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BACKGROUND
We are assessing the vulnerability of Rogue-South Coast winter steelhead, summer
steelhead, coho salmon, and coastal cutthroat trout Species Management Units (SMUs) to
climate and ocean change. The unit of assessment for each species/race will be the
population (see Table 1; Figures 1-8 on pages 4-7 below).
Table 1. Populations within the Rogue-South Coast winter steelhead, summer steelhead, coho
salmon and cutthroat trout SMUs that are being assessed for climate change vulnerability. “yes”
indicates an independent population. “---” indicates that a population is not present or not being
included in the analysis because it is dependent/ephemeral or mostly outside of Oregon (NF Smith).
Stratum

Coastal

Rogue

Basin/Population
Area
Elk
Euchre
Hunter
Pistol
Chetco
Winchuck
NADOTs
NF Smith
Lower Rogue
Illinois
Mid Rogue/ Applegate

Upper Rogue

Winter
Steelhead

Summer
Steelhead

yes
yes
yes
yes
yes
yes
----yes
yes
yes
yes

--------------------yes
yes

Coho Salmon
yes
------dep/ind status uncertain
dep/ind status uncertain
---

--dep/ind status uncertain

yes
yes
yes

Cutthroat
Trout
yes
yes
yes
yes
yes
yes
----yes
yes
yes
yes

The assessment is based on the framework published by Crozier et al. (2019), with
modifications to incorporate additional local relevant information and separate sensitivity
and adaptive capacity. Similar to Crozier et al (2019), we will categorize and differentiate
the vulnerability of the populations using exposure and sensitivity attributes applied to each
life stage, as well as consideration of the adaptive capacity. Exposure attributes summarize
the magnitude of change expected in climate variables with the potential to affect species
productivity in a specific region. Sensitivity attributes are based on proximity to climate
thresholds. Adaptive capacity is based on attributes such as life history variation, population
size and presence of artificial breeding programs.
The assessment will be structured as follows:
Step 1
Review material in the packet and be prepared to add additional details/data/context that
would be useful for the group to consider-In particular, any local knowledge of climate
related stressors.
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Step 2
September 1 facilitated group discussion: The group will work through the materials,
adding additional detail where applicable, clarifying any details, and discussing the
scoring framework.
Step 3
The facilitator will update material based on discussion during the first meeting and
distribute. Panel members will individually score each of the vulnerability attributes and
submit scores to the facilitator for compilation.
Step 4
Meeting 2 (date TBD): The group will discuss the scoring and have an opportunity to
share any rationale after which members will have a final chance to adjust scoring.
Step 5.
ODFW will compile final scores and conduct the analysis following methods in Crozier et
al. 2019.
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Figure 1. Location of winter steelhead populations in the Rogue-South Coast SMU.

Figure 2. Location of summer steelhead populations in the Rogue-South Coast SMU.
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Figure 3. Location of coho salmon populations in the Rogue-South Coast SMU.

Figure 4. Location of coastal cutthroat trout populations in the Rogue-South Coast SMU.
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The following maps show the distribution of spawning/rearing and rearing habitat. Data were
downloaded from ODFW’s fish habitat distribution layer 8/20/2020. Distribution data are currently
being reviewed and updated so should be used only as a guide for understanding potential
exposure of the different life history stages to environmental conditions.

Figure 5. Location of winter steelhead spawning/rearing and rearing habitat.

Figure 6. Location of summer steelhead spawning/rearing and rearing habitat.
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Figure 7. Location of coho salmon spawning/rearing and rearing habitat.

Figure 8. Location of coastal cutthroat trout habitat use. Unknown locations represent areas that
may support both resident and anadromous life histories.
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SENSITIVITY and ADAPTIVE CAPACITY
Egg & Fry Stage
Goal: Identify current climate-limiting factors in the early life history (i.e., egg incubation
and early fry stages)
Explanation:
Salmonid populations are inherently highly sensitive to environmental factors during the
egg incubation stage. Salmon eggs are buried in gravel and thus subjected to whatever
environmental conditions impact the redd location. Salmon eggs have
well-established physiological constraints, with the narrowest range of temperature
tolerance of any life stage (0-15°C). Eggs also require dissolved oxygen levels of at least
8 mg/L (Davis 1975), and dissolved oxygen can reach stressful levels under low flow or
high sediment conditions (Martin et al. 2017). Redds can also be physically dislodged
during high flow events. These risks vary with adult behavior, such as spawn timing and
the depth and exact location of redds, as well as with watershed geomorphology and
climate.
Because exact redd locations and microclimate will never be known for all
populations, we rely on a qualitative assessment of whether the population is
confronting or close to confronting a limiting factor in this life stage.
A change in hydrological regime that alters precipitation patterns, as from a snowdominated to a transitional or from a transitional to a rain-dominated regime, is likely
to affect the egg incubation stage because most Pacific salmon spawn in the cool/wet
season. Low flows generally do not pose a problem along the West Coast during the
cool/wet season, but redds can be threatened by elevated flows. For many
populations, intense precipitation or rain-on-snow events may elevate flows enough to
scour redds or increase sedimentation loads enough to suffocate them.
Some populations may be threatened by high temperatures during this stage, especially if
eggs incubate over summer. For eggs that incubate during winter, thermal stress is also a
potential threat in the shoulder seasons (fall and spring). However, adults usually delay
fall spawning until temperatures drop below the lethal limit for eggs. In spring,
emergence is typically advanced by warmer temperatures, such that eggs are unlikely to
be exposed to thermal stress.
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Questions for profile:
•

How close are egg incubation conditions to critical maximum limits in temperature
(optimal temperature range = 7-14oC) or how often do they experience high
sediment/scour events in the present climate, and how much does this margin vary
across the population?

Available information:
Winter
Steelhead

Egg incubation
period

flow issues

Temperature issues
1

Summer
Steelhead

Coho

Cutthroat

Dec – June.1

Dec - June

Nov/Dec - May

Occasional
redd
dewatering
possible during
extreme
weather
events
Scouring may
take place
occasionally

Occasional
redd
dewatering
possible during
extreme
weather
events
Scouring may
take place
occasionally

Occasional
redd
dewatering
possible during
extreme
weather
events
Scouring may
take place
occasionally

January – May
but differences
above Lost
Creek due to
cold water
temp
Occasional
redd
dewatering
possible during
extreme
weather
events
Scouring may
take place
occasionally

None known

None known

None known

None known

Egg incubation for upper Rogue and middle Rogue/Applegate winter Steelhead typically begins around March.

Response Bins
Low: This population experiences flow (low flow or flooding/scouring) and/or
temperature stress very infrequently during the egg incubation/early fry stages.
Moderate: This population experiences flow-related or temperature stress periodically
within a limited area of the distribution during the egg incubation/early fry stages.
High: This population experiences flow-related or temperature stress periodically across
its distribution, or frequently within important spawning areas during the egg
incubation/early fry stages
Very high: This population frequently experiences flow-related or temperature stress
across a large portion of its distribution during the egg incubation/early fry stages.

Juvenile Freshwater Stage
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Goal: Identify current climate-limiting factors and the potential for adaptation in the fryto-smolt stage
Explanation:
Salmonids have highly variable freshwater rearing periods that are generally adapted to
local environmental conditions. Fry and parr have bioenergetic constraints that are very
sensitive to temperature, and their behavior is strongly responsive to temperature and
flow. Survival is also strongly correlated with temperature or flow in many cases.
Timing of the smolt migration (or absence of migration entirely for life-long freshwater
residents) reflects a trade-off between growth opportunity and mortality risk in freshwater
vs. saltwater habitats. Typically, salmon migrate at a younger age in warmer locations,
particularly if rearing habitat becomes stressful. A warmer climate is likely to reduce
smolt age in general, both as a plastic and an evolutionary response.
Vulnerability of a population to climate change depends on the present distribution of
life history types, as well as existing direct environmental constraints. Juveniles that
spend one year or more in streams may be especially vulnerable to low or high flows and
high summer temperatures.
Subyearling life history types are also highly responsive to environmental conditions
during the freshwater stage and may be unable to avoid thermal stress or stranding due
to low flows. However, in many cases throughout the range subyearlings can avoid
peak temperatures by transitioning to the smolt stage earlier in the year. This strategy
may ultimately transfer potential stressors to the next life stage, but reduces
vulnerability in the parr or fry stage relative to yearling life histories.
Populations with predominantly yearling juvenile life history types may be most at risk
from climate change. Where migratory behavior is more evenly mixed between yearling
and subyearling life history types, behavioral flexibility has already been demonstrated.
Thus, we assume less risk in shifting the proportion toward more subyearling life history
strategies. Populations that already display subyearling behavior are somewhat
preadapted to a warmer climate. However, the ability to avoid mortality by transitioning
to the smolt stage may be limited. Thus, even mixed populations may experience reduced
survival under warm/low flow conditions.
Questions for profile
•
•

Do juveniles typically migrate at age-0, age-1, or a mix?
Are rearing conditions limited by temperature or flow?
• Are juveniles specialists or generalists with regard to rearing habitat?
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Available data:

Freshwater Rearing
Period
Out migration timing

Winter
Steelhead

Summer
Steelhead

Coho

Cutthroat

1-3 yrs

1-3 yrs

1 yr

1+ yr

Spring,
typically peaks
in Apr-May

Spring,
typically peaks
in Apr-May

Spring,
typically peaks
in Apr-May

Spring,
typically peaks
in Apr-May

Yearling but
also have
observed a
small
proportion of 2
yr residents3

Yearling+ &
resident

More limited
in preferred
habitat:
primarily
wadeable
streams; low
gradient
reaches; pools

Generalistsmall streams
to rivers;
primarily pools

Life history

Yearling+1 &
resident*

Yearling+ &
resident2

Habitat constraints

GeneralistTypically
occupy small
streams to
rivers; pools
and
riffles/runs.

GeneralistTypically
occupy small
streams
(including
intermittent)
to rivers; pools
and
riffles/runs

1

Yearling+ indicates that juveniles may remain in freshwater for 1, 2, or 3 years before migration to the ocean.

2

resident life history likely present in all Oncorhynchus mykiss populations

These have only been observed since the early 2000’s but unclear how recent a phenomenon this is as similar sampling was
not conducted during the last major drought cycle (early 90’s).
3

Both temperature and flow are listed as limiting factors for all populations in the Draft Rogue-South Coast Multi-Species Conservation
and Management (RSP) Plan (Table 2).
Table 2. Limiting factors affecting populations in the winter steelhead (StW), summer steelhead (StS), coho salmon (CO), and cutthroat trout (CCT)
SMUs. “❶” indicates a primary limiting factor, believed to contribute significantly to the gap between current and desired status. “②” indicates a
secondary limiting factor, believed to contribute to a lesser degree to the gap between current and desired status. “?” indicates a potential limiting
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factor which requires additional information or assessment. Indicated limiting factors apply to all species that occur in a basin/population area unless
otherwise noted. Other limiting factors may affect populations within the SMUs, but primary and secondary limiting factors warrant priority to
close the gap.
Coastal Stratum

Rogue Stratum
Middle Rogue
Illinois
& Applegate

Management
Category

Climate Related
Limiting Factor

Elk

Euchre

Hunter

Pistol

Chetco

Winchuck

Lower
Rogue

Water Quality

High Temperature

②

②

❶

②

②

②

②

❶

❶

❶

Low

❶

❶

❶

❶

❶

❶

②

❶

❶

❶

?

?

?

?

?

?

?

?

?

Water Quantity

Flashy / High

Upper
Rogue
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Figure 9. Historical (1993-2011) mean maximum weekly maximum temperature. Reach specific
estimates were obtained from NorWest.

Figure 10. Stream reach estimates of historical (1993-2011) summer thermal suitability for
salmonids in the Rogue-South Coast region. Thermal suitability is calculated using a combination of
modelled stream temperatures (NorWest) and thermal tolerance curves for salmonids1. Warmer
colors represent less suitable thermal conditions. See Supplemental Table 1, Column A for
1

Thermal tolerance curves were developed using values derived from the literature.
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population specific data.

Figure 11. Assessment of whether biological flow targets are currently being met. Red: Instream
flow targets met < 50% of time. Yellow: Instream flow targets met between 50% and 80% of time.
Blue: Instream flow targets met >= 80% of time.
ODFW develops biological flow targets for stream reaches throughout the state. These targets are
meant to reflect the flows necessary for fish to carry out essential life processes at each life history
stage.

Also see Supplemental Table 1 column B for data on the percent of stream length with
significant flow withdrawals for each population.
Sensitivity Response Bins
Low: This population experiences low flow and/or temperature stress very infrequently
during the juvenile rearing stage.
Moderate: This population experiences flow-related or temperature stress periodically
within a limited area of the distribution during the juvenile rearing stage.
High: This population experiences flow-related or temperature stress periodically across
its distribution or frequently within important spawning areas during the juvenile
rearing stage
Very high: This population frequently experiences flow-related or temperature stress
across a large portion of its distribution during the juvenile rearing stage.
Adaptive Capacity Response Bins
14
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These populations are dominated by yearling or older life histories with little likelihood of
adopting a subyearling life history. Adaptive capacity in FW will largely be a function of
the ability to switch habitats and/or move to more favorable conditions
Low: This species is a habitat specialist and/or suitable habitat is constrained in areas
that will experience significant negative changes in flow and/or temperature.
Moderate: This species is a habitat specialist but a significant portion of suitable habitat
occurs in areas that are unlikely to experience significant change
High: This species is a habitat generalist and portions of suitable habitat occur in
areas that are unlikely to experience significant change
Very High: This species is a habitat generalist and large areas of suitable habitat occur
in areas that are unlikely to experience significant change.

Estuary Stage
Goal: Identify current climate-limiting factors in the estuary stage for Coastal cutthroat
Trout. Note: The group consensus was that Steelhead trout and Coho salmon do not
use the estuarine environment to any significant degree in this area. Therefore we
will not be assessing sensitivity during the estuarine stage or exposure to sea level rise
for these populations
Explanation:
Salmon spend variable amounts of time in estuarine habitats, with periods of residence
ranging from hours to months. All anadromous salmon use estuary habitat to acclimate
to reversals in osmoregulation, both when they migrate downstream as juveniles and
when they return as adults. Because salmon are well adapted for osmoregulatory
switches, acclimation in estuaries may occur within hours or days.
Nevertheless, acclimation can be a stressful process such that additional stresses from
high temperature, hypoxia, or low pH can have harmful effects during estuary residence.
Hypoxia and low pH in the Columbia River estuary are linked to an influx of upwelled
coastal water (Roegner et al. 2011), so changes in upwelling intensity, timing, or
duration may have negative effects on estuary residents.
In addition to their importance from an osmoregulatory standpoint, estuaries provide
sheltered rearing habitat for juveniles that migrate from upstream habitat at relatively
small size. Estuary habitats allow these fish to grow rapidly prior to entering the ocean.
If juveniles spend less time in freshwater habitats because they become unsuitable, or if
they reach growth thresholds for smolt transition earlier in the year, they may need to
spend more time in estuarine habitats.
15
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These habitats are likely to experience changes from sea level rise and storm surge.
Estuary habitat capacity may either be decreased from reduced river flow or increased as
a result of inundation of low lying areas. Changes in circulation may alter the extent of
brackish water or water quality, both positively and negatively. In addition, estuaries will
likely be focal points of anthropogenic adaptations to climate change, such as increased
armoring.
Question for profile:
•

Describe estuarine residence time and existing climate-related stressors in this
habitat

Available Information:

Estuary Rearing

Winter
Steelhead

Summer
Steelhead

Coho

Cutthroat

Very Limited

Very Limited

Very Limited

LimitedExtensive

Sensitivity Response Bins
Low: Populations exhibit either relatively short/no estuarine residence or are not currently
exposed to climate stressors while in the estuary.
Moderate: Populations exhibit moderate estuarine residence time and
occasionally experience climate stressors.
High: Populations exhibit extensive estuary residence periods, and occasionally
experience climate stressors.
Very high: Populations exhibit extensive estuary residence, and often experience climate
stressors.
Adaptive Capacity Response Bins
Low: Population (or spp.*) is highly constrained in terms of estuarine use pattern
Moderate: Population (or spp.) exhibits minimal variation in estuarine use patterns
High: Population (or spp.) exhibits some bet-hedging strategies, such as diverse
timing and duration of estuary residency.
Very High: Population (or spp.) have extensive bet-hedging strategies, such as diverse
timing and duration of estuary residency.
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*if the species exhibits life history variation elsewhere in its range this information may be
considered when assessing adaptive capacity

Marine Stage
Goal: Identify current climate-limiting factors in the entire marine stage and ability to
adapt to any changes.
Explanation:
All salmon populations have high variability in survival during the marine rearing stage.
This variability is generally related to trophic conditions, which magnify the inherent
vulnerability to population collapse during prolonged periods of low ocean productivity.
Profile questions are largely intended to identify populations with relatively greater bethedging ability, either because of spatial and temporal diversity in migration behavior or
from overlapping age-class cohorts, both of which spread the risk of collapse over
multiple ocean-entry years.
Generally, we lack the ability to develop mechanistic models that link specific ocean
climate projections to early marine survival such that we might differentiate sensitivity
to climate change among populations. Therefore, we rely on diversity within the
population as an indicator of resilience.
For populations that arrive in the ocean over a consistent, narrow temporal window and
migrate through the same corridors from year to year, we assume greater vulnerability to
a change in ocean conditions within those spatial and temporal windows. Although the
exact mechanisms that determine survival might be unknown, these populations
typically show strong correlations between ocean conditions and smolt-to-adult return
rates (SARs). Greater diversity in juvenile migration timing typically leads to a larger
“portfolio effect” that buffers declines in any particular aspect of ocean productivity.
Adults also display variable flexibility in the spawning migration, with some holding
at sea until freshwater conditions become suitable and others moving rapidly through
the final migratory stage with consistent survival over existing climate variability.
Questions for profile:
•

Describe early marine to adult migration behavior.
17

RSP Climate Vulnerability Assessment – Discussion DRAFT

September 4, 2020

•
•
•

What climate predictors have been associated with marine survival or behavior, and
how strong is this correlation?
Are there known climate correlates or thermal stressors during the adult return phase
(prior to freshwater entry)?
How much variation exists in age at maturity within the population and among years?

Available information:
Winter Steelhead

Summer
Steelhead

Coho

Cutthroat

Spring

Spring

Spring

Spring

Ocean Distribution

Likely mix of
nearshore in
Northern CA – OR
(half pounders*)
and rapid mvmt
offshore to
subarctic N Pacific

Likely mix of
nearshore in
Northern CA – OR
(half pounders*)
and rapid mvmt
offshore to
subarctic N Pacific

Northern CA – OR
Likely Nearshore

Northern CA – OR
Nearshore1

Ocean Rearing
Duration

1-3 years in ocean
prior to initial
spawning run

1-3 years in ocean
prior to initial
spawning run

6 mo (jacks) 18 mo (adults)

< 1 yr

Typical Age at
Maturity

3-5 yrs

3-5 yrs

3 yrs
(2 yrs for jacks)

2-3 yrs
Partial anadromy
in all populations
except interior
Rogue, which is
thought to be
exclusively
resident

Outmigration Period

Life History

Marine diet

~33% exhibit half
pounder LH;
iteroparous

>95% of fish
exhibit half
pounder LH;
iteroparous

jack (males only)
or adult

Opportunistic visual
predators: larval or
juvenile fishes,
decapod larvae,
euphausiids,
amphipods, juvenile
squid.

Opportunistic
visual predators:
larval or juvenile
fishes, decapod
larvae,
euphausiids,
amphipods,
juvenile squid.

Opportunistic
visual predators:
larval or juvenile
fishes, decapod
larvae,
euphausiids,
amphipods,
juvenile squid,
and terrestrial
insects.

Opportunistic
visual predators:
primarily larval or
juvenile fishes;
some decapod
larvae,
euphausiids, &
amphipods

*A proportion of both summer and winter steelhead in the Rogue River basin (all
populations) make a “half-pounder” run into freshwater after spending 2-4 months
(spring/summer) at sea. Half-pounders typically do not spawn, and return to sea after
overwintering in freshwater. The half-pounder life history observed in the Rogue is unique
among steelhead populations in Oregon, and rare among steelhead populations in their
18
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entire North Pacific range.
1

Based on analysis of CWT returns there may have been a shift in the ocean distribution of
Coho between the period prior to 1990 and since 2000. Recoveries in the earlier period were
primarily in Nth California whereas since 2000 there have been relatively few recoveries. It
is unclear if this reflects a change in ocean distribution, a change in harvest restrictions in
Nth California ocean fisheries, or reduced monitoring.
Relationship between SARs and ocean conditions:
In general, the marine area in Southern Oregon/Northern California is less well monitored
that areas to the north and south. This, and the uncertainty about the spatial and temporal
distribution of the ocean rearing location for migratory salmonids from this region has
confounded efforts to establish relationships between SARs and ocean conditions. A
number of studies in other regions have shown relationships between marine survival and
ocean conditions for both Coho salmon and Steelhead trout. We recently evaluated
relationships between select ocean metrics and steelhead survival in this region:
•

•

•
•

•

There is a positive relationship between Rogue hatchery ½-lber return rate (return
divided by total hatchery release) and upwelling anomaly at 42N latitude (JuneAugust sum), but the correlation was not strong (r² = 0.22). Additionally, the annual
return rate of half pounders was very low in the late 1980’s (poor ocean conditions)
relative to the 1970’s through mid 1980’s (good ocean conditions).
For SST, June-July average had the strongest relationship with hatchery ½-lber
return rate, though correlation was not significant (r² = 0.13 for Port Orford JuneJuly average; r² = 0.07 for St Georges June-July average). The relationships were
negative, which matches expectations
Relationships between wild ½-lber counts in the Rogue and upwelling/SST were
similar, but much weaker than relationships with hatchery ½-lber return rate.
Wild StW returns at Gold Ray Dam (1988-2010) were positively correlated with
upwelling anomaly at 42N and negatively correlated with SST at St Georges (which
had a more complete record than Port Orford), but relationships were very weak (r²
~ 0.10). Work up in BC with a much better data set that included marine survival
estimates for wild steelhead has shown strong relationships with SST during the first
summer/fall at sea, but indicated that variation in smolt abundance was also an
important driver of adult returns.
The similarity in return rate of wild and hatchery late run summer sthd suggests
ocean conditions are the primary determinant of survival.

Additionally, the Rogue basin project reports suggest that annual rates of coho recruitment
were positively correlated with upwelling Mar-Sept in the year of ocean entry, measured at
Crescent city (>400 good; <300 bad)
Sensitivity Response Bins
Low: There is a low correlation between SARs and marine climate indicators.
Moderate: There is a moderate correlation between SAR and marine climate indicators.
19
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High: There is a good correlation between SAR and marine climate indicators
Very high: There is a high correlation between SARs and climate indices.
Adaptive Capacity Response Bins
Low: This population exhibits relatively consistent smolt timing and ocean residence
across time.
Moderate: This population exhibits moderate bet-hedging strategies with either variation
in juvenile outmigration timing or ocean residence. Overlapping age cohorts also
reduces risk.
High: This population exhibits more extensive bet-hedging strategies with diverse timing
and rate of the juvenile outmigration and adult ocean migrations, and highly variable
marine locations. Overlapping age cohorts also reduces risk.
Very High: This population exhibits bet-hedging strategies that include diverse timing
and rate of the juvenile outmigration and adult ocean migrations with highly
variable marine distributions.

Adult Freshwater Stage
Goal: Identify climate-limiting factors that affect the adult migration, holding, and
pre-spawn stage and potential for adjusting run timing to avoid exposure
Explanation:
For anadromous salmonids, survival through the adult freshwater migration phase to reach
spawning grounds (a once-in-a-lifetime chance for semelparous species) is extremely
important for population persistence. Pacific salmonids typically have locally adapted
phenology that is most evident in this stage: migration timing is critically linked to
exposure risk, such as high temperatures or high or low flows that can completely or
partially block migration, and/or increase risk of prespawning mortality. Migration
patterns typically reflect a trade-off between multiple pressures on both migration and
spawn timing.
Environmental cues that trigger freshwater entry might also be disrupted by climate
change. Fall rains, for example, which cue coho spawning in the northwest, might
shift in intensity and timing, such that they are not as well matched to optimal
migration timing. Changes in spring flows could also affect spring spawners such as
steelhead.
Questions for profile:
20
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•
•

Describe the freshwater adult migration, including distance, timing, holding patterns,
and use of thermal refugia
Are there imminent climate barriers to migration (temperature or flow) or
anthropogenic factors that exacerbate climate stress?

Available data:

Winter
Steelhead

Summer Steelhead

Coho

Cutthroat

River entry timing

Dec-Mar

Apr-Oct
Bimodal peak (MayJun & Aug-Sept)

Sept-Nov

July-Dec

Migration distance

See Supplemental
Table 1 – Col D,E

See Supplemental
Table 1 – Col D,E

See Supplemental
Table 1 – Col D,E

?

?

?

?

?

Delay spawning and
hold in pools during
drought periods

?

Periodically may
encounter seasonally
low flows

May encounter
seasonally low
flows

Holding duration
Known use of
refugia

Climatic migration
barriers

None
Potential issues
with low flow
creating barrier to
migrationparticularly in the
Illinois

Lower Illinois and
tributary mouths
(through the canyon
section of the Rogue)
Migrate and hold
through summer so
experience
temperatures that
are at upper limit of
thermal tolerance in
some locations

See Figures 9 and 10 for historical summer migration/holding thermal conditions.
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Sensitivity Response Bins
Low: Populations that do not experience climate stress (high temperatures/low flows/low
DO) in the adult freshwater stage.
Moderate: Populations that occasionally experience climate stress (high
temperatures/low flows/low DO) in the adult freshwater stage and/or short-distance
migrants that may be exposed but spend little time in freshwater before spawning
High: Populations migrate or hold in shoulder periods around peak summer
temperatures or low flows, or have long-distance migrations subject to multiple
constraints on adaptation.
Very high: Adults migrate or hold through peak summer temperatures or face direct flow
constraints on migration timing or holding locations (e.g., very limited deep pools).
Populations at high risk for pre-spawn mortality are the most vulnerable in the adult
freshwater stage.
Adaptive Capacity Response Bins
Low: River entry and spawn timing is highly consistent and occurs during a narrow
window and suitable holding/spawning locations are very limited
Moderate: River entry and spawn timing is somewhat variable and there is more
access to suitable holding/spawning locations

High: River entry and spawn timing is highly variable and/or the population is not
constrained by suitable refuge holding/spawning locations.

Very high: River entry and spawn timing is highly variable and the population is not
constrained by suitable refuge holding/spawning locations
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Cumulative Life-Cycle Effects
Goal: This category is aimed specifically at cumulative risk to the population. This
explicitly includes the risk that a potential change in life history as an adaptive response
to climate change would entail a significant change in the character of the population.
Explanation:
This attribute focuses on the cumulative summation of threats to the population. It is
slightly different from identification of individual threats in each life stage in that it
considers the necessity of completing all stages and maintaining a life history pattern
characteristic of the population. This attribute accounts for the possibility that individuals
might avoid a climate stressor during a given life stage at a cost to subsequent stages. For
example, earlier migration in the juvenile freshwater stage could increase survival to
ocean entry but decrease survival during the marine stage because of smaller body size or
a mismatch between prey abundance and ocean-entry timing. The attribute also captures
any expert judgment that a given life stage is at such critical risk that reduction in
survival at that stage would threaten the entire life cycle or an essential characteristic of
the DPS (e.g., anadromy).
Questions for profile:
•
•
•

If this population adapted to climate change by avoiding a climate-related limit or
threat, would the adaptation entail a change in the recognized life history strategy
that characterizes the population?
Are there other cumulative life cycle implications that have not been captured
in other attributes?
Is any individual life stage at such critical risk that it overrides all else in making
this population highly vulnerable?

Response Bins
Low: Population is not thought to be near a climate limit or are likely to adapt with
minimal risk.
Moderate: Population is not thought to be near a climate limit except under the most
extreme scenarios, and could adapt without losing life history diversity.
High: Population may be near a temperature- or flow-related limit, but are expected to
adapt phenologically without loss of life history diversity within the population.
Consequences of adaptation may not be fully known.
Very high: Population is already very close to a climate limit for at least one life stage with
no known ability to adapt without losing a life history type (assuming no major human
intervention).
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Hatchery Influence
Goal: Quantify the potential impact of hatchery programs on the climate
resilience of salmonid populations
Explanation:
Many Pacific salmon are reared in hatcheries to mitigate for other anthropogenic
stressors that have reduced freshwater productivity. Hatchery programs are diverse and
ever changing. Some hatcheries are managed as conservation tools intended to restore or
maintain genetic and demographic variation, often while natural habitat is being restored.
Temporary periods of unsuitable climate could be considered analogous to this role in
concept. Others are production hatcheries intended to support fisheries with the intention
of minimizing impact on populations of conservation concern. Clearly the influence of
hatchery operations on the capacity of salmonid populations for resilience to change in
environmental conditions is variable, context dependent, and highly influenced by
specific hatchery practices.
Although in principle hatcheries can buffer wild populations from certain
environmental stressors in freshwater, the overall role of hatcheries in enhancing climate
resilience is not clear. For Pacific salmon, hatchery populations could be more
susceptible to large-scale climate forcing than natural populations. This susceptibility
results from the loss of behavioral, physiological, and adaptive genetic diversity over the
long time horizons relevant with climate change (Lindley et al. 2009).
Questions for profile:
•

Are production or conservation hatcheries present, what is the production level, and
how prevalent are the interactions with spawning wild fish?
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Available Data:

Figure 12. Populations assessed in the RSP, and locations of hatchery releases.
Table 3. Current releases of hatchery smolts.
Stratum

Coastal

Rogue

Management Area
Elk R
Euchre Cr
Hunter Cr
Pistol R
Lower Chetco R
Upper Chetco R
Winchuck R
Lower Rogue R & Bay
Lower Rogue tribs
Illinois R
Middle Rogue R
Middle Rogue tribs
Applegate R – below dam
Applegate tribs
Upper Rogue R – below dam
Upper Rogue tribs

Winter
Steelhead

Summer
Steelhead

Coho
Salmon

50,000

Fall
Chinook
275,000

200,000
90,000

20,0003

Spring
Chinook

37,0002

78,0001
91,0002

111,040
132,000

183,000

75,000

1,430,877

Estuary release pilot project
Off station release to minimize predation on NPCHS fry
3
Acclimation in Grants Pass to improve harvest of hatchery fish (formerly released in Applegate)
1
2
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Table 4. Summary of the proportion of hatchery origin adults observed on the spawning grounds for
basins/populations with hatchery releases of winter steelhead, summer steelhead, or coho salmon.

Stratum

Winter Steelhead

Summer Steelhead

pHOS

Mitigation
Return

<10%

M Rogue / Applegate
Upper Rogue R

Population
Elk R

Coho Salmon

pHOS

Mitigation
Return

pHOS

Mitigation
Return

-

-

-

-

-

<10%

2,769

N/A

-

-

-

< 5%

2,882

< 5%

3,800

< 5%

1,338

Euchre Cr
South
Coast

Hunter Cr
Pistol R
Chetco R
Winchuck R
Lower Rogue R & Bay

Rogue

Illinois R

Response Bins 2
Low: Very few (<10%) or no hatchery-origin fish within the area of this population.
Moderate: Hatchery origin fish are present within the area but at moderate levels during
spawning (pHOS < 11-33%) and no evidence of competitive interactions among
hatchery and wild juveniles.
High: Hatchery origin fish are present within the area either consistently at high levels
(33-66%) or occasionally at very high levels (pHOS >66-100%) during spawning.
Very high: Hatchery fish dominate on the spawning ground (>66%).

Other Stressors
Goal: Characterize dominant threats to the population and elucidate specific threats that
interact with climate drivers
Explanation:
Most U.S. salmon populations face a variety of anthropogenic threats in addition to
climate change. These include habitat loss and degradation, toxic chemicals, pathogens
endemic to fish culture, and displacement by invasive species. Salmon may also
encounter simplified food webs, competition and hybridization in the wild with hatchery
fish, obstructions to migration, and overfishing. All of these threats reduce population
resilience by lowering demographic resilience, with smaller populations more prone to
The threshold for the low response bin is consistent with current best management practices for reducing risk
to wild populations that are widely used by ODFW and NMFS.

2
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extinction from stochastic processes.
Stressors such as these usually reduce habitat diversity, as well as behavioral and genetic
diversity that might otherwise facilitate adaptation to climate change. The sum of such
stressors influences vulnerability to any additional stressor, including climate change.
However, some of these stressors are more likely to act synergistically with climate
changes, as they interact directly with the ability of fish to adapt, while others do not
interact directly with climate drivers. This distinction is not absolute, but rather simply
to emphasize the most worrisome synergistic effects that otherwise might not be
accounted for.
Adaptive responses to climate change include use of climate-buffered habitat such as
floodplains and off-channel habitat, use of thermal refugia, or changes in migration
timing. Some anthropogenic threats specifically affect these responses, such as loss of
hydrologic connectivity (see Beechie et al. 2013 for a list of habitat alterations that
directly affect temperature and flow). Other anthropogenic threats in this category
include loss of riparian vegetation and run-off from impermeable surfaces, both of which
tend to increase stream temperature and flash flows. Hatchery practices that homogenize
or impose artificial selection on migration and spawn timing may also constitute
climate-related anthropogenic threats, especially if they push traits in a direction that
is non-adaptive in a directionally changing climate.
Freshwater fishing, if not managed appropriately, can also directly interact with the
ability of fish to adapt to climate change: fish that hold in pools over summer are often
targeted by anglers and may face higher mortality as a result.
Examples of threats that interact with climate drivers (temperature or flow):
a. Habitat loss and degradation or water withdrawals that affect temperature and
flow, or availability of refugia such as floodplains, cold water pools, etc. May
be exacerbated by increased human migration into region from other areas of
the country that are more affected by climate change.
b. Warm-adapted invasive species likely to gain advantage under higher
temperatures (e.g., small-mouth bass, Micropterus dolomieu) or to limit use of
thermally preferable habitat
c. Fisheries in thermal or low flow refugia such as holding pools, and catch-andrelease fisheries during warmer periods, when handling increases mortality
d. Diseases that are more virulent at higher temperatures, e.g., Ceratomyxta
shasta infection (for some Pacific Northwest pathogen thermal sensitivities, see
list in Hanson and Peterson 2014, Table 3)
e. Exposure of juveniles to pesticides and contaminants with increased toxicity at
higher temperatures (Laetz et al. 2014)
f. Climate change is expected to result in more frequent and intense fires, these
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can result in both positive (greater productivity, increased wood) and negative
(increased temperature, sedimentation) impacts depending on the time post fire
and the intensity of the fire. Monitoring to date following the Chetco bar fire
suggests there has been minimal impact.
Questions for profile:
•
•

What are the major threats to this population that interact with climate drivers?
Which threats directly affect temperature or flow constraints?

Available Data:

Figure 13. Relative human impact. Impact was determined based on a combination of population
density, road length, land-cover, and land ownership for the area contributing to each stream reach.
See Supplemental Table 1, Column C for population specific data.
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Figure 15. Location of streams with significant (≥20%) cumulative withdrawal of flows. See
Supplemental Table 1, Column B.

Non-Native fish:
• Redside Shiner and Northern Pike-Minnow are present throughout the Rogue basin
and are thought to be having a significant impact on survival the juvenile phase in
some locations, primarily through competition (Reeves et al. 1987)
• Largemouth/Smallmouth Bass and Black Crappie are also present but not thought to
be having a significant impact.
Response Bins
Low: Threats are relatively minor at present, and anticipated potential threats are likely to
be alleviated by management actions.
Moderate: Threats are present in multiple categories but are relatively minor, or are
potentially severe in only one category that is amenable to management action.
High: Threats are present in multiple categories, some of which are severe.
Very high: Threats are present in multiple categories, including anthropogenic factors that
affect temperature or flow constraints, some of which are severe.
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Population Viability
Goal: Characterize population resilience in terms of the current status of its component
populations in a manner that differentiates among salmon populations.

Explanation:
The viable salmon population (VSP) concept was developed specifically to characterize
conservation status and to inform specific objectives for recovery plans. This index
characterizes the four VSP components of abundance, productivity, diversity, and spatial
structure for Pacific salmon populations. In addition to characterizing overall extinction
as an independent risk factor, VPS component scores also inform the status of
populations in relation to specific aspects of climate resilience. High spatial structure and
diversity scores in particular are likely to indicate greater climate resilience: spatial
structure is related to the importance of habitat diversity for climate-buffering, while
diversity reflects asynchrony in population dynamics, which stabilizes abundance at the
meta-population or population level (the “portfolio” effect).
For populations not included in status reviews and that hence lack formally developed
VSP ratings, expert judgment can be used for a qualitative ranking of population status
within each attribute. Such rankings are not comparable to the extensive evaluation
processes conducted for ESA-listed species. However, they can provide a bestavailable description of the relative risk of the population within each category.
Question for profile:
•

How does the population rank in terms of its ratings for each of the four viable
salmon population (VSP) parameters of abundance, productivity, diversity, and
spatial structure?
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Available Data:
RSP DRAFT Status Assessment Results

Table 4. Summary of DRAFT current status assessment results for Rogue-South Coast SMUs, based on parameters measured at the population or stratum scale.
Scoring for VSP parameters: 1=very low viability risk, 5=very high viability risk. Overall viability risk score for populations based on weighted average of A&P
(2/3), SS (1/6), and D (1/6) scores, or A&P score, whichever was higher. Scoring for trend risk: 1=stable or increasing trend, 5=high probability of negative trend

Rogue

SUMMER
Rogue
STEELHEAD

CUTTHROAT TROUT

Coastal
COHO
Interior
SALMON
Rogue

Coastal

Rogue

-

2

2
-

-

-

4

3

-

-

3

1

1

1

1.0

1.0

1.0

1

1.0

1.0

1.0

1

1

1.0

1

1.0

1.0

1.0

1

1

1.0

1

1.0

1.0

-

1.0

1

1

1.0

1

1.0

1.0

1.0

1

1

1.0

1

1.0

1.0

2.0

1

1

1.0

1

1.0

2.0

2.0

1

2

1.3

1

1.0

2.0

2.0

1

2

1.3

1

1.0

2.0

2.0

2

2

-

1

-

2

1

-

-

4.0

1

5

3.0

1

4

1.7

2

1.5

2.0

1.0

2

1.5

1.3

2.0

2

1.5

1.8

3.0

2

2.0

4.0

2.0

2

2.0

3.0

3.0

1

4

2.0

2

2.0

3.0

3.0

2

4

2.3

2

2.0

3.0

1.0

1

2

1.5

2

2.0

1.3

1.0

1

2

1.5

2

2.0

1.3

1.0

1

2

1.5

2

2.0

1.3

1.0

1

2

1.5

2

2.0

1.3

1

-

1.0

1

2

1.5

2

2.0

1.3

1.0

1

1

1.0

2

2.0

1.2

1.0

1

2

1.3

2

2.0

1.2

1.0

1

2

1.3

2

2.0

1.2

1.0

1

2

1.3

2

2.0

1.2

1.0

1

2

1.3

2

2.0

1.2

1

VSP Data
Completeness

1.0

1

Juvenile
Abundance

1

1

Half-Pounder
Abundance

Population
Scores

1

1.0

Adult
Abundance

Diversity Score

1.0

Indicators of Confidence in
Viability Results
Trend Risk Scores

Stratum Risk
Category

Life History Loss
Score

Spatial Structure
Trend

Score

1

Probability of
Occurrence

-

% Historic
Distribution
Score

Coastal

Population
Elk
Euchre
Hunter
Pistol
Chetco
Winchuck
Lower Rogue
Illinois
Middle Rogue/Applegate
Upper Rogue
Middle Rogue/Applegate
Upper Rogue
Elk
Illinois
Middle Rogue/Applegate
Upper Rogue
Elk
Euchre
Hunter
Pistol
Chetco
Winchuck
Lower Rogue
Illinois
Middle Rogue/Applegate
Upper Rogue

Juvenile Rearing
Density

Stratum

Viability Risk

Score

WINTER STEELHEAD

SMU

100-year
Extinction Risk

Viable Salmonid Population (VSP) Parameter Assessment
Abundance & Productivity
Spatial Structure
Diversity

Very Low

-

-

5

Low

Low

-

1

5

Medium

2
Low

4

1

-

Very Low

High

1

-

-

Low

Moderate

3

-

5

Low

Very Low

-

-

1

Low

Very Low

-

-

1

Low
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Winter Steelhead: Strong-Guarded
• Population Viability Analysis (PVA) for the Upper Rogue winter steelhead population
indicated a 100-year persistence probability greater than 98%.
• Juvenile steelhead density in the SMU was comparable to or higher than density in the Coastal
SMU where steelhead are considered viable (ODFW 2014).
• Spatial structure metrics indicated that juvenile steelhead have a broad distribution and high
probability of occurrence throughout the SMU.
• Half-pounder abundance trend risk score was low.
• Negative trends in juvenile steelhead abundance and incomplete VSP data affected SMU
status determination.
Summer Steelhead: Sensitive
• Very limited VSP data available.
• Late-run adult abundance trend indicated risk, but returns have increased in recent years.
• Half-pounder abundance trend risk score was low.
• Naturally limited range and incomplete VSP data affected SMU status determination.
Coho Salmon: Sensitive-Critical
• PVA for the Rogue basin in aggregate indicated a 100-year persistence probability slightly
below 95%.
• Juvenile coho salmon rearing density was low compared to density in the neighboring Coastal
SMU, particularly in Elk River.
• Species distribution modeling indicated a low probability of occurrence in most streams.
• In Elk River, spawning survey data indicated a relatively stable abundance trend in the basin
despite the low number of spawners.
• Juvenile coho abundance trend risk score was high for Interior Rogue stratum.
Coastal Cutthroat Trout: Strong-Guarded
• Cutthroat density in the SMU was comparable to or higher than density in neighboring SMUs.
• Species distribution modeling indicated that cutthroat trout are distributed throughout the SMU
with a moderate to high probability of occurrence in nearly all accessible streams.
• Trend analysis indicated a positive abundance trend in both strata.
• All populations are considered low risk at the scale considered here, but there are isolated subgroups above natural or artificial barriers with inherently higher risk.

Response Bins
Low: risk is low for this population at present.
Moderate: risk is low to moderate for this population at present.
High: risk is moderate to high for this population at present.
Very high: risk is high for this population.
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Ocean Acidification Sensitivity
Goal: Estimate the sensitivity of a population to ocean acidification based on its
relationship with “sensitive taxa.”
Explanation:
Impacts of ocean acidification on marine organisms can vary considerably between taxa
and species (Kroeker et al. 2013). Therefore, we estimate the impact of ocean acidification
by examining population dependence on pH-sensitive taxa. For example, recent research
shows a consistent negative impact of ocean acidification on calcifying organisms (e.g.,
pteropds). Therefore, species in this class, or those directly dependent on species in this
class, should be considered more sensitive to changes in ocean pH. However, the extent to
which prey-switching or compensation across other trophic levels will moderate impacts
on salmon is uncertain (Busch et al. 2013, Sunday et al. 2017).
We expect an increase in the volume of research into both direct and indirect effects of
ocean acidification at higher trophic levels, so this attribute will be updated as new
information becomes available in the near future.
The direct effect of ocean acidification on finfish is not well understood. Recent research
suggests impacts on finfish populations will be most prevalent at the egg and early larval
stages (Frommel et al. 2012, Frommel et al. 2014, Frommel et al. 2016). However, juvenile
and adult olfaction and behavior may also be affected (Munday et al. 2009, Leduc et al.
2013, Munday et al. 2016, Porteus et al. 2018). Despite these studies, not enough is known
to be able to predict which finfish populations will be more sensitive.
Question for profile:
•

Is this population directly dependent on a pH-sensitive species, or is it strongly
correlated with the dynamics of these species?

Available Information:

Marine diet

Winter Steelhead

Summer Steelhead

Coho

Cutthroat

Opportunistic visual
predators: larval or
juvenile fishes,
decapod larvae,
euphausiids,
amphipods, juvenile
squid.

Opportunistic visual
predators: larval or
juvenile fishes,
decapod larvae,
euphausiids,
amphipods, juvenile
squid.

Opportunistic visual
predators: larval or
juvenile fishes,
decapod larvae,
euphausiids,
amphipods, juvenile
squid, and
terrestrial insects.

Opportunistic
visual predators:
primarily larval or
juvenile fishes;
some decapod
larvae,
euphausiids, &
amphipods
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Response Bins
Sensitive taxa are those that consistently show negative effects from ocean
acidification, such as pteropods, mollusks, calcified algae, and echinoderms (Kroeker et
al. 2013). Salmon are not sensitive taxa themselves, but some populations are more
dependent on sensitive prey than others.
Low: Populations that do not use sensitive taxa for food or habitat.
Moderate: Populations that are somewhat reliant on sensitive taxa. The population
utilizes sensitive taxa as either food or habitat, but can switch to non-sensitive taxa
when necessary.
High: Populations that rely on sensitive taxa. The population depends on sensitive taxa for
either food or habitat and cannot switch to a non-sensitive alternative.
Very high: The population is a sensitive taxon.
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EXPOSURE ATTRIBUTES
Stream Temperature
Goal: Quantify the decrease in stream miles that are thermally suitable for each population.
Explanation:
Salmon freshwater residence time varies, and a key differentiating feature among
populations is whether they spend summer in freshwater. For those that do, either as eggs,
juveniles, or adults, high water temperature can be a strongly limiting factor.
Salmon have adapted to exploit heterogeneity in stream temperature, including the use of
thermal refugia. However, productivity can be limited by the extent and distribution of
refugia as well as by the general availability of thermally suitable aquatic habitat. Nonlethal effects of increased water temperature include less-efficient conversion of food to
somatic growth, lower scope for strenuous behaviors such as migration, predator
avoidance, or agonistic interactions with conspecifics, and increased susceptibility to
disease.
In summer, weekly mean stream temperature often equilibrates with air temperature and
humidity at broad spatial scales. Nonetheless, stream temperature is still highly
heterogeneous within basins and even within individual streams. This heterogeneity is due
to local factors such as vegetative cover and evapotranspiration, fog, snowmelt,
groundwater inputs, water velocity, hydrologic stratification, and hyporheic exchange.
These factors sometimes lower the sensitivity of streams to air temperature, which reduces
the modeled impact of future increases in air temperature.
Isaak et al. (2016) used historical mean August stream temperatures in spatial statistical
network models to model climate scenarios at 1-km resolution. Historical stream
temperatures are based on a 1993-2011 baseline and the future scenario used a global
climate ensemble of 10 models run under the A1B warming trajectory scenario for 20702099. We mapped the change between historical and future stream temperatures across
the region (Figure 16).
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Figure 16. Projected change in stream temperature between the historical (1993-2011) and future
(2070-2099) time periods under the A1B warming scenario. Reach specific estimates were obtained
from NorWest.

To determine the likelihood that a stream reach would be able to support salmonids under
future conditions we developed thermal tolerance curves for salmonids using thresholds
identified by EPA then integrated this with the NorWest projections for stream
temperature to estimate the suitability of a given stream reach for salmonids during
summer (Figure 17). To assess differences between populations we calculated the percent
increase in unsuitable 3 stream miles by 2080 for the extent of species distribution within
each population boundary (see Supplemental Table 2, column A).

3

We used a suitability threshold of 0.2.
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Figure 17. Stream reach estimates of summer thermal suitability for salmonids in the Rogue SouthCoast region. Thermal suitability is calculated using a combination of modelled stream temperatures
(NorWest) and thermal tolerance curves for salmonids 4. Warmer colors represent less suitable thermal
conditions.

For rivers dominated by managed flows, water temperature depends much more on the
presence or size of a cold pool in the reservoir and on the timing and quantity of water
released. As water flows downstream, it tends to equilibrate with air temperature, and the
effect of the dam on temperature is reduced. Some dams with large stratified reservoirs,
such as Lost Creek Dam, are specifically managed for downstream flow and temperature
control.
In the case of such managed flows, statistical models based on historical observations are
not appropriate for projections under climate change. For example, the risk of exhausting
the cold pool in Lost Creek Reservoir will increase with warming temperatures,
especially during years with low snow accumulation. Unfortunately, this risk is not fully
represented in models appropriate for this assessment.

4

Thermal tolerance curves were developed using values derived from the literature.
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Response Bins
Low: <10% change in stream length with <0.2 suitability
Moderate: 11-33% change in stream length with <0.2 suitability
High: <33-66% change in stream length with <0.2 suitability
Very high: <66% change in stream length with <0.2 suitability

Mean Summer Base Flows
Goal: Quantify exposure to a decrease in summer base flows.
Explanation:
Stream flows have been generally decreasing in the past half century in the Siskiyou region.
Asarian and Walker (2016) documented a decline in summer (July-September) stream flow at
many regulated sites and over 70% of unregulated sites in an assessment of long-term trends
(1953-2012) in streamflow and precipitation. The changes in rainfall, snow water equivalents
(SWE), and snowmelt timing associated with climate change will exacerbate this decline. In
the planning area, many locations are projected to see significant decreases in summer and fall
stream flows by 2080, whereas others will be minimally impacted. Summer base flows play
an important role in sustaining the yearling life history of juvenile populations of salmonids as
well adults that hold in river during summer prior to spawning. Decreased base-flows
exacerbate fragmentation and contribute to elevated temperatures.
We estimated the change in mean monthly flow for each stream reach in the region by
comparing historical (1977-2006) and future (2080-also modeled over 30 year period using an
ensemble mean of ten global climate models associated with the A1B emissions scenario)
natural flow outputs from the Variable Infiltration Capacity (VIC) model (Figure 18). To
determine how potential exposure might vary across populations we quantified the future
change as a percent of current mean August flow within the distribution of each population
(based on species distribution model analysis; see Supplemental Table 2, Column B).
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Figure 18. Estimated future (2070-2099) mean summer (Jun-Sept) natural flow as a proportion of
historical (1977-2006) mean summer natural flow. A value of 1 represents no change, a value of 0.5
represents 50% reduction in flow. Data are were obtained from the VIC model. Flow values should not
be used to assess regulated systems. Warmer colors represent areas that will have decreased flow.
Areas in dark green colors are expected to change very little.
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Figure 19. Assessment of whether biological flow targets are likely to be met in 2080. Red: Instream
flow targets met < 50% of time (reaches with significant diversions) or future flows < 50% of current
(reaches with minimal diversions). Yellow: Instream flow targets met between 50% and 80% of time
(reaches with significant diversions) or future flows between 50% and 80% of current (reaches with
minimal diversions). Blue: Instream flow targets met >= 80% of time (reaches with significant
diversions) or future flows >= 80% of current (reaches with minimal diversions).

Response Bins
Low: Population is not expected to experience any significant change in August base flows

Moderate: Population is expected to experience minor decreases (>90% of historic) in
August base flows.

High: Population is expected to experience significant decreases (67-90% of historic) in
August base flows.

Very high: Population is expected to experience very significant (33-66% of historic)
decreases in base flows across its distribution, or very substantial (<33% of historic) decreases
in critical holding, rearing habitat.

Water Withdrawals
Goal: Identify populations that are more at risk for increased water withdrawals.
Explanation:
In many locations, particularly during summer, the natural flow regime has been significantly
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altered by flow withdrawals for agriculture, horticulture, industrial, and municipal use. The
majority of summer surface water is already allocated for out of stream use throughout the
Rogue South-Coast region 5. At present, water users often do not use their full allocation but
this may change in future.
A number of factors will determine the future pattern of water use (e.g., efficiency technology,
emigration/immigration, economic development). Additionally, climate change will likely
play a role by increasing water demand by plants (increased evapotranspiration) and
decreasing supply in some seasons. There are currently no projections for how water use may
change. To provide a starting point for assessing potential exposure to lower flows as a result
of increased water withdrawals, we mapped the points of diversion throughout the region then
used data from WRD WARs database to determine the upstream-most POD 6 where
cumulative withdrawals exceeded 20% of natural flow 7 (determined using the VIC model)
(Fig 5). This analysis highlights areas where significant amounts of stream flow have been
allocated to out of stream use, but may not be currently withdrawn.
To determine how potential exposure might vary across populations we calculated the percent
of stream length within the distribution of each population (based on species distribution
model analysis) for which cumulative withdrawals met or exceeded the 20% threshold
(Supplemental Table 1, Column B)

Figure 20. Map of stream reaches that have ≥20% of natural flows allocated to out of stream use.
Data from Oregon Water Resources Department water availability dataset.
Using data from Oregon Water Resources Department geospatial point of diversion dataset
7
The 20% standard was derived from Richter et al. (2012)-see references
5
6
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Response Bins
Low: Population is not expected to experience any significant change in water withdrawal
patterns
Moderate: Population is expected to experience minor increases in water withdrawal
patterns across its distribution.

High: Population is expected to experience significant increases in water withdrawal patterns
in many areas of its distribution
Very high: Population is expected to experience significant increases in water withdrawal
patterns across its distribution, or very substantial increases in critical spawning, rearing
habitat.

Stream drying
Goal: Identify populations that are more at risk from seasonal (summer) natural stream
drying.
Explanation:
The type and rate of precipitation and the permeability of the underlying geology influences
the hydrological response, including whether streamflow is perennial or ephemeral. A number
of streams within the Rogue South-Coast basin are historically ephemeral, typically drying or
having subsurface only flows during summer. These streams often provide important seasonal
habitat. Climate change is expected to alter the spatial and temporal extent of stream drying
both as a result of changes in average conditions (e.g., mean snowpack) but also by increasing
the frequency and severity of drought, thereby reducing available habitat.
To inform an assessment of increased risk of stream drying within the population boundaries
we used the USGS PROSPER model (https://www.usgs.gov/centers/wy-mtwater/science/probability-streamflow-permanence-prosper?qt-science_center_objects=0#qtscience_center_objects). PROSPER uses a range of covariates to estimate the probability of a
streamflow permanence (i.e., year round flow) during the year. We mapped the probability of
stream flow permanence across the period of record (2004-2016) then compared values to
those in the driest year (2015). The resulting map (Figure 21) illustrates areas that are wetter
or drier during a drought year than an average year. We use 2015 as a proxy for “future
average conditions” because regional drought models indicate the Pacific Northwest will
experience longer summer droughts across larger areas by 2080. It is expected that years like
2015 will be relatively common after 2050.
To determine how potential exposure might vary across populations we calculated the percent
change in stream length within the distribution of each population (based on species
distribution model analysis) that has a greater than 50% probability of going dry seasonally
(See Supplemental Table 2, Column C).
43

RSP Climate Vulnerability Assessment – Discussion DRAFT

September 1, 2020

Note: PROSPER was developed using observation points from across Oregon, Washington,
and Idaho. However, relatively few observations were included from the Rogue/South-Coast
area. As a result, the model often underestimates stream drying probabilities in this area. This
issue is expected to be addressed in the near future but until then these projections should be
used to look at large scale patterns rather than individual reaches.

Figure 21. Mean stream flow permanence probability (2004-2016). Warm colors indicate areas with
significantly higher probability of going dry during summer. Cool colors indicate areas with a higher
probability of remaining wet year round.
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Figure 22. Mean stream flow permanence probability during an”extreme” drought year (2015). Warm
colors indicate areas with significantly higher probability of going dry during summer. Cool colors
indicate areas with a higher probability of remaining wet year round.

Figure 23. Change in stream flow permanence probability during drought years (e.g., 2015) relative to
average years. Warm colors indicate areas with significantly more drying during drought years. Cool
colors indicate areas with no change or less likelihood of drying during drought years. It is expected
45

RSP Climate Vulnerability Assessment – Discussion DRAFT

September 1, 2020

that 2015 conditions will more closely represent average conditions by 2050.

Response Bins
Low: <10% change in stream miles that have a >50% probability of going dry in a drought
years
Moderate: <11-33% change in stream miles that have a >50% probability of going dry in a
drought years.
High: <33-66% change in stream miles that have a >50% probability of going dry in a
drought years
Very High: <66-100% change in stream miles that have a >50% probability of going dry in a
drought years.

Flood/Scour
Goal: Characterize a change in frequency and magnitude of flood events.
Explanation:
Major flood events have the greatest potential impact during the incubation stage for most
salmon populations. Flooding may also affect salmon at the juvenile stage, and for
populations that spawn during late winter or spring, at the adult stage as well.
Flooding can have positive or negative impacts on a given population. Negative impacts
occur when eggs are dislodged from protective gravel or when redds are suffocated by
floodwater deposits of fine sediment. Substantial amounts of sediment bury salmon eggs
and limit their oxygen supply. Floods that produce high water velocities may kill
juveniles or displace them to unsuitable habitat downstream.
Positive effects of flooding occur when fine sediment is pushed out of spawning habitat or
when habitat connectivity is increased by high flows that elevate water levels. In some
cases, flooding recharges stream habitats by moving and depositing large woody debris or
spawning gravel or by rejuvenating beneficial channel forms such as pool-riffle systems.
Generally large floods occur during major storm events, which are associated with
atmospheric rivers that carry large quantities of warm, wet air from the Pacific Ocean
(Warner et al. 2015). Such storms may substantially boost annual rainfall totals. Major
storm events are associated with flooding in coastal or low-elevation mountain ranges and
with large accumulations of snowpack at higher elevations. At mid elevations, major
storms can cause large rain-on-snow events, which elevate the snowline.
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Rising sea surface and atmospheric temperatures are expected to increase both the
intensity and severity of major storm events. A change in the latitudinal temperature
gradient, along with Hadley cell expansion associated with global warming, may shift the
storm track northward. Such shifts may in turn change the latitudinal gradient of
atmospheric rivers, which presently occur just south of the jet stream axis, thus altering the
frequency (see Figure 22) timing and intensity of coastal precipitation (Warner et al.
2015).

Figure 22. Percent change in frequency of atmospheric river events between 1970-1999 and
2070-2099 (from Warner et al. 2015).

To estimate the change in size of high flow events we calculated the 99th percentile of
flow across the 30 years of daily flow values from the VIC historical period data (19772006) and for the 30 years of the 2080 climate data (2070-2099). We mapped this as the
proportion of the 2080 value relative to the historical period value for each stream reach
(Figure 23)
To estimate change in risk for each population we calculated the percent increase in the
99th percentile flows within the population boundaries (See Supplemental Table 2,
Column D).
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Figure 23. Proportional change in the annual 99th percentile of stream flow between historical (19772006) and future (2080). Warm colors (<1) indicate areas with fewer high flow events. Cool colors
indicate areas with no change (value of 1) or an increase in high flow events (>1).

Response Bins
Low: Relatively small change in flooding is projected, or spawning habitat for the
population is not negatively influenced by flood events (e.g., more likely to increase in
locations where flood events are beneficial).
Moderate: Moderate change in damaging flood events is projected.
High: Large change in damaging flood events is expected.
Very high: Large change in damaging flood events are expected.

Sea Level Rise
Goal: Identify populations that may be a risk from sea level rise.
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Explanation:
With sea level rise, the sinuosity of estuarine margins will likely decrease, the tidal limit
will move upstream, and salt marsh and brackish marsh areas will be flooded. Intense
storms are expected to become more frequent, leading to more frequent sea level
extremes (Cayan et al. 2008, Hansen et al. 2015). Consequently, sea level rise will likely
result in salinity intrusion and damage marginal ecosystems. This loss of complex
estuarine habitat may reduce the quality and quantity of nursery habitat for juvenile
salmonids and have a significant impact on populations that currently exhibit extensive
use of estuaries.
In 2012 the National Research Council (NRC) predicted future sea level rise in
California, Oregon, and Washington for the years 2030, 2050, and 2100 (NRC 2012).
The NRC included in their models how sea level rise is affected by regional factors
including: 1) ENSO events, 2) the rising and sinking of land along the coast, and 3) the
proximity of Alaskan glaciers, which exert a gravitational pull on sea water.
Results are listed in Table 5. Sea level rise south of Cape Mendocino is similar to global
projections, where the coast is sinking 1 mm/y; while north of Cape Mendocino
projections are lower because much of the coast is rising (around 1.5-3.0 mm/y), causing
seismic strain. If there were a large earthquake north of Cape Mendocino to reduce the
strain, sea level could rise an additional 1-2 m above these projections.
Table 5. Sea level rise projections (m) for the U.S. West Coast relative to the year 2000.

South of Cape Mendocino
North of Cape Mendocino

2030
0.04 - 0.3 m
-0.04 - 0.23 m

2050
0.12 - 0.61 m
-0.03 - 0.48 m

2100
0.42 - 1.67 m
0.10 - 1.43 m

Response Bins
Low: Population currently has very limited/no estuarine use
Moderate: Some portion of the population currently exhibits estuarine use.
High: Population has extensive estuarine use but SL rise is unlikely to reduce habitat because
of geographical constraints.
Very High: Population has extensive estuarine use and SL rise is expected to significantly
reduce available habitat because estuary is in low elevation land.

Sea Surface Temperature
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Goal: Quantify the exposure to changing sea surface temperatures in the California Current
System using an ensemble of global climate models.
Explanation:
Changes in sea surface temperature (SST) have corresponded with differing marine
survival rates for salmonids. To characterize projections of future changes in SST,
Crozier et al. (2019) used the Climate Change Web Portal of the NOAA Earth System
Research Laboratory (www.esrl.noaa.gov/psd/ipcc/ocn/). They compared model
output from 25 GCMs and earth system models on a 1° × 1° scale. In each grid cell,
they quantified the magnitude of change as a z-score (Figure 24), defined as the
difference between mean SST in the future (2006-2055) and historical simulations
(1956-2005) divided by the average interannual standard deviation from the historical
simulation. Resulting units were standard deviates (Table 6).
Table 6. Z-scores for sea surface temperature averaged over the entire, southern,
central or northern portions of the California Current System
Z-Score

Entire CCS
2

Southern CCS
2

Central CCS
2

Northern CCS
2.1

Figure 24. Mean annual change in sea surface temperature

Response Bins

Low: Z score <0.5
Moderate: Z score 0.5-1.5
High: Z score 1.5-2
Very High: Z score >2
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Ocean Acidification Exposure
Goal: Quantify exposure to changing pH in the California Current System.
Explanation:
Ocean acidification is caused by rising atmospheric carbon dioxide concentrations, which
reduce seawater pH and alter carbonate chemistry (IPCC 2013) The effects of ocean
acidification on salmon species are uncertain. Indirect effects are possible through
changes in food web structure and productivity. Additionally, juvenile salmonids often
prey on marine arthropods and pteropods, which will likely be directly affected by
increasing acidity.
Crozier et al. (2019) used the Climate Change Web Portal of the NOAA Earth
Systems Research Laboratory to download ocean acidification (OA) projections to
2055 (https://www.esrl.noaa.gov/psd/ipcc/ocn/). An ensemble of 11 GCMs and earth
system models on a 1° × 1° scale were used to calculate projected change in OA
(Figure 25).
The metric used to quantify the magnitude of change was a z score: the difference
between the mean OA in the future (2006-2055) and the mean OA from the
historical simulation (1956-2005) divided by the average interannual standard
deviation from the historical simulation. The units are standard deviates (Table 7).
Table 7. Z scores for ocean acidification averaged over the entire, southern, central or
northern portions of the California Current System.

Z score

Entire CCS
-14.4

Southern CCS
-13.5

Central CCS
-14.8

Northern CCS
-14.8
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Figure 25. Annual change in pH.
Response Bins
Low: Z score < 0.5
Moderate: Z score 0.5-1.5
High: Z score 1.5-2
Very High: Z score >2

Upwelling

Z-score

Goal: Characterize exposure to changes in upwelling-favorable winds and the
phenology of upwelling.
Explanation:
Upwelling occurs when equatorward, alongshore winds drive offshore Ekman transport,
and surface waters are replaced with nutrient-rich deep waters. There is natural variability
in the timing and strength of coastal upwelling along the meridional extent of the
California Current. The timing of the "spring transition" to upwelling conditions varies
latitudinally, with a nearly year-round climatological upwelling season at the southern end
of the California Current and a progressively later transition and shorter upwelling season
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at the more northerly latitudes (Strub and James 1988, 2000, Bograd et al. 2002, Bograd et
al. 2009).
If upwelling intensifies, increased nutrient input could stimulate added productivity;
however, too much wind will increase turbulence and offshore transport of surface
waters, reducing nearshore productivity. Conversely, reduced upwelling would decrease
input of nutrients to the euphotic zone. Many organisms in the CCS have life history
traits (foraging, reproduction, migration) adapted to the present timing of annual
upwelling events (Bograd et al. 2009). Thus, a delayed or early start to spring-summer
upwelling may result in a temporal mismatch between predator needs and prey
availability (Bograd et al. 2009, Bakun et al. 2015).
Upwelling intensity is correlated with large-scale modes of climate variability such as the
El Niño Southern, Pacific Decadal, and North Pacific Gyre Oscillations (ENSO, PDO, and
NPGO). On longer timescales, several possible outcomes have been proposed regarding
changes in CCS upwelling. Bakun (1990) suggested that climate change would heat the
continents faster than the oceans, steepening cross-shore air-pressure gradients and
intensifying upwelling-favorable winds. Several other modeling studies have also forecast
intensified upwelling winds under climate change (Snyder et al. 2003, Auad et al. 2006),
and one meta-analysis found support for increased CCS upwelling since 1950 (Sydeman et
al. 2014). However, time series forecast to date have been too short to differentiate
between natural climate variability and anthropogenic forcing (Sydeman et al. 2014).
A change to the phenology of upwelling refers to potential shifts in the seasonal cycle of
upwelling (Bograd et al. 2009). From 1967 to 2007 there has been a trend toward later
spring transition dates and shorter upwelling seasons in the northern CCS and longer
upwelling seasons in the southern CCS. These trends may indicate the direction of
future change (Bograd et al. 2009).
Delayed and weakened upwelling in the central CCS during El Niño years (Bograd et al.
2009), along with the frequency of extreme El Niño events, are predicted to double with
climate change (Cai et al. 2014). Furthermore, positive phases of the NPGO appear to be
associated with an earlier start to the upwelling season in the central CCS (Chenillat et al.
2012). However, the current set of climate models are not able to project changes to the
NPGO, so it is difficult to predict how the onset of the spring-summer upwelling period
will be affected.
The most recent studies suggest that the Bakun hypothesis is oversimplified, and changes
in upwelling will be season, region, and latitude dependent. The most recent models
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suggest that in the northern CCS, there will be an expansion of the upwelling season by
1-2 days per decade and a modest increase in upwelling during spring (Rykaczewski et
al. 2015, Wang et al. 2015). In both the central and southern CCS, upwelling is projected
to increase in April but decrease during June-September (Figure 26; Rykaczewski et al.
2015, Wang et al. 2015).
Rykaczewski et al. (2015) predicted an average decrease of 8% (±10% SD) in upwelling
favorable winds across the CCS. Wang et al. (2015) and Rykaczewski et al. (2015) were
the first to use an ensemble of over 20 coupled atmosphere-ocean general circulation
models; therefore, they are at present the most reliable predictions of climate change
impacts on upwelling favorable winds in the CCS. However, uncertainty in these
predictions remains because the ensembles included relatively coarse-resolution global
models from which it is difficult to resolve local dynamics in the CCS.

Figure 26: Hovmöller diagram of the change in upwelling favorable winds between the two
periods (2071-2100 mean minus 1861-1890 mean) for the CCS (Rykaczewski et al. 2015).

Response Bins
Low: Relatively low exposure to a change in upwelling favorable winds.
Moderate: Moderate exposure to a change in upwelling favorable winds is projected.
High: High exposure to a change in upwelling favorable winds is expected.
Very High: High exposure to a change in upwelling favorable winds and potentially
severe effects on the DPS are expected.
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Ocean Currents
Goal: Establish population exposure to changing ocean currents in the California Current
System.
Explanation:
There are three principal circulation features in the California Current System: the
shallow, equatorward-flowing California Current, the deep, poleward-flowing California
Undercurrent, and the winter-time, poleward-flowing Davidson Current (Hickey 1998).
The slow, broad California Current moves cool, low-salinity, and nutrient rich waters
equatorward year-round (Figure 27). The California Current flows about 50-1000 km
offshore in the upper 100 m (Hickey 1998). Directly south of Point Conception, a portion
of the current turns north and becomes the Southern California Countercurrent, which in
summer does not make it completely north and becomes the biologically rich, selfcontained Southern California Eddy (Lynn and Simpson 1987, Hickey 1998, King et al.
2011).

Figure 27. From Checkley et al (2009).
55

RSP Climate Vulnerability Assessment – Discussion DRAFT

September 1, 2020

The narrow and deep (100-300 m) California Undercurrent brings high-salinity, warm,
low-oxygen waters from Baja California northward to Vancouver Island (King et al.
2011). In winter, the Davidson Current also flows poleward from Point Conception to
Vancouver Island. Equatorward flow in the California Current is driven by large-scale
wind forcing (Checkley and Barth 2003). Therefore, changes in flow are driven by
fluctuations in the strength of basin-scale wind forcing (Cummins and Freeland 2007).
Increases in wind speed could increase current strength and subsequently increase
eddy activity. The strength of the California Current is also driven by fluctuations in
the strength of the North Pacific Current, which affects the amount of water
transported respectively into the Alaskan Gyre and California Current (Cummins and
Freeland 2007). Furthermore, California Current strength is affected by El Niño
Southern Oscillation, Pacific Decadal Oscillation, and North Pacific Gyre Oscillation.
Positive, or warm phases of ENSO, PDO, and NPGO are associated with a weaker
California Current and vice versa (Chelton et al. 1982, King et al. 2011). There has not
been a clear trend of strengthening or weakening currents in the California Current
System. However, from 1992 a small but statistically significant increase has been
observed in eddy kinetic energy in the Eastern North Pacific (O'Donnell 2015).
In global climate models, the combination of substantial natural variability with high
uncertainty in predicted nearshore zonal winds makes it difficult to determine future
impacts of climate change, either in circulation features of the California Current System
or in ocean/climate indices such as the ENSO, PDO, and NPGO (King et al. 2011).
Currents in the system may change in location and intensity. For example, the Northern
Hemisphere Hadley Cell is predicted to expand poleward, which may result in a poleward
displacement of zonal currents (Bakun 1990, Francis et al. 1998). However, other
predictions indicate that there will not be dramatic change in the structure of major oceanic
currents in the California Current System (Stouffer et al. 2006, King et al. 2011).
Note, the local currents in this region are less well characterized and there is speculation
they may provide localized buffering relative to areas North and South.
Response Bins
Low: Relatively low exposure to a change in ocean currents is projected.
Moderate: Moderate exposure to a change in in ocean currents is expected
High: High exposure to a change in in ocean currents is expected.
Very High: High exposure to a change in ocean currents and potentially severe effects on
the DPS are expected
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