cannot be released into other
reaches within the watershed or if a temporary holding facility is unavailable. The best candidate
external watersheds would be those within the same BPG as the watershed where fish were
rescued, those that share similar habitat characteristics to the rescued site before it was disturbed,
and those that have habitat capable of supporting O. mykiss year-round. Selecting a nearby
watershed within the BPG would also reduce transport times. However, if the disturbance event is
extensive enough to impact the entire BPG, or if no other watersheds have suitable habitat, it may
be necessary to consider relocating fish to a watershed outside the BPG. In such cases, it would
be preferable to reintroduce O. mykiss into a watershed that does not currently, but historically
did support O. mykiss because this would reduce risks associated with increased competition and
genetic mixing between populations while promoting demographic expansion. In this case, the
release of rescued fish effectively becomes a reintroduction translocation and would follow
guidelines presented within Section 2.2. Release sites in external watersheds could be in
anadromous waters or within habitat in upstream barriers to anadromy. If an O. mykiss population
was present in the release site, whether upstream or downstream of barriers to anadromy, risks
associated with genetic mixing, overstocking, and disease spread should be considered as
discussed in the preceding sections. Increased straying of fish released into non-natal watersheds
and the risks this poses to wild populations should also be considered. However, straying of a
small number of rescued fish into other wild populations is not expected to have a large negative
genetic impact (this is more of a concern for large scale hatchery releases), and instead, could
provide some genetic benefits to small populations that are experiencing genetic drift and
inbreeding depression.

2.1.5 Release Protocols

Optimally, rescued fish that are moved to an external site would eventually be released back into
their natal watershed as feasible, except as described below. The timing and circumstances that
would support release back into natal watersheds is case specific. As mentioned previously, fish
that are held in a temporary holding facility would be released back into their natal watershed
once conditions are suitable to support O. mykiss for the long term. For example, following a
wildfire, fish should not be released back into their natal watershed until after rainfall events to
avoid potential exposure to high sediment loads, unless the wildfire was low in extent and
severity (e.g., the wildfire did not burn large portions of the watershed and the riparian vegetation
remained relatively intact). For fish rescued during a drought, release back into their natal
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watershed would typically occur after flows in the wet season provide adequate connectivity and
water quality. Similar to the Programmatic Rescues, environmental triggers could be developed to
determine appropriate conditions for reintroduction. For example, once flows increase beyond a
threshold after a date when risks of high temperatures are minimized (e.g., after November 1),
fish would be reintroduced.

Determining whether to keep fish in the release watershed would occur when stream conditions
do not improve or are not anticipated to improve within the rescue watershed. For example,
biological, physical, and chemical properties of streams can take years to recover following an
extreme wildfire event (Cooper et al. 2021). Recovery can be prolonged by severe debris flows
(Verkaik et al. 2013). In the case of a wildfire, habitat conditions within the watershed would
need to be surveyed prior to releasing fish back into their natal watershed to confirm conditions
will support reintroduction. Key factors to evaluate would include the condition of riparian
vegetation, pool-to-riffle ratios, pool depths, availability of spawning gravels and in-stream cover,
percent substrate embeddedness, and DO and temperature levels (see CDFW Stream Channel
Type Work Sheet by Flosi et al. 2010). Surveys can help confirm habitat is suitable for release
back into natal watersheds, but decisions will likely rely on some expert judgement by local,
state, and federal biologists. Ultimately, if conditions are not suitable for releasing fish back into
natal watershed, the rescued fish would need to be either held for longer periods in a holding
facility or reintroduced to another watershed, in which case, reintroduction guidelines would be
followed (see below).

2.2 Reintroduction Guidelines
2.2.1 Background

This section focuses on reintroductions via direct human actions rather than natural
reintroductions that could occur following recovery actions. Additional consideration of the need
for human-mediated reintroductions compared to waiting for natural recolonization are discussed
in more detail throughout this section. We also focus on reintroductions rather than
reinforcements because fewer genetic and population level risks are tied to releasing fish into
vacant habitat compared to occupied habitat. However, one recent study showed that
reinforcement was more biologically and cost effective compared to another common
conservation strategy, non-native fish removals (Yackulic et al. 2021). Rescues, as described
above, can result in any of the translocation types depending on the release location.

Reintroductions are typically driven by objectives to expand population size and species
distribution, promote population redundancy, increase genetic/phenotypic/life-history diversity,
restore ecosystem function, and ultimately, decrease the chances of extinction. Thus,
reintroductions can enhance the viability of salmon populations by addressing key parameters as
described in McElhany et al. (2000), including abundance, productivity, spatial structure, and
diversity. Moreover, reintroductions that expand the current amount of occupied habitat address a
key parameter, occupied area, that has been found to be the most important predictor of extinction
risk in the face of climate change (Pearse et al. 2014).

Many biological risks and constraints are associated with reintroductions. Biological risks include
disease transmission, deleterious effects on the donor population due to removal of individuals
(i.e., population mining), invasion by non-natives, genetic founder effects, and other unintended
negative consequences to nontarget species or populations (McClure et al. 2018). The loss of
locally adapted traits and the genetic homogenization of populations both within and across sites
should also be considered (Anderson et al. 2014, Hayes and Banish 2017). Human-mediated
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reintroductions also disrupt natural recolonization processes (although these have already been
disrupted). As mentioned previously, straying is an important evolutionary mechanism that
allows steelhead to recolonize habitat following extirpation events. Natural recolonization would
be more likely when there are more abundant steelhead populations that are more closely
distributed and with fewer barriers. Reintroduced individuals could also be more likely to stray
into adjacent wild populations than individuals that were not associated with human-mediated
reintroductions. Straying into wild populations is a concern because it could increase competition,
and reintroduced fish that have effectively been artificially selected could introduce deleterious
traits into a wild population (i.e., outbreeding depression). However, the small numbers of
individuals that would stray from a reintroduced population are not expected to have significant
negative genetic impacts through outbreeding depression as long as the numbers of reintroduced
fish remains relatively low and reintroductions do not occur consistently over multiple
generations. Conversely, straying could also increase genetic diversity in wild populations and
could improve metapopulation dynamics in the short-term by assisting natural recolonization
rates, as long as reintroductions are not dependent upon for long-term recovery.

For successful reintroductions, constraints should be considered prior to developing a
reintroduction plan (IUCN and SSC 2013) and will be highly watershed specific. The most
common constraints for reintroductions of anadromous populations include the selection of an
appropriate donor population and the availability of suitable habitat at the reintroduction site (i.e.,
one that lacks migration barriers, McClure et al. 2018). It is worth noting that conservation
hatcheries could play a role in reintroductions by increasing early life stage survival and numbers
of fish that can be subsequently reintroduced into habitat. However, early stages are abundant in
many above-barrier populations that could serve an analogous role to conservation hatcheries but
without the domestication effects. Part 3 discusses conservation hatcheries in more detail, but this
section focuses on using naturally produced individuals (i.e., ‘wild’ fish) to support
reintroductions.

Rescues in southern California are often conducted when local populations are threatened by
disturbances, such as wildfires, that pose an imminent risk to a local O. mykiss population

(J. O’Brien, CDFW, pers. comm., 25 January 2023). Rescues that result in reintroductions are
usually implemented within non-anadromous waters due to regulatory challenges and to prevent
the spread of O. mykiss with unknown genetic lineages, with a few exceptions. Movement of
rescued fish between watersheds is rare and has been associated with lack of available habitat in
the rescue watershed (K. Evans, CDFW, pers. comm., 26 January 2023). Rescues to or between
anadromous waters and non-anadromous waters have occurred at four locations since 2015

(K. Evans, CDFW, pers. comm., 26 January 2023). For example, in 2022, CDFW rescued
individuals in Murrieta Creek (non-anadromous stream) and transported them to the North Fork
Matilija Creek (anadromous stream) within the Ventura River watershed. As another example, in
2017, O. mykiss were rescued from Arroyo Sequit and translocated into Topanga Creek. CDFW
in direct coordination with NMFS conducted these rescues/reintroductions within anadromous
waters.

More broadly, reintroductions have been used as a conservation measure across NUmMerous species
and geographic locations with mixed results (see reviews by George et al. 2009, Anderson et al.
2014, Lusardi and Moyle 2017). In Oregon, cutthroat trout were successfully reintroduced into
streams where trout had been extirpated, and genetic studies showed low genetic drift even with a
low effective population size of the reintroduced population (Peacock et al. 2010).
Reintroductions can also lead to negative effects on large-scale populations. For example,
transfers of fish among watersheds in the Pacific Northwest has been detrimental to the overall
population structure and local adaptation of salmonids in the region (Williamson and May 2005,
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Naish et al. 2007, McClure et al. 2008). As shown by this example, unsuccessful reintroductions
can largely be attributed to failure to correctly identify and distinguish among local genotypes,
species, or subspecies, which results in introgression of non-native, non-target, or maladaptive
genes into a native population. However, advances in genetic mapping could reduce negative
effects if rapid genetic testing could be done on rescued fish prior to reintroductions. Other causes
of unsuccessful reintroductions (i.e., resulting in unintended or undesirable negative
consequences for species or populations) are due to reintroducing fish into unsuitable habitat,
insufficient numbers of reintroduced individuals, and the introduction of endemic pathogen
strains (Anderson et al. 2014). Certainly, challenges and risks will be encountered when
considering reintroductions as a conservation measure, but, overall, reintroductions can be an
effective tool for species conservation when carefully planned.

From a broad conservation perspective, it will be necessary to determine when it would be
appropriate to implement reintroductions and at what scale. These decisions cannot be easily
addressed with the available information, and differences in philosophical views and professional
judgment will influence decision-making among individuals. Several factors can be considered to
objectively inform these decisions, such as the number of remaining watersheds with extant
populations, causes of extirpation (human versus natural; although due to climate change, most
extirpations could be considered human caused), use of a replacement rate (e.g., 1:1) for
extirpations, among many others. As part of the NMFS (2012) Recovery Plan, biological criteria
for viability includes targets for the minimum number of viable populations within a given BPG.
For example, within the Santa Monica Mountains BPG, three viable populations are the target
(currently, there is only one existing population). It is unlikely that reintroductions will, at least in
the short term, result in a viable population, as defined within McElhany et al. (2000), but these
population numbers could still be used as targets for reintroductions. If reintroductions are based
on rescued fish, some of the decisions regarding timing and scale will be dictated by the
circumstance of rescues.

The following section discusses the reintroduction framework and guidelines that include
assessments of reintroduction site and donor population selection, reintroduction numbers, pre-
and post-action surveys, and reintroduction timing. Generally, we followed reintroduction
guidelines presented in IUCN and SSC (2013) and NOAA (2018), as well as guidelines for
“minimizing biological risks” and the decision framework for selecting a “low-risk colonization
strategy and source population” presented in Anderson et al. (2014). This guidance on
reintroductions aligns with recent recommendations in the NMFS (2023) 5-year status review,
which recommends: “Coordinate and implement relocation activities and plans (including post
relocation monitoring) for rescued O. mykiss within all Southern California Steelhead DPS
BPGs” (see Section 4.2 in NMFS 2023).

2.2.2 Reintroduction Framework

The framework for reintroductions used in this Evaluation and Guidance document is based on
the guidelines that were recommended in Anadromous Salmonid Reintroductions: General
Planning Principles for Long-Term Viability and Recovery (McClure et al. 2018) that aim to
design programs to establish or expand populations of salmonids. This Evaluation and Guidance
document recommends taking the following steps before and post reintroduction:

e Establish the major goal(s) of the reintroduction effort (e.g., reduce risk of extinction of
and contribute to the long-term recovery of the DPS);

o Select reintroduction site (described more in Section 2.2.3);
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e Confirm the absence of O. mykiss at the potential reintroduction site using environmental
DNA (eDNA);

e Confirm the suitability of the potential reintroduction site by measuring physical, chemical
and biological properties (using Surface Water Ambient Monitoring Program [SWAMP]
protocols);

e Select the donor population (described more in Section 2.2.4);

e Develop objectives that are measurable, time-limited, specific, and scientifically based to
assist in realizing the goal(s) (e.g., objectives specific to abundance, productivity, spatial
structure, and/or diversity of the reintroduced population);

¢ ldentify quantifiable actions that establish monitoring of the objectives and the temporal
expectations (e.g., a seasonal or annual monitoring program used to collect data for each
objective);

¢ ldentify biological risks and constraints (e.g., disease transmission, source population
mining, invasion, excessive straying);

o Develop an exit strategy that determines when and how to halt reintroductions;
e Monitor the reintroduced population (described more in Section 2.6); and
e Adaptive management (described more in Section 2.7).

2.2.3 Reintroduction Site Selection

The following guidelines were used to prioritize watersheds for development of reintroduction
guidance documents:

e Prioritize watersheds where O. mykiss have been extirpated:;

¢ Prioritize watersheds that have low potential for natural recolonization (e.g., that are
greater distances from extant populations);

e Prioritize watersheds with high-quality, perennial habitat that is accessible to steelhead;

e Prioritize sites where limiting factors to habitat, such as migration barriers, have either
been addressed or are planned to be addressed; and

¢ Prioritize locations with limited negative ecological, social, and economic impacts.

In the case of reintroductions described herein, we considered the priority locations for
reintroductions to be watersheds where O. mykiss have been extirpated. Reintroducing fish to a
location where O. mykiss have been extirpated reduces biological risks associated with increased
competition, the spread of pathogens, and potential negative effects from genetic mixing between
the donor and recipient populations. The absence of O. mykiss should be confirmed prior to a
reintroduction using eDNA surveys.

A key factor to consider is whether locations where O. mykiss have been extirpated have the
potential to be naturally recolonized. We assume there is a relatively high likelihood of natural
recolonization if there are existing O. mykiss either in habitat upstream of barriers or within
separate tributaries of a watershed with no major barriers that prevent dispersal among tributaries.
Based on the principles of metapopulation dynamics, we would also prioritize locations that are
greater distances away from watersheds with existing O. mykiss populations, such as populations
in the Santa Catalina Gulf Coast BPG. Garza et al. (2014) also found genetic distance between
populations was associated with geographic distance, indicating reduced rates of dispersal with
increasing distances. The following paragraph expands on mechanisms for natural recolonization
when no existing steelhead populations occur within the same watershed (i.e., no ability for fish
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to disperse from upstream barriers or from tributaries) and further discusses how these
mechanisms have been impacted by the effects of humans and climate change.

As described in Section 1.3, straying is thought to be an important evolutionary mechanism that
helped maintain southern California steelhead populations, especially small, coastal populations
(NMFS 2012). However, the historical rates of natural recolonization functioned across scales of
natural changes in climate (e.g., glaciation) and natural disturbance regimes. Current rates of
climate change and the severity and frequency of disturbance events are unprecedented, and it is
questionable whether historical rates of recolonization will sufficiently offset extirpation rates to
prevent extinction. Numerous factors would contribute to lower chances of natural recolonization
under a fundamentally altered steelhead metapopulation that extends from southern to central and
even northern California. First, low numbers of returning anadromous adults across the entire
DPS (NMFS 2012, Dagit et al. 2020) combined with reduced population sizes within the South-
Central California Coast DPS, Central California Coast DPS, and Central California DPS means
there are fewer anadromous adults that could stray (not to mention straying may be more likely
from hatchery fish; Keefer and Caudill 2014). Small, fragmented populations can lead to
depensatory processes (e.g., Allee effects). For example, for steelhead to naturally recolonize an
extirpated stream, two anadromous adults would need to locate and enter the same watershed
within a similar time frame. These fish would then have to locate suitable spawning habitat and
each other. While this certainly occurred historically and there is recent evidence of this (e.g., San
Mateo and Topanga creeks were both recolonized in the 1990s), the probability has been greatly
diminished due to the existence of fewer, smaller, fragmented populations.

Compounding these issues are other human disturbances, such as increased frequency of severe
wildfires that extirpates populations at increased rates compared to pre-human conditions. The
ideal solution would be to reduce human-caused wildfires (e.g., by burying transmission lines),
restore connectivity by removing barriers, improve management of flows, and increase suitable
habitat among other recovery needs. These recovery actions, which are the focus of the NMFS
(2012) Recovery Plan and are necessary for recovery of the DPS, will take time to implement.
The current rate of extirpation is an immediate threat to the Southern California Steelhead DPS.
Hence, why we evaluate reintroductions as an immediate response that may be appropriate to
meet the severity of the threat.

It is also important to select watersheds with few constraints on reintroduction that could limit the
establishment of a long-term, viable steelhead population. For example, a reintroduction site
could be prioritized because it contains high-quality habitat that is accessible for releasing and
monitoring fish. Further, any threat(s) that caused extirpation need to have been identified and
corrected to the extent possible. There are likely few sites where threats have been fully addressed
throughout the DPS, but selecting sites where threats have been largely addressed will increase
the likelihood of success. Streams with no downstream barriers to anadromy could also be
prioritized and could lead to re-establishing an anadromous O. mykiss population in these
watersheds. Locations that are upstream of barriers to anadromy should still be considered as sites
for reintroduction and may require fewer permits compared to reintroductions into anadromous
waters. Additional considerations include existing monitoring, funding, and social/cultural
aspects, prioritization of sites with existing monitoring programs, funding sources, and
social/cultural support for reintroduction.
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2.2.4  Donor Population Selection

A donor population (also referred to as “source” or “founder” population) should be selected in
coordination with regulatory agencies (i.e., CDFW and NMFS). Tradeoffs and specific
considerations apply to selecting donor populations:

e Location (e.g., within the BPG versus outside the BPG versus outside the DPS);

e Environmental conditions;

e Transport distance;

e Genetics (e.g., native coastal steelhead versus hatchery lineages, genetic diversity);
e Donor population size;

e Permitting requirements;

e Access; and

e Social, cultural, and regulatory aspects.

Figure 1 provides a decision framework for selecting a donor population and the trade-offs are
discussed below. For a more comprehensive discussion of donor population sources, we
recommend reviewing Meek et al. (2014), which discusses genetic considerations for sourcing
steelhead for reintroductions in the San Joaquin River in Central California. Salmonids can
exhibit local adaptation to their environment (Taylor 1991) and genetic distance among southern
California steelhead watersheds increases with increasing distance (Garza et al. 2014). Thus, an
0. mykiss population within the BPG would be prioritized based on the assumption that
environmental selection pressures would be similar between donor and recipient habitats and that
fish from the donor population would possess local adaptations that are compatible with
environmental characteristics within the recipient location. However, tradeoffs could exist if a
within-BPG donor population has lower genetic diversity and less evolutionary potential (Weeks
et al. 2011). If an appropriate population does not exist within the BPG, an O. mykiss population
outside the BPG could be considered, but priority would be placed on a watershed that has similar
environmental characteristics (e.g., water temperatures, migration conditions) to the recipient site.
Only a population that is composed of individuals reflecting a native coastal steelhead lineage (or
with limited hatchery introgression) and is large enough to accommodate the removal of
individuals would be selected.
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Donor Population Selection

|

——p [s there an O. mykiss No Is there an (). mykiss population outside the
population within BPG? BPG with similar environmental conditions?
No Yes | Yes No
Is the population of native Is there a population outside the BPG that
coastal steelhead lineage? is of native coastal steelhead lineage?

Is the population large enough to support
removal of individuals?

Select population Use rescued fish

Figure 1. Decision framework for selecting a donor O. mykiss population for reintroductions.
Boxes around text indicate decision endpoint. This figure was developed based on
information presented in Anderson et al. (2014) and NOAA (2018).

It is likely that most existing populations in anadromous waters are not currently large enough to
sustain removal of fish. A potential donor source from within a BPG could be from rescued fish.
Fish rescued from a watershed would effectively have been lost from the population if not
rescued; hence, rescuing the fish eliminates the risks of population mining other than what would
have occurred without intervention. Rescue fish could come from Programmatic Rescues or
Isolated Rescues when conditions are not suitable for releasing fish back into their natal
watershed. Risks related to using rescued fish for reintroductions include disease/pathogen
introduction and genetic founder effects. In addition, as mentioned previously, fish rescue is a
form of artificial selection, and rescued fish could pass along potentially maladapted traits to the
new population (i.e., they would be rewarded for a behavior that would have been selected
against). However, fish in need of rescue are often being prevented from expressing life history
variability or are being directly threatened by human actions, including water management
practices, barriers, and climate-related factors. The risk of promoting maladaptive traits could be
mediated by only using fish rescued from definitive circumstances when rescues were a result of
human actions.

Figure 1 provides the basic decision framework, but other information should be considered when
selecting a donor population including distance between donor and recipient sites, accessibility,
and social, cultural, and regulatory factors. For example, a population would be prioritized in the
same or closest neighboring watershed, when possible, to reduce transport time. Another
consideration is whether the population is upstream or downstream of barriers to anadromy.
Populations that are downstream of barriers to anadromy are listed under federal ESA and a
candidate species under the state ESA, which could result in regulatory challenges, but these
populations have access to the ocean and may express an anadromous life-history that is a
specific focus of recovery.
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Conversely, populations that are upstream of barriers to anadromy are not protected under either
the state or federal ESA. These populations could have been subjected to strong selection against
anadromy and could have increased genetic introgression from hatchery stocks (Pearse et al.
2014, NMFS 2023). However, genetic studies have shown that resident O. mykiss populations
that upstream of barriers in many locations is southern California are largely of native coastal
steelhead ancestry (Clemento et al. 2009), and these populations, while having reduced
proportions of the haplotype associated with anadromy compared to populations that are
downstream of barriers, still retain genetics associated with anadromy (Pearse et al. 2014, Pearse
et al. 2019, Apgar et al. 2017). Finally, in southern California, O. mykiss populations that are
upstream of barriers to anadromy tend to be larger than populations that are downstream of
barriers because of better habitat conditions upstream of barriers. Therefore, a population that is
upstream of barriers to anadromy could be capable of providing larger numbers of individuals for
reintroductions compared to populations that exist downstream of barriers to anadromy, could
reduce regulatory burdens, and ultimately would eliminate risks of mining small populations in
anadromous waters.

The use of steelhead populations from outside the Southern California Steelhead DPS are not
considered herein as a viable option due to numerous potential genetic risks, and due to
uncertainty whether fish from more northern populations would be able to acclimation/adapt to
conditions, such as high temperature, in southern California streams; although, rapid adaptation to
local conditions is possible in salmonids (Hendry et al. 2000). We emphasize that all decisions
regarding donor population selection would need to be in coordination with, and with support
from, regulatory agencies.

2.2.5 Reintroduction Numbers

Determining the appropriate number of individuals to reintroduce is a challenge. Reintroduction
numbers will invariably depend on the donor population source/s and size. It has been suggested
that a minimum of 50 individuals of equal sex ratio is needed in a controlled setting (Williams et
al. 1988), but it has been shown that smaller numbers of reintroduced fish can produce a viable
population. O. mykiss have high fecundity and one female can produce 3,500 eggs or more
(McEwan and Jackson 1996). Thus, successfully spawning of even a few individuals can seed
large amounts of habitat. The main concern with the reintroduction of a small number of
individuals is the potential for reduced genetic diversity, inbreeding depression, genetic drift, and
founder effects that can by chance carry deleterious adaptations or may not provide sufficient
genetic diversity for natural selection to act upon within the new environment. Larger numbers of
reintroduced individuals would increase genetic diversity and increase the likelihood of long-term
viability of the reintroduced population (Fischer and Lindenmayer 2000, Robert et al. 2007), but
even under a natural recolonization, only a few individuals would be responsible for creating a
new population. Once a reintroduction was implemented, reinforcement translocations over time
could be used to increase genetic diversity and reduce risks of founder effects.

Another consideration for the number of individuals to reintroduce is the effect on the donor
population. Generally, the goal should be to reintroduce as many fish as possible without having
negative impacts on the donor population and while avoiding overstocking within the new
habitat. Negative effects to a donor population could be reduced by taking advantage of natural
population processes. For example, fry are typically over abundant during early summer and
could be removed from the population with little impact to the demographics of donor
populations because these fish would either not survive or would emigrate under natural
conditions. Given the small O. mykiss population sizes within the Southern California Steelhead
DPS, it may take multiple reintroduction events from different populations over multiple years to
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achieve successful reintroduction of a genetically diverse, productive, and viable population. If
possible, the population of reintroduced fish should reflect the size and age class range from the
donor population. The use of rescued fish for reintroduction would influence the number of fish
available and effectively eliminate effects on a donor population. Overall, the number of fish to
reintroduce will be specific to the situation and should be determined within future planning.

2.2.6 Pre-action Survey

Prior to a reintroduction, fish and fish habitat surveys at accessible recipient sites should be
completed to confirm O. mykiss are absent (or are at very low densities to prevent over-seeding)
and to identify release locations that are accessible and contain sufficient, suitable habitat (both
quality and quantity) to support long-term viability of translocated O. mykiss. Defining
“suitability” of habitat should be ideally based on physical, chemical, and biological
measurements within the reintroduction sites; however, development of habitat suitability models
for streams in southern California would provide more quantitative means of determining
locations with suitable habitat. Prior to the availability of such models, it will be necessary to rely
on more broadly available habitat suitability characteristics.

Prior to reintroduction, an additional survey/s should be conducted in the fall and spring to
confirm these locations remain accessible and suitable for O. mykiss. Fall surveys provide
information on rearing and resident habitat availability during low flows, a limiting time for

O. mykiss populations due to decreased surface flow, whereas spring surveys can confirm suitable
habitat availability following winter high-flow events that can reset stream morphology and
physical conditions. Surveys should evaluate habitat suitability using the inventory methods
described in the California Salmonid Stream Habitat Restoration Manual (Flosi et al. 2010) or
another, appropriate alternative. Surveys may also be required to understand barriers and fish
passage conditions in the receiving watershed. Fish surveys at the donor site also can be used to
determine appropriate fish densities to establish at a similar recipient site and can confirm the
numbers of fish that can be safely removed without harming the donor population.

2.2.7 Reintroduction Timing and Scale

Fish would be collected from donor populations (or from fish rescues) after all necessary permits
have been acquired and pre-action surveys have been conducted to assess habitat suitability at the
recipient site. If using rescued fish as the donor source, the timing of reintroductions would likely
occur in the summer or fall when conditions are limiting at the rescue location. If using other
donor sources, reintroductions could be implemented during the spring (May or June) when
conditions (e.g., temperature and DO) are likely suitable for fish at both the donor and recipient
sites. Although reintroduction in the spring could expose fish to a bottleneck during the dry
season, habitat surveys could ensure year-around suitable habitat at the reintroduction location.
An alternative strategy could be to release fish in the late fall when temperatures are more
suitable, but there would likely be fewer individuals available within the donor population during
this time because O. mykiss numbers tend to be highest in the spring owing to the presence of
young-of-the-year (age 0) fish. High numbers of young fish in the spring will increase collection
efficiency and reduce risks associated with removal of individuals from the donor population, but
young-of-the-year fish may be more susceptible to stressors associated with capture, handling,
and transport. This timing reflects a point in the life cycle when they are moving from the redd
out into the stream to establish territories. Thus, moving them at this time to vacant habitat is
more consistent with their natural life history. The protocols for fish collection, transport, and
release are presented in Section 2.5.
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2.3 Temporary Holding Facility

A temporary holding facility (facility) could be used to hold native O. mykiss with the objective
of protecting existing O. mykiss populations and maintaining steelhead populations at viable
levels across the Southern California Steelhead DPS. Such a facility could also serve as a
temporary holding facility for fish prior to reintroduction to screen for diseases or assess viability.
A facility could act as mitigation for fish stranding and for sustaining the DPS through small
population and disturbance bottlenecks. Short-term (weeks to months) holding of rescued

O. mykiss could increase the survival of individuals that could otherwise experience high
mortality rates if there were no interventions. Fish held or reared in the facility would be released
back into natal watersheds or streams where O. mykiss have been extirpated. A facility should not
be conflated with a conservation hatchery program because there would be no propagation of fish
within a temporary holding facility. A facility would not be used for long-term holding unless
deemed necessary for research or other purposes.

An example of how a holding facility can be applied within the context of rescue is the Holy Fire
that impacted Coldwater Canyon Creek (a tributary to the Santa Ana River). Following the Holy
Fire, O. mykiss were rescued from Coldwater Canyon Creek prior to the first major storm and
were moved to the Mojave Hatchery, and then to Marion Creek to rear (NMFS 2023). Eventually,
the fish were returned to Coldwater Canyon Creek (NMFS 2023).

A facility could be modeled after the Sleepy Hollow Steelhead Rearing Facility that is used by the
MPWMD as part of the RRMP (previously discussed in Section 2.1.2; MPWMD 2018). The
MPWMD rears juvenile wild steelhead as recommended by NMFS for the management and
operation of conservation hatcheries (Flagg and Nash 1999). The Sleepy Hollow Steelhead
Rearing Facility is not a hatchery because it does not propagate fish. Instead, it simply rears fish
rescued from native habitat for brief periods. Individuals are released back into the watershed
once conditions are suitable (MPWMD 2018). Since it began in 1990, the Carmel River RRMP
has rescued more than 769,000 individuals, substantially contributing to the maintenance of the
Carmel River steelhead population over time (Boughton and Ohms 2022). Anywhere between
approximately 1,000 to 100,000 individuals are brought into the holding facility annually
(MPWMD 2018).

The goal of the MPWMD RRMP is to match or exceed survival, condition, and growth rates of
wild fish reared in the Carmel River and has likely done so in all but 2 years between 1994 and
2012 (MPWMD 2018). Annual survival rates have trended upward due to facility upgrades and
updated protocols (MPWMD 2018). The Carmel River RRMP outlines specific compliance
“Performance Standards” that must be met (MPWMD 2018). A facility in southern California
could follow similar “Performance Standards” as described within MPWMD (2018).

A holding facility could act as a straightforward, temporary solution to hold population(s) of
southern California steelhead if a watershed has unsuitable conditions for fish. This option could
lead to rescues of populations that may otherwise be extirpated due to inaction. Rescued
populations could be held in a controlled setting, which could make screening for diseases and
genetics feasible and easier than in a wild setting. In addition, capturing, holding, and moving the
population back to the wild would be feasible after suitable habitats are identified, whether it is
reintroducing the fish back into the habitat from which they were rescued or into a new
watershed.
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The major risk to a temporary holding facility is the potential for domestication selection from
rearing in non-wild conditions (Naise et al. 2007, Larsen et al. 2019). Essentially, natural
selection is relaxed within a controlled environment, and fish that were exhibiting poor traits
(e.g., fish in in need of rescue may possess maladaptive behavioral traits) can be rewarded
through increased growth. Fish that are held and released could then compete and breed with wild
fish, potentially reducing population-level fitness if reared fish pass on maladaptive traits. In
addition, developmental plasticity due to rearing environment can affect metabolism, growth, and
behavioral life history traits of held fish that may not be beneficial in the wild environment
(Gavery et al. 2019). The potential for domestication selection is similar to what could occur
because of a conservation hatchery program, which is discussed in more detail in Section 3.6, but
would be much less intense since it only involves one life-stage of the fish and no mate selection.

Held fish may become stressed or even exposed to conditions that may lead to mortality in a
holding facility. To avoid these risks, fish held in facilities should be introduced or reintroduced
back to the wild as soon as possible. Infectious diseases could affect held populations, and the
diseases that occur within facilities generally have a higher prevalence or intensity than within
wild environments potentially due to higher densities, levels of stress, and poorer water quality
(Naish et al. 2007). In addition, the inflow of water into a facility may contain pathogens that
could infect fish that would otherwise not be exposed (Naish et al. 2007). Infectious diseases
within effluent could be introduced into the receiving waters and could affect wild fish that are
present (Naish et al. 2007). Within small watersheds, large facilities could alter the receiving
water (e.g., temperature, phosphorous, and organic water discharged), which could also
negatively affect wild fish populations. However, many of these risks can be mitigated through
careful planning and proper management of operations.

Currently, no facility in southern California is used for or can meet the objectives outlined above
with one notable exception. The Riverside-Corona Resource Conservation District (RCRCD)
operates two facilities, Greenbelt and Glenwood facilities, with the goal of providing mitigation
for impacts to native fish habitat, including O. mykiss. These facilities are used to hold, rear, and
study native fishes, as well as provide holding for rescued fish that are extirpated from their
native habitat due to catastrophic events. These facilities are designed to mimic habitat conditions
in streams where native fish will eventually be released, and the facilities have been used in
numerous reintroduction projects for native fish since 2000. A few additional options for
temporary holding facilities to support O. mykiss rescues and reintroductions are described
hereafter.

The first option would be to upgrade an existing facility. Hatchery facilities are currently used in
southern California for various reasons, but these hatcheries would need to be upgraded and
converted to a rearing facility capable of holding rescued O. mykiss under natural conditions. The
Fillmore Fish Hatchery is located along the Santa Clara River; however, this facility is designed
to rear hatchery strain rainbow trout and nonnative brown trout (Salmo trutta) that will ultimately
be planted in non-anadromous waters for recreational fishing (CDFW 2023a). This facility is
currently in the planning/permitting stages for being able to accept/hold southern California
steelhead (R. Burg. CDFW, pers. comm., 28 February 2024). This option would likely be
expensive and time intensive to construct, and it could be difficult to permit. Alternatively, a
holding facility, such as a rearing channel located adjacent to a perennial section of the
watershed, could be designed to be minimally invasive within the watershed. However, this
alternative may also be difficult to permit and expensive to construct. To reduce transport
distances and increase rearing capacity, multiple temporary holding facilities across southern
California may be required to meet demands. Similar to the holding facility used on the Carmel
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River, mitigation from water users could be source of funding for these facilities in southern
California.

2.4 Permitting

Coordination with local stakeholders, biologists, regulators, and managers is a critical step prior
to initiating a plan for the rescue or reintroduction of steelhead and well before submitting any
permit applications. At a minimum, conservation plan development and implementation requires
coordination with NMFS and CDFW, but coordination with the U.S. Department of the Interior,
Fish and Wildlife Service (USFWS) and the U.S. Department of Agriculture, Forest Service
(USFS) may also be needed, depending on the location and the presence of federally listed non-
anadromous species. We outline the various permits that may be required or that should be
considered during the development of a rescue or reintroduction plan in Table 1. Prior to permit
applications, a final rescue or reintroduction plan developed in close coordination with
appropriate agencies needs to be developed. The permitting process for these actions (especially
for reintroductions) is expected to be lengthy, highlighting the importance of inter-agency
collaboration.
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Table 1. Potential permitting strategy to support activities related to this Evaluation and Guidance document.

Estimated time from
Regulation or permit Agency Agency type Trigger for regulation Process and requirements application to permit, Fee payment
approval or issuance
Required when take! or possession of Scientific Collecting Permits
Scientific Collecting Permit CDFW State fish and wildlife occurs for research, Scientific Collecting Permits (ca.gov) (ca.gov) Scientific Collecting Permits (ca.gov)
educational, or propagation purposes. :
Fish and Game Code Section 2080.1 allows an
applicant who has obtained a federal incidental take
statement (federal Section 7 consultation) or a federal
incidental take permit (federal Section 10(a)(1)(B)) to
If a species is listed under both the request that the Director of CDFW find the federal
. federal Endangered Species Act and documents consistent with CESA. If the federal L .
CESA Permit CDFW State the California Endangered Species Act | documents are found to be consistent with CESA, a 30-day timeline FileHandler.ashx (ca.gov)
(CESA). consistency determination (CD) is issued, and no
further authorization or approval is necessary under
CESA. However, a minimum 30-day wait will often be
too long of a process when trying to rescue stressed or
stranded fish.
1. Informal consultation
2. Review
- 3. Determination
. . - Potential impacts to USFWS federally )
USFWS Biological Opinion USFWS Federal listed species or critical habitat. 4. Formal consultation
5. Conclusion of BO
6. ESA Section 7 Consultation | U.S. Fish & Wildlife
Service (fws.gov)
Required for any “take” of an
NMFS ESA NMFS Federal | endangered or threatened species Take permit
incidental to, and not the purpose of,
an otherwise lawful activity.
Needed to occupy, use, or build on
National Forest System land for . .
USFS special use permit USFS Federal personal or business purposes, HOW. Do 1 Apply For A Special-use Permit | US Forest
ok Service (usda.gov)
whether the duration is temporary or
long term.

1 Take is defined in Section 86, California Fish and Game Code as “hunt, pursue, catch, capture, or kill, or attempt to hunt, pursue, catch, capture, or kill.” Additionally, Section 650, Title 14, California Code of Regulations clarifies that takes also includes “capturing, marking, and
releasing any animal.”

February 2024 Stillwater Sciences
31


https://wildlife.ca.gov/Licensing/Scientific-Collecting#53949675-application
https://wildlife.ca.gov/Licensing/Scientific-Collecting#53949675-application
https://wildlife.ca.gov/Licensing/Scientific-Collecting#53949675-application
https://wildlife.ca.gov/Licensing/Scientific-Collecting#53949675-application
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=162540&inline
https://www.fws.gov/service/esa-section-7-consultation
https://www.fws.gov/service/esa-section-7-consultation
https://www.fs.usda.gov/working-with-us/contracts-commercial-permits/how-to-apply-for-special-use-permit
https://www.fs.usda.gov/working-with-us/contracts-commercial-permits/how-to-apply-for-special-use-permit

Technical Report Conservation Strategies for Southern California Steelhead

2.5 Fish Collection/Transport/Release Protocols

A general discussion of fish collection, transport, and release protocols is provided in this report
and should be refined based on location, timing, and level of effort. Briefly, backpack
electrofishing, seines, and/or in-stream traps would be used to collect fish from rescue or donor
sites. Electrofishing should be conducted adhering to the recommendations in the NMFS (2000)
electrofishing guidelines and the modifications for Southern California streams as written in the
Programmatic Consultation on Funding and Permitting Restoration Projects within watersheds of
San Luis Obispo, Santa Barbara, Ventura, Los Angeles, Orange and San Diego Counties,
California (NMFS 2015) and may involve multiple passes within the same reach. To increase the
efficiency of fish capture, electrofishing can be combined with seining. The target number of fish
to remove for a reintroduction will be site specific and determined as outlined in Section 2.2.

Fish would be collected from the reach and immediately placed in a 5-gallon bucket (or larger)
with battery-operated aerators to maintain adequate DO. All fish >65 millimeter (mm) could be
injected with a Passive Integrated Transponder (PIT) tag to identify individuals and track
survival, movements, and growth following release. However, if fish are observed or assumed to
be in a state of stress (e.g., the individual is discolored, shows signs of infection, surface water
temperature was >68°F at the rescue site, DO was <6 milligrams per liter (mg/L) at the rescue
site), PIT tagging would not be conducted. The in-stream water would be tested for water quality.
If adequate, the buckets would be filled with water from the river at the rescue location.
Temperature and DO requirements would be maintained by refreshing water if needed to prevent
sublethal or lethal effects (optimum range between 50-60°F and 6-8 mg/L). Data for collected
fish would include location, quantity of fish, weight and fork length of captured individuals,
density, number of mortalities, and potentially other pertinent information, such as environmental
measurements at the collection site. Scale and fin (caudal) tissue samples would be collected for
use in age and genetic analyses, respectively. Genetic analyses could include ancestry (native
versus hatchery) identification, presence of the Omy5 haplotypes, heterozygosity, and parentage
studies.

Following collection and data collection, fish would be transported to either a release site or a
temporary holding facility. Release locations would be selected ahead of time per Sections 2.1
and 2.2. Table 2 lists suggested fish loading densities for transport tanks, whose size would be
determined by the number of fish and distance transported (Table 2 [Table 6-2 from MPWMD
2018]). In addition, fish would be separated by size to prevent predation. The fish transport
vehicle would travel from the collection site to the release site as efficiently as possible.
Temperature and DO would be monitored and recorded before, during, and after transport.

Fish would be exposed to temperature and salinity levels similar to the recipient site prior to
release per MPWMD (2018) recommendations. Fish would be transferred to holding pens within
the stream at release locations and allowed to recover (e.g., normal ventilation rates, orientation,
and reflexes) and released at night to reduce predation risk. If the fish were released in a stream in
the same watershed from which it was collected, the release should occur on the same day. If
different ages of fish are collected, the largest fish could be released in the downstream-most
habitats. Before release, each fish would be visually examined for life-threatening wounds or
disease and culled if it suffers from these maladies.
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Table 2. Recommended fish loading densities for transport tanks. Source: Table 6-2 from
MPWMD (2018).

Recommended fish loading densities for transport tanks
Number of Juvenile Steelhead in 5-, 125-, and 400-gallon Containers, at Loading Densities Ranging from 0.01 to 0.1 Kg/Kg
NUMBER OF FISH PER CONTAINER
5-Gallon Bucket 125-Gallon Tank 400-Gallon Tank
Forklength | Forklength | Weight | cooire | 2900 | Losdne | oedne | Loedng | oA L | e | el
{mm] (im) tam) | oo n.05 0.1 0.01 005 1 0.01 0.05 0.1

50 2 14 99 493 987 3,084 15418 30,838 9,869 49 337 | 98,675

35 22 18 74 369 Ta7 2,304 11,517 23,037 7,372 36,856 | 73,713

60 24 24 36 282 363 1,763 8,623 17,652 5,649 28,241 | 56,482

65 26 31 44 221 442 1,382 6,908 13,817 4,422 22,106 | 44212

70 2.8 39 35 176 332 1,101 5,206 11,014 3,225 17.621 | 35,242

75 3 4.8 28 143 285 892 4,458 B.918& 2,854 14,267 | 28,534

80 31 58 23 117 234 T3z 3,659 7,320 2,342 11,710 | 23,421

85 33 7 19 a7 195 608 3,040 6,080 1,948 9,727 | 19,455

90 35 8.3 16 g2 163 310 2,552 5,105 1,634 8,167 | 16,333

93 3T 9.8 14 69 138 433 2,163 4,326 1,384 6,921 | 13,843

100 39 1.5 12 39 118 370 1,649 3,695 1,183 3,916 | 11,832

105 41 134 10 M 102 3a 1,292 3,185 1,019 53,093 | 10,191

110 4.3 154 9 44 88 276 1,381 2,762 884 4,419 8,839

115 4.5 177 8 39 [ 241 1,205 2411 iz 3,857 7,715

120 47 201 7 34 Lt 212 1,058 2,117 BTT 3,386 6,773

125 4.9 28 G 30 G0 167 934 1,868 398 2,989 3,977

130 3.1 57T 5 27 53 166 828 1,657 530 2,651 5,301

135 3.3 258 3 24 47 148 738 1,476 472 2,362 4723
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Recommended fish loading densities for transport tanks
MNumber of Juvenile Steelhead in 5-, 125-, and 400-gallon Containers, at Loading Densities Ranging from 0.01 to 0.1 Kg/Kg
NUMBER OF FISH PER CONTAINER
3-Gallon Bucket | 125-Gallon Tank 400-Gallon Tank
Forkiength | Foriengtn | Weignt | G508 [ R | SEIR T DI GO | oty | Oenssy | Dnsty | Densty
(mm) (in} | fgm) 0.01 0.05 0. 0.01 0.05 0.1 0.01 0.05 0.
140 55 322 4 21 42 132 680 1,321 423 2,113 4,226
145 3.7 359 4 19 36 119 383 1,186 380 1,698 3,796
150 549 388 3 17 34 107 535 1,069 342 1,711 3421
155 6.1 44 3 15 3 97 484 967 310 1,547 3,085
160 6.3 48.5 3 14 28 B8 439 g7a 281 1,404 2,808
165 6.5 533 3 13 26 80 399 799 256 1,278 2,556
170 6.7 584 2 12 23 73 364 729 233 1,166 2,333
175 6.9 63.8 2 11 21 67 334 667 214 1,067 2,135
180 71 B35 2 10 20 61 308 612 196 979 1,958
185 T3 758 2 9 18 56 281 563 180 900 1,801
190 75 82 2 8 17 52 259 319 166 530 1,660
195 77 BE.8 2 ] 15 48 240 479 153 787 1,533
200 79 96 1 7 14 44 222 443 142 709 1,419
205 81 103.5 1 7 13 41 206 411 132 658 1,315
210 83 1114 1 & 12 38 191 382 122 611 1,222
215 85| 1198 1 & 11 36 178 355 114 569 1,137
220 87| 1285 1 5 11 33 166 33 106 530 1,060
225 89 | 1376 1 5 10 31 155 309 99 495 989
230 91| 1472 1 5 9 29 145 289 93 453 925
235 93| 1572 1 4 9 27 135 27 a7 433 866
240 94 | 167.7 1 4 8 25 127 254 81 406 812
245 96 | 1766 1 4 ] 24 119 238 TG 381 762
250 9.8 190 1 4 7 22 112 224 72 358 At
255 10| 2019 1 3 7 21 105 211 67 337 675
260 0.2 | 2142 1 3 & 20 99 199 G4 318 636
265 104 [ 2271 1 3 & 19 94 187 &0 300 600
270 106 | 240.5 1 3 & 18 88 177 5T 283 566
275 106 | 2543 1 3 3 17 G4 167 34 268 535
280 11| 2688 1 3 5 16 ) 158 51 253 so07
285 11.2 | 2837 1] 2 3 13 T3 150 48 240 480
290 114 | 2892 1] 2 3 14 71 142 46 228 455
295 116 | 3153 i 2 4 13 67 135 43 218 432
300 11.6 | 3319 1] 2 4 13 G4 128 41 205 410
2.6 Effectiveness Monitoring

Monitoring is critical to evaluate the effectiveness of the conservation actions described herein.
Monitoring should be used to evaluate survival, movements, growth, and abundance of rescued or
reintroduced fish after their release. Invariably, monitoring approaches and goals will differ
between rescue and reintroductions and will be highly site specific due to logistical and financial
constraints. Generally, monitoring for survival, movements, growth, and abundance of O. mykiss
should occur within the release locations. Monitoring the effects of fish removal on donor
populations is also essential. Different monitoring approaches are described in the following
section.
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2.6.1 Monitoring Approaches

Various monitoring methods may be used to evaluate the effectiveness of the action based on
project goals and are discussed further below. Generally, monitoring should include quantitative
methods to determine population abundance, growth rates, dispersal, habitat use, fitness, genetic
diversity, and ecological impacts (George et al. 2009). Monitoring should align with California’s
CMP outlined in Fish Bulletin 182 (Boughton et al. 2022) so that collected data and estimated
metrics are consistent across individual projects and also with the overall monitoring effort
conducted by the CDFW CMP. This involves selecting data-collection sites via a sample frame
and rotating-panel design that has been set up by local CDFW biologists. The duration and extent
of monitoring will be determined by rescue/reintroduction goals, but monitoring should be
conducted for at least 5 years after the release period but could continue over a decade to
ascertain the long-term effects of the rescue or reintroduction.

Abundance, spatial structure, and diversity within the donor and release sites and across adjacent
reaches and/or the entire watershed should be determined as outlined in the CMP (e.g., using
methods such as counting stations, low-flow surveys, snorkel surveys, redd surveys, redd
assignments, and genetic sampling). Counting stations combined with low-flow surveys or redd
surveys and redd assignment may be used to determine abundance in a system (Boughton et al.
2022). Electrofishing, snorkel surveys, or a combination of both may be used during the low-flow
period (i.e., summer or fall) to determine distribution, density, and genetic diversity of O. mykiss
in a system (Boughton et al. 2022). Seasonal, annual, or extended time series abundance estimates
can be used to determine the effectiveness of translocations in meeting recovery goals.

Low-flow surveys during the summer/fall may be used to inform spatial structure in a system and
may include electrofishing, snorkel surveys, or a combination of both (Boughton et al. 2022).
Detailed electrofishing methods are described in Temple and Pearsons (2007) and Boughton et al.
(2022). Advantages of electrofishing include directly handling fish and more accurately
identifying fish, while disadvantages include potential impacts on individuals (e.g., stress, injury,
or mortality), ineffective use in deep water, and potential constraints due to water quality
(Boughton et al. 2022). Detailed snorkel survey methods are described in O’Neal (2007) and
Boughton et al. (2022). Advantages of snorkel surveys include lower impacts on aguatic
vertebrates and habitat, effective use in deeper pools, simplicity of implementation, and fewer
water quality restrictions. Disadvantages include lower fish detection rates, potential constraints
due to elevated turbidity, potential for health risks to crews due to polluted surface water, and no
direct handling of individuals, which limits the type of data that can be collected.

A combination of counting stations and low-flow surveys (as described above) or redd surveys
and redd assignment as described in Boughton et al. (2022) may be used to monitor abundance. A
description of potential methods and disadvantages to counting stations is displayed in Table 3
(Table 11 from Boughton et al. 2022). Another disadvantage is the extensive labor required to
operate counting stations.
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Table 3. Potential methods and disadvantages to different types of counting stations in

southern California (Table 11 from Boughton et al. 2022).

Method Description Key Issues
Traditional deployments of
.p y Often incompatible with episodic
Traps fyke nets, resistance-board )
flow regimes and high bed loads.
weirs.
Visual- Vaki Riverwatcher, overhead Unsuitable for turbid conditions,
light Video | video monitors, other systems | episodic flow regimes.
Cameras based on visual light. Interpretation of data as run size.
Sonar DIDSON, ARIS sonar-based | SPeclesidentification s
. problematic. Interpretation of data
Cameras imaging systems.
as run size.
Combination | Sonar camera paired with Low abundance and/or
Capture/ weekly capture session to overlapping season may reduce
Sonar estimate species proportions. | effectiveness of species ID.
Partial weir may be necessary.
Combination | Overhead video cameras Deposition of bed load may
Video/Sonar | paired with sonar camera. obscure video. Turbidity may still
be problematic.
. Estimate of smolt production | Requires a large sample of tagged
PIT-tagging . : . i
paired with tag-based smolts or juveniles, and effective
Approaches . . .
estimate of marine survival. monitoring stations.

Protocols for redd surveys are described in Gallagher and Gallagher (2005) and Gallagher et al.
(2007), and detailed methods for both redd surveys and redd assignments are described in
Boughton et al. (2022). Advantages of the redd survey and assignment monitoring route are the
high potential for incidental data collection on spawning distribution and spawning habitat and
ease of implementation in smaller watersheds. Disadvantages include impacts on habitat,
difficulty in collecting information in a large watershed, and difficulty in identifying smaller
redds.

Continuous temperature and DO monitoring (e.g., using loggers or sondes in pools) could be used
to supplement physio-chemical measurements made during surveys. Data on sand bar breach
events may be useful if determining the times and durations of steelhead migration between the
lagoon and the ocean.

During fish handling, tissue samples may be gathered via caudal fin-clip for genetic analysis
(Boughton et al. 2022). Genetic monitoring may be considered to confirm lineage (hatchery
versus coastal steelhead), monitor genetic diversity (to look for evidence of founder effects,
inbreeding depression), and look for presence of Omy5 haplotypes. Parentage studies may allow
calculations of effective population size and the reproductive contributions of rescued and
reintroduced individuals to recipient populations over time.

The survey design would be developed based on considerations such as the action taken (rescue
versus reintroduction), physical and environmental conditions in the watershed (e.g., size, water
quality, flow, habitat types), available resources (e.g., entity leading survey crew(s), funding,
what data collection is already being conducted in the watershed), accessibility (e.g., how
accessible it is for crew(s) to access different locations in the watershed, land owner access), and
other factors (e.g., considerations resulting from agency discussions, permitting, safety concerns).
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Surveys frequency would be developed based on the watershed. Other quantitative methods or
survey goals are listed in the abbreviated bulleted list below:

2.6.1.1 Population presence/migration

e PIT antenna arrays

e Outmigrant trapping

e DIDSON (sonar)

e Upstream migrant trapping
e eDNA

e Radio or acoustic telemetry

2.6.1.2 Environmental conditions

e Physio-chemical monitoring of fish habitat
e Continuous temperature and DO monitoring using data loggers

2.6.1.3 Genetics

e Confirm lineage (hatchery versus coastal steelhead)

¢ Monitor genetic diversity (for evidence of founder effects, inbreeding depression)
e Determine Omy5 haplotypes and ratios of heterozygotes and homozygotes

o Parentage studies

o Reproductive contributions of rescued and reintroduced individuals to recipient
populations over time

o Estimates of effective population size

2.7 Adaptive Management

The monitoring described above is intended to collect data that will guide decisions under an
adaptive management framework. The purpose of the adaptive management framework is to
identify specific triggers or criteria for increasing or decreasing the frequency and numbers of fish
rescued/reintroduced and to develop strategies dealing with favorable or unfavorable outcomes.
We would recommend convening a Technical Advisory Committee (TAC) to evaluate the effects
of rescues/reintroductions as part of the adaptive management framework (applications of a TAC
is considered within Section 4).

Rescues/reintroductions would cease when the following criteria are met:

¢ An abundant and viable population is established in recipient waters. This will be location-
specific, but could include:

e Recorded natural densities observed within suitable habitat of all life history stages
(based on snorkel or backpack electrofishing surveys).

e There is evidence that rescues/reintroductions are ineffective, including:

e Low survival, high disease rates, or low growth rates observed within the
rescued/reintroduced population.

e Absence of natural reproduction/one or more life history stages.
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e Population numbers decrease in the recipient habitat.
e Population numbers remain stable despite increased rescues/reintroductions.

e For reintroductions, there are negative impacts on the donor population (which in this
case, alternative donor populations could be considered).

Recues/reintroductions will continue when:
e There is evidence that rescues/reintroductions are effective, but an abundant and viable
population has not yet been established:

e The density is increasing but has not yet reached densities predicted for the extant
environmental conditions (based on snorkel or backpack electrofishing surveys).
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3 PART 3 — GENETIC CONSERVATION OPPORTUNITIES

3.1 Introduction

Steelhead in southern California are at the southernmost range limit for the species, and they
evolved in streams with highly variable conditions, most notably, high temperatures, and flashy
and intermittent surface water. It is thought that steelhead inhabiting streams in their southern
range possess genetic adaptations and life history variability that allow them to persist within
extreme environments. For example, steelhead in southern California have been shown to have
higher temperature tolerances compared to more northern populations with steelhead being
capable of tolerating temperatures as high as 29°C (Sloat and Osterback 2013). It is uncertain
whether higher temperature tolerances of southern steelhead are due to adaptation or acclimation,
but the preservation of southern California steelhead genetics may be key for ensuring more
northern populations are capable of developing adaptations to a warming (and more variable)
environment. Other adaptations to local conditions in southern California, such as extreme high
flow events, drought, intermittent flows, and high suspended sediment loads, could also be
valuable for conserving more northern populations.

As described in Part 1 of this Evaluation and Guidance document, steelhead population numbers
have been decreasing and many populations have become extirpated due to a myriad of
anthropogenic and climate-related factors. Fewer numbers of smaller, fragmented populations
make southern California steelhead populations more susceptible to environmental fluctuations,
stochastic events, and loss of genetic diversity. In turn, the loss of genetic diversity makes
populations more susceptible to other deleterious genetic effects, such as genetic drift. Extreme
environmental events that affect populations with low genetic diversity can result in genetic
bottlenecks and founder effects. Given life history strategies are controlled, in part, by genetics
(Pearse et al. 2014), reduced genetic diversity can also affect the expression of different life
history strategies. Life history variability is thought to be critical for steelhead resilience in
variable environments of southern California, and recent studies have begun to improve the
understanding of the relationships between genetics, life history expression, and metapopulation
dynamics of southern California steelhead. Some of the key findings from these studies are
summarized below, but the NMFS (2023) 5-year status review presents a more thorough
discussion.

Population genetic studies have revealed steelhead in southern California have lower genetic
diversity compared to more northern populations (Garza et al. 2014). Studies also revealed
steelhead populations in more northern watersheds within the Southern California Steelhead DPS
are primarily of native steelhead ancestry (as opposed to hatchery lineage), but more southern
watersheds within the DPS showed substantial genetic introgression from hatchery lineages
(Abadia-Cardoso et al. 2016). There has also been limited introgression of hatchery genetics into
native steelhead populations upstream of barriers despite a history of hatchery stocking
(Clemento et al. 2009). Garza et al. (2014) also found genetic distance between populations was
associated with geographic distance indicating reduced rates of dispersal with increasing
distances.

Anadromous and resident life history forms contribute to overall life history diversity that make
southern California steelhead resilient to variable environmental conditions. The decision to
migrate to the ocean is related to fish size, sex, environmental conditions, and genetics, and the
interactions of these (Martinez et al. 2011, Pearse et al. 2014, Kelson et al. 2020). The life history
expression of either anadromy or residency has been linked to different haplotypes at the
chromosome Omy5 (Pearse et al. 2019). Juveniles (both females and males) with the
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homozygous anadromous (AA) or homozygous resident (RR) haplotypes were shown to be more
likely to migrate to the ocean and remain in freshwater as residents, respectively (Pearse et al.
2019). Heterozygous (AR) females were also more likely to migrate to the ocean compared to
heterozygous males. It should be noted that individuals that are heterozygous (AR) or
homozygous resident (RR) haplotypes can still migrate to the ocean, and notably, a resident
female can produce offspring that migrate to the ocean and vice versa (Donohoe et al. 2021).
Kelson et al. (2020) found that migration may be indirectly controlled by the Omy5 genotypes
and is mediated through physiological traits, such as growth rate, which would provide
phenotypic plasticity. These new results indicate that a high potential for anadromy can be
maintained within resident populations even when migration to the ocean is not possible, such as
within populations upstream of barriers. Once migration to the ocean is restored, the frequency of
the anadromous genotype could be expected to increase, although would lag behind restoration
efforts. However, concern remains that the anadromous phenotype could be lost or modified
because of selective pressures imposed by barriers.

Studies have also shown that groups of fish upstream and downstream of barriers are each other’s
closest relatives compared to fish from neighboring watersheds (Clemento et al. 2009), but the
frequency of anadromous and resident haplotypes differs between populations upstream and
downstream of barriers with the anadromous haplotype (AA) being more common in populations
downstream of barriers with access to the ocean, whereas the resident haplotype is more common
in populations upstream of barriers that cannot access the ocean (Clemento et al. 2009, Pearse et
al. 2014, Apgar et al. 2017, Pearse et al. 2019). This indicates selection does not favor the
anadromous haplotype in populations upstream of barriers, but it is thought that the presence of
heterozygous haplotypes maintains the potential for increased frequency of anadromous
haplotypes if future conditions provided access to the ocean.

The maintenance of genetic diversity (and life history variability) is among the main objectives of
the NMFS (2012) Recovery Plan. Recommendations to maintain genetic and life history diversity
include barrier removals, restoring natural flows, and habitat restoration to provide spatial
variability that can increase population abundance and allow steelhead to respond more
successfully to environmental fluctuations and catastrophic events. As mentioned previously, the
recovery actions recommended by the NMFS (2012) Recovery Plan are critical for the long-term
viability of steelhead and are focused on addressing the fundamental issues underlying population
declines.

Hereafter, we evaluate approaches that focus on conserving genetic diversity with the overall goal
being to reduce extinction risk of the Southern California Steelhead DPS. It should be noted that
by reviewing a genetic conservation approach, we are not necessarily condoning or promoting its
use, rather, we attempt to objectively summarize conservation approaches and consider if or how
they could be implemented to support southern California steelhead. The conservation strategies
reviewed below were selected because they have largely not been considered (or warrant
additional consideration) in other recovery focused documents. These strategies are generally
arranged from strategies that we generally recommend (and are potentially viable) to strategies
that we do not recommend (or are not viable). In all cases, the genetic conservation strategies
align with objectives outlined in the NMFS (2012) Recovery Plan, and some build on specific
recommendations from the NMFS (2023) 5-year status review.
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3.2 Streamside Incubators
3.2.1 Background

Streamside incubators are a form or captive breeding where gametes are taken from
reproductively mature fish, fertilized, and incubated at a stream site where fish will be eventually
released. More specifically, gametes are collected from reproductively mature fish, and
fertilization occurs streamside. Fertilized embryos are incubated to the eyed stage in a controlled
facility and planted in streamside incubators. Incubators can be in-stream or completely contained
and separate from the natural stream. Incubators are located at sites with adequate habitat for
spawning and/or rearing, and after fry switch to exogenous feeding strategies, swim out of the
incubator or are transported to holding pens to acclimate to and imprint on the release location.
For the purposes herein, streamside incubators would only be used for embryos from wild, native
coastal southern California steelhead lineage parents (Jacobson 2021).

3.2.2 Examples of Use

Streamside or remote-site incubators have been used successfully to reintroduce salmonids
(Andrews et al. 2016), as well as to increase survival rates of salmonid embryos in environments
with low natural reproduction or poor habitat quality (Donaghy and Verspoor 2000, Kaeding and
Boltz 2004, Al-Chokhachy et al. 2009). In British Columbia, streamside incubation boxes have
been used for salmonids with the streamside upwelling units placed in side channels fed with
groundwater (Miller 1990). Coho salmon young-of-the-year are released from streamside
incubators in the Russian River watershed (McClary et al. 2020). In-stream incubators are used
for a Chinook salmon supplementation program in the Columbia River watershed and for
steelhead in the Salmon River in Idaho (Denny and Tardy 2008). Notably, a system with similar
overall goals or reducing domestication selection was developed by the Winemum Wintu. Their
system, the Nur Nature Base, was based on indigenous worldview and was used for reintroducing
winter-run Chinook salmon to the McCloud River with great success (Earth Island Journal 2023).

3.2.3 Benefits

The benefits of streamside incubators are similar to those described for conservation hatcheries,
but with fewer risks. Risk is reduced because the fish are incubated within or directly adjacent to
habitat where they will be released. This provides more time for imprinting on natal cues and
more closely mimics natural selection pressures during early life stage development. Reduced
straying rates would reduce potential negative effects on adjacent populations. Incubators can be
simple or complicated, making it easy to place in different environmental conditions.

3.2.4 Challenges, Risks, and Uncertainties

Similar to conservation hatcheries, risks of streamside incubators are primarily related to founder
effects, domestication selection, and outbreeding depression, all of which can reduce reproductive
success of released individuals and reduce the fitness of wild populations. These risks could be
addressed by using eggs collected from reproductively mature, wild fish (as opposed to hatchery
fish), but this would require harvesting fish from a population. An alternative would be to harvest
fry from a population and raise them in captivity until maturity to reduce impacts on a local
population. The major challenges are related to selection of appropriate broodstock and release
sites. Broodstock should be from local populations with high genetic diversity and release sites
should contain suitable habitat to accommodate all life history stages.
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3.2.5 Assessment

Streamside incubators come with fewer risks compared to a conservation hatchery program, but
they offer the same benefits. In particular, streamside incubators could be used to reintroduce
O. mykiss to extirpated habitat in southern California (Jacobson 2021). Experimental
implementation of this approach is recommended to evaluate constraints and success.

3.3 Assisted Migration
3.3.1 Background

As defined herein, assisted migration refers to the anthropogenic-assisted movement of salmonids
around barriers for conservation. This type of action involves the capture and transport of
migratory fish above and/or below a barrier, such as a dam or a waterfall, and is sometimes
referred to as “trap and haul” (Kock et al. 2021). The term “assisted migration” can also be used
to describe the introduction of fish to habitat outside a species’ indigenous range, but in
agreement with IUCN and SSC (2013), we refer to this type of translocation as “assisted
colonization.” Section 3.4 discusses assisted colonization in more detail.

Assisted migrations around barriers entails relocating individuals within the same watershed or
waterbody, and this method is often used when dams are too high to support volitional movement
of migratory fish or a substantial reservoir is formed behind the dam (Lusardi and Moyle 2017).
The goal of assisted migration is to provide opportunities for fish to express different life-history
strategies, complete life cycles, provide access to historical habitat, and/or promote gene flow
among fragmented populations. The technigue can target one life history stage (e.g., moving
juveniles downstream) or multiple life history stages (Kock et al. 2021). As previously stated,
although the volitional passage of steelhead is the preferred method of conservation, volitional
passage in many watersheds is constrained by economic, engineering, permitting, or timeline
considerations.

3.3.2 Example of Use

Assisted migration is used extensively along the west coast of the U.S. as a conservation tool for
anadromous salmonids. Perhaps the most notable examples are from the Columbia River where
adult salmonids are trapped downstream of Bonneville dam and moved upstream of the dam, and
juvenile salmonids are trapped and transported downstream by barge (Montgomery 2003). There
are fewer examples for salmonids at the southern end of their ranges.

Within California, assisted migration has been recommended for Chinook salmon, but steelhead
have been largely overlooked because their life-history plasticity allows for resident and lake-
migrant (adfluvial) life-history patterns. One example of a steelhead assisted migration program
in California is on the Carmel River where adult steelhead are trapped downstream of Los Padres
Dam and relocated upstream of the reservoir. Studies conducted after the release of these
steelhead indicate that steelhead are successfully spawning in the Carmel River above Los Padres
Reservoir, and pre-spawn mortality associated with the trap-and-haul operation appears to be low
(Boughton et al. 2020). In this system, juveniles migrate volitionally downstream using the
spillway or a bypass facility, although the proportional use of these downstream passage options
by migrating fish appears to be relatively low (20% of fish that entered the reservoir), potentially
because fish take up residency or are exposed to predation in the reservoir (Ohms et al. 2022).
This example highlights an interesting caveat to providing volitional passage — i.e., that in some
situations, volitional passage options may not be effective, and alternatives, such as head of
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reservoir collectors (i.e., assisted migration), may be more effective at achieving goals. Of course,
in all situations, complete barrier removal is the preferred option.

3.3.3 Benefits

As stated above, the goals of assisted migration include providing opportunities for fish to
express different life-history strategies, complete life cycles, access to historical habitat, and/or
promote gene flow among fragmented populations. Any of these could provide benefits at the
individual and population level. However, assisted migration programs are often coupled with
other conservation strategies (e.g., hatchery-raised fish released in the same watershed), and
individual elements are evaluated rather than a comprehensive review of the process (Kock et al.
2021); hence, the benefits of an assisted migration program are difficult to discern.

Assisted migration programs aim to increase the connectivity of populations upstream and
downstream of barriers, which may lead to an improvement in interpopulation genetic diversity.
Girman and Garza (2006) and Clemento et al. (2009) found that southern California O. mykiss
populations upstream of barriers to anadromy were more genetically similar to populations
downstream of barriers in the same system than to populations in other watersheds, which
indicates the above-barrier populations are descendants of historical contiguous populations
(NMFS 2012). Connecting these populations could lead to a reduction in the risk of extinction,
improve interpopulation genetic diversity, and increase the population size.

Increased productivity is another goal of assisted migration programs. Genetic parentage studies
of Chinook salmon in Oregon found that assisted migration techniques increased the number of
returning adults produced by each reintroduced individual that survived, surpassing less fit
hatchery pairs (Evans et al. 2016). Within southern California, assisted migration could benefit
population productivity, especially for anadromous life history form because most of steelhead
historical habitat currently exists upstream of barriers (NMFS 2012). In particular, providing
downstream passage opportunities to above barrier populations would increase the numbers of
anadromous individuals available to return as adults to natal waters, to other watersheds where
they could provide genetic benefits, or to recolonize vacant habitat. In addition, assisted migration
for southern California steelhead can serve as an action that can link anadromous populations
with climate refuges.

3.3.4 Challenges, Risks, and Uncertainties

Reviews on assisted migration programs show variable results with many uncertainties regarding
their efficacy (Anderson et al. 2014, Lusardi and Moyle 2017, Kock et al. 2021). The limited
success of assisted migration programs is due to a variety of biological, logistical, financial, and
operational challenges. Inherently, handling and transporting any fish comes with sub-lethal
stress, which could lead to impaired physiological responses and performance such as reduced
swimming performance, disease resistance, growth rates, ability to imprint, and ability to
complete smoltification (Maule et al. 1988, Lusardi and Moyle 2017, Kock et al. 2021). It can
take weeks for fish to recover from the stress of capture and transport, and stressors can act
cumulatively, ultimately reducing reproductive fitness and potentially resulting in mortality
(Lusardi and Moyle 2017, Kock et al. 2021). Trap operations can also cause migration delay if
the trap is not properly designed and operated to accommodate safe and timely fish passage
(Kock et al. 2021).

Stress imposed from handling and transporting fish is unavoidable, but approaches to minimize
stress and provide recovery opportunities can be implemented (Kock et al. 2021). For example, in
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the San Joaquin River restoration pilot study (Sutphin et al. 2018), pre-transport survival of
captured juvenile Chinook salmon was 70.6% in 2014, increased to 97.6% in 2015, and 95.1% in
2016 after the installation of a flow diffusing box and second capture box to improve post-capture
flow refugia. In-transport survival of Chinook salmon was >99% across all years with fish
transported long (>50 mile) distances. Special care was given to ensure transport temperature and
DO were maintained with water pumped from the trapping reach. Transport water was slowly
adjusted with release site water to ambient release site temperature prior to release, and transfers
were made water to water at the release site. These examples suggest that trap-and-haul programs
can achieve high survival rates when implementing appropriate design elements and best
management practices.

Perhaps the largest factor that reduces the success of assisted migration programs is low
collection efficiencies of downstream migrating smolts at trap sites within reservoirs or within
rivers during flow conditions that facilitate migration, the later likely being exacerbated in
“flashy” southern California streams. Low downstream collection efficiency (or low utilization of
collectors) can create ecological traps upstream of dams (Ohms et al. 2022) if the habitat is not
suitable. Indeed, assisted migration programs assume that the ecosystems into which steelhead are
moved will support introduced steelhead, although several salmonid translocation programs have
failed because of inadequate habitat in recipient areas (Harig and Fausch 2002). Thus, the
conditions within habitat upstream of dams, as well as conditions downstream such as water
quality and connectivity should be considered. Low collection efficiencies can also be
advantageous by protecting above barrier populations from removal of individuals and by
allowing expression of diverse life history strategies that maintain genetics associated with
anadromy. Overall, there is a large amount of uncertainty whether this strategy is an effective
action for conserving genetic variability, but the potential to increase the number of anadromous
fish is only expected to provide benefits to the DPS.

3.3.5 Implementation in Southern California

Most high-quality spawning and rearing habitat for southern California steelhead is inaccessible
to anadromous steelhead because they are upstream of migration barriers. This fragmentation
reduces habitat availability and life-history and genetic variability, which increases extinction
risk. Thus, barrier removal or modification to provide volitional passage are key
recommendations within the NMFS (2012) Recovery Plan. The NMFS (2012) Recovery Plan
also suggests that assisted migration could be used as an interim strategy until these
recommendations are implemented.

Similar to barrier removals and volitional passage, the goal of assisted migration in southern
California would provide population-level benefits by reconnecting fragmented populations and
supporting life history variability (e.g., providing opportunities for populations upstream of
barriers to express anadromous life history type), which, in turn, would promote genetic diversity
and increase population growth. In many cases, implementation of volitional fish passage at dams
may not be feasible due to technical, legal, and/or financial constraints, and it is extremely
unlikely that some dams would be removed, especially in the near term, due to existing water
rights and competing uses from municipal and agricultural sources. In these cases, assisted
migration could be appropriate. However, as described in Part 2 of this document, there is
concern that implementing assisted migration could provide justification for not implementing
volitional passage. On the other hand, there is evidence that volitional passage provided at dams
may not be effective (Ohms et al. 2022), and in these cases, dam removal or collectors upstream
(or at the head) or reservoirs would be the better options. Overall, assisted migration may be the
only feasible option at some locations, at least in the near term.
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Below we focus on how downstream and upstream assisted migration programs could impact
genetic diversity of southern California steelhead, and major challenges for implementation of
such a program.

3.3.5.1 Juvenile and kelt downstream assisted migration

Transporting downstream migrating juveniles from upstream of a barrier to downstream of the
barrier has the potential to increase the total number of anadromous smolts produced from the
watershed, even if anadromous adults were not transported and released upstream. As described
above, current information suggests that resident O. mykiss populations upstream of barriers
retain genetics associated with anadromy (Pearse et al. 2014, Pearse et al. 2019, Apgar et al.
2017), and some proportion of these populations exhibit this life history strategy. Individuals that
attempt to migrate downstream without assisted migration could enter reservoirs, such as Lake
Cachuma in the Santa Ynez watershed or Lake Piru in the Piru Creek watershed, where they may
be exposed to sub-optimal conditions for growth (e.g., high surface temperatures) and non-native
predatory fish species such as the largemouth bass (Micropterus salmoides). Hence, fish that
enter reservoirs are considered “lost” from the population, which is evidenced by the anadromous
phenotype being less common in populations above barriers (Pearse et al. 2014, Pearse et al.
2019, Apgar et al. 2017). Interestingly, in one study, Leitwein et al. (2017) showed that the
frequency of the Omy5 A haplotype in above barrier populations was positively associated with
reservoir volume, suggesting successful use of larger reservoirs as a surrogate for the ocean.

An assisted migration program that collects fish prior to entering a reservoir (i.e., upstream of a
barrier) and passes them downstream of barriers would provide benefits as described above with
little risk to the upstream population, although there could be risks to any existing downstream
populations if, for example, the fish decides to residualize or disperse into a tributary where
steelhead are present. Nevertheless, any potential emigrant released downstream would increase
the probability of anadromous adults returning to the watershed or dispersing into other
watersheds, which could greatly benefit the genetic diversity of the small anadromous component
of below barrier populations. Dispersal into non-natal watersheds or tributaries could increase the
odds of recolonizing extirpated habitat or provide genetic mixing among populations.

The major challenge for implementation of assisted migration in southern California is due to low
collection efficiency of downstream migrants. As evidenced in (Ohms et al. 2022), floating
surface collectors deployed in reservoirs have variable and often low collection efficiencies.
Collection sites in streams upstream of reservoirs (or at the head of reservoirs) could increase the
numbers of migrants collected compared to a floating surface collector, but due to high flows and
debris loads, operation of a collection site within streams is limited during flows that smolts
might use for migration. Once again, low collection efficiency of downstream migrant traps could
also be considered advantageous because it would ensure only a portion of the migrating
population is removed, thereby providing opportunities for continued migratory life history
expression (and maintenance of genes associated with anadromy; e.g., Leitwein et al. [2017]) in
above barrier populations. Overall, assisted migration of even a small proportion of downstream
migrants would provide anadromy opportunities that are extremely limited under existing
conditions.

3.3.5.2 Adult upstream assisted migration

As described in Part 1, few adult steelhead are observed migrating across the entire Southern
California Steelhead DPS each year, although actual numbers are likely higher than those
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reported because of monitoring limitations. Assisted migration of anadromous adults would be
expected to provide genetic benefits to the population upstream. The potential impacts on genetic
diversity are described below.

The evidence indicates adult steelhead will readily breed with resident fish if they were passed
upstream. Redd surveys were conducted by NMFS and MPWMD in 2019 above Los Padres Dam
on the Carmel River. If adult O. mykiss were directly observed building a redd, the life history
type (resident versus anadromous) of both the male and female were noted as the origin of the
redd. NMFS researchers observed mixed mating pairs (i.e., anadromous female/resident male,
anadromous male/resident female), redd superimposition across both life history types, and both
anadromous and resident spawning at the same time (Boughton et al. 2020). The production and
fitness of the offspring have not been evaluated, though the interactions suggest steelhead and
resident O. mykiss will readily breed across life history types. Therefore, it is possible
transporting small numbers of anadromous adults upstream could result in viable offspring with a
higher propensity for anadromy than the progeny of resident spawners, even if they mate with
resident O. mykiss rather than other anadromous adults.

Increased interactions (breeding) would presumably provide a benefit to both the resident and
anadromous populations through increased genetic diversity and overall population resilience.
Currently, a resident O. mykiss population upstream of a passage barrier is an isolated population.
Isolated populations can experience inbreeding depression and genetic drift, resulting in a loss of
genetic diversity, which can lead to a reduction in fitness and eventually extirpation. Introduction
of anadromous steelhead would help combat these deleterious genetic effects, as well as increase
the occurrence of anadromous haplotypes in populations upstream of barriers. For example, in
Topanga Creek, spawning contributions from a single anadromous female led to an increase in
genetic diversity and an increase in frequency of alleles coding for anadromy that lasted for
several years (Dagit et al. 2019).

The major challenges of assisted migration for upstream migrating adult steelhead in southern
California are due to low numbers of anadromous adults combined with logistical challenges
associated with operating fish traps under highly variable flow conditions. These challenges
create uncertainty regarding the numbers of fish that could be successfully trapped. Furthermore,
due to the low numbers of adults present in the Southern California Steelhead DPS, even a small
chance of mortality associated with capture, handling, and transport is potentially unacceptable.
Finally, assisted migration of adults brings up an important regulatory question — what happens to
the listing status of an above barrier population once anadromous fish are released into the
population? Do these fish not become part of the listed DPS, and how would that impact other
regulations such as recreational fishing? Decisions regarding these questions would need to be
worked out by NMFS and CDFW.

3.3.6 Assessment

Due to the potential to provide genetic rescue from artificial selection on populations above
barriers and the potential for increasing life history expression, strategic implementation of
assisted migration programs at locations may be desirable. Consistent with recommendations
within the NMFS (2012) Recovery Plan, the most suitable locations to implement would be
locations where barrier removal/modification to support volitional passage is infeasible due to
technical or other constraints or as an interim strategy while volitional passage is provided.
Implementation of assisted migration during construction activities, such as during modifications
to existing dams or passage facilities or during dam removal projects, is absolutely recommended.
However, it cannot be overstated that this approach should only be considered as an interim
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strategy until the barrier can be removed or volitional passage provided (or in cases where
volitional passage was proven ineffective).

3.4 Assisted Colonization
3.4.1 Background

Assisted colonization is the movement of a species to a location outside of its existing or
historical range into a new range where it should survive in future climate scenarios to avoid
extinction (IUCN and SSC 2013). Within the context of the Southern California Steelhead DPS,
assisted colonization would result in moving individuals from the DPS either north (i.e., into
habitat occupied by a more northern steelhead DPS), south (i.e., further south in Baja, Mexico),
or inland of the historical range. Moving individuals into non-anadromous waters that were
historically accessible to steelhead would be considered a reintroduction translocation, which is
covered in Part 2 of this document.

3.4.2 Examples of Use

The species O. mykiss (i.e., rainbow trout) has been introduced widely across the globe for
recreational fishing or aquaculture purposes, but there are no known examples of O. mykiss of
native steelhead lineage being introduced into habitats outside of the species historical range for
conservation purposes. The large-scale introductions of O. mykiss for recreational and
aquaculture purposes are not considered to be “assisted colonization” as defined herein because
the goal of introductions did not include avoiding extinction. However, it does highlight the
species’ high degree of plasticity for colonizing new habitats, even those with environmental
conditions (e.g., temperatures) that are considered unsuitable (Chen et al. 2015).

Although not an example of assisted colonization for the purpose of conservation, O. mykiss from
Sonoma Creek or Russian Creek, California, were introduced into western Australia through
hatchery programs (Chen et al. 2015). Due to the source of these fish, they were presumably of
steelhead ancestry (although not confirmed). Generations after introductions, the O. mykiss
populations stemming from these translocated O. mykiss have exhibited enhanced thermal
tolerance compared to the populations from which they originated in central California (Chen et
al. 2015). While these translocations were not for conservation purposes, it highlights the
assumption that a translocated O. mykiss population will likely adapt to conditions in their new
environment.

3.4.3 Benefits

If habitat becomes unsuitable for southern California steelhead due to the impacts of climate
change or other issues, assisted colonization could prevent extinction of the DPS by moving
populations into habitats that may support the species. This could result in a population of genetic
lineage maintained outside of its current or historical range.

As discussed previously, preservation of southern California steelhead genetics may be key for
ensuring more northern populations are capable of developing adaptations to a warming (and
more variable) environment. Evidence suggests that dispersal from more northern steelhead
populations is important for supporting southern California steelhead (NMFS 2012), but
relatively less dispersal in the reverse direction (i.e., from southern California into more northern
populations) would be expected due to fewer numbers of individuals across more spatially
discrete locations in southern California (i.e., there are fewer smolts produced that could stray).
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However, few studies have evaluated straying in California steelhead in general, let alone for
southern California steelhead (see Section 1.3 for examples). Assisted colonization that moves
southern California steelhead into more northern locations that overlap with existing steelhead
populations could introduce beneficial genetics into northern populations that would not receive
those genetics naturally due to limited dispersal from southern California steelhead populations.
Thus, assisted colonization may benefit other populations of protected steelhead, which could be
beneficial for the species. However, the potential benefits would come with a host of risks and
uncertainties.

3.4.4 Challenges, Risks, and Uncertainties

Introduced fish could be seeded from wild fish from the watersheds within the Southern
California Steelhead DPS or from wild broodstock that are held in a facility. The use of wild fish
would face similar challenges associated with donor population selection as outlined in Section
2.2.4 of this document (e.g., the effects of population mining on already small populations in
anadromous waters). Captive breeding (whether a conservation hatchery or use of streamside
incubators) using wild broodstock would likely be the best option for assisted colonization, and
the risks associated with these are discussed in further detail in Sections 3.2 and 3.6. There are
also issues surrounding feasibility, artificially manipulating dispersal patterns of an already highly
mobile species, and there is a chance of the species being introduced into habitat where O. mykiss
may impact native species. Assisted colonization is an action thought to be potentially applicable
for species with small populations, restricted dispersal ability and adaptive potential, and within
low-connectivity landscapes (Primack and Mao 1992; Trakhtenbrot et al. 2005; Petit et al. 2008;
and Ozinga et al. 2009, as cited in Loss et al. 2010).

If southern California steelhead were moved north of the current range, individuals would be
introduced into the habitat already occupied by steelhead from a different DPS, such as the South-
Central California Coast (SCCC) DPS. Steelhead in the SCCC DPS are federally threatened, and
thus implementation of any actions that could adversely affect their status or viability would be
difficult to permit. In addition, while there could be benefits associated with increased genetic
diversity, moving fish from the Southern California Steelhead DPS into more northern
populations could have unintended consequences to either the introduced individuals or the
existing populations due to increased competition at the release sites, introduced diseases or
pathogens, or the introduction of deleterious genetic traits.

If the species was introduced to the south of the Southern California DPS range, they would be
moved south of the California-Mexican border. Because monitoring is not known to be conducted
in this area, there are many uncertainties about the presence of pre-existing populations and
habitat within this region. It is assumed the majority, if not all watersheds in this region have
habitat that is unsuitable for steelhead due to high temperatures, lack of protections surrounding
water and resources stemming from urbanization, water extraction, fishing, pollution, and other
issues that would lead to conditions that would not support the species. Finally, increasing
temperatures in these locations would be expected under climate change, further reducing
suitability.

The species could also be moved inland from the current range into habitat that is outside of the
historical range of the species. Assisted colonization to an inland location would likely prevent
expression of anadromy and expose fish to different selective pressures (temperatures, flow
regimes) compared to historical habitat. Differences in selective pressures could create risks for
translocated individuals because they may possess traits that would be maladaptive, but as
previously mentioned, the species has shown a high degree of plasticity in new environments.
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Moreover, a colonized population of O. mykiss would likely accumulate adaptations to the inland
environment (e.g., Chen et al. 2015), which would erode the genetics of southern California
steelhead. Thus, assisted colonization into inland locations would effectively eliminate any
genetic conservation benefits from the action.

Finally, assisted colonization may be a difficult process to permit and current agencies prevent
this conservation strategy for endangered animals (Shirey and Lamberti 2010).

3.4.5 Assessment

Based on the information presented above, assisted colonization would not achieve the goals of
conserving genetic diversity of the Southern California Steelhead DPS. Assisted colonization into
more southern locations would be unsuccessful due to the assumed, unsuitable conditions.
Assisted colonization into inland environments would lead to selection and, therefore, would
erode the genetics of southern California steelhead. The only potentially feasible assisted
colonization action would be moving individuals into more northern locations that are already
occupied by O. mykiss, which could result in genetic mixing between existing populations and
introduced individuals. A benefit would be the introduction of unique traits from southern
California steelhead that could make more northern populations more resilient to climate change.
However, natural patterns of dispersal could provide these same benefits without the associated
risks. The rates of dispersal from south to north is a major gap in understanding metapopulation
dynamics.

If there comes a time where habitat is altered within the range of southern California steelhead
beyond what the species can handle due to climate change, and it is certain this DPS will be
extirpated with or without other forms of intervention, assisted colonization may be a useful tool
with the goal of bolstering the population of another DPS through introduction of potentially
advantageous traits. However, additional research would be needed to understand whether
southern California steelhead possesses unigque adaptations.

3.5 Cryopreservation
3.5.1 Background

Cryopreservation of fish gametes can provide a repository of genetic material that can be later
used in artificial breeding. Cryopreservation technology is primarily used in hatchery settings but
is potentially useful for genetic conservation of wild fish species that are close to extinction or
extirpation (Martinez-Paramo et al. 2009, Cabrita et al. 2010). In this conservation context,
cryopreservation involves collecting sperm and eggs from wild adult fish and storing them to
ensure that they can be viably thawed and used to breed offspring from the wild donors to re-
populate areas where populations have been reduced or extirpated.

3.5.2 Examples of Use

Salmonid sperm has been successfully cryopreserved and used to fertilize eggs and create viable
offspring since the 1990s, and a few studies have done so using sperm from wild fish. Cloud et al.
(1990) trapped wild steelhead and collected sperm from adult males. Sperm was successfully
cryopreserved and later thawed and used to fertilize eggs from hatchery females. Martinez-
Paramo et al. (2009) cryopreserved sperm from two different wild populations of brown trout.
While cryopreserved sperm produced fry with lower survival rates compared to fresh,
unpreserved sperm, these survival rates were still determined to be high enough to assist with
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recovery of brown trout populations. In addition, many studies have optimized the
cryopreservation process to ensure maximal survival and fertilization success of salmonid sperm
as well as viability of embryos and fry (Lahnsteiner et al. 1996, Cabrita et al. 1998, Cabrita et al.
2001, Fujimoto et al. 2022, Dogan et al. 2023).

It should be noted, however, that salmonid eggs have not yet successfully undergone
cryopreservation because of the challenges associated with their large size and yolk content
(Chao and Liao 2001). Potential solutions include cryopreservation of primordial germ cells
(gametes from larval fish in a developmental stage where they have not yet differentiated into
sperm or eggs) and type A spermatogonia (undifferentiated germ cells within mature testes).
Kobayashi et al. (2007) successfully preserved primordial germs cells from rainbow trout larvae
and were able to eventually thaw and implant them into donor hatchlings. The primordial germ
cells then developed along with the donors and differentiated into sperm or eggs depending on the
sex of the donor. Lee et al. (2013) cryopreserved whole testes from trout and transplanted type A
spermatogonia into sterile male and female surrogates. These cells differentiated into sperm or
eggs depending on the sex of the surrogate. Both methods are potential ways to generate eggs
from a desired genetic stock from cryopreserved material without the challenges associated with
the cryopreservation of salmonid eggs.

3.5.3 Benefits

The preservation of gametes could serve as a stable genetic bank of future restoration efforts or
research. Ultimately, this strategy would serve as an ultimate “backstop” for extinction of unique
genetics from within the Southern California Steelhead DPS.

3.5.4 Challenges, Risks, and Uncertainties

The main technological challenges with cryopreservation are cell damage due to ice crystal
formation and an excess of reactive oxygen species (ROS) during freezing and thawing (Cabrita
et al. 2010). Much work has been done to optimize the addition of chemicals that prevent ice
crystal and ROS formation. Rainbow trout sperm has been the subject of many of these studies
that have successfully used cryopreserved O. mykiss sperm to breed viable offspring, so these
techniques would presumably be transferrable for preservation of steelhead sperm. However,
salmonid eggs are much more difficult to cryopreserve (Chao and Liao 2001), and there does not
appear to be a method for achieving this in the literature.

The preservation of primordial germ cells and whole testes containing type A spermatogonia
(rather than differentiated gametes) offers a potential solution (Kobayashi et al. 2007, Lee et al.
2013). However, this technique is intensive and would likely require a breeding facility setting.
For the primordial germ cell method, sperm and eggs would need to be collected from wild
individuals and immediately used to create offspring. When those offspring reached the larval
stage, primordial germ cells would need to be excised and preserved. Developing these germ cells
into viable sperm and eggs would eventually require larval individuals from the same species to
serve as recipients of the cells. For the method involving preservation of whole testes, testes
would need to be excised from mature individuals from the wild, which would require killing
them. This method would also require a hatchery facility to have sterile individuals available to
serve as surrogates.

In order collect gametes from wild individuals, it is necessary to trap reproductively active adults
from the wild to collect their gametes or to sacrifice them and collect their whole gonads. Given
the low numbers of adults (and particularly migratory adults) in this region, it would likely be
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difficult to collect gametes from a sufficient number of individuals to preserve genetic diversity.
Even if the collection was conducted opportunistically (e.g., during electrofishing surveys), the
low adult quantities in the DPS may not contain a high amount of diversity in genetic material
that would be collected. Sacrifice is also not optimal given these low numbers. Alternatively, fry
could be harvested from a population and reared in captivity to maturity, but this approach
increases opportunities for domestication selection. Additionally, cryopreservation requires
storage at -80°C or lower, and these systems are susceptible to power outages and failures, risking
complete loss of preserved gametes if only stored at a single location. Finally, cryopreservation
will eventually require a breeding facility if preserved gametes are used.

3.5.5 Implementation in Southern California

Cryopreservation of genetic material from southern California steelhead populations would
preserve any unique adaptations and could later be used for reintroduction purposes or for
research (Jacobson 2021). Other than uncertainty related to viability of this approach, a major
question for implementation is deciding which populations to target. Abadia-Cardoso et al. (2016)
evaluated genetic diversity and ancestry of southern California steelhead populations. This
information can be used to identify target populations that have high genetic diversity and low
amounts of hatchery introgression. O. mykiss populations from more northern watersheds within
the DPS, including Santa Maria, Santa Ynez, Ventura, and Santa Clara River watersheds, as well
as more southern locations from the East, North and West forks of the San Gabriel River had
relatively high genetic diversity and were largely of native coastal steelhead ancestry. Larger-
sized populations in these watersheds would be the best candidates to reduce any effects from
removing reproductively mature fish from the population. Data on population size is generally
lacking, but populations within Sespe Creek and middle Piru Creeks (tributaries to the Santa
Clara River), Sisquoc Creek (tributary to the Santa Maria River), and the East and West Fork San
Gabriel Rivers are thought to be relatively robust populations that would be resilient to removal
of adults for cryopreservation purposes.

3.5.6 Assessment

Based on our review, we do not consider cryopreservation as a viable approach for conserving
genetic diversity of southern California steelhead at this time. This is largely because of the
anticipated high-costs relative to large amounts of uncertainty regarding its efficacy, as well as
the potential for adverse selection. However, if conditions continue to worsen, this method could
be considered as a last resort if this approach has been further developed and proven effective.

3.6 Conservation Hatchery
3.6.1 Background

Conservation hatcheries are examined in the NMFS (2012) Recovery Plan and are defined as a
program that, “‘conserves and propagates steelhead taken from the wild for conservation purposes
and returns the progeny to their native habitats to mature and reproduce naturally.” These can be
used for direct supplementation of at-risk natural populations to prevent extirpation and increase
natural spawning abundance. To conserve southern California steelhead, the progeny of captively
bred wild fish could either supplement existing populations or be used to reintroduce O. mykiss
into extirpated habitats. This type of program is not the same as hatchery programs that focus on
enhancing fishery production or that use broodstock mating pairs that consist of either one or two
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hatchery origin fish (and are sometimes referred to as “conservation hatcheries” in the literature).
The use of hatchery or mixed-spawning (i.e., cross between wild and hatchery origin fish) as part
of a conservation hatchery program in the Southern California Steelhead DPS range is not
assessed further because there are many well established negative consequences of the practice
(i.e., negative genetic and environmental impacts to wild fish) (Naish et al. 2007, Ford et al.
2016).

Rather, conservation hatcheries in the context of this document refers to a program that can be
used to breed wild fish (or fertilize their gametes) in captivity and release their offspring into the
Southern California Steelhead DPS range. After artificial spawning occurs, fry or juveniles could
be released. Alternatively, fertilized eggs or eyed embryos could be placed in a streamside
incubator to emerge as fry and rear in the wild, which is a conservation action that is discussed
further in Section 3.2. Alternatively, conservation hatcheries could be used for scientific,
educational, conservation seed banking, or “insurance population” purposes through maintaining
a genetic pool by holding wild progeny in captivity instead of releasing fertilized eggs, fry, or
juveniles in the wild.

3.6.2 Examples of Use

Although there are many hatchery programs for steelhead and salmonids, referred to as
“conservation hatcheries,” across the west coast, most of them rely on some combination of
hatchery and wild broodstock, so they do not meet the intent of conservation hatcheries as defined
herein—i.e., only using wild broodstock. Although no conservation hatchery programs are
currently in place for the Southern California Steelhead DPS, Becker and Reining (2008) stated
that a conservation hatchery program was implemented in Sweetwater River for the Southern
California Steelhead DPS after a wildfire destroyed habitat and extirpated the population. The
program was deemed unsuccessful, and the population is thought to be extirpated. The specifics
of the conservation hatchery program are unknown (e.g., where broodstock originated from, how
the species was bred and released, and if progeny strayed to adjacent watersheds), and it is
unknown whether O. mykiss are present in the watershed currently.

Within the Russian River watershed north of the Southern California Steelhead DPS, the Coyote
Valley Fish Facility operates a fish ladder on the East Branch of the Russian River to trap
upstream migrating steelhead that are then bred as part of a conservation hatchery program.
Sexually mature male and female steelhead are placed in holding ponds for the week to spawn
until enough fertilized eggs are collected. The fertilized eggs are then transported to a hatchery
where they are incubated, hatched, and raised to yearling stage (CDFW 2023b). The yearling
steelhead are then transferred back to the Coyote Valley Fish Facility to imprint at the facility and
are released into the East Branch of the Russian River. The effects of this action on the overall
wild steelhead population in the watershed are not known.

A Supplementation and Research Facility in the Yakima River basin in Washington has a
conservation hatchery program that entails releasing wild Chinook salmon (O. tshawytscha)
progeny after the spawning, incubation, and early rearing occur at a facility (Fast et al. 2015).
Since the program started in 1997, the conservation hatchery program has led to increased redd
counts, distribution of spawners, maintained wild Chinook returns, and negligible straying
(Fast et al. 2015).

In a non-salmonid example, in 2008, USFWS founded a long-term conservation hatchery
program for Delta smelt (Hypomesus transpacificus) from 2-year-old, wild-origin fish (Lindberg
et al. 2013, Lew et al. 2015). Under this ongoing program, the captive population supplies

February 2024 Stillwater Sciences
52



Technical Report Conservation Strategies for Southern California Steelhead

progeny for research purposes and provides a genetic bank in case of further declines or species
extinction. Due to careful management to minimize loss of genetic diversity, allele diversity and
effective population have increased overall since the program began (Lew et al. 2015).

3.6.3 Benefits

The goals of conservation hatchery programs include the preservation of local populations
through increasing the numbers of spawners, preservation of desirable genetic characteristics,
reintroduction of populations in restored systems, and research conducted on specific progeny
that could be used for future management, conservation, recovery, or protection of the species,
pursuant to the CDFW Fish Bulletin for Captive Propagation of Fish, Wildlife and Plants for
Conservation Purposes (Naish et al. 2007, NMFS 2012, CDFW 2017a). While there are a number
of potential benefits of conservation hatchery programs, there is very little evidence of their
benefits within the literature, and most studies point to mixed results and tradeoffs. Studies have
shown although the use of local, wild broodstock can increase population abundance (Hess et al.
2012, Janowitz-Kock et al. 2018) and numbers of natural spawners on spawning grounds (Kock
et al. 2022), it leads to lower reproductive success of wild spawners (Kock et al. 2022).

3.6.4 Challenges, Risks, and Uncertainties

There are many known risks and uncertainties surrounding the use of conservation hatcheries.
The first risk relates to the source of wild broodstock, which could be either anadromous adults,
resident O. mykiss, or some mixture of the two. The benefit of using anadromous adults only is
that because these fish have successfully displayed the anadromous life history type, it could be
assumed their genetics are desirable (i.e., genetics with higher likelihood of anadromy). However,
it is suspected that a potentially large proportion of anadromous adults in southern California may
be strays from northern populations (NMFS 2012, 2016); therefore, these fish may not have
desirable genetic traits associated with local adaptations to southern California. These fish may
still benefit existing populations through increased genetic diversity, but they may not meet the
goals of conserving southern California steelhead genetics. In addition, few anadromous adults
have been observed across the entire DPS, so it may not be logistically feasible or appropriate to
collect these fish for broodstock purposes, that is, unless we reach a “condor moment™* when it
becomes a last resort measure.

A second wild broodstock source could reproductively mature resident O. mykiss, but the
ancestry of these fish should be confirmed to ensure they are of native coastal steelhead ancestry
and not influenced by hatchery genetics prior to use. Resident O. mykiss can produce anadromous
offspring (Donohoe et al. 2021) and would presumably possess potential, desirable genetic traits
associated with local adaptation. It may be necessary to confirm the haplotypes of resident O.
mykiss prior to using as broodstock to ensure they are not homozygous RR fish that are not
capable of producing offspring with the allele associated with anadromy. Collection of resident
O. mykiss downstream of barriers to anadromy would reduce the chances that broodstock have
undergone selection upstream of reservoirs, but there are few below barrier populations capable
of sustaining removal of individuals. An exception could be the O. mykiss population within
Sespe Creek in the Santa Clara River. This population is believed to be one of the most robust,

! California condors nearly went extinct. To rescue the species, the two remaining individuals in the wild
were trapped and used in a captive breeding program. When combined with environmental regulations that
addressed the source of population declines, the captive breeding program was successful and there are
now more than 340 individuals in the wild (USFWS 2022).
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but there is limited access and limited, recent monitoring conducted so population size is
unknown.

The largest risks of conservation hatcheries are related to effects from breeding and rearing fish
within an artificial environment that are released in the wild. Domestication selection has been
widely demonstrated in fish reared in captivity because natural selection is relaxed within
artificial environments (Frankham 2008). Alarmingly, selection can occur within a single
generation (Christie et al. 2012a). Results of domestication selection could include lower
reproductive success, reduced genetic diversity, reduced olfactory imprinting, and lower survival
in the wild among other impacts (Araki et al. 2007, Araki et al. 2008, Williamson et al. 2010,
Christie et al. 2012b). Fish that have undergone domesticated selection can also breed and
compete with wild fish, which can affect genetic diversity, fitness, and population dynamics of
wild populations (Naish et al. 2007). The progeny of hatchery fish can also introduce novel
pathogens into wild populations, further compromising fitness (Naish et al. 2007).

Mixing of conservation hatchery progeny (i.e., fish that have undergone domesticated selection)
with wild fish can occur if the progeny of broodstock are directly released into an existing
population, if the progeny stray into adjacent populations, or if wild fish stray and recolonize
previously extirpated habitat where hatchery progeny were reintroduced. Indeed, hatchery
produced fish are more likely to stray due to reduced imprinting to olfactory cues within the wild
environment (Schroeder et al. 2001, Williamson and May 2005). Approaches to reduce
domestication selection include careful selection of broodstock, releasing fish early in their life
stages (e.g., as fry so they can imprint on olfactory cues), and rearing early stages streamside (see
Section 3.2 below). Straying of hatchery progeny into wild populations could also increase
competition, thereby potentially reducing the fitness of wild fish. Overall, there remains many
risks and uncertainties related to the efficacy of conservation hatchery programs for conservation
purposes.

3.6.5 Implementation in Southern California

In this section, we discuss the feasibility and additional considerations for implementation of a
conservation hatchery program for supporting the Southern California Steelhead DPS.
Specifically, we discuss program elements related to broodstock selection, release locations and
timing, and availability of facilities to support conservation hatcheries.

Wild fish should only be used as broodstock to support a conservation hatchery program in
southern California. As described above, using resident O. mykiss populations would be the most
feasible option because of the logistical challenges associated with collecting anadromous adults
(in addition to the possibility of adults being strays from northern populations). Prior to the use of
resident O. mykiss, the haplotype at the Omy5 chromosome would need to be confirmed as well
as the ancestry to ensure the anadromous allele is present and the fish are not of hatchery origin,
respectively. Candidate broodstock source populations could include Sespe Creek in the Santa
Clara River watershed, but access could be challenging and little information on the population
status in this creek is available. Hilton and Salsipuedes creeks in the Santa Ynez watershed could
also be considered. Populations upstream of barriers could be considered for broodstock, but
there would be increased risk that the fish have undergone selection upstream of barriers.
Depending on the release location, broodstock could be selected from a nearby location with
similar conditions.

Release location would depend on multiple considerations. Because of the widely demonstrated
impacts of hatchery effects on wild populations (even from entirely wild broodstock sources), it
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would be risky to release the progeny from captively bred fish into habitat with existing O. mykiss
or where O. mykiss are likely to recolonize in the future. Genetic rescue could be the only reason
to consider enhancement of existing populations. Alternatively, release into extirpated habitat
could reduce the risks associated with genetic mixing between wild and conservation hatchery
offspring and could increase demographic variability. However, progeny from captively bred
wild fish may be more likely to stray or wild fish could stray and recolonize the previously
extirpated habitat. Therefore, the potential for mixing with wild populations cannot be eliminated.
Once again, the concern with mixing between progeny from wild broodstock and wild fish is that
the former may have undergone domestication selection, which could result in reduced fitness of
wild populations. Release at earlier life stages in the spring would allow fish to begin imprinting
on natal cues and would expose released fish to selective pressures over the summer and fall,
potentially alleviating some risks of straying while promoting natural selection. Releasing older
fish could increase chances of survival to reproductive maturity and increase the changes of
anadromy due to ability to achieve larger sizes in captivity, but release of older fish would
increase risks related to domestication selection.

Ultimately, a conservation hatchery could be used as part of reintroduction efforts into extirpated
habitat. A conservation hatchery program could offer benefits over the reintroduction of wild fish
(see Section 2.2) by providing larger numbers of individuals that can be released, which could
increase the chance of successful reintroductions by increasing the numbers of spawners and
reducing genetic founder effects. A conservation hatchery program could also be used as a
conservation seed banking or “insurance population” program, where a population of genetic
lineage is maintained and held for future reintroduction or research in the event there is an
imminent threat of extinction of the Southern California Steelhead DPS.

Currently, there is no facility in the Southern California Steelhead DPS range that supports
captive breeding for wild steelhead. The Fillmore Fish Hatchery is located along the Santa Clara
River; however, the facility is designed to rear hatchery strain rainbow trout and nonnative brown
trout (Salmo trutta) that will ultimately be planted in non-anadromous waters for recreational
fishing (CDFW 2023a). It is unknown whether it is feasible for this facility to be used to
successfully implement a conservation hatchery program for southern California steelhead. If this
facility is not feasible to use, it is likely a separate facility, which could be difficult to permit and
would likely be expensive and time intensive to construct, will need to be designed and
constructed for this use.

3.6.6 Assessment

Conservation hatchery actions should only be conducted if the wild populations are unlikely to
survive without this level of direct intervention, pursuant to the CDFW Fish Bulletin for Captive
Propagation of Fish, Wildlife and Plants for Conservation Purposes (CDFW 2017a). The use of
conservation hatcheries to promote demographic redundancy across the DPS could be beneficial
but is not without many risks. Risks would need to be further assessed through developing
potential management, genetic, disease, welfare, release, and contingency strategies/plans for the
action. It would be necessary to weigh the potential benefits against the risks prior to developing
such a program, and it would be difficult to understand each prior to implementation. If
determined to be a necessary recovery action, potential future programs could be modeled based
on an ongoing program, such as the long-term Delta smelt conservation hatchery program. A
conservation hatchery program with the goals of supplementing existing populations or
reintroducing O. mykiss to extirpated habitat is unlikely to be necessary at this time but may be
needed in the future if other recovery efforts fail to increase the viability of the Southern
California Steelhead DPS. However, a conservation hatchery that rears fish for the purposes of
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genetic banking and research (and not for release into the wild) could be used to conserve
genetics and develop a better understanding of physiological, genetic, and genomic adaptations of
southern California steelhead.

3.7 Summary of Genetic Conservation Opportunities

Numerous approaches could be used to conserve the genetics of southern California steelhead,
but many risks and constraints make their efficacy uncertain at this time. Further, the application
of a particular conservation strategy is highly context dependent where the risks and benefits must
be carefully weighed. For example, assisted migration could reconnect fragmented populations
thereby increasing genetic diversity and providing opportunities for additional life-history
expression. However, assisted migration programs are not a long-term solution and may only be
warranted as an interim strategy during construction of volitional passage infrastructure or in
extreme situations when there are no available alternatives to support volitional passage. As
another example, conservation hatcheries could be used to increase demographic redundancy by
reintroduction of O. mykiss into extirpated habitat, but this strategy risks negative impacts on wild
populations if reintroduced fish, even if progeny from wild broodstock, have undergone
domestication selection and stray in adjacent populations. In the case of conservation hatcheries,
the risks can be minimized through careful selection of reintroduction sites in addition to using
rearing techniques that promote natural selection and natal imprinting. The use of streamside
incubators shows major promise for reducing risks associated with conservation hatcheries and
we recommend experimental implementation to evaluate efficacy using this action. Finally,
cryopreservation shows promise as an ultimate last resort to preserve southern California
steelhead genetics, and collection of gametes across existing southern California steelhead
population should be considered immediately.

Ultimately, as the Southern California Steelhead DPS does not show signs of recovery, a suite of
conservation strategies described herein may be warranted. Monitoring, in particular the
implementation of the California CMP steelhead monitoring strategy for the Southern Coastal
Area (Boughton et al. 2022), of O. mykiss populations will be essential for determining when it
may be appropriate to implement one or more of these genetic conservation strategies. When
exactly more interventionist strategies should be implemented is beyond the scope of this review,
and these decisions should be made by a TAC. Because of the uncertainty of southern California
steelhead long-term viability, we recommend further development of strategies described above
alongside implementation of recovery actions to be prepared for all future scenarios. We further
recommend implementing projects such as streamside incubators in the near term under an
experimental framework to inform future actions, as well as collecting gametes for
cryopreservation for “insurance” purposes.

Research is also needed to increase our understanding of population dynamics. We support the
recommendations for research provided in the NMFS (2023) 5-year status review. In particular,
research is needed to improve our understanding of the genetic and environmental factors
controlling life-history expression, as well as rates of straying among populations. As previously
mentioned, it is believed southern California steelhead possess important adaptations to variable
and extreme conditions, although there is little direct evidence for these adaptations. Additional
research that combines physiological, genetic, and genomic approaches to explore and compare
adaptations of southern versus more northern steelhead populations would increase our
understanding of local adaptations. Understanding potential limits to adaptations such as thermal
tolerance will also aid identification of refuge habitat and predicting future responses to climate
change. Due to protections of endangered southern California steelhead, obtaining scientific

February 2024 Stillwater Sciences
56



Technical Report Conservation Strategies for Southern California Steelhead

permits to conduct these studies is challenging. However, the recent NMFS (2023) status review
acknowledges there should be strategic support in terms of permitting for research and
monitoring activities, such as those described above, to help ensure the best available science is
developed to support recovery efforts for the Southern California Steelhead DPS.
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4 PART 4 — SUMMARY OF RECOMMENDATIONS AND NEXT
STEPS

Based on the evaluation of conservation actions presented within Parts 2 and 3, the following
section describes our recommended actions, outlines steps toward their implementation, and
provides recommendations for additional information gathering and studies that could address
uncertainties.

4.1 TAC Support and Formalization

To aid in development of the Evaluation and Guidance document presented herein, a TAC was
convened to provide comments and feedback. Continuing the work of this TAC would guide
decision-making and implementation of the conservation actions discussed herein. The TAC
could continue to advise on watershed prioritization, implementation timing, donor populations
sources, release locations, and overall project success. TAC members include representatives of
federal and state agencies, local governmental organizations, academics, Tribal nations,
environmental and other non-profit groups, and interested stakeholders from the public. We
recommend that going forward the TAC be organized and led by NMFS with the aim that the
TAC could also support implementation of recovery actions from the NMFS (2012) Recovery
Plan, when practicable. Existing groups such as the Southern California Steelhead Coalition and
the Santa Clara River Steelhead Coalition, both facilitated by California Trout, and other local
watershed groups could also support this function.

4.2 Programmatic Rescues

Programmatic Rescue programs include rescues in response to environmental, biological, and
operational triggers that are predetermined. These types of rescues would be routinely
implemented (perhaps annually) due to drying habitat and thus would require consistent
leadership, personnel, and funding sources dedicated to these programs. The following steps are
recommended to further implementation of Programmatic Rescue programs that would
potentially include translocations from impacted watersheds as well as reintroductions to
watersheds where extirpation has occurred but where habitat is suitable:

a) Select watersheds for prioritizations using framework provided in appendices (TAC could
aid in prioritization, but this could also be driven by local stakeholder groups).

b) Identify leads (leads could include federal and state agencies, local watershed managers
such as Resource Conservation Districts, public utilities, nongovernmental organizations
(NGOs), or Tribal or local governments).

c) Develop final watershed-specific plans that consider all factors, including project
goals/objectives, responsibilities, costs, funding sources, metrics for evaluating success,
risks, timing, and an adaptive management plan. These final plans would follow guidelines
presented within this document and use watershed-specific information presented within
the appendices, which includes information needed to address questions within the CDFW
fish rescue policy (i.e., CDFW Bulletin 2013-04).

d) Coincident with items a-c, initiate consultation with regulatory agencies to determine
appropriate permitting pathways.

e) Secure approvals, permits, and funding.
f) Begin implementation, monitoring, and adaptive management.
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4.3 Isolated Rescues

Isolated Rescues, such as those in progress through CDFW in collaboration with NMFS, will
continue to occur in response to relatively unpredictable catastrophic events (e.g., wildfire), to
isolated observations of stranded fish, or to operational failures at dams/diversions. Although
unpredictable, the information provided in the watershed specific guidelines within the
appendices can be used to facilitate quick response times and informed decision-making
regarding translocation or reintroduction possibilities. The following steps could also be taken to
ensure preparedness in the event an Isolated Rescue is required.

a) ldentify/confirm the most appropriate release sites using additional surveys. Release sites
both within and external watersheds will be identified within the watershed-specific
guideline documents within appendices, but additional surveys may be needed when
information was lacking.

b) Coordinate regional response teams that can respond quickly to disturbance if needed.
Regional response team could be led by state or federal agencies and could include local
stakeholders as a support team to reduce burden on regulatory agencies. Regional
response teams could include “local agencies” such as COMB or other groups (RCDs,
water districts, etc.) that have an internal fisheries staff that are trained and very capable
of performing the needed action. On many occasions, this would reduce the response
time and potential mortality. Each regional response team needs equal permit
permissions, expertise, and equipment to rapidly respond as needed.

¢) Conduct periodic surveys, as required, to confirm habitat suitability and update watershed
specific information.

4.4 Reintroductions

An experimental reintroduction is recommended to evaluate its efficacy for establishing a viable
population within extirpated habitat. The following steps should be taken in support of an
experimental reintroduction:

a) Select a single experimental release site based on information presented in the framework
for watershed prioritization (Appendix A) and the reintroduction guidelines (Section 2.2).

b) Identify project leads and funding sources (project leads could include federal and state
agencies, local watershed managers such as Resource Conservation Districts, public
utilities, NGOs, or Tribal or local governments).

c) Develop final watershed-specific plans that consider all factors, including project
goals/objectives, responsibilities, costs, funding sources, metrics for evaluating success,
risks, and an adaptive management plan. These final plans would follow guidelines within
this document and use watershed-specific information presented within the appendices,
which includes information needed to address questions within CDFW translocation policy
(i.e., CDFW Bulletin 2017-05).

d) Secure approvals, permits, and funding.
e) Pre-action surveys including rapid DNA testing, habitat surveys, and pathogen screening.
f) Begin implementation, monitoring, and adaptive management.

4.5 Temporary Holding Facility

The availability of a short-term holding facility would benefit both rescue and reintroduction
programs. As mentioned, temporary holding facilities are not currently available, although
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potential sites (e.g., Filmore Fish Hatchery) exist and are in development (CDFW pers.
communication 2023). Alternatively, a temporary holding facility could be constructed to meet
specific program goals. Multiple stakeholders have expressed interest in pursuing a short-term
holding facility to support conservation and research on Southern California steelhead, and
building a diverse coalition of stakeholders in support of a temporary holding facility will be
essential for implementation. Next steps would include the following:

a) ldentify project leads and funding sources (funding would be required for all steps
presented below).

b) Coordinate with state and federal agencies to further explore options for a temporary
holding facility (existing or new construction) and complete a feasibility study.

c) Identify and select potential temporary holding facility sites.
d) Develop a budget for the construction/modification of the facility and operational costs.

e) Develop a Rescue, Rearing, and Management Plan (RRMP) modeled after the Carmel
River Steelhead RRMP.

f) Secure approvals, permits, and funding. This could include an endowment fund to cover
long term operational and maintenance costs.

g) Construct a new or modify an existing facility.

4.6 Streamside Incubators

Streamside incubators are promising for reintroducing O. mykiss to extirpated habitat while
reducing the risks associated with domestication selection in hatcheries. We recommend the use
of streamside incubators within an experimental framework to evaluate their efficacy.
Recommended steps toward experimental implementation follow:

a) ldentify project leads and funding sources (funding would be required for all steps
presented below).

b) Identify candidate reintroduction sites using guidelines described in Section 2.2. The most
suitable candidate watersheds would be those identified for reintroductions (see Section
4.4).

c¢) Coordinate with state and federal agencies.

d) Develop a reintroduction plan using streamside incubators that builds on the work of the
Southern California Native Trout Subpopulation Expansion Plan (Jacobson 2021). The
plan should include additional information required within CDFW policies for propagation
(CDFW Bulletin 2017-04) and translocation (CDFW Bulletin 2017-05) and information on
donor populations, breeding plan, risk assessment, methodologies, monitoring, and
adaptive management.

e) Secure approvals, permits, and funding.
f) Begin implementation, monitoring, and adaptive management.

4.7 Widespread Genetic Testing

Additional genetic data on ancestry, genetic diversity, and presence of Omy5 haplotypes would
improve the baseline understanding of O. mykiss populations across the DPS, which would
inform conservation needs and planning. Much of these data have already been collected, but data
are either lacking or missing for certain additional populations. These efforts should be led by
research scientists from NMFS and CDFW. It could take years for a comprehensive effort, and
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thus, in the short-term, rescue and reintroduction actions would need to rely on individual
population genetic testing or available data.

4.8

Additional Recommendations

The recommendations below include additional data collection, monitoring, and studies needed to
improve our understanding of southern California steelhead biology to inform decisions regarding
implementation of conservation actions described herein.

Increased monitoring — Consistent with the NMFS (2012) Recovery Plan, 5-year status
reviews (NMFS 2016, 2023) and the CMP (Boughton et al. 2022), additional DPS-wide
monitoring is needed to monitor existing populations and to increase our understanding of
population dynamics. In particular, implementation of the California CMP steelhead
monitoring strategy for the Southern Coastal Area (Boughton et al. 2022) will provide
information for decision-making regarding when and where to implement additional
conservation actions. Continuous updates should be added to specific watershed conditions
documents over time to reflect on the ground changes. Access to these watershed condition
documents will be limited to protect sensitive information.

Identify drought refugia — Locations, both upstream and downstream of barriers, that are
currently suitable and are projected to remain suitable under future climate change
scenarios should be prioritized for protection and could serve as reintroduction locations.
While the watershed-specific guidance documents within appendices attempt to identify
these, additional data collection and modeling using Geographic Information System (GIS)
data would aid identification of these habitats. Furthermore, the future suitability of refugia
should be evaluated under climate change scenarios.

Develop quantitative habitat suitability relationships for southern California O. mykiss —
Quantitative relationships between habitat variables and O. mykiss presence and density
would inform population dynamics and could be used to inform appropriate stocking
densities. Habitat suitability curves are available for O. mykiss, but these are based on
populations from more northern locations.

Research on population dynamics — In agreement with the NMFS 5-year status review
(NMFS 2023), research focused on improving the understanding of population dynamics
of southern California steelhead is needed. Studies on the genetic and environmental
factors controlling life-history expression, straying rates, and contributions of resident and
anadromous life-history types to overall population dynamics would improve our ability to
predict population responses to restoration and climate change.

Research on adaptation — Studies are needed to evaluate adaptations of southern California
steelhead to extreme conditions (e.g., high water temperatures, low DO). Genetic, genomic,
and physiological approaches (and combinations of these) could be used to increase the
understanding of the mechanisms that allow steelhead to tolerate extremes.
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5 CONCLUSIONS

Southern California steelhead populations have experienced continued declines and extirpation
because of numerous anthropogenic factors. Of upmost concern is climate change, which is
predicted to increase the frequency and severity of disturbances, further compromising the
effectiveness of recovery actions and the persistence of the Southern California Steelhead DPS.
This Evaluation and Guidance document assessed conservation actions (rescues and
reintroductions) in an effort to identify feasible, short-term actions that could support the
persistence and recovery of the Southern California Steelhead DPS and contribute to recovery
policies and plans that are currently in place. Additional genetic conservation opportunities were
also evaluated in an attempt to objectively summarize each approach and consider their feasibility
for implementation within the Southern California Steelhead DPS. Potential risks and
uncertainties were weighed against anticipated benefits to determine an overall assessment of
each opportunity. Within appendices to the Evaluation and Guidance document, watershed-
specific guidance is presented for rescues, reintroductions, or in some cases, no immediate action.

Rescues and reintroductions were considered as feasible and effective short-term conservation
actions that could be used to maintain population abundance, prevent extirpation, and introduce
demographic redundancy, all of which will make the DPS more resilient to climate change and
reduce the risk of extinction. The major challenges associated with rescues and reintroductions
are selecting suitable release sites and donor populations, and, ultimately, these actions should be
implemented under an adaptive management framework. Candidate watersheds for
implementation are identified within appendices to this Evaluation and Guidance document, and
watersheds in the southern portion of the DPS, where there are few extant populations and natural
recolonization is unlikely, should be prioritized for reintroductions.

Other genetic conservation approaches that were assessed include streamside incubators,
cryopreservation, assisted migration, assisted colonization, and only as a potential last resort,
conservation hatcheries. Each of these genetic conservation approaches could be used as an
interim strategy under specific circumstances if the Southern California Steelhead DPS does not
show signs of recovery, but they all present risks to the population. Given the current population
trends, implementation of some of these strategies within an adaptive management framework
should be considered, and the continued convening of a TAC is recommended to aid in decision-
making. Increased monitoring via implementation of the CDFW CMP and additional research on
population dynamics, genetics, and local adaptation are also needed to facilitate decision-making
regarding implementation and to address risks and uncertainties, but these are not required before
implementation of the strategies recommended herein.

Ultimately, implementation of rescue and reintroductions across locations within the Southern
California Steelhead DPS would help prevent extirpation and increase demographic variability in
the short-term, which in turn would increase the effectiveness of long-term recovery actions.
Although these actions are not without risk, the status quo also presents risks. Rescues and
reintroductions, while human interventions, could be strategically implemented to ensure more
intensive interventions, such as conservation hatcheries, are not necessary in the future.
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Framework for Watershed Prioritization and Assignment
of Potential Actions
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This section summarizes the information used to prioritize watersheds and match watersheds with
potential conservation actions (e.g., rescue as described in Section 2.1 or reintroduction as
described further in Section 2.2) while considering any potential risk to rescued populations,
donor populations, or other native species in the surrounding habitat. In addition to rescue and
reintroductions, we also considered “No Action” to be a viable option under certain
circumstances that are described below. The proposed decision framework is summarized in
Figure A-1 and discussed below.

Core 1, 2, 3 populations from NMFS (2012)

|

Are O. mykiss present?

1 |

No Yes

[s natural colonization possible or likely? Is there imminent risk of extirpation?
No Yes No Yes

|

Are existing conditions capable of

| supporting O. mykiss in the long-term?

No Action I
(restoration required) l l
|— No Yes

‘ Reintroduction Plan |

Figure A-1. Decision framework for determining appropriate conservation actions for individual
watersheds in southern California. Boxes indicate decision endpoints. Figure
adapted from decision framework presented in Anderson et al. (2014). Additional
details and considerations presented in text.

All watersheds identified as Core 1, 2, and 3 within the NMFS (2012) recovery plans were
considered candidates for either rescue, reintroduction, or no action. Core 1 through 3 watershed-
specific guidance documents are included within appendices. For each Core watershed, it was
first determined whether O. mykiss were present or extirpated (or population status was
unknown), which informs whether they become candidates for potential rescue (when fish are
present) or a reintroduction (when fish are absent) actions. Next, the spatial distribution and
abundance of O. mykiss were considered within the watershed. For example, if O. mykiss were
abundant and widely distributed within a watershed, it could be assumed O. mykiss within the
watershed would be resilient to extreme events (i.e., unlikely to be extirpated from a single
disturbance event) and reaches could recolonize naturally from other populations within the
watershed following a disturbance event as long as major barriers were not present. In these
cases, neither rescue nor reintroductions were deemed appropriate (i.e., “No Action” was required
within the watershed). Other factors that could also contribute to a “No Action” decision include
poor habitat quality, information gaps about fish and habitat, and accessibility.
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After a conservation action was assigned to a watershed, conditions within a watershed, including
habitat quality, barriers, and genetics, among other factors, were used to prioritize watersheds and
guide specific actions. For example, watersheds with “high” quality habitat and an extirpated
population would be prioritized for reintroductions over watersheds with “moderate” quality
habitat to increase the likelihood of success. Habitat conditions within a watershed were also used
to develop watershed specific plans, such as where to potentially collect and release rescued or
reintroduced fish. The presence and number of barriers were also considered. In some situations,
the presence of barriers to anadromy could be advantageous for a given action due to reduced
permitting constraints. For example, collection of O. mykiss above a barrier to anadromy (for
rescue or reintroduction actions) requires different permits (e.g., state scientific collection permit)
than collection of O. mykiss within anadromous waters because the later are not protected under
federal or state ESAs. For reintroductions, watersheds without barriers (or locations downstream
of barriers) to anadromy would also be prioritized for reintroductions to promote the anadromous
life-history type, although reintroductions to locations above barriers to anadromy are still
considered to promote demographic redundancy.

Genetics were also considered for each population. Several published studies have evaluated the
genetic structure of steelhead populations across California (Aguilar and Garza 2006; Pearse et al.
2007, 2014; Clemento et al. 2009; Garza et al. 2014; Pearse and Garza 2015; Abadia-Cardoso
2016). Notably, Abadia-Cardoso (2016) analyzed both microsatellite and single nucleotide
polymorphism (SNP) data to evaluate the population genetic structure, steelhead ancestry (native
coastal versus hatchery), and Omy5 chromosomal inversion across many populations of

O. mykiss in southern California. In addition to aiding prioritization of native coastal steelhead
lineages over those with hatchery lineage, genetic information was also used to inform donor
populations for translocations and release locations.

Additional considerations included existing monitoring, access, funding, and social/cultural
conditions. Generally, watersheds that have existing monitoring, are accessible, have funding for
restoration, and have governmental, public, and/or tribal support would be prioritized. The degree
of restoration (both completed and planned) was also considered. Sites that have undergone
successful restoration would be prioritized over sites in need of restoration, and in some cases,
planned restoration efforts would influence the timing of implementation. For example, in the
Malibu Creek watershed, if a reintroduction was recommended, it should occur only after the
planned deconstruction of Rindge Dam, to avoid a reintroduction prior to substantial disturbance.

The information outlined above was used to summarize Core 1 through 3 watersheds. Table A-1
lists all Core watersheds and identifies the status of the O. mykiss (present/absent) population in
each.

The results of the decision framework (i.e., what type of action may be appropriate for each Core
watershed, if any, as summarized in the appendices) is a suggested approach to combat the
decreases in steelhead populations observed throughout the DPS. It should be noted that specific
details of any conservation action would be highly watershed-specific due to differences in
exiting conditions, steelhead population status, threats, restoration actions, and risks among other
considerations.
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Table A1. Core 1-3 watersheds organized by Biogeographic Population Groups (BPG) as defined
in NMFS (2012) and associated presence/absence of O. mykiss. Core 1-2 watersheds are
indicated by bold text. Presence/absence has not been systematically assigned to each

watershed at this time and thus presence/absence designations are made to the best of our

knowledge.
BPG/Population Focus for Present/Absent/Unknown
recovery
Monte Arido Highlands
Santa Clara River Corel Present
Santa Maria River Corel Present
Santa Ynez River Corel Present
Ventura River Corel Present
Conception Coast
Carpinteria Creek Corel Absent
Mission Creek Corel Present
Rincon Creek Corel Absent
Canada de la Gaviota Core 2 Present
Goleta Slough Complex Core 2 Present
Agua Caliente Core 3 Absent
Arroyo Burro Core 3 Absent
Arroyo Hondo Core 3 Absent
Arroyo Paredon Core 3 Unknown
Arroyo Quemado Core 3 Absent
Bell Canyon Core 3 Absent
Canada de Santa Anita Core 3 Unknown
Canada del Capitan Core 3 Absent
Canada del Corral Core 3 Absent
Canada del Refugio Core 3 Absent
Canada del Venadito Core 3 Absent
Canada San Onofre Core 3 Unknown
Carpinteria Salt Marsh Complex Core 3 Absent
Dos Pueblos Canyon Core 3 Unknown
Eagle Canyon Core 3 Absent
Gato Canyon Core 3 Absent
Jalama Creek Core 3 Absent
Montecito Creek Core 3 Present
Oak Creek Core 3 Unknown
Romero Creek Core 3 Absent
San Ysidro Creek Core 3 Unknown
Tajiguas Creek Core 3 Absent
Tecolote Canyon Core 3 Absent
Santa Monica Mountains
Malibu Creek Corel Absent
Topanga Canyon Corel Present
Arroyo Sequit Core?2 Absent
Big Sycamore Canyon Core 3 Absent
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BPG/Population tggg\igf; Present/Absent/Unknown

Solstice Creek Core 3 Absent

Mojave Rim

San Gabriel River Corel Present (above barriers)

Santa Ana River Core 2 Present (above barriers)

Los Angeles River Core 3 Present (above barriers)

Santa Catalina Gulf Coast

San Juan Creek Corel Present (above barriers)

San Luis Rey River Corel Present (above barriers)

San Mateo Creek Corel Unknown

Santa Margarita River Corel Present

San Dieguito River Core 2 Unknown

San Onofre Creek Core 2 Absent

Otay River Core 3 Unknown

San Diego River Core 3 Unknown

Sweetwater River Core 3 Unknown

Tijuana River Core 3 Unknown
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