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• Improves water conditions, including
temperature and dissolved oxygen

• Improves fish habitat and reduces fish disease
in the mainstem by creating free flowing water
and sediment

• Allows access to cold water habitat in the
mainstem and tributaries above the existing
sites of the dams

• Reduces reservoir algae toxins which build up in
fish

Based on studies completed by Department of 
Commerce NOAA Fisheries (NMFS), the Klamath 
River Renewal Corporation (KRRC) anticipates 
increases in fall-run Chinook productivity, tribal 
harvest, and ocean commercial harvests from the 
combination of dam removal and associated 
actions envisioned in the Amended Klamath 
Hydroelectric Settlement Agreement. Experts 
widely agree that increased populations of other 
migratory fish including Coho Salmon, steelhead, 
Pacific Lamprey, and spring-run Chinook Salmon 
are also expected. Ongoing restoration work in the 
Upper Basin would further contribute to improved 
river conditions and increases in fish populations. 

The benefits of dam removal and planned 
restoration actions will be reviewed by the Federal 
Energy Regulatory Commission’s (FERC) National 
Environmental Policy Act (NEPA) analysis and the 
State Water Resources Control Board’s (SWRCB) 
California Environmental Quality Act (CEQA) 
analysis.

Dam removal can help augment sport fishing 
on the Klamath River. River-based recreation 
and commercial fishing economies stand to 
benefit from the KRRC project.
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How will dam removal help salmon and trout populations?

Chinook above Copco prior to Dam Construction, 1902 
(Credit: San Francisco Public Library)

Chinook, Klamath River (Credit: Mid-Klamath Watershed Council)

Why does temperature matter?
Temperature affects the timing 
of migration and spawning, egg 
incubation and hatching, feeding and 
growth rates, responses to predation, 
and susceptibility to disease.



SECTION 4 Secretarial Determination Findings of Technical Studies 
4.1 Expected Effects of Dam Removal and KBRA on Physical, Chemical, and Biological Processes 

that Support Salmonid and Other Fish Populations 

population abundance, productivity, spatial structure, and genetic diversity. 
The NRC concluded that “removal of Iron Gate Dam could open new habitat, 
especially by making available tributaries that are now completely blocked to 
coho” (NRC, 2004, p. 310). 

The Coho Salmon and Steelhead Expert Panel (Dunne et al. 2011) and Hamilton
et al. (2011) concluded that the benefits of dam removal for coho salmon go 
beyond increased abundance. While noting uncertainties, the panel 
acknowledged that colonization (see sidebar, Major Conclusions of the Coho 
Salmon and Steelhead Expert Panel on Coho) of the Klamath River between Keno 
and Iron Gate dams by the upper Klamath coho salmon population would likely 
improve the viability of the Southern Oregon/Northern California Coast ESU by 
increasing abundance, diversity, productivity and spatial distribution. In general, 
as habitat availability and diversity increase for an ESU, so does the resilience of
the population, reducing the risk of extinction (McElhany et al. 2000) and 
increasing chances for recovery. 

4.1.2.3 Steelhead Trout 
Dam removal would reestablish steelhead (see Figure 4.1-33) upstream of Iron 
Gate Dam and increase habitat available to this species (FERC 2007). Because of 
their ability to navigate steeper gradient channels and spawn in smaller, 
intermittent streams (Platts and Partridge 1978), and their ability to withstand a 
wide range of water temperatures (Cech and Myrick 1999; Spina 2007), 
steelhead distribution in the basin could expand to a greater degree (over 420 
miles) (Huntington 2006) than that of any other anadromous salmonid species. 
FERC (2007) concluded that implementing fish passage would help to reduce the
adverse effects to steelhead associated with lost access to upstream spawning 
habitats.  Hamilton et al. (2011) also concluded that restored access to historical 
habitat above the dams would benefit steelhead runs.

If dam removal and the KBRA were implemented effectively, the assessment of 
the Klamath River Coho/Steelhead Expert Panel was that steelhead could result 
in increased spatial distribution and population numbers would increase. This is 
based on the likelihood of steelhead being given access to substantial historical 
habitat, steelhead being more tolerant than coho salmon to warmer water, the 
fact that other similar sub-species (resident redband/rainbow trout) are doing 
well in the upstream habitat, and that steelhead are currently at lower 
abundances than historical values but not yet rare (Dunne et al. 2011). In 
general, dam removal with KBRA implementation would likely support a greater 
number of spawning areas, increase genetic diversity, and allow for a wider
variety of life history patterns, which could increase the population’s resilience 
in the face of climate change (Hamilton et al. 2011). The movement of native 
steelhead trout upstream of Iron Gate Dam presents a low risk of residualization 
(i.e., reverting to a resident rainbow trout life history strategy) (Administrative 
Law Judge 2006). 

Major Conclusions of the Coho
Salmon and Steelhead Expert Panel
on Steelhead
(cont.) 

The Coho Salmon and Steelhead Expert 
Panel’s assessment was optimistic that dam
removal paired with the KBRA would 
increase the abundance and distribution of 
steelhead in the basin relative to current 
conditions (Dunne et al. 2011).  

If dam removal and KBRA are implemented 
effectively, and the other related actions 
occur (e.g., full attainment of TMDLs), then 
the response of steelhead may include 
broader spatial distribution and increased 
numbers of individuals within the Klamath 
Basin. The panel indicated that key issues 
affecting success would depend on how the
KBRA is implemented, the degree of
colonization of the upper watershed by 
steelhead, the success of passage through 
the unfavorable summer and fall water 
quality conditions in Keno Impoundment and 
Upper Klamath Lake, how reliant the current 
population is on hatchery fish, the outcome 
of interactions between steelhead and 
resident rainbow trout (Oncorhynchus 
mykiss), and the influence of hatchery
releases on the fitness of wild fish. 

Figure 4.1-33:  With dam removal steelhead trout would
have access to over 420 miles of historical habitat. (Photo 
courtesy of Scott Harris, CDFG) 
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Major Conclusions of the Lamprey 
Expert Panel 

The Lamprey Expert Panel’s (Close et al. 
2010) assessment was  that dam removal 
and the KBRA could eventually increase
Pacific lamprey carrying capacity in the 
Klamath Basin by a maximum of 14 
percent (based on an analysis of mainstem 
habitat), and potentially more if the Upper 
Klamath Basin is accessible and contains 
suitable habitat. Adult Pacific lamprey 
would be expected to recolonize newly
accessible habitat following dam removal,
but in the absence of active reintroduction 
measures, recolonization could take 
decades. 

Should the release of sediment from dam 
removal result in short-term mortality of 
lamprey downstream of Iron Gate Dam, 
the panel expects that larval lamprey from 
tributaries would recolonize this habitat 
during normal downstream movements. 

Pacific lamprey larval rearing capacity 
downstream of Iron Gate Dam would 
likely increase for a short time after dam 
removal because of fine sediment 
released from dam removal. This habitat 
would decrease over time, but likely
remain higher than under current
conditions because sediment transport 
would no longer be interrupted by the 
presence of the dams and reservoirs.

The panel indicated that the carrying 
capacity for freshwater resident lamprey
species would not likely change 
significantly with dam removal; but 
implementation of the KBRA could result 
in modest increases. 

4.1.2.4 Lamprey 
Pacific lamprey (see Figure 4.1-34) is the only anadromous lamprey species in 
the Klamath Basin, although five other resident lamprey species are also 
present. Access to habitat upstream of Iron Gate Dam could benefit Pacific 
lamprey populations by increasing  their viability through 1) extending the range
and distribution of the species; 2) providing additional spawning and rearing
habitat; 3) increasing genetic diversity; and 4) increasing their abundance 
(Administrative Law Judge 2006). Removal of the dams is considered to be the 
only feasible method for expanding the current range of Pacific lamprey to areas
upstream of Iron Gate Dam (FERC 2007). Pacific lamprey, along with three other
lamprey species, was petitioned for listing under the ESA in 2003 (Nawa 2003). 
Although the USFWS halted species status review in December 2004 due to 
inadequate information (USFWS 2004), efforts to list Pacific lamprey may 
resume as more information is obtained. No current status assessments are 
available for any Klamath lamprey species and little is known regarding their 
biology or sensitivity to environmental changes in the Klamath Basin (Hamilton
et al. 2011). 

Figure 4.1-34:  Pacific Lamprey Expert Panel (Close et al. 2011) predicted increased carrying
capacity for Pacific lamprey with dam removal. (Photo courtesy of Abel Brumo) 
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Status of Anadromous Fish in the Klamath Basin (cont.) 

Coho salmon: Coho salmon in the Southern Oregon Northern California 
Coast Evolutionarily Significant Unit (ESU) are listed as threatened under
both the ESA and CESA. In addition, less than 70 percent of streams 
historically inhabited by coho salmon in the Klamath Basin still contain 
populations (NRC 2004). In the Shasta River, two of the three year classes 
have declined to the point that they are considered to be functionally 
extinct (NRC 2004). In the Trinity River, wild coho salmon stocks are 
estimated to be at only 4 percent of their former abundance (NRC 2004). 

Figure 4.1 2: Coho salmon in the Klamath Basin are threatened with extinction.

Steelhead: Klamath Basin summer and winter steelhead populations 
belong to the Klamath Mountain Province ESU. In 2001, NOAA Fisheries 
Service determined that steelhead in the Klamath River Basin did not 
warrant listing under the ESA, despite acknowledging that their numbers 
were declining (Busby et al. 1994, NOAA Fisheries Service 2001).

Figure 4.1-3: Summer and winter steelhead in the Klamath Basin have declined. 

As part of the Secretarial Determination studies, 
the TMT used a variety of analytical tools, both 
qualitative and quantitative, to assess the expected 
effects of dam removal with KBRA on salmonids 
and other fish populations in the Klamath River. 
Dam removal, subsequent reestablishment of fish 
migration and basin connectivity, and 
reestablishment of stream flows and sediment 
transport (bedload, gravels, sands, and fines) that 
more closely mimic natural conditions in the 
Klamath River are expected to contribute towards 
restoration of the physical, chemical, and biological 
processes that are essential to a functional aquatic 
ecosystem. Improvements to the resiliency of the 
Klamath Basin ecosystem would likely occur from 
the integrated benefits of (1) increased habitat 
area as a result of  the reconnection of 420 miles of 
streams in the upper basin by removal of four
dams (see Figure 4.1-4); (2) coordinated basin-wide 
improvements to aquatic habitat through active 
restoration; (3) a real-time water management 
program that incorporates key elements of the 
natural hydrograph; (4) an active salmon 
reintroduction program; and (5) a fisheries 
monitoring and evaluation program that supports 
adaptive management. 

Lamprey and Eulachon: Anadromous lampreys in the basin appear to have 
declined to low levels (Larson and Belchik 1998) and eulachon are now
rarely observed in the Klamath River. 

Green sturgeon: Based on available abundance information, NOAA 
Fisheries Service (2006) determined that green sturgeon in the Klamath 
Basin did not warrant listing as threatened or endangered, although 
uncertainties in the population structure and status led NOAA Fisheries 
Service to designate them as a Species of Concern. 

90 “We recognize the importance of restoring 
healthy fish populations to the Klamath 
watershed, which is the reason that we are 
heavily invested in it and have made recovery of 
species one of our primary goals.” 
Brad Kirby, Manager of Tulelake Irrigation District and 
Former President of the Klamath Water Users Association

What was the historic range of 
salmon in the Upper Basin before dam 
construction? 
Before Copco Dam was built in 1906, salmon 
reached the Upper Basin in large numbers and 
supported a vigorous fishery. Multiple studies, 
including a 2005 comprehensive analysis of the 
distribution of salmon before dams (that includes 
references to primary sources and historic photos) 
and more recent genetic studies, have shown 
salmon migrated to the Upper Basin before the 
dams blocked their passage.

Will the salmon return to their original 
habitat when the dams are removed?
Scientists have found that exploration of new 
habitat is an innate component of Chinook and 
Coho salmon breeding behavior.  Salmon have 
spawned upstream of former dam sites or above 
dams with fish passage as quickly as the first 
spawning period after access has been provided.  
After removal of dams on the Elwah River, Chinook 
Salmon regained access to the area above the 
dams for the first time in a century. Similarly, at two 
dam removal sites on the Rogue River in southern 
Oregon, fall run Chinook Salmon used spawning 
habitat that was formerly inaccessible under 
reservoirs in the first fall following dam removal. 

Pacific LampreyCoho Salmon in the Klamath Basin
(Credit:  Klamath Dam Removal Overview, Report for the Secretary of the Interior, 2013)

Steelhead
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Why are Coho Salmon endangered? 
I can buy them at the grocery store.
Klamath River Coho are listed as “threatened” under 
the Endangered Species Act (ESA) because of low 
populations. Klamath Coho have different genetics 
than other Coho species that are commercially 
harvested.  Klamath Coho are adapted to live in 
the unique habitats and conditions of this region 
and are best suited to deal with future changes 
due to their genetic diversity. Commercial harvest 
of Coho Salmon primarily occurs in Alaska where 
most populations are considered healthy. Small, 
regulated commercial salmon seasons do occur in 
Washington, Oregon, and California with regulations 
set annually to protect listed species and depressed 
stocks. Currently, no commercial harvest of wild 
Coho Salmon is permitted in Oregon or California. 

Are there alternatives to dam removal, 
like fish ladders? 
KRRC is a single-purpose organization charged 
with carrying out dam removal. Federal and state 
environmental reviews (CEQA, NEPA) will analyze 
alternatives and determine if dam removal is the 
best option to improve fish populations. 

Won’t the sediments harm fish 
immediately after dam removal?
The impacts from dam removal on lower river 
species are expected to be short term, lasting 1-2 
years with populations recovering from sediment 
impacts within 5 years. To mitigate the impact of 
the first sediment flush, KRRC will work in close 
consultation with state and federal fishery 
agencies. 




