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SUMMARY

After a record low return of adult, naturally produced North Umpqua River summer steelhead
to Winchester Dam in 2021, we conducted an expedited assessment to determine: whether
there has been a change in the current status of the population, the cause of the downturn,
and the future outlook for the population. Primary outcomes and conclusionsdaclu

CURRENT STATJRhe downturn in 2021 was unprecedented, but consistent with downturns in
other summer steelhead populations. The populaéiwhibits highviability and is expected to
rebound as environmental conditions improk®wever, this expectation should be tempkre
based orenvironmental conditionshanging and the potential for more frequent downturns

1. The escapement estimate of 449 summer steelhead for 2021 was below the critical
abundance threshold (1,200 fish) and was the lowest escapement estimate riedibel
from 1946;2021.

2. Trend analysis indicated significant correlations between North Umpqua summer
steelhead and other summer steelhead populations in Oregon, medinaighese other
populations were also experiencing declinasd suggestinghat large-scale ocean
and/or climate drivers play a substantial role in regulating returns.

3. Population viability modelingndicated that this population is not at any immediate risk
of extinction althoughthere arelimitations to this approach noted belawo
simulations fell below the critical abundance threshold of 1,200 fiwever,
population simulations only periodically rose above the desired abundance threshold of
4,200 fish.

wNote that the most recent, low return years were unable to be includetim
specific analysis because all age classes from recent spawn years have not had time
to return. Population viability modeling is dependent on the relationship between
spawners and the adult fish they produce, known as recruits, which for steelhead
return as adults over a period of several years (up to seven years after spawned).
Additionally, population viability modeling determines extinction risk based on
existing data and its inherent variability resulting from conditions when the data
were collectel; the model cannot account for conditions in the future that are
different in magnitude or frequency, so precaution should be taken interpreting
viability model results in the face ofgimeshifts such as ocean and climate change.

CAUSE OF DOWNTURMeprimary cause of the downturn was low ocean survival due to

poor marine conditions. A secondary cause was poor freshwater conditions that impacted
survival during multiple years of juvenile outmigrateomd, likely, during 2021 when adults were
returning to spawn Additional potential causes are noative fish predation on outmigrants

(as exacerbated by stream temperature changes), disease, and thiamine deficiency. Incidental
fishing mortality and predation by pinnipeds and avian predatorsat@ppear to be factors in
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the downturn. There is no indication that the hatchery summer steelhead program has
negatively affected naturally produced summer steelhedtthough there are morbatchery
fishon natural spawning grounds than the managemedmieshold allows.

4. Primary Causeéviarine conditions played the most significant role in the 2021 downturn.
The North Pacific Gyre Oscillation (NPGO) ingiexndicator of a climate pattern that
substantially influences ocean conditiomsstrongly correled with steelhead
recruitment. The NPGO index recently declined to the lowest level observed in the last 70
years.Other marine conditions experienced during ocean rearing by recently returning
steelhead cohorts were also poor in 202619 OO2 NRAY 3 G2 YdzZ GALIX S Y
indicators developed by NOAA.

5. Secondary Cause: Multiple indicators of freshwater stream flow and temperature
conditions were poor during 2032017, overlapping with the poor ocean conditions of
20152019. These podreshwater conditions occurred during the years when 2021
returning adults were rearing and oumtigrating to the ocean as juveniles. Other coastal
basins with summer steelhead (the Siletz and the Rogue rivers) also experienced poor
freshwater conditions dring this period, but in general, freshwater indicators in those
two basins were more favorable than those in the North Umpg@dditionally, water
temperatures on the mainstem Umpqaad North Umpquaiverswere particularly poor
in 2021 when adults werreturning to spawn; although there are no direct data for
confirmation, these temperatures may have lediteriver prespawning mortality
and/or re-entry into the ocean.

6. Otherpotential contributing factors: In addition to the primary asécondary causes for
the 2021 downturn, other factors may be contributing to the recent decline. These
include:

w t20SYGAlLf LINBRIFIGAZ2Y 2y 2dz@SyAfS aiSStKSI
be exacerbated by warming conditions, particularly wheeeltead outmigrate
through bass habitat and when water temperatures exceed %6.5Anecdotal
reports suggested the striped bass population may be increasing.

w b2 SEIFIYAYlLGA2ya F2NJ RAaASIH&aS KIF @S 6SSy O
summer steelheaddowever, given the known prevalence of various disease
outbreaksat Rock Creek Hatcheand the tendency of disease to worsen in large

rivers subject to summer warming, diseag®uld be consideredsaa potential
limiting factor.

w ¢ KAl YAY ScomrsiBdared @ potenfia Bmitihgdactor, but very little work on
this topic relative to salmonids in the western U.S. has been published. Steelhead
appear to require much more thiamine than other salmonids. A small number of
winter steelhead eggs from twaf three ODFW hatcheries sampled recently were



2022 Assessment of Naturally Produced Summer Steelhead in the Umpqua River Basin

thiamine deficient, and some pilot work is ongoing at the Oregon Hatchery Research
Center to explore this issue.

7. Incidental mortality attributable to catcland-release angling is likely low and was
incorporated into the datasets used to develop spawsrecruit curves and population
viability analyses. These analyses indicated that the population is viable. Current
permanent (no retention of naturally produced fish and terminal gear restrictions) and
temporary @ngling closures during low returns or poor conditions such as high water
temperatures) regulations likely minimize anglregated mortality on naturally
produced North Umpqua summer steelhead.

8. There was no evidence to suggest that predation by pinnipedsrds has increased or
decreased in recent years. Harbor seal counts were available for the Umpqua estuary
only through 2014 and did not indicate a substantial change in population size for the
periods surveyed. Sea lions are not known to frequent ttemaand the most recent
(2012) surveys of doublerested cormorants in the estuary and lower river yielded
estimates of <1,000 birds.

9. The summer steelhead hatchery program does not appear to be negatively impacting
natural production.

wHatchery smolt redaseshave a) no clear relationship witlhecruitment of naturally
produced summer steelhead based on potential interaction at the smolt stagé)xnd
a marginally significant positive relationship with recruitment of naturally produced
summersteelhead based on potential interaction at the adult stage.

wModel simulations indicate thahe extinction risk of naturally produced summer
steelheads not affected by hatchery program size or the relative reproductive
success of hatchery fish

w | Heryi f8h are more segregated on natural spawning grounds than previously
NB LJ2 NIHSRA Fnkdny'S-wide eddithalies of the proportion of hatchewyrigin
spawners (pHOS; 34%y®8ar average) or proportions of hatchery summer steelhead
counted at WinchesteDam (41%, §ear average 2012021) indicate. Hatchery
proportions are near zero in the Steamboat Creek-Babin, a preferred spawning
sub-basin for over half of the naturally produced spawners; estimates are higher
(>75%) in the Rock Creek doidsin, vihere hatchery smolts are acclimated and
released. After accounting for spatial segregation of natural and hatchery origin
AL gy SNESX GKS Y2ail wisphioydstimateiSWhWear SR o a A
average).
w ¢KS gSAIKGEGSR LI h{i K MrE:0 SIChaNER BRIl IAKYS NI KIK |
Species Conservation and Management Pharalyses indicate that reducing the
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hatchery program or removing more hatchery fish at Rock Creek Hatchery should
reduce pHOS below the target level.

FUTURE OUTLO®Rata to inform models are not currently spatially and temporally robust
enough to predict specific impacts of climated ocean changes on North Umpqua summer
steelheadUpper tributary freshwater habitat should still be able to suppovejile steelhead
even though instream flows and temperature are expected to decrease and increase,
respectively, and fires are expectedaftect flows and temperatureChanging ocean conditions
are likely to impact steelhead marine growth and survival tbe effects are highly uncertain.
Overall, there are significant challengeesd somepositiveindicationsof resiliencelt is unclear
at this time howfreshwater and marine chang®sll interactto affect North Umpquaummer
steelheadwhich have a diverdéde historythat haspotential to buffer changes

10.

11.

12.

13.

Speciedlistribution modelingof both summer and wintejuvenile steelheadhn
freshwatersuggests theurrentrearingstrongholdsarein the lower Smith River and

upper watersheds afhe North Umpqua basin. Future predictions indicate little change in
the distribution of this species even though future conditions will be warmer throughout
the Umpqua basin (specifically in the lower mainstem Umpqua and North Umpqua rivers,
but also inNorth Umpqua tributarystreams).

Modeling of stream temperatures and stream flows under future climate and-foest
conditions suggested that stream temperatures will continue to increase under both
scenarios due to increased air temperatures anchediate loss of riparian shading
vegetation, respectively. These effects could diminish in time when the vegetation
regrows, but our modeling focused on the mean monthly response over the 30 years
postfire.

We modeled fire simulations intended tapture the scale of the 2020 and 2021 fires in
Canton Creek and Rock Creek in which ~15% and ~73% of the watersheds were burned,
respectively. Postire simulations suggested an increase in instream flows; however, this
effect was due to the loss of vegaiton on the landscape. The increase in fire activity and
subsequent temporary increases in instream flows is unlikely to offset a modeled climatic
shift in instream flow availability, which predicted decreased flows throughout the year.

Marine conditionsare expected to change in the future, but the effect of these changes
on steelhead growth and survival adéficult to predict Projectiorsfor sea surface
temperatureand marine heat wavesuggesthat conditions will be more challengirigr
steelhead in the future Projections for upwellinghdicatemore stable neaterm
conditionsand longterm changes that coulothcreasemarine productivityin the near

shore zone
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INTRODUCTION

The North Umpqua population of summer steelhgdcorhynchus mykiss one of only four
naturally producedsummer steelhead populations on the Oregon Coast. This culturally and
ecological important population is the largest of two such populations that constuégorQ a
Goastalsummer steelhead species management unit (SMU; Figure 1). Coastal summer
steelhea have beerdesignated a sensitive species by the Oregon Department of Fish and
Wildlife (ODFW) (ODFW 2021), and summer steelhead are an Oregon Conservation Strategy
species (ODFW 2016a). Winter steelhead are much more widely distributed in the Coastal are
and are part of their own, separate SMU.

Lower Columbia, Lower Snake

Mid Columbia
Upper Willamette

Upper Snake

Closed Basins

Klamath

Rogue/South Coast

0 20 40 80 Miles
Cy e )

Figurel. Generalized map of Oregon Species Management Units (SMUSs).
The Umpgua and North Umpqua basins are within the Coastal SMU.

In addition to their ecological significance, Noddmpgua summer steelhead support valuable
angling opportunities. The Umpqua River is arguably one of the most important freshwater
fisheries in the state, offering opportunities for spring and fall Chinook salmdshawytscha
coho salmorO. kisutchsunmmer and winter steelhead, cutthroat tro®. clarkij American shad
Alosa sapidissimastriped bas#/orone saxatilissmallmouth basMicropterus dolomiepand

We use this term as a convention throughout to indicate fish that were born in the wild. Naturally produced fish
may have hatcher2 NA 3A Yy 2NJ y I (G dzNI £ £ &8 LINPRdzOSR LI NBytao ¢KS
fish (i.e., before the implement®n of hatchery programs).

i SNy
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others. However, angling for summer steelhead is particularly popular, in part because of their
return to the river as adults during periods of fair weather. Public demand for increased
opportunities to harvest summer steelhead, in conjunction with management goals for
escapement, led to the initiation of a summer steelhead hatchery program in {9538

described in théHatcherysection of this report). MaHselective fisheries have been seasonally
implemented in portions of the North and mainstem Umpqua rivers since 1999 to increase
protections for naturally produced summer steelhead (ODFW 1999).

Management of the Coastal summer steelhead SMU is guided b@dhstal MuliSpecies
Conservation and Management PIGMP), adopted by the Oregon Fish and Wildlife
Commission in 2014. During development of @MdP the naturally producedNorth Umpqua
population ofsummer steelhead was thoroughly assessed and considerbdviable with no
indicators of concern for the population itself relative to all viable salmonid population
parameters considered in the assessm@DDFW 2014 Nevertheless, the CMP directs
management actions to achieve increases in abundance that are intended to support improved
angling opportunity and as a buffer against future threats. To this end, the CMP established two
abundance criteria, desred abundance targahat represents a mean future spawner
abundance goal and a critical abundance threshold that representgdim at which the
conservation of the population could be in jeopardy if an observed downward trend continues
Based on theacord of adult passage counts at Winchester dam, after adjustments to account
for losses prior to spawning, the CMP set the desired and critical abundance targets at 4,200
and 1,200, respectively.

As with all salmonid populationsbandance of naturally mduced North Umpgua summer
steelhead has cycled through periods of relatively high and low abundance since abunts
returning adult summer steelhedskgan at Winchester Dafniver kilometer 190)n 1946

Returns declined moderately from 2012 to 2020 bidt dot fall below the CMP critical

abundance threshold (ODFW 2020). However, counts in 2021 declined dramatically, with a final
escapement estimate of 449 naturally produced fish. This estimate is well below the critical
abundance threshold and is the snegit return ever recorded.

Given this dramatic decline, ODFW initiated an expedited assessment of the population and
investigation into factors that may have contributed to the decline. In this report we evaluate
the following for North Umpqua summer stéelad: (1) current population status; (2) potential
limiting factors (LFs), including marine conditions, freshwater habitat, predators, hatchery
effects, and harvest; and (3) future outlook for freshwater and marine habitat. Where data
were readily availakl, we developed models and conducted quantitative statistical
assessments. In other cases, we reviewed the available literature and provided qualitative
assessments.
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CURRENFOPULATION STATUS
North Umpqua Summer Steelheddfe History

Summersteelhead are differentiated from winter steelhead by the timing of entry to

freshwater. Adult winter steelhead on the Oregon Coast typically enter freshwater in November
to April, before spawning in December through May (ODFW 2014). In contrast tol#tigely

tight temporal coupling of adult migration and spawning, adult North Umpqua summer
steelhead enter freshwater beginning as early as late spring and progressing through late fall
(McGie 1994). These fish are counted as they pass Winchester Daay itnidugh November.

After passing the dam, North Umpqua summer steelhead hold in freshwater through the
summer and fall prior to spawning in the following year (January through May).

A summerreturning life history strategy for steelhead can be advantagewhen the distance
from the ocean to spawning habitats is long or where a natural barrier favors passage during
summer flow conditions. Winter velocity barriers likely favor a summer returning life history in
key production areas of the North Umpqua bgsvhich together with availability of cold water,
constrains production of summer steelhead to areas upstream from Winchester Dam (Figure 2).
For example, the Steamboat Creek sadsin supports a substantial proportion of the total
production of the Norh Umpqua summer steelhead population. This is also the case in the
Siletz River (the other Coastal SMU populatiamere winter flows create a velocity barrier at
Siletz Falls, favoring a summeturning steelhead population in the upper portion of that
basin. In cases such as these, spawning distributions for summer steelhead can be more
constrained than their more broadly distributed wintarn counterparts.

North Umpqua summer steelhead rear in freshwater until migrating out of the North Umpqua
basin pimarily as age and age3 smolts. Smolt outmigration occurs from January through July
(ODFW 2005), typically peaking in late spring (Mgrdhine; Daily 1990Fpawners

predominantly return as-3alt and 3salt adults, but smaller proportions return aftenly one

year or after spending 4 years at sea (ODFW Unpublished Data). The protracted and variable
freshwater and ocean rearing periods mean that adult spawners returning in a given year are
derived from multiple spawning years and experienced diffecamhbinations of conditions in
freshwater and in the ocean.
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Figure2. The Umpqua River basin and associated features.
Habitat use designations are from the ODFW fish distribution layer for summer
steelhead.

The summesteelhead life history discussed above poses several challenges for managers,
particularly when monitoring is based on counts of returning adults passing a dam, as is the
case for North Umpqua summer steelhead. These include:

i Passage counts in a given yaaWinchester Dam indicate spawners in the following
year (i.e., Spawn Year = Count Year +1), and counts must be adjusted to account for
losses that occur prior to spawning.

1 Dam counts do not provide information on productivity of the different-$asirs
available for spawning upstream from Winchester Dam. Differential use of the North
Umpqua sukbasins by both naturally produced and hatchery summer steelhead is
further discussed in thelatcherysection of this assessment.

1 The diverse freshwater and oaeage structure for North Umpqua summer steelhead
can effectively spread risk for the population, but it can also pose challenges for
identifying statistically significant environmental covariates for use in assessing
population dynamics or forecasting fue returns.

In this assessment, we have addressed these challenges to the extent feasible with the available
data and each is discussed further in the sections below.
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Abundance

The CMP status assessment concluded that the North Umpqua sustestinead population

was viable with no indicators of concern with the viability results. In this report, we provide an
updated assessment of population performance relative to CMP abundance targets, evaluation
of recent abundance trends, and evaluationaof updated population viability analysis. Current
and projected future distributions for juveniles are also addresSgg€ies Distribution

Modeling section).

The CMP establishedDesired Abundanceargetanda Critical Abundancéhresholdfor the

North Umpqgua summer steelhead population. Desired Abundance is the mean future wild
spawner abundance goal, which actions across management categories identified in the CMP
are trying to attain. Desired Abundance for populations has no direct harvest management
implications.TheDesired Abundanctrget (4,200was set to the 79 percentile of the
lognormal distribution ohaturally producedgspawner abundance estimates for the period from
1946-2009. Attaining Desired Abundance would require an increase in tltkamebundance

of ~30% over the median abundance for the same period (3,200). This increase in Desired
Abundance is intended to strengthen populations, provide greater resiliency to fahaeges

in limiting factorssuch asexae@rbatingclimateandoceanchange and development associated
with human population growth or expansion, and provide more consistent and improved
fisheries

The Critical Abundandaresholdfor the North Umpqua summer steelhead population was set

at 1,200.Thisthresholdrepresents an historically low wild spawner abundanielow which

longterm persistence becomes uncertaifhe Critical Abundandaresholdwas calculated as
(SMSY+20%)*0.5, where SMSY is the spawner abundance at maximum sustainable yield from

the stockrecruit relationship for the population, the 20% increase in SMSY is a risk buffer for
uncertainty in the estimation of SMSY and future threatpapulations andaking half of the

resulting product is consistent with Critical Abundances identified in otherspldate that
CriticalAbundance levels are intended to be high enough to allow time for management actions

G2 0SS AYLIX SYSYUSR (G2 AYLINRGS | LRLMAZEFIGAZ2YQa a
high that they unnecessarily constrain fisheries wheinity is not at risk.

¢ KS / at QA& threshdiysard agsesSed based estimatesof naturally produced
escapementEscapement is estimated by adjustgsigmmer periodpassage countsf naturally

produced steelheadt Winchester DanfMay 1to November 30jo account fora change in

counting methods in 1992 and fishery mortalifishery mortality includes direbtarvest (when

permitted) and after prohibition of harvest an estimate ofmortality incidental tocatch-and-

releaseangling. Abundar® A& | 4834Sa4SR lyydzZffe yR NBLR2NIUSH
Monitoring Summariegavailable at

https://www.dfw.state.or.us/fish/crp/coastal_multispecies.agp
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From 2014 through 2020, annusdcapemengestimates were lower than Desired Abundance
but higher than Critical Abundance (Table 1). Howevergdwmpemenestimate for 202was
below Critical Abundance, and it was tlogvestescapementestimatein the record from 1946
¢ 2021 Figure3d).

Tablel. Naturally produced spawner escapement estimates for North Umpgua summer steelhead
Populationestimates aresince approval of th€oastal MultiSpecies Conservation and Management PGIP).
Naturally produced spawner escapement estimates are summer period counts at Winchester Dam¢(May 1

November 30), adjusted to account for fishegjated mortality above Winchester Dam. The CMP Desired
Abundance Target and Critical Abundance Threshold are 4,200 and 1,200, resp&is€MP, Table Alll;2)

Run  Naturally Produced

Year Escapement
2014 2,182
2015 1,598
2016 3,652
2017 2,472
2018 1,820
2019 1,924
2020 1,452
2021 449

P2021Estimate is provisional and subject to change.

Trend analysis of a populatianith cyclicabundancecan produce results thatre highly

dependent on theperiod considerediFor example, there is no significant trend evident in the
North Umpquanaturally producedsummer steelhead abundance time series from 12021,

but there are cycles of higher and lower abundances in the redegiife3). Assessment of

trend using diffeent start and end points would yield very different conclusions about the
trajectory of the population. For this reason, we draw comparisons to other summer steelhead
abundance time series to set a context for the recent decline in abundance of North @mpqu
summer steelhead.

The North Umpqua summer steelhead population was not alone in experiencing a substantial
downturn in 2021. A similar substantial decline in abundance was obsenz&?1lin the Siletz
summer steelhead populatiothe other population 6 summer steelhead within the Coastal
SMU. There, th€021abundance estimate for natural origin fifll to the 7" percentile for the
period of record (19942021 (Figure 4). Hatchery origin returns to both Winchester Dam (North
Umpqua) and Siletz Failts2021 were the lowest on record (Siletz, 1983P1; Winchester,
19592021).
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Figure3. Naturally produced spawner abundance, North Umpqua summer steelneadears 19462021).

Abundance estimates are based on counts of naturally produced summer steelhead at Winchester Dam, adjusted
to account for a change in counting methods in 1992 and fishery mortality. The solid black line is the running five
year g@metric mean of abundance estimates. The dashed black and dashed red lines are Coastp&dtids
Conservation and Management Plan (CMP) targets for Desired Abundance and Critical Abundance, respectively.
Arrows indicate the first hatchery origin aduéturns (1959), implementation of catch and release regulations for
unmarked summer steelhead throughout the basin (1999), and approval of the CMP (2014).

Population trendsn the Siletz and the North Umpqgua mirrored each other closely from 2003 to
2014 (kgure 5). Botlpopulationsdeclinedbeginning in 2013, but while the trend in the North
Umpqua has steadily declined over the lagthtyears, the population trend in the Siletz

leveled off around 2016. Both populations saw a very sharp decline in 2024inke the Siletz

did not experience the declinesservedin the previous four years in the North Umpqua, the
status of the Siletz is not much lower than it was three years ago. Trends in the Rogue River
differs markedly from the other two basins. Whtre North Umpqgua and Siletz were peaking
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Figure4. Naturally produced summer steelhead counts at Siletz fFatisyears 1994021).

The solid black line is the running fiyear geometric mean of abundanestimates. The dashed black and dashed
red lines are Coastal MulBpecies Conservation and Management Plan (CMP) targets for Desired Abundance and
Critical Abundance, respectively.

12



2022 Assessment of Naturally Produced Summer Steelhead in the Umpqua River Basin

2.200 -
g 1.700
g Naturally Produced
N
£ o0 Summer Steelhead
2
o ——— Columbia (Skamania Index, Bonneville)
= 0.700 A i
8 ——— Snake (A-Index, Lower Granite)
é 0.200 —— Snake (B-Index, Lower Granite)
g ——— Deschutes (Above Sherars Falls)
a
< -0.300 4 —— Siletz (Siletz Falls Trap)
c
S ... | LA ALY ARSI NN N = Rogue (Huntley Late-Summer)

-0.800 A . -
E —— Umatilla (Three Mile Falls Dam)
= — i
£ -1.300 A N. Umpqua (Winchester Dam)
E
8
O -1.800 -
=
3
> -2.300 A
[To)

-2.800 e S e m e o e L e e e NS ms p m |

DA O NI O H OO A DO O NDLD ™ O 0 A 09 0N
DS ST IS TSI NNRNNNNNNNNNNND QL
FEFPFPFTTFTET LTS TE TS S S

—~ 2.000 A
g
5] | p
@ 600 Hatchery
% 1.200 - Summer Steelhead
f =
g 0.800 - —— Columbia (Skamania Index, Bonneville)
[0} Snake (A-Index, Lower Granite)
£ 0.400 A )
g —— Snake (B-Index, Lower Granite)
S 0.000 A —— Deschutes (Above Sherars Falls)
a
<::: -0.400 4 —— Siletz (Siletz Falls Trap)
g‘s‘ ----- Rogue (Huntley Late-Summer)
-0.800 - ; s
% —— Umatilla (Three Mile Falls Dam)
% -1.200 4 = N. Umpqua (Winchester Dam)
&
$ -1.600 A
0]
g -2.000 A
>
b -2.400 -
-2.800 — T T T T T T T T T T T T T T T T T T T T
K BN T N e I S T« B WP s AN B N - T\ T e I I S P
FEFFETFTTFTETFTEFTSTESTE TS S S S S

Run Year

Figureb. Naturally produced antatchery summer steelhead abundance trerfds years 199&021).

Lines are standardized-§zores) trends of fyear geometric means for Skamania Index summer steelhead passage

at Bonneville Dam,-fndex and Bndex summer steelhead passage at Lower Geabam, Umatilla River summer
AaGSStKSIFR G ¢KNBS aAtS Ccritfta 5IYZ 5Sa0KdziSa whA @SN &adzy
of Siletz summer steelhead at Siletz Falls, Rogueslatamer steelhead at Huntley Park, and North Umpqua

summer seéelhead passage at Winchester Dam. Datafi?1 in all populations is provisional and subject to

change as estimates are finalized; 2021 estimates for the Deschutes and Umatilla trends are not yet available.

around 2012, Rogue trends were at their lowest. Trends in the Rogue have been increasing
since then, while they have been declining in the other two basins.
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Comparison of trends among sevenalurally producedsummer steelhead runs indicate
significantcorrelationsbetween North Umpqua summer steelhead and most ofdbendance
trendsanalyzed (Table ZJhis broad regional cohereneenongnaturally producedsummer
steelhead abundance trendsiggests a role of larggcale ocean and/or climate drivers in
recent trends. Despite significant distances among population areas, recent declines are
evident across most of the trends assessed. Howetercoastal populations (Silednd North
Umpqua) appear to have declined more abruptly from 2020 to 2021 relabithe mean
abundances of their respective time series (Figytelnterpreting trends in hatchery origin
summer steelhead abundance can be complicated by changes in smolt release numbers or
other hatchery management changes that differ among populatigkbundance trends for
hatchery summer steelhead are somewhat less coherent than those of their naturally produced
counterparts. However, most hatchery trends indicate recent declines, with many starting to
decline prior to recent declines in complementarends for naturally produced fish (Figure 5).

We emphasize that 2021 abundance estimates for most trends are provisional or not yet
available. It is also notable that nall abundance trendare significanthcorrelated(i.e.,Rogue
Riverlate-summersteelhead. Summer steelhead in the Rogue River are thought to occupy a
different ocean distribution than more northerly steelhead stocks and they have gbaifder

life history strategy unique to steelhead populations in the Rogue, Klamath, and Esglinitiee
Pacific Northwest. These factors may combine to yield a different response to ocean conditions
or regional climate drivers than observed in otmarthwestsummer steelhead populations.

The CMRissessed the trend diie North Umpqua summesteelheadpopulationashaving a

low probability of decline. However, the decline over the past decadalted in the 2021

return abundance that is less than 40% of previous lows (Figure 3). This and the steep nature of
the decline relative to other coelated abundance trends warrantre-assessment of
populationviability. Although population viability analyses are not generally expected to
substantially change over short periods of time, we reassgpspulation viability using an

updated stockrecruit functionderived fromthe most currentand completedataavailable This
analysis is described below.
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Table2d t SFNE2yQa O2NNBflFiAz2y O2STTan®ASydia TFT2NJ 4dzYYSN) 4SSt KSFR FodzyRFyOS (i
Trends ¢$tandardized 5ear geometric means;scoreskre for 19982021, wher data are available for all trends (i.e., starting with +ygar 1994).Trends

are Rogue River lasummer steelhead (Huntley Park Index), Snake Rived@x and Bndexsummer steelhead at Lower Granite Dam (JCRM 2022),

[ 2t dzYo Al WAGBSNI {{FYlIYyAl LYRSESZ !YIGAttF &dzyYSN adS5St KSHaR), SildizsuneSS aAf S CI
steelhead (Siletz Falls passage count), and North Umgaguaner steelhead at Winchester Dam. All trends are naturally produced adult summer

steelhead. All data for 2021 are preliminary and subject to change. Estimates for 2021 are not yet available for the DasdHuteatilla rivers. Green

shading indicatesignificant correlation (pvalue < 0.05); yellow shading indicates one marginally significant resedlfp = 0.051). Unshaded cells

indicate no significant correlation.

Snake
(A Snake | Columbia
Abundance Trend | Rogue | IndeX | (BIndeX | (Skamania) Umatilla| Deschutes| Siletz

Snake (Andex} | -0.240
Snake (Bndex} | -0.086 | 0.757
Columbia (Skamanta] 0.095 | 0.818 | 0.805
Umatille£ | 0.175 | 0.615 0.789 0.663
Deschute$| 0.346 | 0.497 0.714 0.695 0.879

Silet? | -0.037 | 0.625 0.760 0.780 0.498 0.413

North Umpquéa| 0.007 | 0.433 0.839 0.610 0.742 0.818 0.518

awild Alndex and Bndexsummer $eelhead passage at Lower Granite Dam. Data are from Table 13 in the 2022 Joint Columbia River Management Staff Report (JCRM
2022); 2021 data arpreliminary; passage is through Dec 31, 2G21d subcomponent determination is based on visual sampling.

bwild Skamania Index summer steelhead passage at Bonneville Dam. Data are from Table 12, JCRM 2022. 2021 estimate is preliminary.

CSummer steelhead count at Three Mile Falls Dam; 2021 estimate is not yet available.

dMark-recapture estimate of natural origin suner steelhead migration above Sherars Falls. 2021 estimate is not yet available.

ePassage count of unmarked summer steelhead at Siletz Falls Trap.

fPassage count of unmarked steelhead during the summer counting period (MégvEmber 30) aWinchester Dam.
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PopulationViability

Data. As indicated in the previous sectiddorth Umpqua summer steelhead spawner and
recruit abundance are estimated based on counts at Winchester Dam from2(842

Counting methods changed in 1992 as did ocean conditions related to the Pacific Decadal
Oscillation (PDO) and the North Pacific Gyre Oscillation (NPGO,; Litzow et al. 2020) making the
early1990s a logicatartingpoint for this analysisAt the time the analysis wagonducted,
2020was the most recent year with fin#/inchester Dam count$Spawner abundance is based
on escapement of both hatchery amaturally producedadults since the product of a hatchery
fish reproducing with aaturally producedish a two hatchery fish reproducing will be
indistinguishable from a puneaturally producedish (i.e, no fin clip). Recruit abundance is
based on the number of natulglproducedreturns in any given year prior to harvest. Each of
these numbers ibased on countat Winchester Dam, adjustdd account for harvest,

hatchery summer steelhead passing Winchester Dam during the winter counting period, and
retention of hatchery fish at Rock Creek Hatch&ymmer steelhead counted at Winchester
Damin a gven yeartypically spawrearlyin the following calendar yeafe.g, 1993 spawners
arebased on 1992 counts).

Annual age compositions used to asangiurally producedeturners to spawning year and to
generate age compositions for population viability analysis (R\£g derived from scale data
acquired in the Volunteefeelhead Scale Project from 198393 (ODFW unpublished data).
The average annual age compositioasrapplied to préharvest abundance afaturally
producedreturns (preharvest) to get recruits by spawning year.

StockRecruitment Analysistockrecruitment analysis is an accepted technique in fisheries

science used to relate the number of spawnersin LJ2 LJdzf | § A2y (G2 GKS ydzyo$S
are expected to produce that will survive to a given size/age (Ricker, Hi54rn and Walters

20031 F RR2Yy HAMMO® LYy GKA& Fylfeéearar GNBONHzA G4acé
produced in a given yeardm a group of spawners (including both hatchery aaturally

producedfish) that survived to spawn or would have had they not been harvested. For a

detailed explanation of how age compositions are used to calculate recruits by spawning year,
seeTable All: 6 and accompanying text in the CMiP {43144).Due to the life history diversity

of steelhead, recruits from a given spawning year retasradultover a period of several

years.Forthis analysis, fullecruit information is availabléor spawning years 1992014.

Spawningyears after2014could not be includedh the analysibecause not enough years have
elapsed to allow allecruitage classes to return (e.g., agdish from the2015spawning year

did not return until2021, and the2021 damcount was not finalized prido this analysis).

After the number of recruits have been estimated, it is possible to relate the abundance of
spawners in a given year to the abundance of recruits produced in that spawning year.dt is als
possible to plot this relationship and fit one of a variety of fiokear recruitment functions

(i.e., curves) to the resulting data. For the purposes of this analysis, we examined the fit of
densitydependent model with (Ricker) andthout (BevertonHolt; Logistic Hockey Stick)
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G2 ANV LISy a | [ladésgending righb Sd@ of the recruitment curwégure Sjlas well
as a simple densiindependent model. These models were parameterized as follows:

YQodQI " Q
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whereRis recruits Sis spawners and is the base of the natural logarithm aads the error
term. All models were fit using maximulkelihood estimation (MLE).

Attempts to fit these models using Bayesian methods were unsuccessful or not credible. More
advancel methods such as Bayesianahal A a Ol y 0SS @S NBI|j @R INA iy 3K dzy BHEE
guantities of information to reliably converge and produce reasonable parameter estimates.
Exploratory attempts to fit Bevertehlolt and Ricker models to these data resulted in models

that failed to converge, produced unacceptable numbardivergent transitionsand/or

resulted in nornonsensical parameter estimates. This indicates that the data do not contain

sufficient information to estimate parameters using Bayesi@tihods.

Stockrecruitment curves generate two primary parametersand . The parameter is

NEFSNNBER (2 Fa GKS GAYGNAYAAO LINPRAZOGAGAGEE |
spawner at a level where there are no density dependent effects. This makes it a measure of
population growth rate. The parameteris the change in curvature of the recruitment curve as

the number of spawners increases. This number is usually very small and does not have an

obvious realworld meaning.

The number of recruits at equilibriufeq is a more understandable metric thagpresents
the number of recruits the population should produce at equilibrium. Thsually
represented as the point at which the recruitment curve (shown in blagkgaresStS4
intersects the 1:1 line (shown in redkiguresStS4 andis calculated as:

.., 0€EQ

U Qn

This is the number of recruits the population should hover arowhéenall other factors (ocean
conditions, climate, habitat, harvest, passage, etce)equal.

All four models provided reasonable parameter estimates asdal fit to the data was good
(FiguresStS4 when models were fit using maximum likelihood estimation.
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We used AlCc to rank models. AlCc assesses how well the model fits the data while applying a
LISy tGe F2NJ AYONBlIaAy3d OFACLESEA R GSYEALT LINBGS
stockassessment were the model fits existing data too well and has low or no ability to capture

future variabilityresulting inpoor predictions of future conditions. AICc is calculated as:

en e onx QO CQ . .. CQ @
Y TN~ Q Y TN~
oOoomOos Qo caal ¢ Qo
Maximum likelihood estimation calculates the negative log likelihoad& , which represents
how well the model fits the data, as part of the model fitting procedure. We taaulate the

penalty factor for the number of parametecX
likelihood.

and add it to the negative log

The Ricker and Bevertdfiolt models are essentially indistinguishable according to AlCc (Table
SJ). Others have little to no support in the data (AICc >= 4).

We performed further analyses using tBevertonHolt curve(FigureS2. Ricker curves require
over-compensation. Theresino indication in the data that ov@ompensation i®ccurring,nor
can we determine a defensible biological rationale to support it. Also, preliminary analyses
showedthe BevertonrHolt curveoutperformed the Rickercurveonce covariatesvere
incorporated to each.

Covariates can improve fit and accuracy of a model. However, too many covariates or

covariates with spurious correlations can lead to overfitting and ultimately reduce fit and

accuracy. Moreover, examining multiple potential relasbips from many possible covariates
(ile,dRIFGF RNBRIAYIEOD | faz2z ONBIFGSa GKS LI2aaAroAf A
considered a selected suite of covariates with established relationships and/or wétlpaari

biological rationale fowhy they might impact the stock recruit relationship. Statistical
AAIYAFAOIYOS gta aSd G GKS " ¢TI nom §S@St gK
inclusion where relationships may seakon average but critically important in particular

years.

Thesteelhead lifecycle is divided into both a freshwater residency period and an ocean

residency period. For the freshwater period, we tested covariates for minimum summer flow

and maximum weekly mean temperature (MWMT). These relationships were examined for the
firsttwo@ S NE 2F | @SIFENI OflaasSaQ tAFS 602NNBalLRyRA:
and for the fifth and sixth year of life (corresponding to the conditions they would encounter as
returning spawners during the peak ages for return according to aggaositions).The

indicators for stream flow and temperature that wsed werethe annual minimum flow (cfs)

at the stream gage othe Umpqua River near Elkton and the mean NorWest/PRISM index of

the MWMT at the three importanholding poolsFor the saltvater period, we examined NPGO

and Coastal Upwelling Transport Index (CUTI; a measure of upwelling). These relationships

6SNB SEIFIYAYSR F2NJ iKS FAFGIK GKNRdAAK &aSOSyiK @
the conditions they would encounter dugrthe duration of their ocean residencfhe NPGO

index has recently reached some of the lowest values (poorest condisort®1950,
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surpassing previous lows in the early 1990s that also coincided with low returns of North
Umpqua summer steelhead andher coastal salmon rungigure 6)

PDO, sea surface temperature (SST), two other measures of upwelling (Upineléirgnd
Biologically Effective Upwelling Transport Index; BEUTI) and copepod biomass were all
considered but ultimatelgliscarded as potential covariates. PDO and SST both correlated very
closely with NPGO so including them would simply complicate the model without adding any
additional predictive information. Also, recent research suggests that, since ~1990, NPGO has a
stronger relationship to salmonid survival than PDO (Kilduff &Cdl5, Litzow et ak018). All
measures of upwelling were highly correlated (Fighge CUTI was selected since it shows the
highest correlation, on average, with the other two measures.

MWME Ay GKS AAEGK &SIENI2F | &SI N Of44a8aQ € ATF¢
relationship (Figur&g P= 0.09;R = 0.14) with recruits. No other combination of MWMT or

minimum summer flow and year had any significant relationsRipalue) or deronstrated any

explanatory powerR®). This makes biological sense as most fish return at age 5 or 6 and some

spawn multiple times, returning at both ages. Umpqua summer steelhead return through

spring and latesummer meaning many would experience high waemperatures potentially

impacting their spawning success the following spring.

bt Dh Ay GKS F2dzNGHK &SIFNJ2F | &SIFNI OtraasSaQ ftA
relationship (Figur&7 P= 0.00024 R = 050) with recruits. Since age compositions suggest

that Umpqua summer steelhead leave for the ocean as smolts between ages two and three,

year four would be the first full year of ocean conditions all-adhlt steelhead would

experience prior to their stantig to return to freshwater at age foand a haland fiveand a

half.

Other research has suggested that the relationship between survival and NPGO is highest in the
first year in the ocean corresponding to ages two and th{agrke et al. 2013; Beamishdn

Mahnken 2001; Holtby et al. 1990; Wells et al. 2008hile both age2 andage 3produced

significant relationshipsA(< 0.05), they did not explain nearly as much variati+=(0.18 and

0.28 respectively) as did agk Therefore, we chose to contintileis analysis with NPGO
corresponding to age 4 sincegtausiblebiological rationaleexiststo explain its effectiveness.

BevertonHolt model fits improved when MWMT and NPGO were included both singly and
together in the model (Figures8, 7, and SJ;able Sp TheBevertonHolt model with only

NPGO substantially outperford all other models except thBevertorrHolt model with

MWMT and NPGO AICc >> 4). However, including MWMT still does not produce a more
informative model ( AlCc = 1.36) despitéé additional parameter. The origin@evertonHolt

model with no covariates is included for referen&egure S2)rheBevertorrHolt model with

only NPGQvas used for the remainder of this analysis since it was the best performing and less
complicated moel.
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Figure6. TheNorth Pacific Gyre Oscillation IndBx Lorenzo et al. 2008pm January 195@ January 2022.
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Figure?7. BevertonHolt curve with NPGO included as covariate.

A BevertorHolt curve with NPGO included as a covariate fit to spaweenmnit data for

the North Umpqua summer steelhead population from 199¥4. The red line

represents the 1:1 relationship where spawnedaecruit numbers are equal along their

respective axes. The black line represents the fit of the Bevetimh curve to the data.

CKS af2fftALRLE fAYySEa O02YAy3a 2FF (G(KS FAd Odz2NBS
predicted values for each year. Opeincles represent the new predicted values.

Population Viability Analysi#\ Population Viability Analysis (PVA) is a model that uses the
stockrecruitment relationship developed above to simulate population abundances into the
future. The stockecruitment relationship is used in the PVA to capture population dynamics
and simulée spawner abundance through time. Therefore, the process used to estimate
recruits from spawners in the stogkcruitment analysis is simply reversed to estimate
spawners from recruits in the PVA (deata and StockRecruitment Analysisections above).
The analytical steps are as follows:

1)

2)
3)

4)

take spawner abundance in a given yeaat(rally producedecruits combined with
hatchery escapement)

use the stockecruit function to estimate recruits from total spawners

use the age composition to apportion recruitstheir proper return year (steelhead in

the Umpqua mature a&4,5,6 and 7+ years old based on observed age compositions)
take the sum of age classes across a given return year to estimate spawner abundance
(i.e.-run size) in the next year

21



2022 Assessment of Naturally Produced Summer Steelhead in the Umpqua River Basin

It is impotant to incorporate randomness (i.estochasticity) into PVA models. Without some
degree of randomness in parameters and input variables, eventually all models would
converge, and extinction risk would be functionally zero. Age composition and NPGGQilare b
randomly varied, within their observed rangesintroduce elements of randomness into the
PVA. A random error term is also introduced to capture random error within the parameters of
the model.

Extinction occurs in the PVA model when spawner abunddrmes below a praletermined
guastextinction threshold (QET) for three consecutive years. In a separate process, at critically
low spawner abundances recruitment is set to zero simulating the reproductive failure
threshold (RFT)hese thresholds allowsuo account for processes like inbreeding depression,
genetic drift, juvenile mortality and other processes that drive populations to extinction at very
low abundances (Gilpin and Soulé 1984éurchamp et aR008 Jamieson and Allendorf 2012).

VICKkwCe gSNBE RSTAYSR Ay GKS [/ aNorthiUtpquap n T2 NJ a&
summer steelhead. Regardless of the output of the P\)edfis less than 500, a population is
considered at moderate risk faxtinction This is termed the minimumquilibrium threshold

(MET)and reflects the level at which insufficient genetic diversity exists to allow a population to
respond to new or changing conditians

The purpose of the PVA, as implemented here, is to determine current staiuirecast the
future. Since the PVA uses past conditions to model extinction risk, it implicitly assumes that
conditions when the data was collected will continue for at least the duration of they2@0
simulation. The model is not intended to capture the effects of clexadtange, ecosystem
disruption, habitat alterations or changes in fisheries, for instance.

An approximate but effective way gaugewhether the PVA is simulating the observed
population dynamics is to simply superimpose the observed data of the results of alfgle
yearsimulation. If the simulated data visually matches the observed data, then we can be
reasonably certain that th®VA is capturing the dynamics of the population reasonably well.

C2NJ 2dzNJ Y2RSf > GKS YSIYy YR @GFENAIYyOS 2F GKS
fA1S¢ GKS YSIY YR @I NRIFYyOS 819. TheiSulaied dadef I ( S
do appear to trend slightly lower. This does, in fact, match the daith the first few years

being slightly higher until a drop off in more recent years.

R

Our PVA ran 100,000 repetitions of a 3y@ar simulation using thBevertorrHolt model with

NPGO aa covariate. For each repetition, hatchery spawners are specified based on an
established, density independent relationship between smolt releases and hatchery returns and
a random smolt release abundance selected based on recent smolt releases. Ageitiompos

was randomly selected from the range of age compositions observed during sampling years.
NPGO was also randomly varied within its observed range. Random error was also incorporated
into the simulations. We then calculated the number of simulatiora tkesulted in local
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4 SE i Ay O{papalgtién aldurddrBetbelow QET/RFT = 250) andNergfor comparison
with benchmarks from the CMP.

PVA Result§he North Umpqua summer steelhepdpulation never dropped below QET/RFT
nor the critical abundance tkeshold (CAT =200) during any of the 100,000 simulatianghe
PVAmModel(Figure8). Neqwas1,473 which iswell above theVMIETthreshold of 500. However,
the population only sporadically rose above the desired abundance threshold (D2003. 4
Most simulated values fell between the critical and desired thresholds.

The PVA model suggests that this population is not at any immediate risk of extinction based on
a QET/RFT of 250 andNaqg> 500. This would correspond to an Abundaand Productivity

(A&P) score of 1 per the CMpage149).Simulationresultsalso suggds the population is

expected toremainabove the critical abundance threshold (j.eo simulations fell below CAT).
However the populationwas ator above thedesired abundance threshold only 16% of

simulations These results are consistent with the status determinations made in the CMP
though it should be noted that an older and slightly longer data set (2®04) was used in

those analyses. The present analysis incorporated the most recent completesgatanérs

through 2014 and recruits through 202@ provide the most ugio-date assessment of current
conditions.

We emphasize once more that PVA model results reflect population status under recent
observed conditions. Should future conditions change from the conditions under which this
data was collected, the status of this populatioouldalso change. The potentianpacts of
changing conditions on North Umpqua summer steelhead are discussedfutinee Outlook
section below.
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Figure8. 100-year simulation using a Bevertatolt curve with NPGO included as a covariate.

A subsample of 100 of the 100,000 repetitions of the Jar simulation is displayedihe red line is
the QET/RFT, the orange line is the critical abundance threshold, and the blue line is the desired
abundance threshold.

Summary Current Population Stiaus

North Umpqua summer steelhead have experienced cycles of low and high abundance
throughout the historical record (ca. 1946). In 2021, the naturally produced return to
Winchester Dam was the lowest on record, and low abundances of naturally produceaesum
steelhead were observed at counting stations or populations areas beyond the Umpqua basin.
Since the midl990s (standardizing all populations to the same base period), the abundance
trend for North Umpqua summer steelhead is significantly correlated summer steelhead
abundance trends across a broad geography.

Correlations among broadly distributed abundance trends implicates-srgke processes

(e.g., ocean conditions, regional climate drivers) as overarching moderators of cyclical
abundances oftammer steelhead. However, more localized conditions can be expected to
either moderate or enhance the response of individual populations to these lasagde drivers
of abundance. The recent declining trend in North Umpqua summer steelhead is consistent
with recent declines in other populations areas, but the magnitude of the decline in the two
Coastal SMU populations (North Umpqua, Siletz) in 2021 may have been larger than that
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observed in other areas. This can be confirmed only after run year2P2bundance
estimates become available for other population areas.

Populationviability modeling indicated that the North Umpqua summer steelhead population is
not currently at any immediate risk of extinction, nor is the population expected to frequently

fall below the CMP critical abundance threshold. However, the population is not expected to
consistently meet or exceed the desired abundance target at its current producivity

capacity These results are consistent with the status determinations madedarCMPand the
expectation in the CMP that improvements would be necessary to achieve a median abundance
equal to the desired abundance target.

For the model to be accurate in the future, one must assume that ocean, freshwater, climate,
and management aaditions will remain consistentiowever, we know this is likely not the

case and expect environmental conditions to be more frequently unfavolakle-uture

Outlook). Even though this is expected, environmental conditions will generally be within the
range of those this population has experienced historichlymajority of the time albeit more
frequently associated with conditions that have resulted in lower returns historically but at
levels which the population can still ssliistain.

LIMITING FABORCAUSE OF THE DOWNTURN)

Limiting factors are defined as biological, physical, or chemical conditions altered to such an
extent by anthropogenic activities that they impede achievement of population biological
performance goaldGenerally, each limitop factor haghe potential to affecthe abundance,
productivity, spatial structure, and diversity fish populatiors. To determine the cause of the
2021 downturn, we evaluated the set pbtential limiting factors considered in the CMRith

the exception that narine conditions were also included givére large effect they can have on
a population. In this evaluation we selecteihiting factors based on professional judgment of
ODFWbiologists and cananagersand the assessments wengormed by scientific literature,
dataanalyses anéhterpretation, and professionakxperience.

Hatchery

Program DescriptiorThe North Umpqua summer steelhead hatchery progtai { (1 2 @§s pp £ 0
initiated in the 1950s to augment harvest opportunity in the magmstUmpqua and North
Umpquarivers. Thecurrentprogram goal is tprovide 5,000 hatchergrigin steelhead

primarily for angler harvestvhile maintaininga hatchery stock that igenetically and

ecologically similar tthe wild population(ODFW 2020aYhe program was established using

local wild broodstock with the first collectiorg Winchester Danm 1955 (OSGC 1956).

Naturaly producedbroodstock have been incorporated singegram inception (McGie 1994).

2 Marine conditionsvere not assesseds aspecific, manageableimiting Factor in the CMP because there is no
ability to control these through local management actions. Marine conditions were considered in the £MP
assessment of potential climate change impacts.

25



2022 Assessment of Naturally Produced Summer Steelhead in the Umpqua River Basin

Brood fish are collected primarily at Winchester Dam and supplemented as needed with fish
collected at Rock Creek Hatchery (ODFW Bp16

The first release of approximately 66,000 StoclsGmmer steelheadmolts in 1958 was

followed in 1959 by the first onsalt hatchery origin adult summer steelhead passing
Winchester Dam. Smolt releases increased through 1970, peaking with a release of 197,768
smolts in 1969Kigure9). Increases in smolt releases were mirrored by an esirgy trend in
hatcheryorigin adult summer steelhead passing Winchester Dam through F@arg10).

250,000

200,000

150,000

100,000

50,000

Number of Stock 55 Summer Steelhead
Smolts Released to Rock Creek & N. Umpqua

o||||||||||||||||||||||||||||||||O_I_|
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Release Year

Figure9 Calendatyear releases of Stock 55 summer steelhead smolts into the North Umpqua(b8s82021).
The solid line shows the runningy®ar moving geometric mean. Data from 198877 and 1983 are from
unpublished hatchery records documented in McGie (1994); data from-1988 and 1984021 are from the
ODFW Hatchery Management Information System. Noltsmeere released in 2021 due to hatchery losses
incurred during the 2020 Archie Creek Fire.

After 1970, the annual release goal for Stock 55 summer steelhead was set at 150,000 smolts to
reduce risk to thenaturally producedsummersteelhead following searal years of hatchery
returnsthat werewell abovereturnsof naturally producedish (Anderson et al. 1986).

Anderson et al. (1986) attributed lower hatchery returns in 19883 (See Figure 1@p a poor

initial response tahe movement of the rearingrogram from Bandon Hatchery to Rock Creek
Hatchery and poor ocean rearing conditions. After these lower returns, the annual release goal
was increased to 168,000, which is reflected@merally highereleaseduringthe period from

1984 to 2000Kigure9; but note exceptions in 1988 1994).Releases during this period ranged
from approximately 75,000 to 185,000 smolts, averaging 147,806.168,000 smolt annual
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release goal was formalized in the North Umpqua Fish Management Plan (Anderson et al.
1986),approved by the Oregon Fish and Wildlife Commission in 98@hery returns briefly
rebounded before dropping again in the early 1990s, a period of generally poor conditions for
ocean rearing (Figure 10).

The CMP (ODFW 2014), approved by the Oregbnalfid Wildlife Commission in 2014,

authorized annual releases of 165,000 summer steelhead smolts to the North Umpqua basin.
However, posiCMP releases averaged approximately 76,500 smolts from 2015 to 2020 (Range
= 23,872% 118,716; Figur®). No Stock 55teelhead smolts were released into the North

Umpqua basin in 2021 due to rearing losses caused by the Archie Creek wildfire in 2020.
Corresponding hatchery returns have been below the program §¢@0Q hatcheryproduced
steelhead to the fisheryODFW2016b), generally approximating returns near program

inception and at other low points in the early 1980s and early 1990s. The provisional estimate
of hatchery origin summer steelhead passage at Winchester Dam in(28@fish) isthe

lowest on record (FigureQ).
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FigurelO. Hatchery summer steelhead passage at Winchester Dam,-2039.
Dam counts were adjusted to account for hatchery summer steelhead passing Winchester Dam during the winter
counting period and for a changedounting methods in 1992.
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Figurell. Mean weight of Stock 55 summer steelhead smolts released to the North UmpquaFis8£2020).
The solid line shows the runningy&ar moving geometric mean. Data from 198877 and 1983 are from
unpublished hatchery records documented in McGie (1994); data from-1988 and 19842021 are from the
ODFW Hatchery Management Information System. Noltsmere released in 2021 due to hatchery losses
incurred during the 2020 Archie Creek Fire.

None of the smolt release numbers provided above include hatchery summer steelhead
released as fry or fingerlings. Howevieatchery records indicate that Stock Summer
steelhead fry and fingerlings were released into the North Umpqua basin in geans prior to
1988(McGie 1994)urplusfry and fingerlings were also releasitio the Steamboat Creek
sub-basinin 1961 (BGC 1962). Due to their small sizes d¢ase thesefry and fingerlings are
not expected to have contributed strongly to subsequent adult returns (McGie 1994). Since
1988 all releases have been smpéigcept fora small number of unfed fry (<2,000) released
Fyydz fte Fa | LlaidIrowd Bhhahcereht @dgramliséhddRegucation
program (ODFW 2016b).

The release goal for Stock 55 summer steelhead is currently 165,000 smolts at 6 fish per pound
(ODFW 2020a), or an average weight of 75.5 grams. Since the initial smolt release in 1958,
smolts have averaged 71.2 + 4.3 (95% CI) grams. Average smolt sizes were substantially smaller
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during early program implementation and in some recent years, most notably 2017 and 2018
(Figure 11).

HatcheryOrigin awners¢ KS / at Sadlrof AaKSR | GFNBSG 2F Xwm
origin summer steelhead on the spawning grounds (pHOS) for the North Umpqua summer

steelhead population. The CMP provides an exception to this target within axfi@radius

around Rock @ek Hatchery, where the target is <30% or <60% for significant or less significant
gAfR aLl gyAy3a I NBlFaz NBaLISOGA@Sted a{AIYATFAOl
the quality of the habitat within the area and the proportion of all spawningitsa that it

representsThe appropriate target for the foemile radius around Rock Creek Hatchery is 60%

because water temperatures are likely to limit spawning and rearing, and because this area
represents a low proportion of the spawning habitat ussdnaturally produced spawners (See
discussion of spatial segregation below).

Counts of natural and hatchery origin summer steelhead passing Winchester Dam can provide
an estimate of the proportion of the total summer steelhead passage comprised of hgtcher
origin fish. However, this proportion is not an estimate of pHOS because it does not account for
removalof adults that occus prior to spawning (i.e., fishemelated mortality; retention at

hatchery facilities). Even after accounting for these losesproportional escapement of

hatchery origin steelhead relative to the combined escapement of natural and hatchery origin
steelhead reflects pHOS only to the degree that natural and hatchery origin steelhead share a
common spawning distribution in botlinie and space.

Calculating pHQ3 he CMP specifies that spatial segregation of spawning will be incorporated
into pHOS estimates:

&)n determining the populatickevel pHOS estimate, the spawning habitats will be
weighted by their wild fish use (i.ereas with a higher proportion of the wild spawning
population will be weighted heavier than areas with low percentages of the wild
spawning population; quality and proportion of spawning habitat within an area may
also be considered in the weighting). Twil allow for higher pHOS levels in areas that
are not significantly used by wild fish but must be offset by pHOS estimates that are
lower in areas that are more heavily used by the wild population to meet the population
wide/majority spawning area targee

Since adoption of the CMé&hd absent spawning ground surveys in the North Ump@@&FW
has published basiwide pHOS estimates that are basedtba proportional escapement of
hatchery origin summer steelhead relative to the combined escapement afaladand
hatchery origin summer steelhedde., counts at Winchester Daadjustedfor losses prior to
spawning) while also reporting that these estimates do not account for the likelihood of
significant segregation of hatchery origin spawners (ORB20hQ 20213. In this assessment,
we have accounted fdhe segregation of naturally produced and hatcherjgin spawnergo
the extent feasible with the available data.
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We are not aware of data indicating a substantial difference in spawning timingtbyahand
hatchery origin summer steelhead in the North Umpqua basin. Any differences in timing may
be minimized by use of broodstock collected over the duration of the summer counting period
(ODFW 2016bjrhereforejn the following analysigze assume néemporal segregation of
spawners by origin.

Radio elemetrytracking of adult North Umpqua summer steelhaadicated a high degree of
segregation of spawning areas favored by natural and hatchery origin summer steelhead.
Loomis et al. (2003) capturedydiotagged, and released 14taturally producedsteelhead in

the summer counting perio@ay 1 through Nov 30h 1998- 2000 and 98 hatchery origin
steelhead during the summer counting period in 1999 and Z0@8h were captured at

Winchester Dam, relsed (after a recovery period), tracked several times weekly, and, where
possiblé, assigned as spawners to one of five North Umpquabssins: Lower North Umpqua
River (Winchester Dam to Deadline Falls, excluding the Rock Creek and Little Rbesrs)b

Little River, Rock Creek, Upper North Umpqua River (Upstream of Deadline Falls, excluding the
Steamboat Creek sdasin), or Steamboat Creek.

Over the course of the telemetry study, Baturally producedand 20 hatchery origin summer
steelhead were ale to be assigned as spawners to one of the fivelsatins (TableS3 and

). Approximately 74% of theaturally producedsummer steelhead spawned upstream of
Deadline Falls, most (52%) in the Steamboat Creelbasin (Tabl&3). Conversely, 90% of
hatchery origin summer steelhead spawned downstream from Deadline Falls, most (80%) in the
Rock Creek subasin (Tablé4). Nohatchery origin summer steelhead were assigned as
spawners to either the Little River or Steamboat Creeklsagins (Tabl&4).

Consistent with the guidance in the CMR; used the telemetrmferred distribution
proportions to account for segregation ohtural and hatchery origin summer steelhead as
follows:

(1) Counts of summer steelhead at Winchester Dam (May 1 through November 30) were
adjusted to account for harvesand hatchery origin summer steelhead passing the dam
during thewinter counting periodDecember 1 through April 30). These adjusted counts
represent escapement estimates for natural and hatchery origin summer steelhead

3 Loomis et al. (2003) considered steelhead to be summer steelhead if they passed Winchester Dam from June 1 through
December 31 or winter steelhead if they passed the dam from January 1 through May 3®pheskent analysis, we used
counting periods consistent with those used to discriminate summer and winter steelhead at Winchester Dam (Siayer =
1- Nov 30; Winter = Dec-1Apr 30).

4 Assignmenbf radiotagged adjust summer steelhead a spawnexrin a specific subasinwas not possible where fish were
lost to tracking, left they system prior to spawningvegre harvested.

5 After the harvest of wild summer steelhead was prohibited, a fishewytatity rate for naturaly producedsummer steelhead
was estimated by applying a 10% incidental mortality rate to an encounter rate set equal to the harvest rate of hatchery
summer steelhead. Harvest rates of hatchery summer steelhead upstream from WiecBam are based on the count of
hatchery summer steelhead upstream from Winchester Dam (adjusted for hatchery summer steelhead passing during the
winter counting period) and angler reported harvest of hatchery summer steelhead upstream from Wincleaster D
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upstream from Winchester Dam prior to removal of hatchery fish at Rock Creek
Hatchery.

(2) Natural and hatchery origin escapement estimates from Step 1 were apportioned to the
five subbasins using telemetrpased distribution proportions (i.e., Tabl&3and $4).

(3) Hatchery fish removed at Rock Creek Hatchery were subtracted from the hatchgiry ori
escapement estimate for the Rock Creek-talsin. Annual numbers of hatchery
summer steelhead retained at Rock Creek Hatchery are basddtarfromh 5 C2 Qa
Hatchery Management Information System, HMIS.

(4) Subbasin pHOS estimates were calculated astzagin hatchery escapement divided by
the combined sukbasin escapement of natural and hatchery origin summer steelhead.

(5) A basinwide estimate of pHOS was calculated from-dailsin pHOS estimates,
weighted by eachsub I & A y Q& LINE LIZprddukcetispawaets (i.¥. ) TanmBll f

This analysis is similar tibose reportedin ODFW (2005) and ODFW (20R@vith some
exceptionsODFW (2009)sed the Loomis et al. (2003) telemetry datactdculate an annual
weighted pHO%or 20012005 (5year average = 17%However, ODFW (2005) assigned tagged
steelhead to ruaiming (summer vs. winterun) based on a summer counting period from June
1 to December 31n our presentanalysis weused proportions based on the Winchester Dam
summercounting period (May 1 to November 30). ODFW (2005) also assumed that 34% of
hatchery summer steelhead that were not harvested were diverted to Rock Creek hatchery.
Our analysis accounted for retentiaf hatchery fish at Rock Creek hatchery using records in
h5C2Q& | I OKSNE al ylr3SYSyid LYyTF2NXI{A2y {&adSy
than assumed in ODFW (2005)-¢&dculation of the ODFW (2005) assessment period using our
methods yields an @arage weighted pHOS of 21% for 260005.

Ourpresent analysis accounts for removal of hatchery fish at Rock Creek Haaifteery
hatchery fish are apportioned among basiBsth previous analyse®DFW2005,202)
accounted for removal of hatchery fishRock Creek Hatchebefore apportioning the
hatcheryorigin escapement to subasins. This results in an overestimate of hatchery
escapement to Rock Creek and an underestimate of hatchery escapementliowszand
Upper North Umpgua subasins ODFW (@20b) alsoused a slightly different apportionment of
hatchery fish due to inclusion of one hatchery fish in ltl@ver North Umpqua subasin that
was presumed lost to harve@toomis et al. 2003).

Assessing pHOBheCMPpHOS targets are assessed ag& moving averages to account for
interannual variation (ODFW 20L& he most recent §ear average of the proportion of

hatchery origin summer steelhead at Winchester Dam (unadjusted surperérd counts,
20132021) is 41%. After accounting for harvestergion of hatchery fish at Rock Creek

hatchery, and hatchery summer steelhead passing Winchester Dam during the winter counting
period, the corresponding basinide 93year average pHOS above Winchester Damdaced

to 34% (Tabld). This estimate is substantially higher than the basgitle pHOS target set by
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spatial segregation of hatchery andturally produced fislduring spawning.
Whenapportioned to sukbasins, escapement estimates for natural and hatchery origin
summer steelhead illustrate théifferences in thespatial distributiors of natural and hatchery
origin summer steelhead among the North Umpqua-balsins (Figur&2). Thesalistributions
result in a substantial heterogeneity pHOSwithin the North Umpqua basi(lrable4; Figure
13). When this heterogeneity is accounted f@:e.,weighting pHOS by the sti@asin
proportions ofnaturally producedescapemerny, the most recent 9ear basiawide average of
pHOS is 17%. Contributing annual estimateseighted pHOSver the9-year period from
2013 through 2021 rarggfrom 12 to 21% (Tablg).
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Figurel2. Proportion ofnatural andhatchery origin steelheath North Umpquasub-basins.

a

a

Proportionsduring the summer counting period and estimates of escapement by origin for five North Umpqua
sub-basins.Proportion of hatchery origin steelhead at Winchester Dam during the summer counting period (May
1 ¢ November 30) and estimas of escapement by origin (natural = green; hatchery = red) for five North Umpqua

subbasins. Sulbasin escapement estimates are basiitle escapement estimates for natural and hatchery

origin summer steelhead, apportioned to sbhsins based on telemetdata reported in Loomis et al. (2003).
Estimates are §ear averages corresponding to the most recetye@r period used for assessment of pHOS
targets (20122021).
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Table3. Annual and ear average estimates of hatchery proports in the North Umpqua.

Proportions are shown farnadjusted passage courds WinchesteiDam andestimates of unweighted and
weighted basirwide percent hatchery origin spawners (pHOS) for North Umpqua summer steelheae? @21.3
Unweighted basitwide pHOS estimates are based on counts of hatchery and naturally produced summer
steelhead counted at Wichester Dam, adjusted to account for harvest, hatchery summer steelhead passing the
dam during the winter counting period, and retention of hatchery fish at Winchester Dam. These estimates, as
reported in the CMP Wild Fish Monitoring reports (ODFW 20a8b)ime no spatial segregation of hatchery and
naturalorigin spawners. Weighted basimde estimates of pHOS are based on the fivelsasin pHOS estimates,
weighted based on the proportion of the total naturally produced escapement spawning in eadtasub These
estimates account for spatial segregation of hatchery and naturally produced spawners based on telemetry data
reported in Loomis et al. (2003).

Run Hatchery Unweighted Weighted
Year Proportion Basinwide Basinwide
(Winchester Dam) pHOS (%) pHOS (%)

2013 41 35 17
2014 52 42 21
2015 50 40 20
2016 47 41 20
2017 42 34 18
2018 27 20 12
2019 33 25 15
2020 45 38 19
2027 29 30 15
Average 41 34 17

PDatafor return-year 2021 are provisional and subject to change.

Table4. Annual and 9ear average estimates of pHOS for North Umpsuiabasing(20132021).

Estimates are based on counts of hatchery and naturally produced sumnednesael counted at Winchester Dam,
adjusted to account for harvest, hatchery summer steelhead passing the dam during the winter counting period,
and retention of hatchery fish at Winchester Dam. Bagide escapement estimates are apportioned across the
five subbasins based on telemetry data reported in Loomis et al. (2003).

Percent Hatchery Origin Spawners

Run

Year Lower Rock Little Upper Steamboat
N. Umpqua Creek River N. Umpqua Creek
2013 39 79 0 23 0
2014 50 83 0 31 0
2015 47 82 0 28 0
2016 45 83 0 27 0
2017 41 78 0 24 0
2018 25 62 0 13 0
2019 32 70 0 18 0
2020 45 81 0 27 0
2021 30 75 0 16 0
Average 39 77 0 23 0

PData forrun-year 2021 are provisional and subject to change.
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Figurel3. Proportionalspawninguse of North Umpqua subasins byhatcherysummer steelhead
Estimates of the percent hatchery origin spawners (pHOS) are the most regeat @verages, 2013021,
based on telemetrynferred apportionmentLoomis et al. 2003)f basirwide naturat and hatcheryorigin
escapement to the five subasins.

The bwer weightedpHOS estimates relative to unweighted estimates are largely attributable
to (1) the high relative weighting of the Steamboat Creeklsatin, where pHOS is lowdsear
zero)but where he proportion ofnaturally producedescapement is highest (52%) and (2)

lower relative weighting for the Rock Creek swdsin, where pHOS is high€s75%)put where

the proportion of North Umpquaaturally producedescapement is only 11% (Figu®. Our
basinwide weightedestimates of pHOS include the femnile radius around Rock Creek
Hatchery, where higher pHOS is allowalzg60%n portions of the Lower North Umpqua and
Rock Creek subasing. Data were insuftient to exclude this area from the calculation or to
provide for spatial weighting at a fine enough spatial resolution to account for expected higher
pHOS in this area.

The analysis above depends on the assumpthan the sub-basindistributionsof natural and
hatchery steelhead are stationary through tinM#hen segregated by run year, the telemetry
data indicates some interannual variability, but the general pattern of naturally produced
summer steelhead favoring the upper basin and hatchery origirfdiabring the lower basin
was consistent through the study (Figu8EL). The most interannual variability is associated
with the proportional use of the Upper North Umpqua shdisin (Above Deadline Falls,
excluding the Steamboat Creek sibésin) and Lower &ith Umpqua sukbasin (excluding the
Rock Creek and Little River sodisins). Understanding hatchery fish use of the Upper and
Lower North Umpqgua subasins (outside of the Rock Creek sdsin) is complicated by the
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low sample sizes adggedhatchery fiéi spawning in these sdbasins (n = 2 in each stlasin
during one year of the study; Figugtl). However, several additional linesrefisoning
described below, suggest thdte telemetry datagenerally reflects recent conditions.

The importance of the Steamboat Creek dodisin to the productivity of the North Umpqua

summer steelhead population was recognized over 80 years ago, when Steamboat Creek and its
tributarieswere closed to all angling protect summer steelhead (OSGC 193Bjior to the

start of theStock 55 summer steelhedxtchery program, the 1951 Annual Report of the
hNS3I2y {GFGS DFEYS /2YYAaadA2yS CAAKSNER S5AJAaA?z2
system are peculiar in that practically the entire run enters 8teamboat Creek drainage to

AL 6y€ 6h{ D/ wmdepofihidPsubdsisto Baturdlly prddiced symmer

steelhead has since been cited by numerous autlfeixs.,OSGC 1959; Collins 1971; Anderson

et al. 1986). The telemetrigased estimate that 3% ofnaturally producedsummer steelhead

spawn in the Steamboat Creek shhasin may be an underestimate or it may reflect a

broadening of the summer steelhead spawning distribution following naturalization of hatchery
origin spawners in areas outside okthistorical primary spawning distribution.

The general lack of hatchepyigin spawners in the Steamboat Creek 4asin is also

supported by observations during surveys of adult summer steelhead holding in pools during
summer. In 1962, adult steelhead sdrved holding below Steamboat Falls were exclusively
naturally producedish (OSGC 1963) despite anweightedbasinwide hatchery proportion of
46%’ More recent peak counts of holding adults in the Steamboat Creelasin are
significantly correlateavith escapement ohaturally producedsummer steelhead above
Winchester Dam = 0.67,P< 0.001; Figur&l2), but not with escapement of hatchery origin
summer steelhead = 0.06,P= 0.183; Figur&l3). Observations of marked hatchery origin
steelhead have been rare on these surveys (8 of 24 years), with peak counts of marked fish
ranging from zero to <0.3% of the observed peak of holding adults between 1998 and 2021
(when observation notes on fidlip status were available).

The use of the Rock Creek dodisin as the primary spawning destination by hatchenigin

summer steelhead is plausible given timabst hatchery smolts are volitionally released into

Rock Creek from the hatche(@DFW 2016bh)whichis situated low in the Rock Creek sub

basin. Telemetrpased estimates of subasin pHO$Table3) are similar to proportions of

hatchery origin fish among adult steelhead observed during snorkel surveys of summer holding
pools Tabley). These surveymdicate that the proportion of hatchery origin fish is higher for

61932 is often cited as the year in which angling was prohibited in the Steamboat Crele&ssupbuta review of Oregon

angling regulations indicasghe closure began in 1936.

7 The basirwide unweighted hatchery proportion is calculated as theagement of hatchery origin summer steelhead divided

by the total escapement of natural and hatchery origin steelhead. Escapement estimates are based on Winchester Dam counts,
adjusted to account for harvest, retention at hatchery facilitiestchery summer steelhead passing the dam during the winter
counting period, and a change in counting methods prior to 1992. This calculation assumes no temporal or spatial segregation
of natural and hatchery origin fish.
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fish holding below the Rock Creek diversion dam than for fish holding above the damS)able
an observation that generally aligns with data presented in Loomis et al. (2003).

There im0 independent means by which to corroborate telemethgsed pHOS estimates in

the other North Umpqua subasins. Summer steelhead passing Soda Springq Daer

North Umpqua sudbasin)have been counted by video since 2013. However, the hatchery
proportion of summer steelhead observed at the dam is not an estimate of the proportion of
hatchery fish on spawning grounds; the counts are not escapement estimates, and they do not
account for exploratory movements of steelhead prior to selection of spawnirgitos (e.g.,
fallbacks are observed at the countistation). Since 2013, the hatchery proportion at Soda
Springs Dam averaged 35%, while thge@r average of telemetrpased estimates of pHOS

above Deadline Falls (excluding the Steamboat Creekasin was 23%.

Our analysis, which considers spatial segregation to the extent currently possible, indicates that
the risk of interactions between hatchery andturally producedsummer steelhead on the

spawning grounds is lower than indicated by the propartad hatchery origin summer

steelhead in passage counts at Winchester Dam and the pHOS surrogate reported previously
derived from these data. However, the most recent bagside pHOS estimates, weighted to

account for distributions ofaturally producedspawners (17%, §ear average; Tabl®), are
KAIKSNI Ky GKS [/ at Gl Nadtdbe owemintheiugperbasin and | G S &
higher in the lower basin, reflecting the differential preferences of natural and hatchery origin
spawners.

We expect pHO® be near zero in the Steamboat Creek fa#sin, the preferred spawning
sub-basin for more than half afaturally producedspawnersthis conclusion is supported by
observations of holding adults during summer snorkel surveys. The pHOS in the LitteuRive
basin is also expected to be near zero, though thisksagin is expected to be favored by fewer
than 6% ohaturally producedsummer steelhead spawners. There is greater uncertainty about
the proportions of natural and hatchery origin summer ste@tiespawning in the lower and

upper North Umpqua subasins, but higher pHOS in the RockeR subbasin is supported by
surveys of adult summer steelhead holding in Rock Creek pools. Data are insufficient to assess
the hatchery hotspot target (<60%) in tf@ur-mile radius around Rock Creek Hatchery (Rock
Creek and Lower North Umpqua shésins).

SelecpHOSMlanagement OptionsGiven that the most recent-9ear weighted, basin

wide average of pHOS is above the threshold established in the CMP, we analyzed
severalmanagement options for reducing pHOS to a level below the threshold. The
options considered are ones that could be readily analyzed, but are not the only options
available to reduce pHOS

To estimate a smolt release consistent with achieving anbasi RS ¢ SAIKGSR LJ h
10%, we related the proportion of hatchery steelhead in the summer period count at
Winchester Dam to contributing smolt releases, assuming returnssadt {10%), alt
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(66.5%), Salt (20%) and-4alt (3.5%) adults. We used avper function to fit the
relationship between contributing smolt releases and subsequent hatchery proportions
in summerperiod steelhead counts at Winchester Dam (Figl#e The power function
provided a more realistic intercept relative to linear or lagamic alternatives. A 0%
weighted pHOS$orresponds to a contributing release of approximat&y000 smolts
(Figurel4). This is approximately 40% of the average annual release since approval of

the CMP.
30% -
8]
y = 0.0006x"4%6
2=0.62,p<0.001
25% A

20%

15%

10%

Basin-wide Weighted pHOS {1992 - 2021)

5%

Dn‘l".ﬂ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0 25000 50000 75000 100000 125000 150000

Contributing Smolts Release

Figurel4. Relationship between smotelease numbers and percent hatchery origin summer steelhead.
Relationship between contributing smolt release numbers and bagile weighted estimates of the percent
hatchery origin summer steelhead, return years 12821. Contributing smolt releases veesmolt releases
one to four years prior to each run year, weighted by a static ocean age structure for returning adhalts (1
(10%), Zsalt (66.5%), 3alt (20%) and-4alt (3.5%). The solid line indicates the trend through the range of
the available dta; the dashed line indicates the predicted trend below the range of the available data
(subject to greater uncertainty)

In a separate analysis using the past nine years of annuddasih pHOS estimates, we
also simulated the removal of hatchery fishRock Creek to achieve a sodsin pHOS
of 10%. Reducing pHOS to 10% in the Rock Credasito would have reduced the
basinwide weighted pHOS estimate to approximately 10%. Efficacy of achieving
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significant pHOS reductions through removal of hatcheigio steelhead in Rock Creek

is dependent on the feasibility of removing additional hatchery fish at the hatchery and
diversion dam. The scenario simulated here was set to an arbitrary reduction intended
to reflect a significant but not complete removdllwatchery fish. This is a hypothetical
scenario, and we also did not assess the feasibility of achieving this magnitude of
removal. Reduced smolt releases and increasadoval of hatchery fish in the Rock
Creek basin are independent potential managemietérventions that were not

evaluated in concert.

AdditionalHatcheryimpact AnalysesAs discussed in the CMP, the level of naturally spawning
hatchery fish is currently the most feasible way of assessing hatchery risk, but it may not
capture the magnitud of all potential risks that hatchery fish might have on naturally produced
populations (e.g., competition, predation, diseas&ditionally, estimates of pHOS capture
potential for interbreeding between hatchery and natdyaproducedfish, but they are not a
direct measure of interbreeding or impacts to reproductive success. Although our analyses
accounts for spatial segregation to the extent possible, the available data do not allow for
evaluation of pHOS at any finer spatial resmnt The analyses above also depend on
continued stationarity of spawning distributions of hatchery and wild fish despite recent
changes to habitat conditions (e.qg., wildfires). Given the limitations of the pHOS metric and the
data available for the currdrppHOS analysis, we have further assessed hatchery impacts by
evaluating (1}he influence of hatchery smolt releases on recruitment of naturally produced
summer steelhead, and (2) population viabilityder various levels dfoth smolt releases and
relative reproductive success of hatchery origin spawners.

Influence on Natural RecruitmemMorth Umpqua summesteelhead spawner and

recruit abundance were both estimated based on counts at Winchester Dam from 1992
2020.Annual age compositions used to assngiurally producedeturners to spawning
year and to generate age compositions for population viability analysis (PVA) were
derived from scale data acquired in the Volunteer Steelhead Scale Project from 1983
1993 (ODFW unpublished data). Data collectind processing details are given in the
Population Viability sectionof this report.The same data sets are used here.

| F §OKSNE NBfSFaS RIFIGF 6SNB (F1Sy FTNRBY h5C?2
System (HMIS). Where possible this information was emefesenced and reconciled

with other data sources including McGie (1994) and the Umpqua Rivemer
steelheadHatchery Geetic Management Program (HGM@DFW 2016b)

Wetestedthree hypothesedo determine whetherhatchery smolt releases could affect
abundance and productivity of naturally produced steelhead: 1) hatchery smolts could
impactnaturally producedgsmolts duringhe year of their concurrent outmigration, 2)
hatchery smolts could affect naturally produced spawners during the year that the bulk
of the hatchery released smolts would return as adults (~ager43) both mechanisms

If hatchery releases are impactingtgoingnaturally producedgsmolts, we would expect
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those effects to align with the year in which both hatchery smolts rmatdrally
producedsmolts are ouwmigrating. For example, hatchery smolts released in 1995
would align withnaturally producedecruits fromspawning year 1993 since the bulk of
thosenaturally producedsmolts wouldout-migrateas age fish in 1995. Figurél4
shows there is no relationship betwedatchery releases andaturally produced
recruits(aligred for the yearsn which both would have odmigrated together as
smoltg, suggesting that hatchery smolt releases are not systematically impacting co
occurringnaturaly producedsmolts.

If hatchery releases are impactingturally produced steelhead whehey return as
spawners, we would expect those effects to align with spawningyear in which most
hatchery smolts (2 saltwater years) would be returning. For example, hatchery origin
smolts released in 19%ndreturning as 2salt spawners during the 1992 run year
would impactnaturally produced recruits from the19%pawningyear. One potential
mechanism for this would be competition wjtbr displacement gfnaturally produced
spawners by hatchery origin spawners from a given smolt release class during their
concurrent return yearFigurel5 shows the relationship for this alignment. The
relationship wasnmarginally significantP= 0.087 and hadiow explanatory powefR =
0.14).

50000 100000 150000
Hatchery Smolts Released 1990-2011

Figurelb. Relationship between hatchery smolts released and naturally produced recruits
The comparison was mader the spawning year when most hatchery smolts returned as spawners.
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Thetrend in Figurel5toward highematurallyproducedrecruitsat higher hatchery
smolt releasesnay seem countemtuitive, but it is important to consider thabaturally
producedrecruits includeoffspring of hatcheryish thatstray to the spawning grounds
These fisltouldincrease the overall maber ofnaturally producedecruits even ithey
havelower relative reproductive succegsarticularly if they increase thepatial
distribution of summer steelhead spawning and rearififesetopicsare explored in
greater detail in the next section.

Population Viability Undddifferent Hatchery Scenaridgultiple studies have

demonstrated that hatchery steelhead have lower relative reproductive sucBds$ (

than theirnaturally producedccounterpats (Berntson et aR011, Araki et aR007).RRS
refers to hatchery spawners producing fish that survive and recruit to spawn themselves
at lower ratesthan naturally producedish. This can have implications for population
persistence especiallyRSs relatively low and proportion of hatchery origin spawners
(pPHOS) is relatively high.

It is sometimes possible to estimate tRR®f hatchery fis(RRShempirically by
separatingnaturally producedand hatchery fish and multiplying hatchery fish by a term
() representingRRSIfFalcy and Suring 201&RSmust be bounded between zero
and one. AddindRRSInto the BevertorrHolt model derived in thd?opulation Viability
section yields:

00 1O

0 QU €l J0¢ dYo 50 70

Attempts to deriveRRStempirically for theNorth Umpquasummer steelhead
population were unsuccessful. We attempted multiple methods to constrairRiIREh
parameter to the range [0,1]. However, these models often failed to converge on a finite
solution. Moreover, when unconstrained models did converge to bicklly plausible
parameter estimates, they showed extreme sensitivity to initial parameter values
making estimated parameter values very unstable and highly dependent on initial
values. Therefore, we were unable to empirically deRRSHor this populaton from
available stockecruitment data.Sudies conducted on Oregon steelhead populations
cited above measured a range RRSHetween 0.30.6. Given uncertainty abouRRSh
we useda PVA model to evaluate hovariation inRRSleould affect viability results for
North Umpqua summer steelheabh simulations, we alseariedhatcherysmolt release
size to see howhe two factors interacted to influence viability outcomes

ThePVAusedthe stockrecruitment relationship developed in tHeopulationViability
section to simulate population abundances over a-y@ar timeframe. We incorporated
randomness into this iteration of the model by randomly varying age composition,
NPGO, and harvegsates above and below Winchester Dam for natlyr@roducedand
hatchery fish, independently. We also introduced a random error term to capture
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variability within the parameters of the models discussed abovejttvout some
degree ofrandomness in parameters and input variables, eventually all models would
converge and extinction risk would be functionally zero.

Extinction occurs in the PVA model when spawner abundance drops below a pre
determined quasextinction threshold (QET) for three consecutive years. In a separate
process, at critically low spawner abundances recruitment is set to zero simulating the
reproductive failure threshold (RFT). QET/RFT were defined in the CMP as 250 for
Gf F NBSé L2 Liogbrth Unmpaud summelz&eéiheladi(ODFW 2014).

The PVAnodel assumes that conditions and the relationship between parameters and
data, other than the randoty varying parameters and data (e.g., age composition or
NPGO), will remain constant for at least the duration of the-§€ar simulation. The

model is not intended to capture the effects of climate change, ecosystem disruption or
habitat alterations.

ThisPVA ran 1,000 repetitions of a H§8ar simulation using the Bevertd#olt model

with NPGO as a covariate at each combination of a range of poBs#3&alues from

zero to one by 0.incrementsand smolt release abundance values from zero to 165,000
(current target)by 1,000 fish incrementd$-or each repetitionage composition was
randomly selected from the range of age compositions observed during sampling years.
NPGO was also randomly varied within its observed range. Harvest rates above and
below Wirchester Dam for naturl producedand hatchery fish were each modeled
independently (i.e.4 separate values) assuming a beta distributiorrdp ). Estimating

a theoretical distribution based on observed values allowed values to be more extreme
than just those sampled while still falling within the range of plausible outcomes.
Hatchery broodstock removal was modeled similarly. Random error was also
incorporated into the simulations. We then calculated the number of simulations that
NBadzZ G§SR Ay f 2gdpufationdbihdancs Below QETRFTGCRIDS
Results indicate thatggardless of variations RRSland smolt release abundance, no
modeled simulatior(i.e.- 0 out of ~181.5 million; 0%showed theNorth Umpqua
summersteelheadpopulation dropping below QET/RFA high percentage of

simulations (>90%) remained below the desired abundance threshold (DAT) regardless
of RRSlor smolt release abundance. This is a result of the steckuitment curve

having arNegbelow the DAT (seBopulationViability section). The population will

tend towards equilibrium at a level below the DATly rising above on occasions when
environmental conditions are favorable. Simulations with loviRRStand smaller smolt
releases tended to have lower abundance of naturally produced steelhead, consistent
with the trend in Figurd.5. This could be considered a woisdse scenario because the
PVA mdeldoes not include compensatory mechanisms that cauoigrove the

productivity of naturally producetish at lower hatchery fish abundance.
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Ouranalysis could be improved if additional data on the proportionattirally
producedrecruits produced byaturally producedspawners or hatchery spawneiise(,
hatchery fish that spawn in the wildith naturally producedish or other hatchery fish

were available for this population. Even at annual smolt releases of zero, the stock
recruitment relationship used here was still derivadsuming an annualddition of

hatchery spawners/Ne expect that the stockecruit relationship might change in the
absence of annual infusions of hatchery spawners but at present have no ability to parse
out recruits into progeny ohaturally producedr hatchery spawning and develop

separate stockecruit curves.

Within the range oRRSIprovided in the literature and historic annual smolt release

abundance, the Umpqua summer Steelhead population appears unlikely to decline

0S8t 20 WA VEGG A 2 yé ( KNBldokirdikdeliRta mheetioResicBe@# SNE A G A
desired abundance thresholds arregular basis. This assumes ocean conditions,

freshwater habitat conditions, climate and human influence remain largely stable in the
immediate future. Any change in these factors could change the underlying population
dynamics resulting in a change hetrange or frequency of possible outcomes.

Harvestand Fishery Mortality

North Umpqua summer steelhead are not harvested in significant numbers in ocean fisheries
(PFMC 2021Historically, they were intercepted to varying degrees in commercial net fesher

for shad in the lower Umpqua River (FCO & OSGC 1946). Recreational fishery regulations have
been adjusted over time to increase protection faturally producedsummer steelhead in the
mainstem Umpqgua and North Umpqua rivers, including:

1 1936¢ Steambat Creek and its tributaries closed to all angling (OSGC 1936)

1 1952¢ North Umpqua above Winchester Dam closed to all angling from a floating
device; Fly Water section established from Rock Creek deadline to Soda Springs (No
fishing from a floating devicand fly only) (OSGC 1952)

1 1990¢ Harvest of unmarked summer steelhead prohibited in Fly Water section of North
Umpqua River (JulydOctober31) (ODFW 1990)

1 1999¢ Harvest of unmarked steelhead prohibited Fly Water section of North Umpqua
(May 1¢ De@mber 31) and in the Mainstem Umpqua River, including tidewater, from
mouth upstream to confluence with the North and South Forks (ODFW 1999).

Harvest of wild summer steelheadadsrrently prohibited throughoutthe Umpqua basin.
However, mortality incidental to cateand-release anglinpas beenncorporated intothe
population abundance dataset used five population viability analys presented in the
PopulationViability section.That PVA model indicateddfiNorth Umpqua summer steelhead
populationis not at any immediate risk of extinctipaupporting the status determination in
the CMP.
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Mortality of North Umpqua summer steelhead incidental to casrtu-release angling is

calculated as followddarvest rats of hatchery summer steelhead upstream from Winchester
Dam are based on the count of hatchery summer steelhead upstream from Winchester Dam,
adjusted to account for hatchery summer steelhead passing Winchester Dam during the winter
counting periodand argler reported harvest of hatchery summer steelhead. Reported harvest
is adjusted by a factor of 0.625 to account for upward bias in expanded harvest card estimates.
With the assumptions that (1) all hatchery summer steelhead caught are subsequently detaine
(i.e., harvest rate = encounter ratahd (2) wild summer steelhead are encountered in the
fishery at the same rate as hatchery summer steelhead, the harvest rate of hatchery summer
steelhead is applied as an encounter rate for wild summer steelhea@%Aiicidentapre-
spawningmortality rate is then applied to the estimate of wild summer steelhead encountered
by anglers upstream from Winchester Damthat a catckand-release fisherynortality rate for
naturally producedgsummer steelhead is calculated:

Mn= HRx StH x 0.1,

where

Mn = FisheryMortality Rate fomaturally producedSsummer Steelhead

HRy = Harvest Rate of Hatchery Summer Steelhead

StS = Count ohaturally producedsummer Steelheadt Winchester Dam, and
0.1 = 10%nortality rate incidental tacatch-and-releaseangling.

Since implementationf catchandreleaseregulationsfor naturally producecsummer

steelhead, we estimated an average fisheglated mortality of2%for naturally produced

summer steelhead abowdinchester Danand 1%in the mainstem Umpgua River and the

North Umpqua Rivebelow Winchester DanThis is similar to an estimate dfd catchand

release fishery mortality for wild summer steelhead entering Idaho (5%, Marshal 2001). These
calculations are sensitive to both the assumed incidental mortality rate and the assumed
encounter rate.

Twardek et al. (2018) evaluated both mortaland sublethal physiological effects ahatch
andreleaseangling on summer steelhead in the Bulkey River, British Columbia. Harvest of
naturally producedish in this population was prohibited in 1991, saich-and-release

regulations have been in effefor approximately the same timeframe that harvest of
unmarked North Umpgua summer steelhead was significantly curtailed. After being caught,
steelhead were fitted with radio tags, and apparent survival was estimated based on telemetry
inferred patternsof movement. Incidental mortality prior to spawning was estimated at 15%
(4.5% within 3 days + 10.5% over winter). We note that these mortality rates are the result of
all sources contributing of mortality, including the effects of angling; they are notatity

rates solely attributable to angling. Others have estimatatth-and-releasemortality rates for
steelhead closer to 5% (e.g., Hooton 1987; Nelson et al. 2005), but these were-wimter
populations, which may be subject to different angling ctinds. We assumed 40%
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incidental mortality rateo be conservative Adjusting this furtheto 15% would raise our
fishery mortality estimates by approximately 1%, on average.

The assumed encounter rate can have a significant influence on estimatdseny fisortality
(FigureSl5), and encounter rates can vary substantially depending orsgigific aspects of
the fishery (e.g., access, conditions, et&dr exampleMcCormick et al. (2020) applied a 50%
encounter rate for modelingatch-and-releaseangling in Fish Creek, Idaho, though noting it
was likely higher than actual encounter ratds50% encounter rate and a 10% gpawn
mortality ratewould increase ouestimate of fishing mortality to 5%a 100% encounter rate
would increase the estimate to 10%. We are not aware of data to determine a-aatkth
release encounter rate famaturally producedsummer steelhead in the North Umpqua River.
Our current basis on halery fishery data provides a sigpecific anchor to the North Umpqua
River, but additional efforts to quantify encounter rates could help to improve modeled
assessments of fishery impacts and population viability.

It is notable that Twardek et al. (20183timated mortality rates under conservative restrictions
on terminal gear (single, barbless hook, artificial lures only). These restrictions are intended to
reduce handling stress and the incidence of deep hooking, which can substantially increase
nearterm mortality following release. These are comparable to terminal gear restrictions in the
North Umpqua fly water section (Deadline Falls to Soda Springs) (single barbless artificial fly,
January X, June 30 and OctoberdlDecember 31, single, barblessiweighted, artificial fly,

July 1¢ September 30). These regulations, and other tools, including angling closures during
low returns or poor conditions (e.g., high water temperatures) will continue to be important for
minimizing anglingelated mortality br North Umpqgua summer steelhead.

Other Species

Limiting factors can result from direct or indirect interactions between the species under
consideration and other species. Examples of these interactions are predation, competition,
prey/food source changesr limitations, disease, and others. A number of these interactions
were considered.

Non-Native Fsh Predation Smallmouth baswere likelyintroduced to the Umpqudiver in the
early 1970s. They were first documented in the South Umpqua RivelRusaburg in 1977; by
1985 a popular fishery had developed throughout most of the Umpqua and South Umpqua
rivers (Daily 1990). Creel surveys and other observations suggested that their numbers have
increased over time (particularly in the 1990s) and theyehlaeen documented in parts of the
North Umpqua River (ODFW 2009, ODFW 2010). They have not likely become established in
summer steelhead spawning strongholds high in the basin.

There is a robust amount of literature on smallmouth bass predation on jeveaiimonids;
substantial losses have been demonstrated in the Columbia, Snake, and Yakima rivers where
resources were available to conduct largeale, multyear studies. In the Columbia River,

Tabor et al. (1993stimatedjuvenile salmonids made up 5%8f6the diet of smallmouth bass
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by weight, and 65% of bass sampled during May and Junedrelimed salmonid&rhardt et

al. (2018) documented similar results in the Snake River and concluded smallmouth bass were
significant predators there, and predatidrad increased 1#old from the mid1990s, likely
explaining mortality of subyearling Chinook salmon that was previously unaccounted for.

Other studies have indicated lesabstantial impacts. In the Yakima River, Washington, Fritts

and Pearsons (2004) estated 200,405 juvenile salmonids were consumed annually from 1998

to 2001 by smallmouth bass; the majority were wild subyearling juvenile Chinook s@mon
tshawytscha However, total predation never exceeded 0.6% of the production of wild and
hatchery sémonids combined. Rieman et al. (1991) concluded that, of the 2.7 million juvenile
salmonids consumed by predatory fishes in John Day Reservoir (Columbia River basin), only 9%
could be attributed to smallmouth bass. Two studies (Summers and Daily 2000\ 2I0F)
concluded predation by smallmouth bass was negligible in the Willamette River.

The distribution of juvenile summer steelhead and extent of habitat overlap with smallmouth
bass is not precisely known for the Umpqua River. Juvenile steelhead d&igelipr 13 years in

or near their natal habitat, which is presumed to be less suitable for smallmouth bass. However,
at minimum,steelhead smolts must traverse bass habitat as they outmigrate to the gsean
encountersthen are highly likely

To adequatly determine whether smallmouth bass predationjamenileNorth Umpqua

summer steelhead has increased we would naddquatedata on bass populatiodynamics,

prey abundanceanddiet samplesUnfortunately, these data do not exist apart from anecdotal
reportsthat suggest larger populations or increased feeding activity. We can, however, assess
whether conditions that would favor predation by bass have increased over time. Bass activity
is closely tied to stream temperatures the Umpqua River, smallmth bass are thought to

feed mostactivelyasstream temperatures rise above BC and are most active over.08C

(Daily 1990) Juvenile summer steelhead migrate out of the North Umpqua from January
through July(ODFW 2005), likely peaking March dure 30 (Daily 1990We plotted historic
stream temperature from the Elktogagefor 1986 to 1992 to compare to smallmouth bass
feeding thresholdsDuring the early part ahe outmigrationperiod, stream temperaturesvere

too cold for bass to be actiybowever, therewasa period of roughly three months when
temperatureswere high enough for bass to be actively feeding (FiguBe Daily (2009) also

O2y Of dzZRSR ! YLJjdzZr wA@SNI aYl f f Y2 dzih eadypartof g S NB
GKS 2dz@SyAtS alfY2yAR YAINF GA2Y ®¢

Temperature monitoring at the Elkton streagageended in 1992. In recent years (since 2007),
temperature has been monitored at the Idleyddgeand the Winchestegage(since 2017)

which are situated abee bass distribution. To assessre recentstream temperature

conditions in the lower Umpqua River, we combined the NorWest stream temperature model
for June withannualPRISM air temperature data. The NorWest model provides an estimate of
average Junetieam temperature from 1993 to 2012. We extracted the NorWest estimata for
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Figurel6. Average stream temperature by month (198892) on the Umpqua Riveear Elkton.

Average stream temperature by month (198892) at the stream gage on the UmpquseRr near Elkton (blue

line). Juvenile summer steelhead migrate between January and July (green line). Bass begin actively feeding at
15.52C (yellow line) and are most active between 18 antC2(brange and grey lines). The box (dashed lines)
highlights the period when summer steelhead are-migrating and temperatures in the migration corridor are

warm enough for bass to be feeding.

stream reacHCommon Identifie24526610, which lies just below the confluence of the
mainstemUmpquaRiverand the Smith River. The ressl{an index of mean temperature)
suggested June stream temperatutieghat reachare nearly always above 18.6 in June and
have increased througtime (Figurel?), implying latemigratingnaturally produceduvenile
summersteelhead are at increased risk of predation by smallmouth Bamscomparisonin

the SiletzRiverthe June temperature index never reached the lower threshold for bass activity
and the June temperature index is similar in the Rogue River to that idriqegua (Figure 17;
note that,to our knowledgesmallmouth bass have not been introducedib@ Rogue or Siletz
basins).

Anecdotal angling reports received by Umpqua District staff in 2021 suggested a rebound of the
striped bass population. Striped bass were introduced to San Francisco Bay in 1879 and
migrated to Oregon by about 1914 (Parks 1978; Wydoski and Whitney 246®yic records of
substantial commercial harvest dfiped basdn the Coos, Coquille, Siuslaw, Smith and
Umpquariver basins werenaintained until 1976 when commercial harvest was prohibited.
Annual catches topped out at about 75,000 fish, with thearity of the landings occurring in

the Umpqua basin in the last several decades of the fishery (Parks 1978). Striped bass
subsequently supported sport fisheries that declined steadily through the2®@ds in most
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areas. However, an active and apparemfipwing fishery is present in the Coquille River basin.
Striped bass were investigated informally as a potential factor in the decline of Coquille fall
Chinook salmon during 20489, and some removal efforts were implemented there in 2021
(ODFW, unpublisttedata).
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Figurel7. Stream temperature index at the head of tide in Jumé¢hree coastal rivers
Bass do not feed as actively when water temperatures are bel®\Cxhd they are most active around°13.

Predation on juvenile salmonids by stripeddsahas been extensively documented. For

example, striped bass were estimated to have consumed 383,000 juvenile salmonids over three
months (ApriJune) in Coos Bay during 1963; this evaluation was conducted at a time when
managers were considering enhameents to the striped bass fishery (Johnson et al. 1992).
Considering the huge diversity of fish, invertebrates, and-foma items (cigarette butts,

feathers, and wood) striped bass are known to ingest (Walter and Austin 2003; Nobriga and
Feyrer 2008), thy are serious predators and a threat to salmonids wherever theyccar. No
substantive studies or surveys for striped bass have been conducted in the Umpqua basin for
decades.

Increasing temperatures in the Umpqua River during the sunstemihead outmigration
period has likely exacerbated interactions with smallmouth bass, and whatever predation
occurs may be compounded by the suspected increase in striped bass abundance.

PinnipedPredation Steelhead tend to school less than otlsaimonids and occupy the upper
layer of the water column (Ruggeroneat 1990; Burgneet al. 1992; Beeman and Maule
2006) making them more susceptible to predation (Collis et al. 2001). HarboP$eeds
vitulina richardiiare one of the primary predats of juvenile steelhead in the ocean (Moore
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and Berejikian 2017Fhomaset al. 2017). ODFW monitored the distribution and abundance of
harbor sealsiear the Umpqudrom 1977 to 204 (FigureSL6). Harbor seal populations appear
to have been stabléom the early 1990s through the end of the dataset2idl4 Absent any
data indicating increased predation by pinnipeds, it does not appear that this is an important
driver of recent trends.The Umpquas not regularly frequented by sea lians

Avian PredationSteelhead are particularly susceptible to predation by piscivorous birds (Collis
et al. 2001 Evans e#al. 2012 2016 Freschette etl.2012. The probabilityf predation by

Caspian terns and California gulls/rbijed gulls on steelhead smolts was two to five times
higher than on juvenile salmon during outmigration in the Columbia River and on the California
coast (Evans etl. 2012 2016 Feschette etal. 2012). This might be due the larger size of
steelhead smolts (QuinRO05 Hostetter etal. 2012 and the fact that they are more surface
oriented than salmon smolts (Winkl&é896 Cuthbert and Wire4999 Beeman and Maule

2006 Pollet etal. 2012).

Extensive studies of predation on salmonid smolts by Caspian Terns, California Guligle/ing
Gulls and Double Crested Cormorants have been conductée i@olumbia River. Colonial
waterbird predation in these reaches is often the greatest source of steelhead mortality during
outmigration, accounting for 28% to 91% of all steelhead smolt mortality during outmigration
(Evans et al. 2019). Extensive Caspiern colonies are located in the Columbia River and in
Puget Sound. During the 1980s, a rapid increase also occurred at other Oregon coastal
colonies. Immigration of birds from other regions, reduced persecution in coastal areas, and
protection of nesting habitat may have been contributing factors associated with this increase
(Carter et al. 1995).

Though Caspiaterns are common in bays and estuaries along the coast during spring and fall
migration, no large colonies are present on the coast or on tplia Riverandsampling on
Winchester Bay suggests relatively f@aspianterns and gulls feed there compared to other
Oregon estuaries However, the largest colony dbuble-crested cormorants on the Oregon
coast is located on Bolon Island near confice of the Smith River and the Umpqua River in the
upper reaches of the Umpqua estuary Fig8t&). It should be noted, however, that this

colony is still more than an order of magnitude smaller than those on the Columbia River
estuary, and their abundaedn Winchester Bay during 20P®21 was about half of what it

was during 2002015 (Figure ).

ODFW conducted a diet study in Winchester Bay in April and May;2012. Coho were the
mostfrequent prey of cormorants with estimates of around 70,000adt® taken in 2013 and

2014. However, no salmonids were detectedthe cormorantdiet in 2015, and steelhead

were never found in the stomachs thfe 110 doublecrested cormorants sampled any year

(Lyons, 2010)Doublecrested cormorants move iresponse to colony disturbance, but there

has been no known management of colonies on the central and south portions of the Oregon
Coast. Bald eagles have apparently contributed to colony failures and abandonments at several
sites along the Oregon Coasutlioublecrested cormorants have not moved to other
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locations in the Umpqua River basin in response to recent declines at the Bolon Island colony.
Given this evidence it does not appear that avian predation is driving recent declines.

DiseaseODFW hasat conducted any recent disease monitoring for naturally produced
Umpqua summer steelhead, either juveniles or adults. However, disease is known to be
prevalent in the associated hatchery progranmlicating thaidisease hosts are present in at
least someportion of the basirandthat conditionsare oftenwithin the suitable range for
pathogenslt isunknownwhether this igranslates intoincreased prevalencand/or survival
issuedor naturally produced fish.

The disease outbreaks at the hatchery were extlusive to steelhead and not uncommon to
other species being reared in hatchery systeBiagnoses involved external parasites:
ichthiopthirius, ichthyobodo, trichodina, epistylusternal parasites: sangucola, trematodes,
nanophyetusexternal fungus as saprolegnia and internal funguBtasma herbarumgram
negative bacterial infections: Flavobacteriosisid water disease), Columnaris disease, and
(rarely) opportunistic environmental gramegative inéctions such aéeromonas/
Pseudomonasomplex, and one incidence of Furunculogisrbmonas salmonicidafection).
Non-infectious disease such as dropt disease and coagulated yolk in the Bysometimes
observed (ODFW, unpublished data).

ThiamineDeficiency Multiple species and stocks of Pacific salmon have experienced declines in
the number of returning adults over a wide region of the Pacific Northwest due to poor marine
survival (low smolto-adult survival rates) (Welch et al 2018). This redusiadival could be

partly caused by thiamine deficiency complex (TDC). Thiamine (vitainis & essential

vitamin with an integral role in many metabolic procesdéest animals acquire thiamine

through their diet, so this deficiency can arise if fosdhiamine deficient. Additionally, some
prey species produce large amounts of thiaminase, which breaks down thiamine in the
predators that eat themTDC has been studied in the Baltic Sea and in the Laurentian Great
Lakes where it has caused high rates of juvenile mortality in hatchery raised salr{Bruds

et al. 2005b) Thiamine treatment§immersion or injectionjor adults and eggkave been usg

to increase survival ratgg.g., Fitzsimmons et al. 2005)

There have beereryfew studies conductetb date onthiamine deficiencieg salmonids in

the western U.SSerious deficiencies were identifi@d AlaskarChinooksalmon eggs
(Honeyfield et & 2016) andhiamine was associated with increasgeenile mortalityfor
Chinooksalmon¥ NR Y / I £ A F 2 N htip@aww.fiShéieNdoda.qavivést S& 0o
coast/sciencedata/monitoringthiamine-deficiencycaliforniasalmor). Research from Lake
Ontario indicatel that steelhead may require more thiamine than other salmonids (Futia and
Rinchard 2019).

In asmallpilot study, ODFW biologistecentlyfound that winter steelhead eggs were thiamine
deficient intwo of three ODFW hatcheries sample8upplementation trials are ongoing at the
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Oregon Hatchery Research Centerdetermineif adding thiamine to te eggs could help with
early fry mortality and disease.

Marine Conditions

Marine conditions when juvenile salmonids enter the ocean can have profound consequences
for their survival. Conditions that favor strong upwelling of cold, nutrigett water provide
abundant food for growing fish, resulting in rapid growth and high survival rates. When warm,
stagnant water dominates, food becomes scarce, and predators become more abundant
(Brodeur et al. 20055chwing et al. 2005)

There are dozens of possible indices of marine conditions that can be used to evaluate the
favorability of ocean habitats for juvenile steelhead. ek two approaches to examine
conditions for steelhead. The first is an overview of multiple marineatdrs to provide a
gualitative assessment. The second involves mathematical modeling using one or more select
marine indicators to quantitatively determine how much of the variability in steelhead returns
can be explained by marine conditions.

The NationaOceanographic and Atmospheric Administration (NOAA) provides summaries of
multiple marine indicators commonly referred to é@stoplight tables of ocean indicators

(Table5; Figurel8). Indicators are grouped into three categories: Climate and Atmospher
Indicators such as PDO, Local Physical Indicators like SST, and Local Biological Indicators like
alrtyz2y OFGOKSa 2N LXIylid2y o 91 OK AYRAOI G2NJ A
(red) relative to its impact on the marine survival of julersalmonids entering thBlorthern
California Current. These indicators are then combined by calculating the mean of the ranks of
the indicators. This mean is then characterized as good, fair, or poor. Five additional indicators
are depicted on the chattut are not included as principal components including upwelling
indices and spring transition date. Additional information about the methods used to measure
and calculate the indicators can be fouathttps://www.fisheries.noaa.gov/west
coast/sciencedata/oceanindicatorsmethodsand-backgroundmaterials

The stoplight table (FigurEB) reveals that coditions were poor for many indicators during
20032005and for20142019 Since most summer steelhead from the North UmpRiser

return to spawnat age 5 or 6thefive-year period from 2014 to 2019 was long enough to affect
all cohorts and eliminate thpossibility that a strong remaining cohort could reinforce the
affected cohorts.

For the modelingeffort, PDO, sea surface temperature (SST), two other measures of upwelling
(Upwellingindex and Biologically Effective Upwelling Transport Index; BEtuiTgopepod

biomass were all discarded as potential covariates. PDO and SST both correlated very closely
with NPGO so including them would simply complicate the model without adding any
additional predictive information. All the measures of upwelling waghly correlated Eigure

SH. CUTI waselected for modeling sincehtadthe highest correlation, on average, with the

other two measures.
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We selected the NPGO and the Coastal Upwelling Transport Index (CUTI; a measure of
upwelling) for modelling. CUTI did not have a significant relationship with steelhead returns,
but NPGO had the strongest and most significant relationship with recrugtt cdvariates

tested (p = 0.00022 = 0.9). As mentioned previously, NP@@s recently been at some of the
lowest levels in the history of the ind¢kigure 6)More detail on mathematical modeling is
included inthe discussion of covariates in tif®pulation Viability section.

Given that marine conditions tend to be the strongest driver of salmonid survival, it is not
surprising that returns have been poor in recent years, and all natural origin steelhead
populations north of the Rogue River haleclned, though none as precipitously as those in
the North Umpqua River (Figure 5).
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Table5. Indicators included in the NOAA Ocean Stoplight Table.

Climate and Atmospheritndicators
1 PDO (Sum Déddarch)
1 PDO (Sum Magept)
1 ONI (Average Jaiune)
Local Physical Indicators
f  SST NDBC buoys (A°C; 18apt)
f Upper 20 m TA°C; Nowar)
f Upper 20 m T (A°C; Mept)
 Deep temperature (A°C; Me§ept)
1 Deep salinity (Maysept)
Local Biological Indicators
1 Copepod richness anaaty (no. species; Magpept)
N. copepod biomass analy (mg C i3; May-Sept)
S. copepodiomass anoraly (mg C m3; May-Sept)
Biological transition (day of year)
Nearshore Ichthyoplankton (Log mg C 1,008;rdarMar)
Nearshore/offshore Ichthyoplankton community index (PCO axis 1 scores; Jan Mar)
Chinook salmon juvenile catches (no.-kfdune)
1 Coho salmon juvenile catches (no.-&mJune)
Principal Component scores (PC1)
Principal Component scores (PC2)
Ecosystem Indicators not included in the mean of ranks or statistical analyses
9 Physical Spring Trans. Ul based (day of year)
Physical Spring Trans. Hydrographic (day of year)
Upwelling Anomaly (Sum Aphklay)
Length of Upwelling Season Ul based (days)
Copepod Community Index (MDS axis 1 scores:S4qy)

= =4 =4 =4 -4 4

= =4 =4 =4
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OCEAN CONDITION INDICATORS TREND

I ) N ) Y Y Y N
PDO (SUM; Dec-Mar) . . . . . . . . . . .
PDO (SUM; May-Sep) . . . . . . . . . .
ONI (AVG; Jan-Jun) . . . . . . . . . .

SST NDBC Buoys (°C; May-Sep) .. .. . . . .. . ..
Upper 20 m T (°C; Nov-Mar) . ... .. ...
Upper 20 m T (°C; May-Sep) . . . . . . . . . . . .
Deep Temp (“C; May-Sep) . . . . . . . .

Deep Salinity (May-Sept) . . . . . . . . . . .

Copepod richness . . . . . . . . . . . . .
N copepod biomass . . . . . . . . . . .
S copepod biomass . . . . . . . . . . . . .
Biological transition . . . . . . . . - . . . .
Nearshore Ichthyoplankton . . . . . . . . . . .
Nearshore & offshore . . . . . . . . . . . .
Ichthyoplankton

Chinook salmon juvenile catch . . . . . . . . . . . .
Coho salmon juvenile catch . . . . . . . . . . . . .
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Figurel8. NOAA Ocean Stoplight Table for 12481. Ocean conditions experienced by fish returning during
the period of decline are outlined in black. Ocean conditions experienced by fish returning in 2021 are outlined
in red.Available at:https://www.fisheries.noaa.gov/content/oceasonditionsindicatorstrends

FreshwaterConditions

We extended the NOAA marine stopligigproach to freshwater conditions by creating our
own freshwater stoplight tableTables like this are usefu providinga quick, overall

impression of the condition of a suite of interrelated variables over tiftes table includes
indicators of stremnflow and stream temperature during different l#f@story stages during the
ALISOASAQ T NBAK g3$6@akish FNBelg). RoSaysess stréain ltetnpefiture
conditions during the period of reference (1992 to 2020), we combined the NorWest stream
temperature model with PRISM air temperature data. The NorWest model provides a single
estimate of stream temperature using observations collected during the period from 1993 to
2012. We extracted PRISM air temperature data and NorWest modeled stream riziomee
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estimates for two locations and seasonal periods. To assess conditions during smolt
outmigration we extracted mean June air temperature data at COME26610 in the lower
Umpqua near the head of tidal influence. To assess conditions during sunahdergh(adults

and juvenilesjve extracted mean July air temperature data at three holding pools in the North
Umpqua L00fish,5-mile and Upper Bend pos). In each case we calculated the mean
temperature observed in the PRISM air temperature data for the period between 2002 and
2011 (to mirror the period used for NorWest models). We then divided the PRISM value for
each year between 1992 and 2020 by theamevalue to generate a deviation from the mean
and multiplied this annual deviation by the appropriate NorWest modeled estimate to provide
an index of stream temperature at the points of interest for each yAarin the marine

stoplight table freshwaterconditions were poor for many indicatodsiring2013- 2016and
2018(Figurel9). Most fish spawned during this period would return as adults between 2018
and2021.

The MWMT Index included in the table was atsasideredas a covariate in the PVA analysis,
where it was found to have marginallysignificant relationship with recruits (P = 0.09=R

0.14; seeCurrent Population Statusection). Though this relationship is much weaker than
that with the NPGO, which explained roughly 50% of the variaticoyariate that explains

14% of the variation in steelhead returns is metcessarilynconsequential, especially when run
sizes are small or when it contributes to additive effects with other stressors. The only other
freshwater covariate tested in the P\&falysis was summer minimum flow, which was not
found to have a significant correlation with recruits.

We comparedhe freshwater stoplight table$or two other summer steelhead population
areas (Siletz and Rogue riveffggures S19 and S20) to the table for the North Umpqua (Figure
19, which includes mean ranks for each river basin and for marine conditWwespuld not
directly compare streamflowonditionsamongdifferent basins because of differences in the
size of the drainage area and location of the stregagewithin the basin. Consequently, we
assumed for each basin that the historical flow regime would be most advantageous, flow
higher than the historical regime would be intermediate, and flow lower than the historical
regime would be least advantageous (TaB)le We calculated the 25and 758" percentiles of
flow for the historical regime and set thresholds for stream flow such thatsyedth flow

below the 2% percentile were categorized as poor (red), years with flow greater than the 75th
percentile were categorized as fair (yellow), and years with flow between tHea28 73"
percentiles were categorized as good (green). We wbete & more directly compare the
temperature indices and to make category threshaielevant tobiologicd limits. June
category thresholds are related to the temperatures at whsamallmouthbass most actively
feed and summer holding thresholds are telhto optimal and lethal temperatures for salmon
and trout (Table). The freshwater stoplight tables suggest that freshwater conditions were
more favorable for summer steelhead in the Siletz and even in the Rogue compared to the
North Umpqua, particulayl after 2012.
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Table6. Metrics for the Freshwater Stoplight Table.

Life stage Metric

Justification

eggs, fry, parr Max_cfs

ao_IuIt . Access Days
migration

migration

(infout) CFM
migration

(infout) Days0
migration

(infout) Day75
migration

(infout) Dur25to75

outmigration SprFlow

outmigration JuneT_Indx

outmigration Out

9 Migration
summer .
holding Min_cfs
summer MWMT _Indx
holding -

Highest flows limit movement, disrupt redds, and can injure, kill or
displace juvenile fish. Even if there isn't direwrtality or injury,
high flows might disrupt feeding behavior and require greater ene;
expenditures. Assume negative linear relationship with flow.

Flows high enough to allow adults to migrate into the system are
advantageous. Assume linear relationship with number of days o
accessible conditions during the adult migration.

Shifts in the center of flow movement can disrupt phenological
relationships between fish and prey, predators, andditions for
outmigration. We assumael that CFM in the midrange for the period
from 19922010 is most advantageous, later CFM is fair, and earli¢
CFM is poor.

Similar to CFM

Similar to CFM

Wider intervals between date of 25th percentile flow and 75th
percentile flow indicates a more even temporal distribution of
precipitation. Assume linear relationship with interval duration.

Springflow is advantageous for juvenile outmigration and might
provide protection from predation by bass in the lower river. Assu
linear relationship with flow.

Smallmouth bass in the migration corridor are more active at high
temperatures. Assume negative linear relationship with stream
temperature index with category thresholds at 16 degrees C and
degrees C

Spring flow and temperature both contribute to speed of
outmigration and susceptibility to pdation by bass. Average of bor
categories. Assume negative linear relationship

Lowest flows restrict movement, exacerbate high temperatures, lii
accessible habitat, and increase the success of predators. Assun
linear relatioship with flow.

In addition to causing direct mortality, high maximum temperature
can cause higher incidence of disease, disrupt feeding and growil
and make fish more susceptible to predation. Assume negative li
relationship with temperature.
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Figurel9. Freshwater stoplight table for North Umpqua summer steelhead. All flow metrics were calculated using measurements aitihgageon the
Umpqua River near Elkton. Temperature indices are from el tof tide in June, and in holding pools in July and August. The mean ranks of freshwater
conditions for two other summer steelhead populations (Siletz and Rogue) and marine conditions are included for reference.
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We highlighted comparisorsf stream temperature since it is easier to make direct
comparisons of temperature and to make biologically relevant distinctions (Fa@wé& here

was a clear separation in the maximum stream temperature index in areas where adult
steelhead hold overtte summer. Maximum holding temperatures in the Siletz hovered around
suitable holding temperatures for steelhegahd in one year even the maximum temperature
fell in the optimal temperature range for steelhead. Stream temperatures in the Rogue were
higher than in the Siletz, but only exceeded thed2®yree threshold three times in the 3@ar

time series. In the Néin Umpqua, by contrast, the stream temperature index in holding areas
was well above the maximum temperature for steelhead almost every year and exceeded the
threshold by a greater marginvith the highest temperature observed occurring in 20Zhis
index is an approximation, and adults can find cooler water in deep gestgeciallyn the

upper parsof the North Umpquéaasin), but clearly steelhead are living much closer to their
temperature limits in the North Umpqua than in the Siletz or even theuRog
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Figure20. Comparison oMWMT in holding areas for adult steelheadtiree coastal rivers.

Themaximum temperature index (MWMT9r the North Umpqua, Siletand Rogue rivers shown Optimal
water temperature for salmon and trout indicated by the blue dashed line, suitable temperature for holding
is indicated by the yellow dashed line, and the maximum temperature threshold for salmon and trout is
indicated by the red dashed line.

In thenext section ve also compared the populations using temperature data from stream

gagses in each populationHgure21). The advantage of the streagagedata is that these are

direct observations of stream temperature. The drawback is that there are very few places with
long timeseries of stream temperature observations, and the places where they exist are not
always the most instructive locations for the questigosed Themodeled stream
temperatureutilized in this sectiomas the drawback of uncertainty, but the adage of
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being available everywhere on the stream network and for the entire period of interest. We
have employed both approaches in an effort to balance their advantages and disadvantages.

Additional Stream Temperaturé\nalyses

We usedtwo additionalsources of stream temperature to evaluate within and outside basin
status and trendslongterm continuous records of temperature recordedgetgeor thermistor
sites and thermal infrared imagery.

Comparison of Gage Dat@o posit the Umpgua basmithin a larger regional context, stream
temperature data was collated from USGS gages in the Umpqua and Rogue basins with the
longest continuous recor(ilable 3; Figure 2). The USGS gage in the Siletz does not collect
stream temperature therefore we fonatted thermistor data obtained from an ODFW life cycle
monitoring trap location on Mill Creek, a tributary of the Siletz Rivable 3; Figure 4). Some
inconsistencies occur through time specifically with the Siletz data only available through 2018
andthe data at Winchester unavailable for 2015 and 2016. We calculated daily average stream
temperature across the summer (June through September) season. When all locations were
compared, we found that temperatures in the Lower North Umpqua River located at
Winchester had consistently warmer temperatures throughout the summer and through time,
with comparable average daily temperatures in the Rogue River at Agness (FigjuFeg8e

22). When looking at all years combined (and variability reflected in denée intervals

around each location curve) we see that these two locations were over a degree higher on
average in June, with the warmest temperatures peaking in July (FiglyeT®2 North

Umpqua at Soda Springs gage had the lowest daily averagesveest iImaximum average

season temperatures followed by Rogue River at Prospect (FiguFegure21).

In addition to evaluating daily average stream temperatures, we compared maximum stream
temperatures at Winchester through time (2017 through 2021) dmadly contrasting previous
years to 2021 temperatures during the spring and early summer months when adult summer
steelhead would be migrating (Margune) High stream temperatures can slow, delay

stop migration and increase pigawn mortality. @nerally, themonthly mean maximum
temperature has increased through time with 2021 having the warmest temperatures
observed Temperatures over the last five yeahsring themonths of March- May were all

within a thermally suitable range for adult salmda (min 7.68 °C in 2019, max 16.95 °C in
2021).However, June anduly temperatures in 2021 were warmer than all previous years (June
min 17.26°Cin 2017, max 22.62C in 2021; Jymin 22.6 °C, max 25.18 °C). This can be
observed in Figure S2vhich shows the distribution of daily average summer temperatures
(Juneg September) at Winchester from 2072021 (Figure 20 alsmdicatesthis with other

data) The mainstem Umpqua regularly sees temperatures >20 °C during the summer, season
however,the duration of water temperatures over ZZ has also increased throutiime. For
example, in 2021, the temperature at the Winchester gage was greater th&@ 22 hours per
day from June 2t June 30, with temperatures reaching 29 during the heatlome event
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Figure21. Hydrological gage or thermistor locations used in the stream temperature comparison.
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16 N. Umpgua at Winchester
N. Umpqua River at Soda Springs
. MN. Umpqua River near Idleyld Park, OR
Rogue River al Raygold
. Roguc River below Prospect
Rogue River near Agness, OR
Silete Mill Creek

Daily mean temperature (*C) with 93% CI

/
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Figure22. Daily mearsummertemperaturefor locations within the Siletz, Umpqua, and Rogue basins.
Temperatureduring summer (June September)s averaged across all years (28@®1) Shaded area
represents 95% confidence intervals.

Longitudinal ProfilesAirborne thermal infrared (TIR) imagemeasures the radiant

temperature of surface water angd acquired using a fixed wing aircraft fitted with a TIR

camera. Images are collected during the summer season (July and August), when air
temperatures are generally warmest and when the weather is most optimal for flights. TIR
imagery was collected in thgorth Umpqua in 2002 on July 23, 25, and 26. The majority of the
TIR surveys were conducted by Watershed Sciences Inc., Corvallis, OR (USA) (now NV5,
https://www.nv5.com/geospatialf Table 8). Because of technological advances during this

time, different TIR sensors were used {2@01 used scanned arrays; post 2001 used focal

plane arrays); however, wavelength range, radietric calibration and sensitivity were all
similar(Fullerton et al. 2015). For each flight, thermistors were distributed instream to ground
truth the remotely sensed temperatures and all thermal image data were georeferenced. These
data have been used extensively to map thermal heterogeneity in Oregtiar(bn et al. 2018;
Fullerton et al. 2015; Torgersen et al. 2012) and can highlight locations that have cooler surficial
water temperatures, implying a potential celdater patch for salmonids to use a thermal

refuge. See Torgersen et al. (2001) and Meh&l. (2013) for more details.
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Fullerton et al. (2015) georeferenced the thermal image data and subsampled water

temperatures from the images at approximately £200-m intervals along the thalweg of each

river. We took those thermal image points andtpal longitudinal profiles for several different
rivers/creeks in the North Umpqua basin (Fig&22). Each section had a different profile

dependent on the position of the stream/river segment in the basin, influenced largely by

elevation and gradient. Fdhe mainstem Umpqua segments, the lower Umpqua had the

g N¥Sald AGNBUIOK gAOGK | YAYAYdzY GSYLISNF GdZNBE 27
2 AYOKSAGSNI RFY (2 {GSIFYo2FdG / NBS1Z GKS YAYAYdz
2T HNn Py x/ & ¢ Stelinhad Nieek ® therdppfakimate location of Toketee

5IY KIR GKS 022ftSaid 0GSYLISNI GdzZNB&A 6AGK | YAYAY
GSYLISNI GdzNB 2F McdH x/ ® LYy GKS GNROodzil NASAZ |
temperaturesoc ®H x/ YR mMc®d®n x/ X NBaAaLISOGmgeSses oAl
x/ Ay GKS [AGGES wA @S NEB)Cariton Graet gnd Rock Ckegk hgdi ST Y 6 2
YAYAYdzY {SYLISNI G dzNB and@akimumrtemperaturesfh f Rn my Hml Y R H
x / = NI & LIS &8). T iata candeé usdfuSin identifying potential agéder patches

(e.g, reaches of strearwith a differencen x/ 6KSyYy O2YLI NBR (G2 | R2l OS
can hold for thermal respite. When looking at the mainstentises, there appear to be some

cool sections in the lower mainstem before the confluence with the North Umpqua (Figure

23). Temperatures decrease distinctly moving upstream into the North Umpqua with the

contribution of cooler tributary flow helping to nnatain conditions within reasonable thermal

thresholds for salmonids.

Instream Physical Habitat Condition

Thereare current physical stream habitat data in the North Umpqua watersheds in geaedal
within the distribution of summer steelhead, specificaBome census surveys were conducted

in the early 1990s and starting in 1998pgrammaticphysical habitat surveys have been
conducted within the Oregon Coast, including the Umpqua basin, as part of the Oregon Plan for
Salmon and Watersheds. Thitges were selected using a Generalized Random Tessellation
Stratification (GRTS) sampling design with an imposed rotating panel design where sites are
surveyed annually, every three years, every nine years, or once only. We compiled all surveys
conductedin the North Umpqudasin plotting a selection of habitat metrics (Tald@). In
summarythe Upper North Umpqua Rivand Steamboat Crediad the highest percentage of
secondary channel area, which can provide strong rearing conditions particularlyg dhigim

flow conditions, though the distribution was bro@igure 34). The Upper North Umpqua
Riveralso had the lowest pool frequency (more fast water than deep pdotpire 35)

indicating less area for holdinghe Lower North Umpqua had the lowesadtent, channel

shading and wood volum@igures 24 and 26) which can indicate low complexity and

increased temperatured he tributaries of the North Umpqua had the deepest riffles (Little
River) and the deepest (>1m) pools per kilometer (SteamboatkCiFegures24 and 25),

which can translate to higher quality spawning habitats and thermal refuge opportunities.
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Summary: Limiting Factors

Our assessment indicated that the risk posed by hatchery fish, as measured by pHOS, is lower
than indicated by the hatchery proportion at Winchester Dam. This is attributable to spatial
segregation of hatchery and wild fish. Hatchery fish prefer to spdesecto the site of their

release in the lower basin (below Deadlirals, excluding the Little River sblsin), notably

Rock Creek; wild fish prefer to spawn in the upper basin, notably in the Steamboat Creek sub
basin. However, after accounting forfféring spatial distributions of natural and hatchery

origin summer steelhead, basihnA RS LJ h{ SEOSSR&a G(KS /at GFNBS
hatchery origin spawners is expected to be near zero in the Steamboat Creélasub

preferred bynaturally prodicedspawners, but pHOS is likely higher in some otherzasgins,
particularly in the Rock Creek sbhsin where hatchery smolts are releasétthile there are

no indications of negative demographic impacts from recent smolt releases, analyses indicate
tht G | GG Ay YS pasingide pHDR &irgédtsavoultldequire smateases <30,000

and/or removal of additional hatchery origin fish by anglers or through management actions.

Beyond simply assessing pHOS targets, our assessment also considered ghioagzacts of
smolt releases on Haturally producedsmolts during the year of their concurrent outmigration
and 2) returning spawners during the year that most of the hatchery smolts would return to
spawn. We found no measurable impactmaturally pralucedsmolts.We did identify a
marginally significanpositiverelationship betweematurally producedadult recruits and
hatchery smoltreleases suggesting some impact of hatchery smolt releasesaturally
producedrecruits Thiscouldoccurthrough the contribution of hatchery x hatchery and
hatchery xnaturally producednating pairs to the overall abundance of natlygbroduced
recruits.

We also modeled population viability incorporating a range of relative reproductive success for
hatcheryspawners and annual releases of between 0 and 165,000 hatchery skivahén the

ranges modeled for both variablasp simulationsshowed theNorth Umpqua summer
steelheadpopulation droppingoelowthe ¢ lj dzb B & A ytréishoRl yAdwever simulation

results indicatedhe populationwasunlikely toconsistentlymeet or exceed desired abundance
thresholds(as expected until more of the CMP actions acrod#aling factorsare

implemented) All population viability modeling in this assessment, including this modeled
scenario, assumes stationary conditions and no compensatory mechanisms. Results should be
considered as indicators of the current relative risk, not predictions of future status.

Fishery mortality is an unlikely driver of recent trends in North Umpqua summer steelhead.
Harvest ofhaturally producedsummer steelhead has been significantly reduced above Deadline
Falls for over 30 years and prohibited throughout tHenpqua basin foover 20 years. No

angling has been allowed in the Steamboat Creeklmgin (including Canton Creek) for 85
years, and angling is also prohibited in Rock, Calf, and Copeland creega®remortality
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incidental tocatchrand-releaseangling was accounter in datasets used for stoalecruit and
population viability analyses, which indicated a low risk of extinction for the population.
Current regulations (no retention ofaturally producedish and terminal gear restrictions) and
other tools, includingangling closures during low returns or poor conditions (e.g., high water
temperatures) will continue to be important for minimizing angtedated mortality for North
Umpqua summer steelhead as the future is shaped by climate change.

Other species and faars (bass predation and disease) were assessed, but conclusions were
limited by data availability. Latenigrating juvenile summer steelhead may be at increased risk

of encountering actively feeding smallmouth bass due to warming water temperatures in June
Predation by smallmouth bass may be compountgdtriped bass predatiogiven anecdotal
reports of a recent rebound of the striped bass population. Disease outbreaks have occurred at
Rock Creek Hatchery, but there has been no recent monitoring of @iseasaturally

produced Umpqua summer steelhead.

Ocean conditions are important limiting factors for North Umpqua summer steelhead.
Conditions across a suite of ocean ecosystem indicators were generally poor for the period
experienced by recently retunmng adults, and the RGOndex had the strongest and most
significant relationship with adult recruits of all ocean and freshwater variables tested. Other
marinerelated limiting factors (pinniped predaticend avian predationdid not appear to be
important drivers of recent trends thougtata were limited for these factor3 hamine

deficiency may be related to low marine survival in Pacific salmon, and thiatefr@ent

winter steelhead eggs have been observed in a pilatdton the Oregon Coast. However, data
are not available to further assess thiamine deficiency as a limiting factor operating on North
Umpqgua summer steelhead.

Feshwater ecosystem indicators related to stream flows and temperatures also indicated that

poor conditions for many indicators were experienced by adult summer steelhead returning to

the North Umpqua Rivdrom 2018 to 2021with 2021having the highest temperatures

observed We found a marginally significarglationshipbetween adult summer steelhead

returns andMWMTF 2 NJ (6 KS & A EG K & § buNdo 2ldar rélatighshipsNiitnOf | 44 S & O
aza¢ F2NJ GKS FTANRBRO (¢ Thissiygebidithattie effectsdosuniderOf | &4 & S
maximum stream temperaturesn adultreturnsis more apparentvhen theyare holdingas

adultsbefore spawning than when thegared or out-migrated as juvenilegwhich is likely a

more complex relationshipwith multiple years contributing to returns and outmigratibkely

affected by tempeatures earlier in the seasgn

When we compared river temperature data frayages across the region in other basins with
summer steelheagbopulations we found that temperatures were warmest in Lower North
Umpqua at Winchester, peaking in late July maesdrs, and exceeded only occasionally by the
Rogue River near Agne3sie magnitude of stream temperatures and the effect of acute
warming events is a concern. 2021 was the warmest year to date and maximum temperatures
at Winchester Dam exceeded @@, with maximum recorded temperatures near?6 (Figure
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SZ). Impacts of high water temperatures on migrating adult summer steelhead, such as those
that likely occurred in 2021, may become an increasingly important limiting factor

Analyses could be improved with additional data on smallmouth bass and striped bass
predation and population dynamids the Umpqua basin, encounter rates foaturally
producedfish incatchrand-releasefisheries above and below Winchester Das@parating

naturaly producedrecruits produced by naturl producedspawners versus natutgl
producedrecruits produced by hatchery origin spawnarsd distributions of adult hatchery

origin steelhead in the lower and upper North Umpqua-baisins Genetic studis would

greatly improve our understanding of the demographic interactions between natural origin and
hatchery steelhead.

Our assessment considered limiting factors related to ocean conditions (ocean productivity
indicators, pinniped predatiorgandavian pedation), freshwater conditions (stream flows and
temperature, predation by smallmouth bass and striped bass, disease), hatcheries, harvest and
fishery mortality, and reduced survival caused by thiamine deficiency complex. Ocean
productivity and summer tegeratures were significant covariates for recent demographic
trends.We conclude reent declines in abundance of North Umpqua summer steelhead are
likely a response to recent poor conditions for both ocean and freshwater reandg
outmigrationof juveniles Also, a already low abundance of returning adults in 2021 may have
been furtherimpactedby high water temperatures in the mainstem Umpqua and North

Umpqua rivers during the summer migration periad holding prior to spawng. Freshwater
stream conditions likely exacerbate known potential threats to steelhead such as predation and
disease. Bth hatchery andhaturally producedsummer steelhead appear to have been

impacted by these factors

FUTURE OUTLOOK

h NB 3 gativ@ @nadromous fish species encounter myriad stresses impacting their viability,
persistence, and survival. Anthropogenic influence on natural environments is widespread,
degrading freshwater rearing and spawning habitats, altering migratory corricarblacking
access to historic habitats via barriers such a dams, culverts, and tide gates. Compounding
these existing challenges is a rapidly changing climate, which is altering the magnitude and
variability of stream flows and temperatures, as well as tharine conditions, experienced by
these species. Stream flows and temperatures are increasing during late winter and early spring
but decreasing in the summer. As winters warm, snowpack in the Cascade Range continues to
decline, reducing by 20% since D9GiirilaWoodburn et al. 2021)Decreasing snowpack

means less water flowing in streams during the summer and even more pressure given the
competing water needs (e.g., water withdrawals for agriculture and well drilling for drinking
water). Additionallywith rising temperatures increasing the rate of evaporation of water from
soils and plants which translates to less water that will drain from the ground into river and
streams (EPA 2022). While there has been a surge of restoration actions in thevidstcides
striving to improve habitat conditions and increase habitat area for fish rearing and refuge,

64



2022 Assessment of Naturally Produced Summer Steelhead in the Umpqua River Basin

improvements in water quantity and actions to reduce stream temperatures has not kept pace
with the current rate of change.

Local populations oftsnmer steelhead are particularly vulnerable to changes in climate given
their life history. Adults migrate through warm river corridors often during peak temperatures
in the summer and juvenile offspring are spending summers in increasingly warm tributary
habitats. In this section, we examine the vulnerability of summer steelhead in the Umpqua
basin considering current habitat conditions and projections of future conditions. Here we
present 1) a species distribution model developed to assess current and futlsalplity of
presence given habitat conditions; 2) a comparison of stream temperatures in the Umpqua
relative to other locations where steelhead are distributed as well as a summary of physical
habitat conditions across the North Umpqua watersheds; 3) remtistream flow using a
mechanistic model (VELMA) to explore different scenarios (including wildfires) that could
influence the resilience of this species in this basin; and 4) the outlook for future marine
conditions based on projections for several medrpotentially linked to steelhead marine
survival.

Species Distribution Modeling

Species distribution models (SDMs) are models that relate species distributional data (e.g.
occurrence, abundance) at a particular location with information on the environahe

conditions at the same location. Unlike current distribution maps that only convey where we
expect a species to occur under current conditions, SDMs can be used a) to explain
relationships between species and habitat, b) for prediction to locatiotisowt species data,

or c) for predictions of distribution under different conditions (efgture climate). The

probability of occurrence is obtained from the models and can be interpreted as habitat
suitability or habitat availability depending on whethtbe habitat is accessible to the species.
Like all modeling approaches, there are a number of assumptions and uncertainties. Some of
the more prominent uncertainties specific to SDMslude species occurrence data are always
incomplete, there is impeéct knowledge of the factors driving occurrence, species
environment relationships are plastic, and if considering scenarios of future climate, there is
uncertainty among model predictions based on emission assumptions (Wenger et al. 2013).
Given these lintations, SDMs should be treated as hypotheses to test and validate. Additional
sampling and modeling should be conducted to improve the model, making the process of
developing SDMs iterative (Jarnevich e8l15). With that in mind, SDMs can aeaseful
management tool, informingabitat restorationand protection needs and othedecisions

Species distribution modeling can leverage spatial and temporal datasets, providing an
approach to monitoring species by focusing efforts on locations lighest probability of
presence given suitable habitat conditions. Because these models are used to infer
relationships between species occurrence and environmental conditions as well as predict
occurrence at unsampled locations, the environmental datd thased needs to have full
coverage across the study area. The best data for this purpose is often considered landscape
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data, collected at broad resolutions with less specificity at localized or proximate stream
conditions, which also strongly influenspecies distributions (e.ghysical habitat data,
localized flows and temperatures, competing species, etc.). In the absence of detailed local
data, SDMs can provide a place to start understanding how and why species distribute
themselves throughout a stam network.

StudyArea andSeelheadData. The Umpqua basin is dominated by three distinct regions based
on landscape and climatic features: the Coast Range, Klamath Mountains, and the Western
Cascades (OSU 2021) (Figz8a). Coast Range region elevatsarange from sea level to
approximately 2,000 ft with a climate dominated by moderate wet winters and cooler dry
summers and precipitation ranging €80 inches per year at the mouth of the Umpqua to
approximately 53; 60 in further inland. The Klamathdvntain region elevations range

between 5001000 ft, the climate is more variable with warmer temperatures in summer and
cooler temperatures in the winter compared to the Coast Range. Precipitation in this region is
strongly influenced by elevation withidr conditions in lowland valleys often resulting in

stream drying. The North Umpqua basins are within the Western Cascades region. This region is
characterized by rugged mountains and deeply cut valleys with elevations ranging frong 1,000
5,000 ft. At hgh elevations, most of the precipitation falls as snow with annual ranges between
50¢ 90 inches. The North Umpqua originates in the high Cascades with its source in porous
basaltic lavas of the High Cascade geologic province flowing through tertiarpigolca
formations of the Western Cascade Range (OSU 2021).

Juvenile steelhead survey daiave beercollectedin the Umpqua basin since 1998 through

the present (2022as part ofprogrammatic monitoring b@DFW. Individual sites were

originally selected asgrt of a random, spatially balanced survey design within the distribution
coho and steelhead (ODFW 2015). Sites ranged fromqQLl38km (average 1.0 km) in length
and were surveyed once during the summer season {J8Bptember). At each site, most psol
were snorkeled and all salmonids were identified and enumerated. Initially;2@18) only

L2 2f & G K lciin in ;h&kiiBm depthwere snorkeled. However, in 2010 after some
evaluation conducted in the Smith River (Umpqua), this criterion was lowerattiude pools

X Haom in maximum depth (Constable 2009). These data cannot differentiate between summer
and winter runs of steelheadVe modeled surveys within the Lower and North Umpqua Basins
summarizing the final results for the North Umpqua watershedlyto specifically target
summer steelhead. Steelhead were rmauntedofficially until 2002therefore, in total, there

were 20 years of data (20622021) (Figure23B).

Spatial Landscape and Modelifgl spatial data used in this analysis were fatted to a

modified version of the National Hydrograph Dataset (NHD) high resolution (1:24k) stream
network. Survey reaches as well as all the landscape predictor variables were georeferenced on
this stream network. We evaluated the influence of severfietent spatially explicit landscape
variables as predictors of steelhead distributigiigure 38). We werechallenged in combining

all prospective predictor variables as they resided on three different stream networks (Table
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S10). Streantemperature data (NorWeST; Isaak et al. 2017) and flow permanence data
(PROSPER; Jeager et al. 2019) were modeled on the 1:100k NHD. Slope and stream size were
obtained from the NHD high resolution (1:24k) network. Finally, solar radiation was obtained
from TerrainWorks (SolMean; Benda et al. 2007) and was on a custom 1:24k stream network.
Due to this, there were streams that did not get included in the analysis. We georeferenced as
much of the spatial data as possible to the NHD high resolution datesiete@L0; Figure23).

We initially explored several different statistical models and response variablesc(rigt,
occurrence) from zerinflated, negative binomial (ZINB) models to generalized additive models
(GAMs) and generalized linear mixed mod&EMMs). Given the low sample size across the
study area (Lower and Northern Umpqgua watersheds) and our inability to get good model fit
with the more sophisticated models, we chose to model the probability of the presence (using a
binary 0/1 response) gtivenile steelhead, fitting a logistic regression model (a type of
generalized linear model) with static spatial predictor variables (Talde We took the

maximum observation across the period when delineating the presence/absence response,
e.g., a surgyed reach needed to have at least one presence across the period to be considered
present.

A series of 14 candidate models were fit to the data and Akaike information criterion (AIC) was
used to compare models. The model with the lowest AIC value wagmchAl models were fit
using the Ime4 package in R Studio (Bates et al. 2011). Prior to developing the candidate
models, we evaluated multiollinearity among the predictor variables by calculating the
variance inflation factor (VIF). Variables with hifk values were not included together in the
same model. Given the dearth of steelhead data, and more specifically summer steelhead, we
kept the models simple (e.dow number of predictors per modetp avoid overfitting

To evaluate model fit, we asssd simulated residuals and evaluated the accuracy of our

model by assessing how well the model held up the assumptions of logistic regression.
Interpreting standard residual plots from these models often provides inaccurate results. We
therefore used thdDHARMa package in R to simulate residuals from our best model (Hartig
2017). Using this package, new data are simulated from the fitted model for each observation.
An empirical cumulative density function is calculated for the simulated residuals degdtiein
possible values given the predictor combination. The quantiles of scaled simulated residuals
were tested against residuals from a uniform distribution. We then evaluated the frequency of
simulated values, QQ plots of the observed versus the expeuatddhe residual versus

predicted values. Finally, we quantified model performance by evaluating how well the model
classified presence versus absence, using a confusion matrix to evaluate binomial classification
results. A confusion matrix consists of faifferent counts: true positive, true negative, false
positive, false negative. These four counts can then be used to calculate class statistic measures
to quantify model performance: accuracy, precision, prevalence, misclassification rate, true
positiverate and true negative rate (see Tal8é&2for descriptions).
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Using the best model, we predicted the probability of juvenile steelhead presence within the
North Umpqua watersheds. We excluded the uppermstth Umpquawvatersheds (e.g., Fish
Creek, Clearwater Creek, Upper North Umpqua, and the headwaethey wee not sampled

in the original datasetWe substituted metrics representing modeled future conditions. For
future predictions, we had two potential covariates to leverage: temperature and precipitation.
For stream temperature, we used the 2080 (2@72099)projections from the NorWeST

stream temperature dataset which are based onemrsemble of Global Climate Models (GCM)
and the A1B climate scenarftsaak et al 2017). For spring precipitation, wgeda mult-rmodel
mean derived from 2@tatistically DownsaledCMIP5 model§Abatzoglou2013. We modeled

the 20732099 mean using the high emissions (RCP 8.5) scenario for both predictor variables.

Best Model DescriptioBased on the best model selected using AIC, the probability of juvenile
steelhead presencwas influenced by the total spring precipitatiatistance from the ocegn

and maximum weekly maximum temperaturéable $1; Figure S@). Overall,occurrence was
higher at sites in the upper watersheds of the North Umpqua and sites located in the Lower
Smith River watershed in the Lower Umpquiae Pprobability of juvenile steelhead presence
was higher in reaches where spring precipitation was higher and in reaches with lower
maximum weekly maximum temperatur€fableSL1; Figure SO).

Model diagnosticsvere good with well-distributed residuals and normal QQ pldi&gure 31).
h@dSNIffsx GKS Y2RSt Qa | OO0dzNI dedsifigdlagresenpgwdre h S NJ b
modeledas presence. The misclassification rate of the model wé6 @ ablesl2). However, it

appeared the model did not predict absences well, havin§% false positive rate.

Prediction and Future Projectiddsing the best model, we predicted the probabitity

presence across all streams in the North Umpgua watersheds. The probability of juvenile
steelhead presence is relatively high throughout streams in the North Umpqua, specifically
Rock Creek, Canton Creek and Steamboat Creek (RidfyeProbability opresence is low

from the outlet with the Pacific Ocean and moving upstream through the lower Umpqua River
and into the lower North Umpqua River. Predictions of presence increased upstream of
Winchester Dam and into the Middle North Umpqua River. We esticha70% probability of
presence throughout the Rock Cr, Canton Cr, and Steamboat Cr. watersheds.

To understand how future temperature and precipitation might influence the distribution of
this species, we projected the model into the future using 208Qegatemns of maximum weekly
maximum temperature and spring precipitation. Future predictions of the probability of
juvenile steelhead were not vastly different from current predictions. There was little change in
the probability of presence in most streantiggcations where the current probability of

presence is relatively high remained so in the future (Figa& and24B). In some tributaries

in the North Umpqua watershedserysmall decrease&1%)n the probability of presence

were predicted (Figur@4B).
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Resuls. The probability of juvenile steelhead presence is generally high, with probabilities
greater than 75% in the North Umpqgua watersheds. Presence of juvenile steelhea@iislow
the mainstem North UmpquRiver with the probability of presengecreasing moving
upstream, particularly after the confluence with Rock Creek. Based on this model, spring
precipitation, stream temperature, and distance from the ocean were the most influential
predictors with reaches in the upper portions of the watéesds haing more suitable habitats
lower maximum weekly maximum temperatures, and higher average spring precipijtation
providing betterconditions forjuvenile steelheadFuture projections aodlistributionare not
considerably different from currertondtions; the strongholds in the North Umpqua remain
the same.

While this model is a good first step to understanding how juvenile summer steelhead are
distributed in the Umpqua, there are severssues First, summer steelhead were not
distinguished in the field surveys from winter steelhetmkrefore, this model represents a
more generalized distribution @&. mykiss We presented the predicted occurrence of juvenile
steelhead in North Umpqua watersheds where summer steelhead are piyniizought to

occur. While there is no direct evidence suggesting that habitat preferences differ between
summer and winter juvenile steelhead, the predominance of this species in the North Umpqua
is evident in the population structure derived from adsjtawner information. Summer
steelhead adults enter rivers as sexually immature fish, waiting as many as 10 months in
freshwater before spawning. These sumnnen fish therefore are smaller in size and have the
time to migrate longer distances to accesbitats and spawn in the upper North Umpqua
watershed. Winterrun fish are mature when they enter freshwater between November and
May, spawning shortly after they arrive.

Next, we had relatively small sample sizes (sites snorkeled for juvenile steelhead)reand
therefore we were not able to adequately incorporate the effects of temporally variable climate
conditions on instream habitats and how that influences the distribution of juvenile steelhead.
Two of the most influential covariates for juvendalmonid survival are stream temperature

and flow. For both, we used the best available data which had broad spatial coverage but did
not have a temporal component (data were averaged across-2002). Spring precipitation
emerged as a stronger covaridtean mean summer flow, but at best it correlates to runoff and
natural flow, not accounting for any water withdrawals that might occur in the watersheds.
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Figure24. Spatial distribution of the current and future probability of juvenile steethpeesence
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While we were not able to model the probdiby of juvenile steelhead presence through time

due to sample size, we can characterize the temporal variability of temperature and
precipitation relative to juvenile steelhead occurrence. Using the NorWest/PRISM temperature
index (sed.imiting Factorssection of this report) and total spring precipitation we observed

how varying climatic conditions influenced the occurrence of juvenile steelhead (Fighke S

and 82 0 d Wdz@SyAfS dG§SStKSIFIR LINBR2YAYlIyGfeé 200dzL.
though they clearly accessed cooler water when available as seen in 2011 and 2012 when
wetter than normal spring conditions likely resulted in median MWMT temperatures around 17
xC . In 2013, stream temperatures warmed across the region, which coincided with lower
abundances overall. In 2015, the basin received lower than average spring precipitation, which
likely influenced both the ability of adult summer steelhead to access some of the higher
quality habitats and the survival of juvenile summer steelhead holdueg the summer in the
tributaries. Oregon continues to experience increasingly warm thermal conditions, with
maximum temperatures in streams increasing each yearl(saging Factorsection).

Improvements to the summer steelhead distribution model womiclude thorough and

localized stream temperature data and flow estimates that account for water withdrawals and
flow permanence and consistent biological sampling or surveying of summer steelhead
abundances and occurrence throughout the North UmpquarRive

Current, Future, and Podire Streamflow Simulations

The Visualizing Ecosystem Land Management Assessments (VELMA) model is a spatially
distributed ecohydrological model developed by the U.S. Environmental Protection Agency
(EPA) (Abdelnour et. al 2012013; McKane et al. 2014). The VELMA model links hydrologic and
terrestrial processes to create an ecosystbased model capable of modeling landscape
conditions as well as allowing the evaluation of the effects of disturbancgsf{ee, timber

harveg, or climate change). Recently, VELMA has been integrated with Penumbra, a
mechanistic model that simulates groutelel solar irradiance (Halama et al. 2018). When
coupled, these models allow for daily stream temperature modehkgile both models have
individually been published in peeeviewed journals, the coupled model has yet to be

submitted for publicationFor this assessment, veeparatelyexamined howl) future climate

and?2) large-scale fires might affect the timing and quantity of streamflaswvell as stream
temperature in the North UmpquaGiven the limited time for this assessment and the

significant staff and computational time necessary to develop and run the model for a location,
only three study watersheds were selected for this anatyRiock Creek, Steamboat Creek, and
Canton Creek. (Figub). These watersheds were selected as areas of focus to represent
environmental conditions affecting some of the strongest-balsins for summer steelhead
(Steamboat and Canton) or areas recentipacted by wildfire (Rock Creek and Canton). The
results of the species distribution analysis suggests that all three of these watersheds had a
strong probability of steelhead juvenile presence; also note again that the available data did not
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distinguish letween winter and summer steelhead, so the analysis providgereralized
distribution ofOncorhynchus mykiss

Landcover Covariate¥ ELMAPenumbra requires several spatial data inputs to initialize the
landscape. These inputs include a digital elevation model (DEM), land cover species, pervious
surface, land cover age, biomass, and underlying soil texture (F#88ye

Hydrological flavs of the watersheds were derived from a 30m DEM acquired via the U.S.
Geological Survey (USGS). At this resolution, each pixel in the dataset representbyaRm

dljdzk NBE 2y GKS SINIKQa &dz2NFI OSod 9 Ofrocésing S NAE K
LINRPAINI Y OFffSR Wt59ad Wt59a aFflid LINROSaasSacs

with the VELMA model by removing sinks or large, flat agesssuring water will move
seamlessly to the outlet. Outlets of the stream network were selectezbtoespond to the
1:100k NHD. These designated outlets correspond to confluences across the network, so
output data can be linked spatially back to the stream network.
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Figure25. Location of subbasins included in the VELMA analyses.
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Land cover spatlalata were collected to characterize the terrestrial processes within each
watershed. Upland portions of the North Umpqua watershed are dominated by coniferous
forests, so a species cover map was created by reclassifying the Landscape Ecology, Modeling,
Mapping & Analysis (LEMMA) gradient nearest neighbor (GNN) species dataset to represent
two cover types: conifer and alder (Ohmann et28l11). These simplified land cover

parameters have been calibrated and proven successful at modeling flow within nusnero
watersheds along the Pacific Northwest. Land cover age and land cover biomass inputs were
derived from LandTrendr products that correspond to conditions in 1990 and thus all
simulations were set to begin on January 1st of that year (Kennedy et al.. Z0fp@jvious

surface landcover dataset was derived by calculating the inverse of the-Rigblution Land
Characteristics Consortium (MRLC) impervious surface layer. To account for effects of
anthropogenic development on the landscape a pervious surfate ldyer was generated with
values that ranged from O (completely impermeable) to 1 (completely permeable). Lastly, a soil
GSEGdZNE t 8SNJ 614 RSNAODSR o0& O2Yo0AyAy3d GKS ! o
Geographic Database (SSURGO) and Stateedgjiaphic (STATSGO) soil datasets, and then
simplifying the soil texture output to 5 classifications: sandy loam, loam, clay loam, silt loam,
and silty clay loam. Both SSURGO and STATSGO are soil databases, but SSURGO is a higher
resolution, countybased @taset, while STATSGO is a lower resolution, statewide dataset.
Where available, SSURGO data were always prioritized, but when SSURGO data were absent,
STATSGO data were used to fill gaps to create a continuous soil texture layer. The five soil
textures wee selected based on their prevalence throughout the Oregon coastal region. Any
smaller areas of differing soil textures not included in the list above were combined with the
majority neighboring soil texture for simplicity.

Climate DataDaily precipitatbn (mm) and temperature (°C) data were collected from eleven
separate climate scenarios. Sites for these data collestiare randomly selected within each
watershed so that no two sites were < 4km from each other (the resolution of the PRISM
dataset; Figre S34). Historical, or current, climate conditions were represented by daily PRISM
data collected from 1992020. Future climate scenarios were collected from the University of
I TEAF2NY AL aSNOSR [/ fAYIlF(2f-209% Fufure onatédatadeded A G S F
generated by the Multivariate Adaptive Constructed Analogs (MACA) climate downscale
process and collected from 10 different 8.5 Representative Concentration Pathways (RCP)
climate scenarios: CanESM2 (Canada), CCSM4 (USA)CIMNRMrance)CSIR®1d3-6-0
(Australia), GFBESM2M (USA), HadGEI@Z365(United Kingdom), HadGEM2_ES365 (United
Kingdom), inncm4 (Russia), IKPUISAMR (France), and MICROS (Japan). These ten future
climate scenarios were selected as they appeared to perform moststhybin the Pacific
Northwest for temperature and precipitation (River Management Joint Operating Committee
(RMJOC): Bonneville Power Administration, United States Army Corps of Engineers, United
States Bureau of Reclamation 2018). While these data antableaso that any one of the
individual scenarios could be modeled with VELMA, the medmeaiemperature and

precipitation data fothe ten scenarios were used for this analysis as future climate projections
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canvary substantiallyAll other VELMA inputatawaskept constant between future and
historical models to isolate the effect of future climate conditions on streamflow.

DisturbanceTo best characterize the reality of the environmental disturbancesdhatr

annually within the watersheds that wad affect the hydrological results of VELMA, timber
harvest disturbances were implemented by identifying areas of harvest via the change
detection data available through download via the LandTrendr algorithm on Google Earth
Engine (Kennedy et al. 2018xndtrendr detects change annually, so large blocks of change
(excluding areas known to be fire disturbances) were assumed to be the result of timber
clearcut harvest for model simplification. Parameters to simulate clearcuts and fire are available
inTableSI3® CANB 02dzyRI NASa 6SNBE ARSYGAFASR GUKS bl
fire perimeters (Figur&35). Large fires occurring in each watershed analyzed include the

Archie Creek fire and the Chaos Fire complex. Both disturbances were initi&z@a0for ease

of modeling though in realitythe Chaos Fire complex occurred in 2021. fiost models were

run for an additional 30 years with climate conditions repeating from those of-P820. Fire
analyses were therefore run for 61 years (124151).

VELMA Model Evaluatiomhree metrics wex used to evaluate the performance: the Nash

Sutcliffe efficiency (NSE) (Nash and Sutcliffe, 1970), the ratio of the root mean square error to

the standard deviation of measured data (RSR), and-Kluga Efficiency (KGE, Gupta et al.

2009). Among the tlee watersheds, onlgne gagestation had available data during the period

of analysi; USG$agestation #1431670 located at the outlet of Steamboat Creek (Figssg
CKSNEBEF2NB> S@Olfdz A2y g1 & 2yfteée O2yRd©®GSR F2NJ
proximity of the watersheds as well as their similarity in soil and landcexeassumed that
{GSFYo2FGQa Y2RSt LISNF2NXIFyOS gl a O2YLI NrofS
years of daily simulation were compared to 30 years of collegtagbdata (the first year of

+9[a! ¢l a&a SEOfdzRSR HAX A& SkADO2ViXKERENBR S & Ny
0.68, and the KGE value was 0.49 (Fig3i®@. All of these metrics met criteria for a good model

as asserted in Moriasi et al. 2Q@vhichdatest y b{ 9 B ndpn FYR w{w X no
satisfactory fit. Though the NSE was lower than expected, based on previous modeling efforts
on the Oregon Coast, this could be due to the inclusion of harvest scenarios not previous
modeled. The NSE is tradmially used to evaluate hydrological models, though it is sensitive to
high and low flow comparisons, alternatively, the KGE metric is increasingly being used to
evaluate model performance, though the two metrics cannot be directly compared. Generally,

a KGE value > 0.3 is consideredaod predictivemodel, and because our model met all three
YSGNAO aidlyRIFENRAZ 6S NS aliAaFfFASR gAUGK GKS
2019).

ax

Temperature Evaluatiofhe usage of the linked VELN?&numbra ® model stream

temperature is new and has not yet been published in a peerewed journalany conclusions
based on our analysis should take this into consideration. Two locations were used to evaluate
stream temperature modeling: one on a small tribytaf East Fork Rock Creek and the other
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on Canton Creek (Figu836). Thermistor data for East Fork Rock Creek were limited te May
September of 2006, Mageptember 2007, and Juhugust 2009. Conversely, Canton Creek
thermistor data were available for senad years in the summers of 2002, and 21 1;

however, yearround data becomes available from the summer of 2012 to 2019 (F&3@e

When compared to thermistor data, the East Rock Creek temperature model yielded a NSE of
0.24, KGE value of 0.72, aR&R value of 0.87. These values fall short of the acceptable metrics
for a behavioral model, though the small size of the stream as well as the paucity of observed
data could contribute to its low performance. The performance of the Canton Creek simulatio
was slightly better with an NSE of 0.64, KGE of 0.69, and RSR of 0.60. These results met our
criteria listed above, and multiple years of temperature data validated our simulation.
Interestingly, the Canton Creek simulation resulted iconsistenbver-estimation of

temperatureq an opposite trend observed anecdotally from NorWest, and the smaller, Rock
Creek East Fork simulation uneéestimated temperature. Because the linked models have not
been extensively validated, more information is needed to ble & make direct conclusions

from these results.

Effect of Future Climat&@he effects of climate change were evaluated for Rock Creek and
Canton Creek by keeping all environmental conditions the same betweerZlEdDand 2065
2085 including initial ge and biomass values as well as annual harvest events. Only
temperature and precipitation values were altered at the climate stations (Fig#e Daily
results were averaged across months for the 30 years of simulation for comparison of the
projected clanges in timing and amount of flow. In both watersheds, theasavprojected
decrease in flows in spring, summer, and fall seasons (Fafrélodeling suggested that

winter flows would be lesaffected than the other seasons. Due to the uncertaintyrod t
temperature modeling, future climate stream temperatures were not included in this analysis,
though numerous sources agree they are expected to rise with increasing air temperatures and
decreasing flows.

Effect of FireClimate change is expected to iease the frequency and intensity of wildfires on
the landscape (Meehel et al. 200P,CC 2007 While these intense fires can increase
GSYLISNI dZNBa RdzZNAY 3 (§KS FAMBrstiearRtemperatked yviaa (1 KS @
the destruction of riparian vegetation which decreases stream shading and subsequently
increases stream temperatures tilfif riparian vegetation regrows. The effects of large fires on
the landscape on instream temperature and flow were evaluated for Rock Creek and Canton
Creek bycomparingflows between 1992020 and 2022051 after implementing a single,

large forest fie in 2020. Climate variables weregtarted so that the climate in 1990 was the
same as 2021 to attempt to isolate the effect of loss of vegetation vs. change in climate. In all
simulations, both stream temperatures and flows were shown to increasenoitpwildfire

events (Figur@7). These results are consistent with othersitu and modeled studies on the
impact on streams following higéeverity wildfires (Leonard et al. 2017). In addition to their
potentially devasting effects on human infrastruot and threat to human life, these large fires
will have a potentially dramatic effect on the available habitat for salmonids by quickly
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increasing stream temperature$his analysis focused on the direct effect of wildfire on

instream temperature and fles. There are potential shoeterm benefits of fire on fish
production, such as increase in instream wood for habitat and potential increase in beaver

activity (Rlkeet al.2015; Flitcroftet al.2016) thatwould potentially lower temperatures, but

thesewere not analyzed here.

Monthly Simulated Flow at Outlet of Rock Creek

Sub-basin, OR averaged across 30 Years of Simulation for
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Figure26. Climate change simulation at the outlet of Rock Creek.
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Monthly Simulated Flow at Outlet of Canton Creek
Sub-basin, OR averaged across 30 Years of Simulation pre- and post- Fire

Monthly Simulated Temperature at Outlet of Canton Creek
Sub-basin, OR averaged across 30 Years of Simulation pre- and post- Fire
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Figure27. Pre- and postfire flow and temperaturesimulatiorsin Canton Creek and East Rock Creek.

Rock Creek (bottom).

Monthly pre- and postfire simulation results with standard error for stream temperatyright) and flow(flow) at the outlets of Canton Creek (top) and East
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Future Marine Conditions

As discussed in tHeimiting Factes section, marine survival is a major driver of abundance and
productivity for anadromous salmonids, including North Umpqua summer steelhead. Steelhead
marine survival is linked to complekysical and ecological processes occurring at spatial scales
rangng from local estuarine and nearshore environments to large portions of the north Pacific
Ocean (Friedland et al. 2014; Wilson et al. 202)ese processes are being affected by
anthropogenic climate change and impacts are expected to continue or aatelarthe future
(IPCC 2019Fhanges in the ocean environment could affect marine growth and survival for
anadromous salmonids through many patye (Crozier et al. 2019; Wainwright and Weitkamp
2013).The following suksections outline changes expecteroccur for several key metrics

(sea surface temperatureipwelling ocean acidificationandsea level risglinked tosteelhead
marine habitat, based on currently available science.

SeaSurfaceTemperature Steelheadnarine survivand recruitmentis generally correlated

with patterns of sea surface temperature (SST) and taogde climate indices suck &AIPGO
(seeCurrent Population Statusecion; Friedland et al. 2014; Scheuerell et al. 2020; Wilson et
al. 2021)Underthe Representative Concentiah Pathway (RCB)5 scerario (IPCC 2014,
Schwalm et al. 2020annual average sea surface temperatumghe northeastern Pacific is
projected to increase by 2¢8.6°F by the end of centu§rigure 28). The largest increases are
expected to occur in thaorthern portion of the area.These changes could reduce overall high
seas habitat for steelhea@bdulAziz et al. 2011),ut populationtscale effects will depend on
marine distribution patterns that are poorly understoo#idditionally, marine heatwavesae
doubled in frequency since 1982 and are increasing in intensity. They are projected to further
increase in frequency, duration, extent and intensity. Their frequency will be 20 times higher at
3.6°F warming, compared to piedustrial levels. They wadiloccur 50 times more often if
emissions continue to increase strongly (IPCC 2019).

CMIP5 ENSMN RCP8.5 future climate (2050-2099) c CMIP5 ENSMN RCP8.5 anomaly (2050-2099)-(1956-2005) C
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Figure28. Maps showing aesa surface temperature (SST) projection @hdngefrom the recent reference period.

Left Panel: Projected future SST (°C) for the pe2@sD-2099 based on RCP 8.5 scenario; Right Panel: Difference in
mean SST between future (2090) and reference period (1958805). SST interpolated on a 1°x1° grid for the
entire year. Figure downloaded from the Climate Change Web Portal of the NOA&alPBgsences Laboratory
(https://psl.noaa.gov/ipcc/ocny.
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Upwelling At ocean entryjuvenile salmonidurvivalis linked to the occurrence and intensity of
upwelling which dwes the input and retention of cold, nutriemich waters to the euphotic

zone. This, in turn increases primary productivity resulting in a-tipidfoodweb (Wells et al.
2016). Tie most recent models suggest that in the northern California Curret¢@y<CS),
upwelling will become more intense in the spring and less intense in the summer as a result of
anthropogenic climate chaye (Rykaczewski et al. 2015ha@ges in upwelling due to climate
change will emerge primarily late in the second half @& d¢bntury (Brady et al. 2017). @it

remains uncertainty in these predictions because the ensembles include relatively-coarse
resolution global models from which it is difficult to resolve local dynamics in the CCS.

Ocean AcidificatiorOcean pH levels hawbeen declining as a result of uptakecafbon dioxide
from the atmospherdIPCC 2019Yhe California Current Large Marine Ecosystem (CCLME) is
experiencing greater ocean acidification because of the combination of upwelling currents that
transport dissolved inorganic carbon rich water from the deep ocean and high productivity of
the shelf that increases potential for remineralion (Chan et al. 201AVithin the CCLME, the
nearshore region (<10 km from shore) is most strongly affecteclinent, and likely future,
acidification resulting in reduced abundance and increased corrosion in the shells of calcifying
organisms (Feely et al. 2016).difshore areas (>10 miles from shore) within the ocean feeding
grounds ofsteelhead surface pHs expected to decrease by 0-:P432 units by the end of the
century (Figre 29). Data collected off the Oregon coast indicate that ocean pH is significantly
lower within the nearshore area (<10 miles from shore) (pH 7.43) than the global mean (pH
8.1), ard it is expected that this area will be more susceptible tdification (Chan et al. 2017).
Although diect impacts of pH have been shown for many taxa in the CCLME (Busch and
McElhany 2016), the is considerable uncertainty in projecting future impacts

CMIP5 ENSMN RCP8.5 future climate (2050-2099) 1 CMIP5 ENSMN RCP8.5 anomaly (2050-2099)-(1956-2005) 1
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Figure29. Maps showing an ocean acidity (pbtpjection andchangefrom the recent reference period.
Left Panel: Projected future surface pH for the period 20809 based on the RCP 8.5 scenario; Right Panel:
Difference in mean surface pH betweernute (205099) and reference period (198805). Surface pH
interpolated on a 1°x1° grid for the entire year. Figure downloaded from the Climate Change Web Portal of the
NOAA Physical Sciences Laboratbtipé://psl.noaa.gov/ipcc/ocny.

80


https://psl.noaa.gov/ipcc/ocn/

2022 Assessment of Naturally Produced Summer Steelhead in the Umpqua River Basin

Sea Level RisEstuarine habitats will be affected by ongoing sea level rise, which is projected to
continue past 2100 under all likely climate scenarios (IPCC 2019). RG&8I5, the projected
global mean sea level (GMSL) rise is 0.71 m (likely range0®21m) for2081¢2100 (IPCC

2019). Effects of sea level rise on estuary haligajuvenile salmonidare complex and

depend on estuary topography and anthropogenic impacts that constrain tidal influence and
habitat developmen(Flitcroft et al. 2013)Many estuaris have limited scope for migration and
are thus expected to experience major shifts in estuarine habitat type with seariewel

(Thorne et al. 2018). On the Oregon coast-migrating steelhead appear to move quickly
through estuaries but can experiensggnificant mortality in these habitats (Romer et al. 2013).

It is uncertain how changes in estuarine habitat due to sea level rise might affect predation risk
for steelhead smolts in estuaries.

Summary: Future Outlook

We were somewhatlimited in our ablity to assesshe vulnerability of summer steelhead to
changing climate condition$/ost of the data leveraged in this analysis were collected for other
purposes andvere therefore not at the spatial or temporal resolutions needed to make precise
estimates. There wagdimited continuous dataepresentingwo of the most influential
environmental variables affecting distribution, survivaaid resilience of this species: water
temperature and stream flow.

Despite this, we were able to complete assessmeititzingsophisticated models. One of

these climate change assessmemdicatedgenerally high probabilities of juvenile steelhead
presencewithin the distribution of summer steelhead the North Umpqua mainstem and
tributaries of the Middle North Umpaai(e.g., Canton and Steamboat creeks). These tributaries
have cool stream temperatures, deep pools, and high stream flow permanence. While future
projections dd show increases in stream temperature and decreases in spring precipitation,
these watersheds W likely remain a stronghold for this speci@fese stronghold areas for
juvenile rearing are likely to be resilient to climataven changes in temperatures and flow,
though intense wildfires in these areas would further increase temperatures.

However stream temperature data from multiple sources indicate very warm conditions
throughout the mainstem Umpqua River alaver North UmpqudaRiver during times when
these areas aresedas theprimarymigratory corridosfor adult summer steelhead hese
climate- or fire-driven increases to temperatures may become an increasingly important
limiting factor through impacts to migrating adult summer steelheBuese conditions could
also potentially affect steelhead smolts if they auigrate late or enconter unusually warm
conditions in the springSome coldvater patches are evidenbut thermal conditions do not
generally improve until cooler tributaries in the upper watersheds begin to contribute flow.

Additionally, ve projected he effect of large ath powerful fires on the landscaperhich
increasel stream temperatures and flows in all simulatiofi$iese fires arexpectedto become
more frequent in the futurewith potential fordramatic effect on the available habitat for
salmonids byapidlyincreasing stream temperatureg€ven though other future climate
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scenario modeling suggests a reduction in the availability of instream flows throughout much of
the year large fires are projected to increase instream flows due to the loss of terrestrial
vegetaton that would otherwise take up much of the water. However, this effect would be
temporary, as vegetation would regrow. Additionally, the increase in flow that would result

from a large fire would also be accompanied by negative effects to instream quaddity (such

4 AYONBIFASR aSRAYSyll A2y, indreaded flovisidie 2oKvddifiés a & £
are not expected to mitigate the effects of a shifting climatic regime reducing instream flows,
but rather exacerbate an already stressed systshe loss of shading will compound stream
warming and the regrowth of vegetation will eventually reduce flows ggamiddle-aged
forests stmdsuptake more wateand reducdanstreamflows) than other ages

While there is considerable uncertainty in future climate projections, it is clear that water
temperatures in the Umpqua basin wilbntinue toincrease and wilbe a critical factor foall
native species.

In the ocean, limate change is altering key phgal processes and these effects are expected to
continue or accelerate in the future (IPCC 2019). Changes in the ocean environment pose a
major risk to Pacific salmon and steelhead, but assessing vulnerability to these effects is
complicated by high unctinty about marine ecosystem responses (Crozier et al. 2019). For
North Umpqua summer steelheafiliture projections suggest that oceaonditions are likely

to become more challengingrojections for increasing SST and more frequent marine heat
waves, irparticular, have relatively high confidence and are likely to impact marine survival and
result in greater population variability based on our current understanding. Cliraten

changes in upwelling are less certain and intensification of upwellinigl ¢@ve positive effects
on nearshore marine productivity (Wainwright and Weitkamp 2013). The effects of ocean
acidification and sea level rise are much harder to predict.

CONCLUSION

The historicdownturnin 2021was caused byerypoor marine conditionsnfluencingsurvival

and likelyexacerbated bgxtremefreshwatertemperatureconditionsin 2021that impacted
returningadults that hold through the summer before spawningreshwatetemperature and

flow conditionswere alsoverypoor during theyears wherthe 2021 returns were outmigrating

as juvenilesOther limiting factors may also be at play, including, but not limited to-mative

fish predation in the lower Umpqua River. Although the local hatchery program was not found
to have a negative effect on the naturally produced population, the management threshold
established to limit hatchery influence on natural production has been exceeded (pHOS).

Based on the most current population daaad modeling North Umpqua summesteelhead
havethe intrinsicproductivity neededto reboundif conditions allow Going forward, ocean
conditions have improved significangince 2019We expect anodest improvement in marine
survival for the cohort returning in 202But those fish retirning in2023 and 2024 will have
experienced very favorable ocean conditiarsl likely high marine survivalhichis expected
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to offset some of the poofreshwater conditions those fish experience&conversely,
freshwater conditiongemain poorandfish rearing and outmigrating in 2028ayhave lower
survival sowe will continue to monitorfreshwater and marinenvironmentalconditions for
this population

Theexpectation of this population to remain vialdeer the long terms dgpendent on the
assumption that rarine, freshwater, and otherconditionswill continue to fluctuate withira
rangeconsistent withthe magnitudeand frequency opastconditions Analyseto future
conditionsindicate that marine and freshwater conditions are changie are not ablet this
time to quantitativelyanalyzehow changes inhesemultiple, complex andinteractingfactors
that vary over space and time broadly different locationsvill affectthe North Umpqua
summer steelhead populatigavhich has diverse life history characteristibat have
contributed to its resiliencyHowever, qualitativelypur analyses suggest thask to viability
will be highest whenthe population experiencethe following conditions for a sustained period
that encompasses at leastgenerationsvery poor freshwater conditionduring rearing and
outmigrationfollowed by very poor ocean conditior(ge.,extreme eventsandthen very poor
freshwaterconditions duringnigration and holdingprior to spawning

Continuedresearch, monitoring, and analyses are warrantedrnderstand theeffects of these
environmentalcharges onpopulation status
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APPENDIX d SUPPLEMENTAL TABLES

TableS1.AICc values for Ricker (RK), Bevettimit (BHO), Logistic Hockey Stick (LHS) and density
independent (aS) stock recruitment models for the North Umpqua summer steelhead population, 1992
2014.

AlCc n'!Cc wtAICc

RK 6.763548 0.0000000 0.4854707

BHO 7.000490 0.2369423 0.4312327
LHS 10.769842 4.0062936 0.0654949

asS 13.375198 6.6116498 0.0178017

TableS2 AICc values for Bevertdtolt stock recruitment models with and without covariaiasluding
MWMT and NPGO both singly and combined for the North Umpqua summer steelhead population,
19922014.

AlCc n! L/ O wtAlCc

BH.NPGO -5.877144 0.000000 0.6514098
BH5.NPGO.MWMT -4.521083 1.356061 0.3306659
BH.MWMT 1.428502 7.305646 0.0168831

BH 7.000490 12.877634 0.0010411

95



2022 Assessment of Naturally Produced Summer Steelhead in the Umpqua River Basin

TableS3. Number and proportion of naturally producedimmer steelhead spawning North Umpqua
subbasinsas determined by radio telemetryish were tagged at Winchester Dam in 1998, 1866

2000 Ninety-two naturally produced summer steelhead tagged during the Winchester Dam summer
counting period (May & November 30) were assigned as spawners to one of the five spawning basins.
Data are from Loomis et al. (2003).

Number of Taggebtlaturally Prodaed Summer Steelhead
Tracked to Spawning Subbasin

Month Lower Rock Little Upper Steamboat Total
Tagged North Creek River North Creek
Umpgqua Umpqua
May 2 0 0 0 0 2
June 3 1 0 5 16 25
July 0 4 0 5 17 26
August 0 2 2 3 9 16
September 0 2 2 3 3 10
October 3 1 0 2 2 8
November 1 0 1 2 1 5
All Months 9 10 5 20 48 92
Proportion 4 598 0109 0.054  0.217 0.522 -

of Total

TableS4. Number and proportion of hatchesummer steelhead spawning North Umpquasub-basins

as determined by radio telemetr§ish were tagged at Winchester Dam in 1998, 1888 2000 Twenty
hatchery summer steelhead tagged during the Winchester Dam summer counting period (May 1
November B) were assigned as spawners to one of the five spawning basins. Data are from Loomis et
al. (2003).

Number of TaggetlatcherySummer Steelhead
Tracked to Spawning Subbasin

Month Lower North  Rock Little Upper North Steamboat Total

Tagged Umpqua  Creek River Umpqua Creek
May 1 0 0 0 0 1
June 0 3 0 2 0 5
July 0?2 7 0 0 0 8
August 0 3 0 0 0 3
September 0 1 0 0 0 1
October 1 2 0 0 0 3
November 0 0 0 0 0 0
All Months 2 16 0 2 0 20
Proporion 100 0.800 0000  0.100 0.000 .

of Total

a oomiset al. (2003) note that one hatchery fish observed in the lower North Umpqua in July was likely lost to harvest
rather than settled on a spawning location.
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Tables. Percent of adult summer steelhead holding in Rock Creek comprised of hatafggryfidh.
Estimates are based on observations ofdiip status during summer snorkel surveys with data
segregated by location relative to the Rock Creek diversion dam (above or below) and for all data

pooled.
Below Above Above & Below

Run Rock Creek Dam RockCreek Dam Rock Creek Dam
Year 9-year 9-year 9-year

Annual Average| Annual Average| Annual Average
2008 50 - 20 - 24 -
2009 86 - 71 - 73 -
2010 83 - 41 - 44 -
2011 60 - 82 - 82 -
2012 100 - 72 - 74 -
2013 100 - 68 - 73 -
2014 100 - 77 - 78 -
2015 50 - 51 - 51 -
2016 98 81 77 62 82 65
2017 91 85 76 68 78 70
2018 84 85 48 66 64 69
2019 64 83 55 67 59 71
2020 81 85 862 682 852 712
2021 NS NS 100 71 NA® NA®

aDueto the Archie Creek Fire, surveys in 2020 were on a single date; surveys below the diversion dam covered a
subset of survey area.
bNS = Not Surveyed; There were no snorkel surveys below the diversion dam in 2021.

°NA = Not Applicable; No snorkel survegtow the diversion dam in 2021; no full basin estimate.
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Tables. Flow and temperature metrics.

Metric

Description

Max_cfs

Access Days

CFM
Day50

Day75

Dur25to75

SprFlow

JuneT_Indx

Out
Migration

Min_cfs

MWMT_Indx

Maximum daily mean flow

Number of days during the migration period when flow was above the threshold 1
access. The threshold for accessible flows is based on the relationship between
at the Elkton gage and the arrival of coho.

Center of Flow Movement.
Day on which cumulative flow reaches 50% of the total for the water year.

Day on which cumulative flow reaches 75% of the total for the water year.

Number of days between the day of 25% of annual flow and the day that it of 75¢
annual flow.

Sum of flow during the spring season.

Stream temperature index in June below the confluence of the Smith River and t
Umpqua near Reedsport (COMID = 24526610).

Average of category designations for spring flow and June temperature index (1,
3 for low,medium, and high).

Minimum daily mean flow

Maximum weekly mean temperature index at the three most important holding pt
in the North Umpqua (100 Fish, 5 Mile and Upper Bend).
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TableS7. USGS gage and Mill Creek Siletz thermistor location details. Elevation recorded in feet (*) or feet above stage height (**).

Agency Site Name Site ID Elevation Drainage Area (i Location

ODFW Mill Creek, Siletz Trap N/A 731.627* 13 Lat 45°8'43", Longl23°47'35"
USGS N. Umpqua at Winchester 14319500 372.97 ** 1,344 Lat 43°16'20", Lonfj23°24'40"
USGS N. UmpguaSoda Springs 14316460 1,720** 437 Lat 43°18'22", Lon§22°30'42"
USGS N. Umpqua Rivetdleyld Park 14317450 780** 886 Lat 43°D'29", Longl22°59'55"
USGS Rogue River at Raygold 14359000 1,121.78** 2,053 Lat 42°26'15", Lon§j22°59'10"
USGS Rogue River below Prospect 14330000 1,964.56** 379 Lat 42°43'47", Lonfj22°30'54"
USGS Rogue River at Agness 14372300 113.81** 3,939 Lat42°34'43", Lond.24°03'25"
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TableS8. Thermal infrared imagery (TIR) statistics include the starting and ending kilometer of each flight, total river kilomsteed the
min, max and mean (standard deviatidD of water temperaturaneasured from the TIR in each watershed.

¢ SYLISNI GdzNE 6x/ 0
Watershed (HUC10) Startkm TIR ~ End km TIR  River Km Mean (SD) Min Max Note
Canton Creek 0 17.01 17 20.52 (1.06) 176 224
Little River 0 40.65 40 21.04 (2.19) 16.2 255
Rock Creek 0.02 20.47 20 20.38 (0.61) 18.1 21.7
Steamboat Creek 0.12 31.12 31 20.17 (1.34) 164 228
Lower Umpqua River 32 175 143 25.9 (0.53) 24.6  27.4 Below Winchester
Lower North Umpqua River 0.07 84.3 84.2 20.7 (2.33) 17.1  24.8 Winchester to Steamboat
Middle North Umpqua Rive 83.48 119.66 36 14.78 (1.04) 104 16.2 Steamboat to Toketee
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Table®. Physical habitat data available in North Umpqua watersheds.

Stream Name Total Surveys Max Surveys Min Year Max Year Survey Type Project

Canton Creek 9 1 1998 2018 OregonPlan  Aguatic Inventories
Little River 23 3 1999 2019 Oregon Plan Aguatic Inventories
Lower North 23 4 1999 2020 Oregon Plan Agquatic Inventories
Umpqua River

Middle North 40 4 1998 2018 Oregon Plan Aguatic Inventories
Umpqua River

Rock Creek 14 2 1998 2017 Oregon Plan Aguatic Inventories
Steamboat Creek 31 3 1999 2018 Oregon Plan Aguatic Inventories
Upper North 20 2 1999 2017 Oregon Plan Agquatic Inventories
Umpqua Rive
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TableSLO0. Predictors considered in spatial distribution modeling of juveniéelsiead in the Lower and North Umpqua watersheds.

Predictor Description Units Data Source
Steelhead occurrence Presence or absence of juvenile steelhead within Oorl ODFW
survey reach.
Flow Permanence Average probability of flow permanence Probability PROSPER; Jaeger et al. 2019
Maximum Weekly Maximum  Average maximum weekly stream temperature Degrees C NorWeST,; Isaak et al. 2017

Temperature

Mean Summer Flow
Distance to Ocean

Total Spring Precipitation
Total Winter Precipitation
Solar Radiation

Stream Size

Slope

Average stream flow conditions

Linear distance from surveyed reach to ocean

Sum of spring precipitation

Sum of winter precipitation

cubic feet/sec
Kilometers
Millimeters

Millimeters

Current shade thermal energy, averaged downstream Watt-hours/m2

Stream size based on Strahler stream order

Small=1, 2,3; Mdthrge =>4

Slope of stream segment

Factor; small,
med/large

rise/run

VIC; Wnger et al. 2010
ODFW

PRISM Climate Group 2014
PRISM Climate Group 2014
NetMap; Benda et al. 2007
NHD; Moore et al. 2019

NHD; Moore et al. 2019
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TableSlL1. Generalized linear model results from best model selected using AIC.

Coefficients Prob Logit Estimate Std. Error z value Pr(>|z|)
(Intercept) 0.398 -0.410 1.946 -0.211 0.832
Temperature 0.464 -0.142 0.074 -1.912 0.055
Distance 0.501 0.007 0.002 2912 0.003
Spring Precip. 0.502 0.008 0.002 3.927 0.000

TableS12. Confusion matrix diagnostics of best model.

Measure Value Description

Accuracy 0.753 How often classified correctly
Misclassification rate 0.247 How often classified incorrectly

True Positive Rate 0.750 When true presence, rate predicted present
FalsePositive Rate 0.200 When true absence, rate predicted present
Precision 0.982 When present, how often correct
Prevalence 0.701 How often presence occurs in sample
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TableSl13. Parameters used in VELM#Sturbanceassessment.

Disturbance Type

Harvest

Fire

ageThreshold
biomassAgStemNharvestFraction
biomassAgStemNoffsiteFraction
biomassBgStemNharvestFraction
biomassBgStemNoffsiteFraction
biomassLeafNharvestFraction
biomassLeafNoffsiteFraction
biomassRootNharvestFraction
biomassRootNoffsiteFraction
enableAutomaticSpatialReporting
filterMapFullName
initializeActiveJdays
initializeActiveLoops
initializeActiveYears
initializeAgeModification
initializeCoverlds

initializeFilterlds

modelClass

0-500

0.95

0.85

0.95

0

0.95

0

0.95

0
FALSE
Harvest extent spatial fil¢
Day at which disturbance occurr€tb?)
1

year

0

1

1

HarvestLsrDisturbanceModg

activationProbability
ageThreshold

ashFraction

burnLossK
currentDayPrecipThreshold
enableAutomaticSpatialReportin
fiterMapFullName
fuelThreshold
initializeActiveJdays
initializeActiveYears
initializeAgeModification
initializeCoverlds
initializeFilterlds
modelClass
moistureThreshold
setFixedSeed

1

0

0.7

0.7

100
FALSE
Fire extent spatial file
0
Day of disturbance
2020

1

1

1
BurnLsrDisturbanceMode
0.7
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APPENDIX @ SUPPLEMENTAIGURES
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FigureS1.A Ricker curve fit tepawnerrecruit data for the North Umpqgqua summer steelhead
population from 1992014. The red line represents the Yelationshipwhere spawner and recruit
numbers are equal along their respective axes. The black line represerisdhthe Ricker curve to the
data.
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FigureS2.A BevertorHolt curve fit tospawnerrecruitdata for the North Umpqua summer steelhead
population from 19922014. The red line represents the Yelationshipwhere spawner and recruit
numbers are equalong their respective axes. The black line represents the fit of the Bevilitin
curve to the data.
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FigureS3 A Logistic Hockey Stick curve fit to spawraaruit data for the North Umpqua summer
steelhead population from 1992014. The red line represents the Xelationshipwhere spawner and
recruit numbers are equal along their respective axes. The blackelmesents the fit of the Logistic
Hockey Stick curve to the data.
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FigureS4 A densityindependent curve fit to spawneecruit data for the North Umpgua summer
steelhead population from 1992014. The red line represents the Xd&lationshipwhere spavner and
recruit numbers are equal along their respective axes. The black line represents the fit of the density
independent curve to the data.
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FigureS5.A correlation matrix of potential marine covariates to the stock recruitment relationship for
Umpaqua summer steelhegd 9922014. Larger circles indicate higher correlation and color indicates
whether the correlation is positive (i,eovariates increase or decrease together) or negative (i.e.
increase in one covariate produces a decrease in therathgice versa).
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MWMT Index

FigureSa Linear regression of Umpgua summer steelhead recruits from-2832 on maximum
weekly mean water temperature corresponding tey@arold fish. The blue line represents the linear

regression line.
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FigureS7 Linear regresion of Umpgua summer steelhead recruits from 12844 on North Pacific
Gyre Oscillation (NPGO) corresponding4gearold fish. The blue line represents the linear regression

line.
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FigureS8 A BevertorHolt curve with MWMT included as a covariatedi spawnerrecruit data for the

North Umpqua summer steelhead population from 198214. The red line represents the 1:1

relationshipwhere spawner and recruit numbers are equal along their respective axes. The black line
represents the fit of the Beverteh 2 f i OdzNBS (2 GKS RIGFI® ¢KS af2ffALJ
shows how the addition of MWMT adjusts the predicted valuestxh year. Open circles represent the

new predicted values.
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Figure S9A BevertonHolt curve with MWMT and NPGO included as covariates fit to spasecenit data for

the North Umpqua summer steelhead population from 199¥4. The red line representhe 1:1 relationship

where spawner and recruit numbers are equal along their respective axes. The black line represents the fit of the
Bevertonl 2f G OdzNBS (2 (GKS RIGFE® ¢KS af2ffALRLIE fAYySE O02YA
and MWMTadjusts the predicted values for each year. Open circles represent the new predicted values.
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FigureS10 A single 10§ear simulation using a Bevertatolt curve with NPGO included as a covariate.
The red line is the actual, observed abundance from218®14 superimposed on the simulated data for
reference.
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All Years
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® Lower N. Umpqua = Rock Creek * Little River = Upper N. Umpqua = Steamboat Creek

FigureSlL1. Proportional use of five North Umpqua sbhsins for spawning by natural and hatchery
origin summer steelhead, inferred from telemetry data collected by Loomis et al. (2003)yeaus
1998, 1999, and 2000. Fish were considered summer steelhead Wereytagged at Winchester Dam
during the summer counting period (May;INovember30). No hatchery origin steelhead were tagged
in 1998.
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FigureSl12. Relationship between the peak count of adult summer steelhead observed holding in the
Steamboat Creek sdmsin (including Canton Creek) during summer snorkel surveys and escapement of
naturally producecgsummer steelhead above Winchester Dam, 1:2921. Mte that the peak count of
holding adults in 2021 (59) is likely an undercount due to limited surveys (June only).
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Steamboat & Canton Basin Snorkel Surveys

FigureSL3. Relationship between the peak count of adult summer steelhead observed holding in the
Steamboat Creek sdmasin (including Gdon Creek) during summer snorkel surveys and escapement of
hatchery origin summer steelhead above Winchester Dam, -P821. Note that the peak count of
holding adults in 2021 (59) is likely an undercount due to limited surveys (June only).
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FigureSl4. Relationship between naturarigin recruits and hatchery smolt releases aligned for the
year in which both would have oumigrated together as smolts.
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FigureSl15. Hypothetical fishery mortality rates based on encounter rates and three levels of pre
spawning mortality incidental to catch and release angling.
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FigureS16. Maximumcounts of harbor seakexcluding pups) at the Umpqua River
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FigureSl7. Bolon Island Doubterested Cormorant colony, June 2003 (Photograph by Roy W. Lowe).
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FigureS18. Peak mmber ofdouble-crested cormorant pairs observed at all Umpqua basin colonies.
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FigureSL9. Freshwater stoplight table for the Siletz summer steelhead population. Flow metrics are based on the stream gage orstia main
Siletz River. Temperature indices are from the head of tide in June, and in steelhead holding areas in the summer.
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Figure20. Freshwater stoplight table for Rogue summer steelhead populations. Flow metrics are based on thegsigeamthe Rogue River
near Agness. Temperature indices are fromdghageat Agness in Junsummer maximum temperature/asmeasured at thestreamgages on
the Applegate River near Wilderville and on the Rogue River near Dodge Bridge.
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Shaded aresrepresent 95% confidence intervals.
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FigureS22. Longitudinal profile®f the medianstream temperature obtained fromhiermal infrared

imagery for tributary streams in the North UmpgRaver
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Figure24. Distribution of different physical habitat metrictescribing stream morphology. Bplots

show distribution within the 28 and 75" percentiles, the median (center line), and the 95% confidence

intervals.The data describe site conditioftr 1998;2020.
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Figure25. Distribution of different plysical habitat metrics describiqmpols Boxplots show

distribution within the 2% and 753" percentiles, the median (center line), and the 95% confidence

intervals.The data describe site conditiofr 1998;2020.
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Figure SZ. Distribution of maximum temperatures for Jug&eptember at Winchester Dam from 202021. Each year is represented by a
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FigureS28. Boxplots displaying distribution of predictor values for sites where steelhead mwersent
(green; 1)and where they werabsent (orange; 0)
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