Appendix E

An Analysis of Potential Suspended
Sediment Effects on Anadromous Fish in
the Klamath Basin

E.1 Introduction

Removing the four dams in the mid-Klamath River (the “Proposed Action”) could release
up to 1.2-2.9 million metric tons of fine sediment (sand, silt, and finer) downstream
(Bureau of Reclamation [Reclamation] 2011), resulting in high suspended sediment loads
and local, short-term sediment deposition. The downstream transport of this sediment,
currently stored in reservoir deposits, can affect downstream habitats as both suspended
sediment and bedload. Among other impacts, elevated suspended sediment
concentrations (SSC) may clog or abrade the gills of fish or prevent them from foraging
efficiently, and as the material settles on the streambed, it can reduce the survival of
incubating eggs and developing alevins in salmonid redds by impeding intergravel flow
as well as the emergence of fry.

This report describes a modeling analysis of the potential effects of suspended sediment
on anadromous fish populations in the Klamath Basin under existing conditions and the
No Action/No Project Alternative, as well as under the Proposed Action. Available data
on suspended sediment under existing conditions in the Klamath River upstream and
downstream of Iron Gate Dam (summarized in Section 3.2.3, Water Quality — Existing
Conditions/Affected Environment) were determined to be insufficient for conducting this
type of analysis. To compensate for this shortfall, the Reclamation used suspended
sediment data collected by the United States Geological Survey at the (1) Shasta River
near Yreka, (2) Klamath River near Orleans, and (3) Klamath River at Klamath gauges to
estimate daily suspended sediment concentrations (milligrams per liter [mg/l]) as a
function of flow (cfs) using the SRH-1D 2.4 sediment transport model (Sedimentation
and River Hydraulics—One Dimension Version 2.4) (Huang and Greimann 2010, USBR
2011), hereafter referred to as “the model.” Daily SSC were modeled for water years
1961 through 2008 to represent existing conditions and the No Action/No Project
Alternative, as well as for the year following removal of the dams (Water Year
2020-2021) under multiple drawdown scenarios (Reclamation 2011).
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E.2 Methods

The analysis of the potential effects of suspended sediment on aquatic species in the
Klamath River followed a five-step process similar to that used in prior modeling of these
effects conducted by Stillwater Sciences (2008, 2009a, 2009b):

1.

2.

Select appropriate focal species for the analysis;

Use the model to predict SSC regimes for existing conditions and the No Action/No
Project Alternative, and alternatives;

Describe the potential effects of the predicted concentrations on the various life stages
of each focal species using available information; and

Evaluate the potential consequences of suspended sediment for focal species’
populations under existing conditions and the No Action/No Project Alternative, and
alternatives.

E.2.1 Focal Species Selection
Focal species selected for the analysis were expected to meet the following criteria:

1.

Species historically native to, and still found within the Klamath Basin downstream
of Iron Gate Dam, and within the area of primary effect (i.e., upstream of the
confluence with Trinity River);

Species that are listed or proposed for listing under the Federal or State Endangered
Species Acts, or

Species without special regulatory status that meet other criteria, such as: species
having high economic or public interest value, species believed to be important
interactors within the affected ecosystem (“key species”), species believed to be
strong indicators of the overall health of aquatic communities (“indicator species”), or
those whose presence is believed to reflect habitat conditions for a large suite of
species (“umbrella species”); and

Species for which sufficient information is available to allow at least a qualitative
assessment of their response to increases in suspended sediment.

Based on this vetting process, the following focal species were selected for the suspended
sediment analysis:

Chinook salmon (fall- and spring-runs)
coho salmon

steelhead (summer and fall/winter runs)
Pacific lamprey

green sturgeon
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E.2.2 Using the Model to Predict Suspended Sediment Concentrations
Predictions of suspended sediment concentrations used in this analysis were based on the
sediment transport model, which:

1. Predicts SSC as a continuous time series following facility removal;

2. Predicts the exceedance duration (number of consecutive days) for specific SSC
ranges within time periods corresponding to specific life-history stages of the focal
species (such as upstream migration); and,

3. Predicts the downstream dilution of SSC at important locations within the
distributions of the focal species where gauging data are available, including Iron
Gate Dam, Seiad Valley, Orleans, and Klamath Station.

The model was used to predict the magnitude and duration of suspended sediment
concentrations for discrete calendar-year periods corresponding to each species’ life
history stages. These periods could not overlap in order to avoid erroneously accounting
for an event’s impact on two separate life stages of a cohort at the same time, which is
impossible; e.g., a pulse of suspended sediment in March cannot simultaneously affect
rearing juveniles and outmigrating smolts of the same cohort.

E.2.2.1 Range of Conditions Assessed

Modeling results are very sensitive to hydrology. Effects during winter are predicted to
be more severe during a dry year when low reservoir levels expose more sediment in
January. Effects during spring (when smolt outmigration generally occurs) are more
severe during a wet year, when it is predicted that the reservoirs could re-fill during
winter delaying the release of SSC until they drop during spring (Reclamation 2011).
Daily durations of SSC concentrations were modeled assuming the Proposed Action
occurred within each of the 48 years in the available hydrology record since 1961. The
results of modeling all potential years were summarized for each life-stage of each
species assessed. Because the suspended sediment varies with hydrology, and in order to
account for (and compare) the range of results and impacts that might occur under each
alternative, two scenarios were analyzed for existing conditions and the No Action/No
Project Alternative, and for action alternatives, with the goal of predicting the potential
impacts to fish that has either a 50 percent (likely to occur) or 10 percent (unlikely, or
worst case) probability of occurring, defined as follows:

For Existing Conditions and the No Action/No Project Alternative:
e Normal conditions: suspended sediment concentrations and durations with a
50 percent exceedance probability for the mainstem Klamath River downstream
of Iron Gate Dam (i.e., the probability of these concentrations and durations being
equaled or exceeded for each assessed species and life-stage in any one year is
50 percent). Exceedance probabilities were based on modeling SSC for all water
years subsequent to 1961 with facilities in place. To assess “normal conditions”
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the median (50 percent) suspended sediment concentration and duration from
these results was estimated.

e Extreme conditions: suspended sediment concentrations and durations with a
10 percent exceedance probability; i.e., the probability of these concentrations and
durations being equaled or exceeded for each assessed species and life-stage in
any 1 year is 10 percent).

For the Proposed Action—- Full Facilities Removal of Four Dams:

e Most likely scenario: suspended sediment concentrations and durations with a
50 percent exceedance probability for the mainstem Klamath River downstream
of Iron Gate Dam (i.e., the probability of these concentrations and durations being
equaled or exceeded for each assessed species and life-stage in any one year is
50 percent). Exceedance probabilities were based on the results of modeling
suspended sediment in the Klamath River downstream of Iron Gate Dam using
hydrologic data for all water years observed since 1961 with facility removal. To
assess the “most likely scenario” the median (50 percent exposure concentration)
was estimated.

e Worst-case scenario: suspended sediment concentrations and durations with a
10 percent exceedance probability; i.e., the probability of these concentrations and
durations being equaled or exceeded for each assessed species and life-stage in
any 1 year is 10 percent).

E.2.3 Effects Analysis

Based on a review of the scientific literature, the most commonly observed effects of
suspended sediment on salmonids include: (1) avoidance of turbid waters in homing adult
anadromous salmonids, (2) avoidance or alarm reactions by juvenile salmonids,

(3) displacement of juvenile salmonids, (4) reduced feeding and growth, (5) physiological
stress and respiratory impairment, (6) damage to gills, (7) reduced tolerance to disease
and toxicants, (8) reduced survival, and (9) direct mortality (Newcombe and Jensen
1996). Information on both concentration and duration of suspended sediment is
necessary for understanding the potential severity of its effects on salmonids (Newcombe
and MacDonald 1991); e.g., Herbert and Merkens (1961) stated that “there is no doubt
that many species of fresh-water fish can withstand extremely high concentrations of
suspended solids for short periods, but this does not mean that much lower concentrations
are harmless to fish which remain in contact with them for a very long time.” Effects of
suspended sediment on fish may be exacerbated if pollutants or other stressors (e.g.,
water temperature, disease) are present as well. Turbidity can function as cover to reduce
predation at some life stages, not only in riverine, but also in estuary and nearshore
marine environments (Gregory and Levings 1998, Wilber and Clarke 2001, Gadomski
and Parsley 2005). Some species have been shown to be attracted to turbid water over
clear, which may reflect its use as cover (Gradall and Swenson 1982, Cyrus and Blaber
1992, both as cited in Wilber and Clarke 2001). This analysis will consider these other

E-4 — September 2011



Appendix E — An Analysis of Potential Suspended Sediment Effects on
Anadromous Fish in the Klamath Basin

factors qualitatively, but not quantitatively, in assessing the effects of a sediment pulse to
the population.

Determining the concentrations that cause direct lethal effects in salmonids has generally
been based on laboratory studies experimenting with exposures to concentrations of
suspended sediment over 1,000 mg/l and usually much higher. According to Sigler et al.
(1984), “yearling and older salmonids can survive high concentrations of suspended
sediment for considerable periods, and acute lethal effects generally occur only if
concentrations exceed 20,000 ppm (see e.g., review by Cordone and Kelly 1961).” At
very high concentrations (e.g., 20,000 to 30,000 mg/l), juvenile salmon may survive
short-term exposures, but their survival may be subsequently affected by slower response
times for seeking cover and avoiding predators (Korstrom and Birtwell 2006). Based on
the results of laboratory studies, it appears that relatively short-term exposures to
increases in suspended sediment concentrations under 500-600 mg/l would not likely
result in substantial direct mortality to either juvenile or adult anadromous salmonids in
the Klamath River. If the duration of exposure is extended for weeks or months,
however, direct mortality (10-20 percent of individuals exposed) is expected (Newcombe
and Jensen 1996).

Potential population-level effects of suspended sediment released from dam removal
activities for a given species not only depend on their abundance, distribution, and life
stages present, but also on the timing, duration, and concentration of suspended sediment
released. In this analysis the results of Newcombe and Jensen (1996) were used to assess
impacts of SSC on aquatic species. Newcombe and Jensen (1996) reviewed and
synthesized 80 published reports of fish responses to suspended sediment in streams and
estuaries and established a set of equations to calculate “severity of ill effect” indices
(Table E-1) for various species and life stages based on the duration of exposure and
concentration of suspended sediment present. The severity of ill effects provides a
ranking of the effects of SSC on salmonid species, as calculated by any of six equations
that address various taxonomic groups of fishes, life stages of species within those
groups, and particle sizes of suspended sediments.

Assessing the potential effects of suspended sediment on anadromous fish species
required identifying the spatial and temporal distribution of each life stage in the Klamath
Basin relative to expected areas of elevated suspended sediment. For each focal species
and life stage, potential effects were determined by evaluating the magnitude and
duration of SSC predicted by the model for the mainstem Klamath River at times and
locations where the life stage of any focal species is likely to be present. For salmonids,
Newcombe and Jensen’s (1996) Severity of 11l Effects table (Table E-1) was used to rate
the severity of exposure to suspended sediment. The values for suspended sediment
concentrations were divided into ranges (33-90 mg/l, 90-245 mg/l, 245-685 mg/l, and so
on) based on those used in Newcombe and Jensen (1996). Wherever possible, effects
were quantified based on the percentage of the cohort predicted be in the mainstem
during suspended sediment events, considering both spatial distribution (proportion of the
life stage expected to be in the mainstem compared to tributaries; proximity to Iron Gate
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Dam) and life-history timing (proportion of the population expected to be present during
period of effect).

Table E-1. Scale of the Severity of Il Effects Associated with Elevated
Suspended Sediment (based on Newcombe and Jensen 1996).

Severity Category of Effect Description of Effect
0 Nil effect No behavioral effects
1 Alarm reaction
2 Behavioral effects Abandonment of cover
3 Avoidance response

Short-term reduction in feeding rates
Short-term reduction in feeding success

Minor physiological stress:
5 Increase in rate of coughing
Increased respiration rate

M hysiological
6 Sublethal effects oderate physiological stress

Moderate habitat degradation

7 . .

Impaired homing

Indications of major physiological stress:
8 Long-term reduction in feeding rate

Long-term reduction in feeding success
Poor condition

Reduced growth rate:
9 Delayed hatching
Reduced fish density

0—20% mortality

10 . )
Increased predation of effected fish
Lethal effects
11 >20-40% mortality
12 >40-60% mortality
13 >60—-80% mortality
14 >80-100% mortality

The indices used by Newcombe and Jensen (1996) have become a standard for selecting
management-related turbidity and suspended sediment criteria (e.g., Walters et al. 2001),
and their report remains the best available source for determining effects of SSC on
salmonids (Berry et al. 2003). However, there are inherent sources of uncertainty in this
application of the model. Newcombe and Jensen (1996) base much of their analysis on
laboratory studies that were conducted in controlled environments over short-durations,
mostly examining acute lethal impacts of non-fluctuating concentrations of suspended
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sediment. This analysis is a relatively complex application of the Newcombe and Jensen
(1996) model, in that temporal variation in SSC within periods is captured by summing
continuous days of exposure in various concentration categories of suspended sediment.
This means that three occurrences of exposure to extreme sediment each lasting for two
days can be, for example, equivalent to a severity of ill effect predicted for 6 continuous
days. How the actual outcome will vary from predictions is uncertain. In addition,
Newcombe and Jensen (1996) do not explicitly address the translation of sublethal
severity levels into population-level effects. As Gregory et al. (1993) note in their
criticism of Newcombe and Jensen, the approach simplifies the effects of suspended
sediment and in doing so assumes all effects of suspended sediment are negative, despite
literature to the contrary. This exaggerates the effects of suspended sediment,
particularly for lower concentrations and durations of exposure. Although the predictions
of mortality at high concentrations and durations of exposure are considered more certain
than the predictions of sublethal effects, in this application sublethal effects resulting
from exposure to lower concentrations are included because of the concern that following
sublethal impacts of suspended sediment could be adverse when occurring in conjunction
with the already stressed condition of some species and life-stages from water
temperature (Bozek and Young 1994) and disease.

Because of their relative importance within the watershed, potential impacts of SSC on
Pacific lamprey (Lampetra tridentata) and green sturgeon (Acipenser medirostris) were
assessed. However, little scientific literature exists regarding the effects of SSC on these
species. The models developed by Newcombe and Jensen (1996) for assessing impacts
to nonsalmonids were used in this analysis to assess effects on Pacific lamprey and green
sturgeon, in conjunction with discussions with experts regarding the potential effects.

E.3 Results

E.3.1 Existing Conditions and No Action/No Project Alternative

Information on sediment transport within the Klamath Basin is available from Stillwater
Sciences 2010 and USBR 2011. The current supply of coarse and fine sediment can be
summarized, as follows:

e Upstream of Keno Dam, sediment supply to the Klamath River is minimal due to
deposition in Upper Klamath Lake, which captures nearly all sediment entering
from its tributaries.

e Between Keno Dam and Iron Gate Dam, total average annual sediment delivery is
an estimated 200,000 tons/year.

e Downstream of Iron Gate Dam, the Scott, Salmon, and Trinity Rivers supply
approximately 607,000 tons/year; 320,000 tons/year; and 3.3 million tons/year,
respectively.

E-7 — September 2011



Klamath Facilities Removal EIS/EIR
Public Draft

Section 3.2.3 (Water Quality — Existing Conditions/Affected Environment) summarized
suspended sediment concentrations under existing conditions in the Klamath River
upstream and downstream of Iron Gate Dam. In general, the data indicate that suspended
sediment downstream of Iron Gate Dam ranges from less than 5 mg/l during summer low
flows to greater than 5,000 mg/l during winter high flows (Section 3.2.3.3). Daily SSC
were modeled for water years 1961-2008 (Reclamation 2011) (Figures E-1 and E-2).

1,000

Iron Gate

Seiad Valley

Orleans

Klamath Station

Suspended sediment concentration (mg/l) (log)

10/1/2019
11/1/2019 A
12/1/2019
1/1/2020 A
2/1/2020 |
3/1/2020 A
4/1/2020 |
5/1/2020 |
6/1/2020 -
7/1/2020
8/1/2020 |
9/1/2020
10/1/2020
11/1/2020 A
12/1/2020 A
1/1/2021 A
2/1/2021 A
3/1/2021
4/1/2021 -
5/1/2021
6/1/2021 -
7/1/2021 -
8/1/2021 A
9/1/2021

Figure E-1. Normal Conditions (50% exceedance probability) Suspended
Sediment Concentrations at Three Locations Downstream of Iron Gate Dam under
Existing Conditions, as predicted using the SRH-1D model.
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Figure E-2. Extreme Conditions (10% exceedance probability) Suspended
Sediment Concentrations at Three Locations Downstream of Iron Gate Dam under
Existing Conditions, as Predicted using the SRH-1D Model.

E.3.1.1 Fall-run Chinook Salmon

Fall-run Chinook salmon range throughout the Klamath River and its tributaries
downstream of Iron Gate Dam. The largest number of spawners are found in the Trinity
River (36 percent), Bogus Creek (11 percent), Shasta River (7 percent), Scott River

(7 percent), and the Salmon River (3 percent), based on escapement data collected from
1978 to 2002 (FERC 2006). They also spawn in the mainstem, with the highest densities
of redds found between Iron Gate Dam (River Mile [RM] 310.3) and the Shasta River
(RM 288) (Magneson 2006).

Fall-run Chinook salmon in the Klamath Basin exhibit three juvenile life-history types:
Type | (ocean entry at age 0* in early spring within a few months of emergence), Type |1
(ocean entry at age 0 in fall or early winter), and Type Il (ocean entry at age 1 in spring)
(Sullivan 1989). Based on outmigrant trapping at Big Bar on the Klamath River from
1997 to 2000, 63 percent of natural Chinook salmon outmigrants are Type I, 37 percent
are Type Il, and less than 1 percent are Type 11 (Scheiff et al. 2001). Although, trapping
efforts are not equal among seasons, the results are consistent with scale analysis of adult

! A fish emerging in spring is designated as age 0 until January 1st of the following year, when it is
designated as age 1 until January 1st of the next year, when it is designated age 2.
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returns by Sullivan (1989). Large numbers of fry from the Shasta River, Scott River, and
Hunter and Blue creeks move into the mainstem Klamath River in spring, where they
may continue to rear before outmigrating to the ocean (Chesney 2000, Chesney and
Yokel 2003). Few age-0 juveniles are observed in the mainstem Klamath River or
Trinity River in the fall; most have probably already outmigrated in early fall as Type 1l
smolts.

Fall Chinook salmon typically migrate upstream in late summer and early fall when
suspended sediment concentrations are usually very low in the Klamath River. Spawning
typically peaks in late October and substantially declines by the end of November (Shaw
etal. 1997). The SRH-1D SSC modeling analysis does not account for stress or mortality
that might result from infiltration of fine sediment into the channel bed because no
suitable measurements or models were available with which to calculate this component.
Under normal conditions, suspended sediment is predicted to result in minimal stress on
spawning adults, eggs, alevins, and fry in the mainstem because of sediment capture by
the dams and time of year (Table E-2), but may cause reduced size at emergence under
extreme conditions (Table E-3) as well as further downstream where concentrations
would be expected to be higher due to accretion from tributary streams.

Most fry produced by fall-run Chinook salmon in the Klamath River exhibit the Type |
life history, in which they enter the ocean within a few months of emergence in early
spring. Age 0 fry rearing in the mainstem during late winter for a period of a month prior
to outmigration are anticipated to have moderate to major physiological stress under
normal and extreme conditions respectively. Using radio-tag data, Foott et al. (2009)
reported that it took hatchery Chinook smolts a median of 10.2 days to travel the 184
miles from Iron Gate Dam to Blake’s Riffle (RM 8). Wallace (2004) reported that it took
radio-tagged hatchery Chinook smolts a median of 30-34 days (range 13-109 days) to
travel from the hatchery to the estuary. Based on these studies, the analysis assumed a
maximum duration of exposure to suspended sediment during migration of 30 days. Ina
normal year under existing conditions and the No Action/No Project Alternative,
suspended sediment in the mainstem is predicted to be at concentrations resulting in
major physiological stress for Type | fry during their 30-day migration. In either
scenario, this exposure, although not predicted to result in direct mortality, could
indirectly affect survival by reducing growth and thus the size at which the smolts enter
the ocean (Bilton 1984). Exposure to disease or elevated temperatures in the mainstem
would likely result in the mortality of some portion of these fish. The parr-smolt
transformation can also be compromised in stressed juveniles (Wedemeyer and McLeay
1981, as cited in Bash et al. 2001), which could increase mortality.
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Table E-2. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Fall-Run Chinook Salmon under Normal Conditions
(50% exceedance probability), for Klamath River at Iron Gate Dam (adult
migration, spawning, incubation, and fry emergence life stages) and Seiad Valley
(juvenile rearing and outmigration life stages).

Life-History Sgsgii:]gﬁtd Exposure | Newcombe and
Stage . Duration |Jensen Severity Effects on Production
o Concentration
(timing) (mall) (days) Index
Adult upstream
migrants 0 0 0 No effect
(Jul 15—Oct 31)
Spawning, ~8 % of adults spawn in the
; ; mainstem downstream of Iron Gate
incubation, and ; .
fry emergence 0 0 0 Dam where suspended sgdlment is
Oct 15-Feb 28 low due to capture of sediment by
(Oct 15-Fe ) Iron Gate Dam
) . 245 to 665
Juvenile rearing Maior stress
(year-round) 90 to 245 8 !
33t0 90 22 8
outmigration alor Sirese for Type [y (-60% 0
(Apr 1-Aug 31) 330 90 17 8
Type Il
outmigration 0 0 0 No effect
(Sept 1-Nov 30)
245 to 665 <1 7
Type Il Moderate to major stress for Type IlI
outmigration 90 to 245 4 8 (yearling) outmigrants (<1% of
(Feb 1-Apr 15) production)
33t0 90 11 8
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Table E-3. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Fall-Run Chinook Salmon under Extreme Conditions
(10% exceedance probability), for Klamath River at Iron Gate Dam (adult
migration, spawning, incubation, and fry emergence life stages) and Seiad Valley
(juvenile rearing and outmigration life stages).

Life-History Sgsgi?:gr?td Exposure Newcombe
Stage . Duration and Jensen Effects on Production
(timing) Concentration (days) Severity Index
(mg/l)
Adult upstream
migrants 0 0 0 No effect
(Jul 15—Oct 31)

Spawning ~8 % of adults spawn in the
incubation eind mainstem downstream of Iron Gate
fry emergénce 331090 2 9 Dam where suspended sediment is
Oct 15-Feb 28 low due to capture of sediment by
(Oct 15-Fe ) Iron Gate Dam

1,808 to 4,915 1 9
Juvenile rearing 665 t0 1,808 2 8 Major stress, reduced growth, and up
d 245 to 665 7 9 to 20% mortality for age 1 rearing in
(vear-round) 90 to 245 25 9 the mainstem.
3310 90 39 9
245 to 665 5 8
Type | Major stress and reduced growth for
outmigration 9010245 20 9 Type | fry (~60% of all production).
(Apr 1-Aug 31)
331090 30 8
Type II 245 to 665 1 7
outmigration 90 to 245 1 7 Short-term (1 wk) moderate stress.
(Sept 1-Nov 30) 33 to 90 5 7
665 to 1,808 2 8
T 1]
outr%liogeration 245 10 665 4 8 Major stress for Type Il (yearling)
(Feb 1-Apr 15) 90 to 245 14 8 outmigrants (<1% of production).
3310 90 27 8

The Type Il life history is also common among Klamath River fall-run Chinook. These
juveniles remain to rear in the tributaries in which they were spawned (Section 3.3.3.1)
and are only exposed to suspended sediment in the mainstem on their outmigration to the
ocean in the fall, when SSC are lowest. In a normal year under existing conditions and
the No Action/No Project Alternative, no adverse effects of suspended sediment are
predicted for these fish, while in a year of extreme conditions, concentrations may cause
avoidance, reduced feeding, and moderate physiological stress for approximately one
week. Additional factors such as disease or elevated temperatures in the lower Klamath
River are less likely to increase the impacts of suspended sediment on these fish than for
other life-history types, because neither disease or water temperature are problems in the
Klamath River mainstem during the fall when Type Il smolts outmigrate.
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Type Il life-history fish are relatively rare (<1 percent of all production) in the Klamath
River fall-run population (USFWS 2001), although based on Sullivan (1989) these larger
smolts can contribute around 4 percent of the escapement. These fish typically remain to
rear in the spawning tributaries until outmigrating in late winter and early spring as
yearlings. In a normal year, the model predicts that suspended sediment will cause
moderate to major physiological stress for about two weeks, but under extreme
conditions, exposure to suspended sediment is predicted to remain at levels producing
major stress for the approximately one month it takes for them to reach the sea, but
growth may not be substantially affected.

Overall, fall-run Chinook salmon use the mainstem Klamath River for spawning, rearing,
and as a migratory corridor. Although SSCs under existing conditions and the No
Action/No Project Alternative are relatively high in the mainstem downstream of
Orleans, and even more so downstream of the Trinity River (State Water Resource
Control Board [SWRCB] 2006, North Coast Regional Water Quality Control Board
[NCRWQCB] 2010) (Section 3.2.3), they are relatively low in the reach downstream of
Iron Gate Dam where most mainstem spawning occurs. Suspended sediment
concentrations and durations during upstream and downstream migration, even under
extreme conditions, are low enough that effects are limited to physiological stress and
possibly reduced growth rates. In general, fall-run Chinook salmon appear relatively
resilient to current suspended sediment conditions because of their limited use of the
mainstem for spawning and rearing, and the fact that smolt outmigration primarily occurs
when SSC are naturally low.

E.3.1.2  Spring-run Chinook Salmon

Spring-run Chinook salmon spawn primarily in the Salmon and Trinity rivers, with the
vast majority (~95 percent) spawning in the Trinity River; therefore, the review of
existing conditions and the No Action/No Project Alternative focuses on potential
exposure to suspended sediment in the mainstem Klamath River downstream of the
Salmon River.

Sediment-transport model predictions for suspended sediment and associated effects on
spring-run Chinook salmon under normal and extreme conditions are summarized in
Table E-4 and E-5, respectively. Under normal conditions, adult spring-run migrants
returning to the Salmon River may be exposed to suspended sediment concentrations that
cause moderate stress and impaired homing, but because the span of elevated
concentrations is only around two weeks, some migrants may avoid exposure altogether.
Under extreme conditions, concentrations may increase slightly, but the duration of
exposure may double. Adults migrating to the Trinity River may only be exposed to
suspended sediment in the mainstem for about a week, and those migrating to the Salmon
River about two weeks (Strange 2007a, 2007b, 2008).
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Table E-4. Predicted Suspended Sediment Concentrations, Exposure Durations, and
Anticipated Effects on Spring-Run Chinook Salmon under Normal Conditions (50%
exceedance probability), for Klamath River at Orleans (RM 58).

Suspended

Life-History Sediment Expos_ure Newcombe .
o . Duration and Jensen Effects on Production
Stage (timing) |Concentration ;
(days) Severity Index
(mgfl)
90 to 245 2 7 Impaired homing for adults returning to
Salmon River. Majority (~95% on
Adult spring average) of adults enter Trinity River, and
migration will be exposed to higher concentrations
(Apr 1-June 30)* 331090 14 7 for shorter durations. However, up to
35% of “natural” escapement returns to
Salmon River.
Adult summer No effect to the ~50% of the summer
migration 0 0 0 migration returning exclusively to the
(Jul 1-Aug 31)° Trinity River.
Spawning,
incubation, and fry Spring-run do not generally spawn in the
emergence n/a o= e mainstem.
(Sept 1-Feb 28)
Juvenile rearing n/a n/a n/a Juveniles primarily rear in tributaries; no
(variable) effect is anticipated.
90 to 245 2 7 Major stress for Type | fry (~80% of
Type | production) in smolt outmigration from
outmigration Salmon River. Majority (~95%) of
(Apr 1-May 31)° 331090 18 8 juveniles outmigrate from Trinity River,
and are exposed to higher concentrations
No effect for Type Il smolts from the
Type Il Salmon River (~20 percent) during
outmigration 0 0 0 downstream migration. Majority (~95%)
c of juveniles outmigrate from Trinity River
(Oct 1-Nov 15) and are exposed to higher
concentrations.
245 to 665 <1 7 Major stress for Type Il fry from Salmon
90 to 245 5 3 River (<1%) during downstream
Type IlI migration. Majority (~95 %) of juveniles
outmigration outmigrate from Trinity River and are
c exposed to higher concentrations for
(Jan 15-May 31) 3310 90 20 3

shorter durations. Outmigrate from
Trinity River and are exposed to higher
concentrations for shorter durations.

a Maximum duration of exposure during migration = 14 days

b Maximum duration of exposure during migration = 2 days

¢ Maximum duration of exposure during migration = 30 days
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Table E-5. Predicted Suspended Sediment Concentrations, Exposure Durations, and
Anticipated Effects on Spring-Run Chinook Salmon under Extreme Conditions (10%
exceedance probability), for Klamath River at Orleans (RM 58).

Suspended

Life-History Sediment Exposure Newcombe .
Stage (timing) | Concentration Duration and :Jensen Effects on Production
(mg/l) (days) Severity Index
245 to 665 <1 7 Impaired homing and major stress for
90 to 245 14 8 adults returning to Salmon River.
Adult spring Majority (~95% on average) of adults
migration e_nter Trinity Rlver_, and will be exposed to
2 higher concentrations for shorter
(Apr 1~June 30) 3310 90 14 7 durations. However, up to 35% of
“natural” escapement returns to Salmon
River.
Adult summer Moderate stress for the ~50% of the
migration 3310 90 <1 6 summer migration returning exclusively
(Jul 1-Aug 31)° to the Trinity River.
Spawning,
incubation, fry Spring-run do not generally spawn in the
n/a n/a n/a ]
emergence mainstem.
(Sept 1-Feb 28)
Juvenile rearing n/a n/a n/a Juveniles primarily rear in tributaries; no
(variable) effect to this life stage is anticipated.
90 to 245 12 8 Major stress for Type | fry (~80%) in
Type | smolt outmigration from Salmon River.
outmigration Majority (~95 %) of juveniles outmigrate
(Apr 1-May 31) SR = e from Trinity River, and are exposed to
higher concentrations.
90 to 245 1 7 Moderate stress for Type Il smolts from
Type Il the Salmon River (~20%) during
outmigration doyvnstr_eam migr_ation. Majorit_y'(~95' %)
(Oct 1-Nov 15)° 33t0 90 2 6 of juveniles outmlgrat_e from Trinity River
and are exposed to higher
concentrations.
665 to 1,808 1 8 Major stress for Type Ill fry from Salmon
Type Il 245 to0 665 5 8 River (<1%) during downstream
outmigration migration. Majority (~95%) of juveniles
(Jan 15-May 31)° 9010 245 13 8 outmigrate from Trinity River and are
33 to 90 30 8 exposed to higher concentrations.

a Maximum duration of exposure during migration = 14 days

b Maximum duration of exposure during migration = 2 days

¢ Duration of exposure during migration = 30 days

In some years, later-arriving adults have been observed to delay migration upon
encountering high water temperatures in the mainstem (>22°C) and hold in the river for
up to 30 days before continuing on to their spawning streams (Strange 2007a, 2007b,
2008). These fish could be exposed to elevated suspended sediment for longer durations,
particularly in extreme years. Stressed adults are assumed to be more susceptible to
disease, possibly increasing pre-spawn mortality, unless exposure causes avoidance
behavior and early entrance into tributary habitat as was observed for upstream-migrating
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Chinook and coho salmon (Oncorhynchus kisutch) adults during the September 2002 fish
kill in the lower Klamath River (M. Belchik, Fisheries Biologist, Yurok Tribe, pers.
comm., 2008). Among radio-tagged adult spring Chinook, these later-returning migrants
have been observed to have the highest mortality rates (Strange 2007a, 2007b, 2008). In
contrast, around half of the observed spring Chinook salmon adults make a relatively
rapid summer migration (~2 days in the Klamath River) to the Trinity River, at which
time of year suspended sediment is naturally low under both normal and extreme
conditions.

Since no spring-run Chinook salmon spawning occurs in the mainstem Klamath River
under existing conditions and the No Action/No Project Alternative, incubating eggs,
developing alevins, and emergent fry are not anticipated to be affected by suspended
sediment in the mainstem).

There appear to be three juvenile life-history types for spring-run Chinook salmon in the
Klamath Basin: Type | (ocean entry at age O in early spring within a few months of
emergence), Type Il (ocean entry at age O in fall or early winter [Olson 1996]), and Type
I11 (ocean entry at age 1 in spring) (Sullivan 1989). Based on outmigrant trapping in the
Salmon River from 2001 to 2006 (Karuk Tribe, unpubl. data), around 80 percent of
outmigrants are Type I, 20 percent are Type I, and less than 1 percent are Type III.
Rearing of age-0 juveniles likely occurs to some extent in the mainstem Klamath River,
although it appears that the majority remain to rear in their natal streams (i.e., Salmon and
Trinity rivers). It is unclear to what extent juvenile spring-run Chinook rear in the
mainstem Trinity and Klamath Rivers as trapping studies do not differentiate between the
spring and fall runs.

Most late-winter rearing of Type I and |1 juveniles is thought to occur in tributaries (West
1991; Dean 1994, 1995), reducing the likelihood of exposure to suspended sediment in
the mainstem. Type I juveniles migrate downstream to the mainstem and ocean in April
and May. Based on radio-tagging studies of Chinook salmon smolt travel times, a
maximum of 30 days is assumed for exposure of outmigrating smolts. Under both
normal and extreme conditions, exposure to suspended sediment during Type | smolt
outmigration is anticipated to result in major physiological stress. This exposure, in
association with other environmental factors in the basin (e.g., water temperatures,
exposure to disease), could lead to mortality or reduced fitness. The Type Il outmigration
pattern is common (~20 percent),with juveniles departing from the Salmon River in the
fall when suspended sediment downstream of the Salmon River is too low to have an
effect under normal conditions, and only slightly higher under extreme conditions when
concentrations may cause moderate physiological stress for a few days. Age-1 juveniles
of the Type Il life history outmigrating during winter and early spring may be exposed to
suspended sediment concentrations causing major physiological stress under both normal
and extreme conditions.
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E.3.1.3 Coho Salmon

In order to evaluate the affects of suspended sediment on coho salmon in the Klamath
River, the historical population structure of Southern Oregon Northern California Coast
coho salmon presented in Williams et al. (2006) was used, as described in Section
3.3.3.1. Williams et al. (2006) identifies nine populations within the Klamath River,
including the Upper Klamath River, Shasta River, Scott River, Salmon River, Mid-
Klamath River, Lower Klamath River, and three population units within the Trinity River
watershed (Upper Trinity River, Lower Trinity River, and South Fork Trinity River
population units). Affects of SSC on distinct population units are differentiated where
appropriate.

Coho salmon are distributed throughout the Klamath River downstream of Iron Gate
Dam, and spawn primarily in tributaries (Trihey and Associates 1996, National Research
Council [NRC] 2004). Rearing has also been observed in tributary confluence pools in
the mainstem Klamath River (T. Shaw, USFWS, unpubl. data, 2002; as cited in NRC
2004). During their upstream migration, adult coho salmon from the Upper Klamath
River Population Unit may travel upstream as far as Iron Gate Dam (RM 190.1) and were
formerly known to occupy mainstem and tributary habitat at least as far upstream as
Spencer Creek at RM 228 (NRC 2004, as cited in National Marine Fisheries Service
[NOAAFisheries] 2007). Thus, the mainstem Klamath River functions primarily as a
migration corridor for coho salmon, but also likely provides rearing habitat and allows for
movement of juvenile fish between tributaries.

The vast majority of coho salmon that spawn in the Klamath Basin are believed to be of
hatchery origin. Indirect estimates indicate 90 percent of adult coho salmon in the system
return directly to hatcheries or spawning grounds in the immediate vicinity of hatcheries
(Brown et al. 1994). This analysis of SSC effects pertains to the adults and progeny of
both hatchery-returning adults and those that spawn in the river, differentiating between
the two where possible.

Upstream migration of adult coho salmon in the Klamath River spans the period from
September to January, with peak movement occurring between late-October and
mid-November. As this is the only period when adults are present in the mainstem
Klamath River, it is also the only period when they would be exposed to elevated
suspended sediment in the mainstem. Under both normal and extreme conditions
concentrations would be stressful (Tables E-6, E-7); however, the duration of time over
which the exposure occurs is relatively short (<2 wk). Adults from the Trinity River
population units and the Lower Klamath River Population Unit likely receive less
exposure to suspended sediment due to shorter migration times than for populations
further upstream.
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Table E-6. Predicted Suspended Sediment Concentrations, Exposure Durations, and
Anticipated Effects on Coho Salmon under Normal Conditions (50% exceedance
probability), for Klamath River at Seiad Valley (RM 129.4).

Suspended Exposure Newcombe
Life-History Sediment pos| and Jensen .
> ; Duration . Effects on Production
Stage (timing) | Concentration Severity
(days)
(mg/) Index
90 to 245 2 7 SSC only predicted to be in stressful range
Adult upstream for 5 days. Adverse effects on adults
migrants assumed unlikely due to short period of
(Sept 1-Jan 1) exposure (5 days) that may only coincide
3310 90 3 7 with a portion of the run.
245 10 665 2 10 No modeling of suspended sediment
infiltration into gravel was conducted.
Spawning, Available information suggests low survival
incubation, and 90 to 245 4 10 (<2%) of spawning adults, incubating eggs,
fry emergence and emergent fry in the mainstem; typically
(Nov 1-Mar 14) a small percentage of the percent of the
Upper Klamath River Population spawns in
33 t0 90 9 11 the mainstem as opposed to tributaries.
245 to 665 2 8 Short-term (10 d) moderate stress for age 1
Age-1 juveniles juveniles rearing the mainstem. An
during winter 90 to 245 3 7 unknown but assumed small number of all
Nov 15—-Feb 14 juveniles (<1 %) rear in mainstem durin
( ) 331000 5 7 o (<1%) ¢
gge_-o Juveniles 90 to 245 6 8 Major stress for age O juveniles rearing in
uring summer mainstem
(Mar 15—-Nov 14) 33 1t0 90 19 8 :
Age 1 juvenile 245 to 665 1 7
outmigration Major stress for smolts outmigrating during
(Feb 15-May itddanis ! g early spring (~44 % of run).
31) 3310 90 20 8
i i 90 to 245 5 8
Age 1_Juve_n|Ie Major stress for smolts outmigrating during
outmigration late spring (~56 % of run)
(Apr 1- June 30) 3310 90 16 8 '
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Table E-7. Predicted Suspended Sediment Concentrations, Exposure Durations,
and Anticipated Effects on Coho Salmon under Extreme Conditions (10%
exceedance probability), for Klamath River at Seiad Valley (RM 129.4).

Suspended Exposure Newcombe
Life-History Sediment pos and Jensen .
> . Duration - Effects on Production
Stage (timing) |Concentration Severity
(days)
(mgl/l) Index
665 to 1,808 1 8
Adur::i;rp)asr:;:am 245 10 665 3 8 Moderate to major stress for adults
(Sept 1-Jan 1) 90 to 245 6 8 migrating upstream.
3310 90 8 7
1,808 to 4,915 1 10 No modeling of suspended sediment
infiltration into gravel was conducted.
: 665 to 1,808 2 10 Available information suggests low
incigz\filg:]n%n d survival (0%) of spawning adults,
frv emer énce 245 to 665 5 11 incubating eggs, and emergent fry in the
(N)gv 1—|\/?ar 14) mainstem; typically a small percentage of
90 to 245 14 12 the percent of the Upper Klamath River
Population spawns in the mainstem as
331090 14 11 opposed to tributaries
1,808 to 4,915 9 W el ey
aF . ajor stress and reduced gro or age
Agjriiju\\/lvierﬂﬁs 665 to 1,808 9 1 juveniles rearing the mainstem. An
(Nov %5—Feb 245 to 665 8 unknown but assumed small number of
14) 90 to 245 10 8 all j.uveni.les (<1 %) rear in mainstem
during winter.
33to0 90 11 8
Age-0 juveniles | 245 to 665 5 8
during summer 90 to 245 20 9 Major stress and reduced or no growth
(Mar 15-14 for age O juveniles rearing in mainstem.
Nov) 331090 39 8
Age 1 juvenile 665 to 1,808 2 8
outmigration 245 10 665 5 8 Major stress and reduced growth for
(Feb 15-May 90 to 245 21 9 smolts during early spring (~44 % of run).
31) 3310 90 37 8
Age 1 juvenile 245 to 665 5 8
outmigration 90 to 245 16 8 Major stress for smolts outmigrating
(Apr 1- June during late spring (~56 % of run).
30) 331090 20 8

Spawning begins within a few weeks of fish arriving at their spawning grounds.

Potential effects on the Upper Klamath River Population Unit spawning coho salmon in
the mainstem were evaluated based on SSC predictions for the period November 1 to
March 15 in the vicinity of Seiad Valley. The modeling analysis does not account for
effects that might result from infiltration of fine sediment into the channel bed because no
suitable measurements or models were available with which to calculate this component.
However, cumulative effects of suspended sediment on spawning adults, incubating eggs,
developing alevins, and emergent fry would result in low survival for any coho salmon
spawning in the mainstem under both normal and extreme conditions, with possibly up to
100 percent mortality under extreme conditions in the vicinity of Seiad Valley
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(Table E-7) and further downstream. However, coho salmon are typically tributary
spawners (NOAAFisheries 2010), and based on Magneson and Gough (2006) spawning
surveys from 2001 to 2005, only from 6 to 13 are observed in the mainstem, so elevated
suspended sediment during winter flows can be assumed to have only minimal effects on
the Upper Klamath River Population Unit. In addition, it is believed by experts in the
watershed that progeny of mainstem spawning coho salmon experience reduced survival
compared to fish produced from tributary spawners (Simondet 2006), since rearing and
growth conditions within tributaries are more favorable than in the mainstem.

Varity of behavioral responses of coho salmon to exposure to SSC increases uncertainty
in the analysis. There may be wide variation in terms of how long juvenile coho salmon
rear in natal tributaries versus the mainstem, making it difficult to determine their
exposure to elevated SSC in the mainstem. Some fry and age O juveniles enter the
mainstem in the spring and summer following emergence. These fish may spend their
remaining rearing period in the mainstem, but by the early fall, only low densities of
juvenile coho salmon are found in the mainstem. The latter indicates that oversummer
survival may be low due to high temperatures and exposure to disease in the mainstem
Klamath River (NRC 2004). Even those that survive may experience reduced growth due
to high summer temperatures, resulting in ocean entry at a smaller size and lower marine
survival (Bilton et al. 1982, Hemmingsen et al. 1986). SSC modeling predicts that age 0
fish rearing in the mainstem during winter would also be exposed to suspended sediment
concentrations high enough to cause major physiological stress even under normal
conditions (Table E-6). Although some juveniles may rear in the mainstem, most
production from all population units probably results from fish that remain to rear in
tributaries.

Additional age 0 juveniles depart from tributaries in the Mid-Klamath and Salmon River
population units (and possibly others) during fall (Soto et al. 2009, Hillemeier et al.
2009). Some of these have been observed to overwinter in tributaries and off-channel
habitats in the lower mainstem Klamath River near or within the estuary (Soto et al.
2009, Hillemeier et al. 2009), which may reduce the amount of time they are exposed to
suspended sediment in the mainstem.

Most juveniles from all population units appear to rear in tributaries or off-channel
habitats during winter, and are not affected by mainstem pulses of suspended sediment
until they migrate to the ocean as smolts, with the exception of potential migrations
among tributaries (e.g., Ebersole et al. 2006). This seems to be the case for most
naturally produced coho salmon, which depart tributaries from February through
mid-June as age-1 smolts (Wallace 2004). During outmigrant trapping efforts from 1997
to 2006 in tributaries in the Upper-Klamath River, Shasta River, and Scott River
populations, 44 percent of coho salmon smolts were captured from February 1 to March
31, and 56 percent from April 1 through the end of June (Courter et al. 2008). Once in
the mainstem, smolts move downstream fairly quickly. Stutzer et al. (2006) report a
median migration rate for wild coho smolts of 13.5 miles/day (range -0.09-114
miles/day) and a median migration rate for hatchery smolts of 14.6 miles/day (range -
2.3-27.8 miles/day). This equates to 14.3 days for wild smolts to travel the 193 miles
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from Iron Gate Dam to the estuary, and 13.2 days for hatchery smolts. Beeman et al.
(2007) report even higher rates of travel: a median migration rate for wild smolts of
22.5 miles/day (range 2.9-113.9 miles/day) and 15.7 miles/day (range 1.9-122.0
miles/day) for hatchery smolts. At these rates, it would take only 7.6 days (range
1.5-59.8 days) for wild smolts to travel from Iron Gate Dam to the estuary and 10.9 days
(range 1.4-91.8 days) for hatchery smolts. Based on these data, and the observed
outmigration rates for Chinook salmon of around 30 days, a maximum of 20 days
exposure to mainstem suspended sediment during migration was assumed for the
analysis. Under normal conditions, SSC in the mainstem Klamath River during
outmigration for all populations would remain in the sublethal range but could result in
major physiological stress and inhibit feeding. Suspended sediment concentrations under
extreme conditions would be somewhat higher, and would result in major stress and
reduced growth, but would remain in the sublethal range during the rearing and
outmigration periods.

During experimental releases of wild and hatchery radio-tagged coho salmon smolts in
the Klamath River near Iron Gate Dam sustained mortality rates of around 35 to 70
percent (Beeman et al. 2007, 2008). Although these numbers are based on only a few
years of data, it appears that survival is higher for wild fish than for hatchery fish. This
disparity in survival rates may be associated with (1) the length of residency in tributaries
prior to migrating (i.e., fish that enter the mainstem later have higher survival), (2)
mainstem discharge (migrants sometimes showed higher survival when flows in the
mainstem were higher), or (3) spawning location (survival is much lower for smolts
originating upstream of the Scott River). The relative contribution from SSC to these
mortality rates is not known.

Overall, under existing conditions and the No Action/No Project Alternative, suspended
sediment concentrations in the mainstem are sufficiently high and of long enough
duration that major physiological stress and reduced growth of coho salmon are
anticipated in most years. Consistent with these findings, the lower Klamath River
downstream of the Trinity River confluence (RM 40.0) to the estuary mouth (RM 0.0) is
listed as sediment impaired under Section 303(d) of the Clean Water Act (SWRCB 2006,
NCRWQCB 2010) (Section 3.2.3.3). Relatively high SSC, in association with elevated
water temperatures and disease may be contributing to the high smolt mortality that has
been observed in the mainstem Klamath River (Beeman et al. 2007, 2008).

E.3.1.4 Summer- and Winter-run Steelhead

The following analysis and discussion applies to summer-, fall-, and winter-run steelhead
(Oncorhynchus mykiss) (steelhead returning in the fall are sometimes lumped with the
winter run) except where indicated. Because juvenile steelhead from various runs are
indistinguishable from each other, the model assumes that steelhead from both the
summer and winter runs share similar juvenile life-history patterns. The vast majority of
existing information addresses steelhead rather than resident rainbow trout. This section
primarily addresses steelhead, but it is reasonable to assume that effects of suspended
sediment on resident O. mykiss will be similar to those found for juvenile steelhead.
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Both summer and winter steelhead are distributed throughout the Klamath River and its
tributaries downstream of Iron Gate Dam. Based on available escapement data,
approximately 55 percent of summer steelhead spawn in the Trinity River and other
lower-elevation tributaries. Most remaining summer steelhead are believed to spawn in
tributaries between the Trinity River (RM 43) and Seiad Creek (RM 129), with high
water temperatures limiting their use of tributaries farther upstream (NRC 2004). Winter
steelhead spawn primarily in the Trinity, Scott, Shasta, and Salmon rivers.

Adult summer steelhead typically enter and migrate up the Klamath River from March
through June (Hopelain 1998) and then hold in cooler tributary habitat until spawning
begins in December (USFWS 1998). Summer steelhead in the Klamath River were
reported by Hopelain (1998) to have a greater incidence of repeat spawning

(40-64 percent) than the fall and winter runs, and a large proportion of adults are
observed to migrate downstream to the ocean after spawning (also known as “runbacks”).
Under normal conditions, SSC would remain in the sublethal range during adult
migration; however, concentrations may be high enough to cause avoidance,
physiological stress, and possibly impaired homing. Concentrations should still remain
in the sublethal range under extreme conditions, but would be slightly higher and
durations longer than under normal conditions.

In contrast to summer-run steelhead, winter-run are sexually mature upon freshwater
entry (Papa et al. 2007). Upstream migration for adult fall-run steelhead in the Klamath
River typically lasts from July to October and for adult winter-run steelhead from
November through March (Hopelain 1998, USFWS 1998). Fall steelhead may be
migrating as early as July, but elevated suspended sediment concentrations are
uncommon during summer. Under normal conditions, SSC are high enough to cause
major stress and possibly impaired homing for about three weeks. The 80 percent of
steelhead spawning upstream of the Trinity River would be exposed for a longer period
due to the additional time spent migrating in the mainstem. Under extreme conditions,
SSC would cause major stress and impaired homing for around six weeks, twice the
duration seen under normal conditions. Concentrations remain in the sublethal range;
however, adults stressed by elevated suspended sediment could be more vulnerable to
disease-related mortality. The amount of time that adults could be exposed will vary,
depending on run timing relative to precipitation events that cause high SSC and how
quickly an adult moves upstream and enters a spawning tributary.

Post-spawning adults, or “runbacks,” migrate downstream in the spring to return to the
sea, typically from April through May 30. Under normal conditions, suspended sediment
concentrations are high enough to cause major stress for a little over two weeks, but
under extreme conditions the elevated concentrations occur for six weeks or more. If
runbacks spend a limited amount of time in the mainstem while traveling from their
spawning tributaries to the ocean, this may overestimate the duration of their exposure to
sediment in the mainstem. There are little data on downstream-migrating steelhead in the
Klamath with which to understand potential consequences of exposure to suspended
sediment during this life history phase.
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