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EXECUTIVE SUMMARY
Recommendation: Based on the best scientific information available, the California Department
of Fish and Wildlife (Department) has determined that Northern California (NC) summer
steelhead (Oncorhynchus mykiss) do not qualify as a separate species or subspecies for the
purposes of listing under the California Endangered Species Act (CESA). Although NC summer
steelhead populations have relatively low abundances as compared to their estimated historical
numbers and will continue to face environmental and anthropogenic challenges, the
Department has concluded that NC summer steelhead and NC winter steelhead are not fully
reproductively isolated and summer and winter steelhead within the NC steelhead Distinct
Population Segment (DPS) are not genetically distinct. Therefore, the Department recommends
that NC summer steelhead should not be listed as a distinct species or subspecies under CESA.
Reasons for recommendation: Within the NC steelhead DPS there are two ecotypes with
different run timing, NC winter steelhead and NC summer steelhead. NC winter steelhead
adults enter freshwater during the winter in an already sexually mature state and spawn shortly
thereafter. In contrast, NC summer steelhead enter their natal streams during the summer
months as sexually immature fish and hold in deep pools until they are ready to spawn,
typically in winter or early spring of the next year. Summer steelhead are usually found in
reaches higher in a watershed than winter steelhead by surpassing flow-dependent barriers,
which can provide some spatial reproductive isolation between the two run types. However,
there is likely some degree of spatial overlap and interbreeding, especially in low water years
when summer steelhead may not be able to access areas above flow-dependent barriers.
Genetic studies of steelhead population structure using neutral genetic markers have generally
found that steelhead genetic population structure is significantly driven by geography. The NC
steelhead DPS was defined based on available information suggesting that populations within
the geographic bounds of the DPS are closely related and continue to have some amount of
gene flow. Early and late migration ecotypes (e.g., summer and winter steelhead) within a
watershed have also been found to be more closely related to each other than they are to their
migration timing equivalents in nearby watersheds.
Recently, studies of “adaptive” genetic markers have become more prevalent. Adaptive genetic
markers are associated with specific life history traits such as adult run timing in steelhead. A
specific region of the steelhead genome was recently found to be highly associated with adult
migration phenotypes. Variations in this small genomic region associated with the early
migration phenotype (i.e., summer steelhead) have been found across many populations of
steelhead on the west coast of the United States (hereafter referred to as west coast),
suggesting that a single evolutionary event produced the early migration timing variants and, if
lost, they would not be expected to re-evolve within a reasonable time frame.
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Although there is significant variation in this small genomic region between summer and winter
steelhead, very little variation is found between their genomes, suggesting that geography is
still the main influence on population genetic structure of west coast steelhead. It remains
unchanged that summer and winter steelhead within the same watershed are the most closely
related to each other than they are to their migration timing equivalents in other watersheds.
In addition, interbreeding between the two runs is evident from the presence of heterozygotes;
steelhead that possess both the early and late genetic variants and typically express an
intermediate run timing. In fact, full siblings can possess different migration timing genotypes
and display alternate run timing phenotypes. Listing only one run timing ecotype under CESA,
i.e., summer steelhead, when family units could be comprised of summer, winter, and
intermediate run timing phenotypes, poses significant difficulties for management.
Additionally, defining conservation units based on a small genomic region associated with a
specific life history trait does not reflect the patterns of genetic diversity found by looking
across the whole steelhead genome. Although the sequences found in the genomic region
associated with adult migration timing appear to have only evolved once, they are highly
conserved across multiple west coast salmon and steelhead populations. Thus, if the early
migration variants were lost from one population, they could potentially be naturally
reintroduced from another nearby source population. Early migration variants may also be
preserved to some degree by resident forms of O. mykiss (Rainbow Trout).
There are still uncertainties surrounding phenotypic expression of run timing in steelhead and
conservation units should continue to be defined by patterns of genetic diversity across the
genome instead of by variation within small genomic regions associated with specific life history
characteristics. Pacific salmonid management units have generally been defined using patterns
of genetic diversity based on neutral genetic markers, which show population structure to be
highly influenced by geography. At this time, based on the best available scientific information,
the Department does not consider NC summer steelhead to be a distinct subspecies eligible for
listing under CESA.
Range and distribution: NC summer steelhead are currently found in select Northern California
streams including Redwood Creek (Humboldt County), the Mad River, select parts of the Eel
River system including the Middle Fork Eel River and Van Duzen River, and the Mattole River.
The Middle Fork Eel River NC summer steelhead population is the most robust and accounts for
a significant portion of the total NC summer steelhead in all presently occupied streams.
Historically, NC summer steelhead occupied additional tributaries of the Eel River drainage
including the North Fork Eel River, South Fork Eel River, Larabee Creek, and the upper Eel River
basin. The construction of Scott Dam, which completely blocked upstream habitat to
anadromous fish, likely led to the extirpation of summer steelhead populations in the upper Eel
River. Robert W. Matthews Dam also prevents steelhead from accessing upstream habitat in
the Mad River but to a much lesser extent.
2

Status and Trend: Five NC summer steelhead streams are surveyed annually for abundance of
adults holding in pools over summer. Some NC summer steelhead populations are at critically
low abundances and none of the populations are meeting current viability targets. The most
robust population is in the Middle Fork Eel River, although this population has declined in
recent years. Current population levels are likely much lower than what has been suggested by
historical accounts. In addition, multiple NC summer steelhead populations have already been
functionally extirpated, reducing distribution and overall abundance of the ecotype. Population
losses and declines can increase the risk of depensation, genetic bottlenecks, and loss of
diversity. Small populations can be at a higher risk of extinction than large populations because
they may not respond as well to demographic and environmental stochasticity or catastrophic
events. Long-term and recent trend analyses generally showed slightly negative trends, though
they were mostly statistically non-significant. Trend analyses were not completed for some
populations due to inconsistent or missing data.
Major listing factors: NC summer steelhead are at risk for continued habitat loss and
modification resulting from natural conditions and anthropogenic activities. Compounding
effects of a long legacy of human activities in NC summer steelhead watersheds and natural
events have been exacerbated by unstable geology of the region. Timber harvest, gravel
mining, livestock grazing, and agriculture continue to be the primary land uses in NC summer
steelhead watersheds and contribute to sediment loading, turbidity, decreased flow, and
increased water temperatures among other impacts on the stream environment. Large dam
construction on the upper Eel River has eliminated access to hundreds of miles of potential
steelhead habitat and has altered natural flow regimes and sediment transport. Construction of
Scott Dam was likely the main reason NC summer steelhead populations were lost from the
upper Eel River. Another more recent land use threat is the growing cannabis industry including
both legal and illicit operations, which can destroy habitat and remove stream surface water
and groundwater. Existing threats to NC summer steelhead will likely be amplified by climate
change. Impacts of climate change on the north coast of California may include rising water
temperatures, intensified flooding, more frequent and persistent drought conditions, lower
summer baseflows, altered hydrography especially in watersheds impacted by snowmelt and
large-scale historical timber harvest, ocean acidification, and sea level rise. NC summer
steelhead are likely to endure accelerated habitat loss and degradation as climate change
exacerbates the cumulative effects of natural and anthropogenic factors.
The NC summer steelhead ecotype is an important diversity component of anadromous O.
mykiss and encompasses genetic variation that will help sustain NC steelhead through shortand long-term changes in the environment. Should the California Fish and Game Commission
(Commission) decide not to list NC summer steelhead, the Department will continue to support
and participate in programs intended to benefit NC summer steelhead. These efforts include
improving fish passage, minimizing impacts of gravel extraction and other land uses, restoration
and enhancement of essential habitat, ongoing research and monitoring, and interagency
3

coordination on the aforementioned activities. The Department also recommends a suite of
management measures to help preserve NC summer steelhead regardless of their CESA-listing
status. These management recommendations address habitat improvement and expansion,
comprehensive population monitoring, assessment of the effects of the Potter Valley Project on
the upper Eel River, continued research on the genetic mechanisms involved in adult migration
timing, evaluation of the effects of recreational fishing and predation on NC summer steelhead,
and increasing law enforcement in remote areas to minimize poaching and illegal water
diversions. Implementing these management measures will help maintain the NC summer
steelhead ecotype as a crucial component of the NC steelhead DPS.
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1. INTRODUCTION
1.1 Petition Evaluation Process
The Friends of the Eel River (Petitioner) submitted a petition (Petition) on September 28, 2018,
to the Commission to list the Northern California (NC) summer steelhead (Oncorhynchus mykiss
irideus1) as endangered pursuant to the California Endangered Species Act (CESA), Fish and
Game Code Section 2050 et seq.
The California Fish and Game Commission (Commission) referred the Petition to the California
Department of Fish and Wildlife (Department) on October 8, 2018, in accordance with Fish and
Game Code § 2073 (Cal. Reg. Notice Register 2017, No. 13-Z, 479.). On January 24, 2019, the
Department produced an evaluation report of the Petition (Petition Evaluation) evaluating the
scientific information presented in the Petition as well as other relevant information the
Department possessed at the time of review. The Department did not receive any information
from the public during the Petition Evaluation period pursuant to Fish and Game Code § 2073.4.
Pursuant to Fish and Game Code § 2072.3 and § 670.1, subdivision (d)(1), of Title 14 of the
California Code of Regulations, a petition to list or delist a species under CESA must include
sufficient scientific information regarding each of the following components to indicate that the
petitioned action may be warranted:
•
•
•
•
•
•
•
•
•
•
•
•

population trend,
range,
distribution,
abundance,
life history,
kind of habitat necessary for survival,
factors affecting ability to survive and reproduce,
degree and immediacy of threat,
impacts of existing management,
suggestions for future management,
availability and sources of information, and
a detailed distribution map.

1

The subspecies name Onchorhynchus mykiss irideus was used in the Petition and has been used by some authors
in the scientific literature to indicate “coastal Rainbow Trout” or steelhead. This taxonomy is not recognized by the
American Fisheries Society (AFS), and common and scientific names used hereafter in this report conform to AFS
guidelines. Common names (e.g., Rainbow Trout) are capitalized, whereas runs and life history strategies (e.g.,
steelhead) are not. Please see Section 2.3 Taxonomy and Systematics for further discussion.
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The Department submitted its Petition Evaluation to the Commission on January 24, 2019 to
assist the Commission in making its determination as to whether the petitioned action may be
warranted based on the sufficiency of scientific information. (Fish & Game Code, §§ 2073.5 &
2074.2; California Code of Regulations, Title 14, § 670.1, subdivisions (d) & (e)). Based on the
Petition and other information available to the Department relating to each of the relevant
categories, the Department recommended to the Commission that the Petition be accepted.
The Commission has not previously received a petition to list NC steelhead (summer or winter)
under CESA. Following receipt of the Department’s Petition Evaluation, at its scheduled public
meeting on June 12, 2019, the Commission considered the Petition, the Department’s Petition
Evaluation and recommendation, and comments received. The Commission found that
sufficient information existed to indicate the petitioned action may be warranted and accepted
the Petition for consideration. Upon publication of the Commission's notice of its findings, NC
summer steelhead was designated a candidate species on June 28, 2019.
1.2 Status Review Overview
The Commission’s action designating NC summer steelhead as a candidate species triggered the
Department’s process for conducting a status review to inform the Commission’s decision on
whether listing the species is warranted. At its scheduled public meeting on July 11, 2019 in
Sacramento, the Commission granted the Department a six-month extension to complete the
status review and facilitate external peer review.
This status review report is not intended to be an exhaustive review of all published scientific
literature relevant to NC summer steelhead; rather, it is intended to summarize the key points
from the best scientific information available relevant to the status of the species. This final
report, based upon the best scientific information available to the Department, is informed by
independent peer review of a draft report by scientists with expertise relevant to NC summer
steelhead. This review is intended to provide the Commission with the most current
information on NC summer steelhead and to serve as the basis for the Department’s
recommendation to the Commission on whether the petitioned action is warranted. The status
review report also identifies habitat that may be essential to continued existence of the species
and provides management recommendations for recovery of the species (Fish & G. Code, §
2074.6). Receipt of this report is to be placed on the agenda for the next available meeting of
the Commission after delivery. At that time, the report will be made available to the public for a
30-day public comment period prior to the Commission taking any action on the Petition.
Comments from external peer reviewers are contained in Appendix E. The Department received
ten public comments from its 30-day public solicitation for information beginning August 22,
2019. Public comments are included in Appendix F.
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1.3 Previous Federal Listing Actions
The Northern California steelhead Evolutionarily Significant Unit (ESU) was originally proposed
for listing as threatened under the federal Endangered Species Act (ESA) by the National Marine
Fisheries Service (NMFS) in 1996 (Endangered and Threatened Species: Proposed Endangered
Status for Five ESUs of Steelhead and Proposed Threatened Status for Five ESUs of Steelhead in
Washington, Oregon, Idaho, and California, 1996). NMFS deferred the final determination for
NC steelhead until March 1998, when NMFS stated that the NC steelhead ESU did not warrant
listing under the federal ESA. In 2000, NMFS proposed to list the NC steelhead ESU as a
threatened species. The listing included only naturally spawned steelhead (anadromous form of
O. mykiss) and their progeny residing below impassable barriers to migration for both summer
and winter ecotypes. NMFS did not designate NC summer steelhead as a separate ESU mainly
due to the fact that the most recent genetic data reinforced previous conclusions that
sympatric summer and winter steelhead typically are more genetically similar to each other
than they are to their run timing equivalents in other geographic areas (Busby et al. 1996;
Endangered and Threatened Species: Threatened Status for One Steelhead Evolutionarily
Significant Unit (ESU) in California, 2000). In 2006, NMFS re-classified the listing of the NC
steelhead ESU to a Distinct Population Segment (DPS) and reaffirmed the listing status as
threatened (NMFS 2006)2.
1.4 Concurrent Federal Petition
NMFS received a petition from the Petitioner on November 15, 2018, requesting that NC
summer steelhead be considered as a new DPS distinct from the NC Steelhead DPS and listed as
endangered under the ESA (Pearse et al. 2019). NMFS determined that the petitioned action
may be warranted on April 22, 2019, resulting in a “positive 90-day finding” (Endangered and
Threatened Wildlife; 90-Day Finding on a Petition to List Summer-Run Steelhead in Northern
California as Threatened or Endangered Under the Endangered Species Act, 2019). NMFS West
Coast Region (WCR) requested that the Southwest Fisheries Science Center (SWFSC) form a
panel of experts to evaluate the DPS Policy (Policy Regarding the Recognition of Distinct
Vertebrate Population Segments Under the Endangered Species Act, 1996) with the best
available science to determine the validity of the Petitioner’s claims and report their findings to
WCR (Pearse et al. 2019). The SWFSC expert panel concluded that the NC steelhead DPS should
remain as a unit including both summer and winter steelhead within its bounds, stating that
“The data presented by the petition did not fundamentally change our understanding of the
importance of preserving the evolutionary processes that connect populations, allowing them
to maintain genetic diversity at both neutral and adaptive loci and preserve their evolutionary

2

See Section 2.5 The ESU/DPS Concept in Management of Pacific Salmonids for clarification.
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potential” (Pearse et al. 2019). Thus, the ESA listing of the NC steelhead DPS as threatened
remains intact and includes both summer and winter ecotypes.

2. BIOLOGY AND ECOLOGY
2.1 Species Characteristics
Steelhead are the anadromous form of Oncorhynchus mykiss and are found in watersheds from
Alaska to Southern California. They are the most widely present species of all the Pacific
salmonids, occupying nearly all ocean-connected streams throughout their range. Steelhead are
named for the metallic appearance of their heads and possess a streamlined, hydrodynamic
body shape. In the ocean, steelhead have a blue dorsal side and silver coloration over the rest
of their body (Fry 1973; Moyle 2002). Black spots typically cover their dorsal, adipose, and
caudal fins, as well as their head and back (Fry 1973). As steelhead enter freshwater, their silver
sheen fades and they develop a pink or red lateral band and a pink hue in the operculum, and
the blue coloration on their back transitions to an olive green or brown (Barnhart 1986). These
characteristics are very similar to those of the freshwater resident form of O. mykiss, Rainbow
Trout (Fry 1973), thus it can be difficult to tell the anadromous and resident forms apart based
on outward appearance. Steelhead, however, are often larger than Rainbow Trout since they
spend time feeding and growing in the ocean (NWF 2020; USFWS 2020).
Onchorhynchus mykiss possess 10 – 12 dorsal fin rays, 8 – 12 anal fin rays, 9 – 10 pelvic fin rays,
11 – 17 pectoral fin rays, and a slightly forked caudal fin (Moyle 2002). They have 9 – 13
branchiostegal rays and 16 – 22 gill rakers on each arch (Moyle 2002). Teeth are present on
both upper and lower jaws, the tip and shaft of the vomer, as well as on the tip of the tongue
(Fry 1973; Moyle 2002). Between 110 – 180 small, pored scales make up the first row above the
lateral line (Fry 1973; Moyle 2002).
Different subgroups or populations of steelhead can exhibit variation in growth rate, size, and
body shape depending on their life history and habitat. Bajjaliya et al. (2014) studied
morphometric variation between four California steelhead DPSs and found that coastal
steelhead (populations with adults migrating less than 160 km from the ocean to their sample
site) were significantly larger with a more robust body type than steelhead found in California’s
Central Valley drainages and the Klamath-Trinity basin (populations with adults migrating more
than 160 km from the ocean to their sample site). Additionally, adult steelhead in the Northern
California DPS were generally the largest of the steelhead in the four DPS units studied
(Northern California, Central California Coast, Klamath Mountain Province, and Central Valley).
At maturity, California summer steelhead typically have a fork length of 60 – 80 cm, though
summer steelhead in the Eel River watershed exhibit a wider range of sizes at maturity and can
be anywhere between 48 – 84 cm (Moyle et al. 1995).
The steelhead sexual maturation process includes development of secondary sex characteristics
such as bright coloration and sexual dimorphisms including the development of a hooked snout
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in males known as a kype. According to observations of steelhead on the Capilano River in
British Columbia (Smith 1960), there are some visible differences between the spawning forms
of summer and winter steelhead. Due to the earlier river entry and over-summer holding of
summer steelhead, these fish, especially the males, exhibited more pronounced secondary sex
characteristics than spawning winter steelhead, including brighter coloration, bifurcated and
flattened tips of the gill rakers, and a more well-defined kype. Winter steelhead were not
observed to undergo as drastic of a morphological transformation due to their shorter
inhabitance of the freshwater environment. They showed very little red coloring and no
flattening or bifurcation of the gill raker tips (Smith 1960). These may be regionally specific
morphological distinctions as they have not been observed in Middle Fork Eel River steelhead.
In the Middle Fork Eel River, summer steelhead found holding between June and early winter
have a healthy, thick appearance due to the high fat reserves they possess when entering
freshwater. Their high fat content is metabolized throughout their holding period as steelhead
generally do not feed while in freshwater. Winter steelhead that are encountered during this
time as spawned out kelts will look emaciated and snake-like (S. Thompson, CDFW, pers.
comm., July 8, 2020). Winter steelhead, upon initial entry of the Middle Fork Eel River, have
been observed to be smaller and look brighter than the summer steelhead that have been in
the river system for months (Clemento 2006). Secondary sex characteristics are typically
reabsorbed once spawning is complete, though jaw shape may never fully revert (Shapovalov
and Taft 1954).
Juvenile steelhead have similar coloration to resident adults but also exhibit 5 – 13 oval parr
marks along the lateral line on both sides of the body (Moyle 2002). These parr marks are
widely spaced with the marks themselves being narrower than the spaces between them.
Anywhere between 5 and 10 dark spots line the back from the head to the dorsal fin. There are
usually very few or no marks on the caudal fin. Tips of the dorsal and anal fins are white to
orange. As parr transition into smolts, they lose their parr marks and develop silver coloration.
Once they migrate to the ocean, they will reside in the saltwater environment for 1 – 4 years
feeding and growing quickly (Moyle 2002).
2.2 Range
Oncorhynchus mykiss are native to the Pacific coast and are found spawning in streams from
the Kuskokwim River in Alaska down to Baja California on the eastern pacific shore, and from
Japan and South Korea north to the Russian Kamchatka Peninsula on the western pacific shore
(Moyle 2002). They are present throughout the Northern Pacific Ocean in their ocean phase.
Due to many decades of planting efforts, resident Rainbow Trout have become ubiquitous in
nearly all California streams with suitable habitat including areas above impassible natural
barriers. They have the most extensive distribution of any fish species in California and have
also been introduced on every continent. Coastal steelhead within the state historically
occupied all perennial coastal streams from the Oregon/California border down to San Diego
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County (Moyle 2002). Some steelhead use intermittent streams as well (M. Sparkman, CDFW,
pers. comm., July 6, 2020). Steelhead are also native to the Central Valley, including both the
Sacramento and San Joaquin river basins, and have been found as far upstream as the Pit and
McCloud rivers (Moyle 2002). It is likely that most suitable streams in the Sacramento and San
Joaquin river basins with ocean access historically supported runs of steelhead (Moyle 2002).
NC summer steelhead currently occupy fluvial habitat from Redwood Creek in northern
Humboldt County down to the Mattole River, though they are only found in a handful of
watersheds within this range. NC summer steelhead are included in two NMFS-defined
geographic diversity strata: Northern Coastal and North Mountain Interior. These two diversity
strata encompass 10 historically functionally independent summer steelhead populations
(NMFS 2016b). The current NC summer steelhead range encompasses Redwood Creek, the
Mad River, and the Mattole River as well as sectors of the Eel River watershed including the
Middle Fork Eel River and the Van Duzen River (Moyle et al. 2017). Populations in the Eel River
watershed thought to be extirpated or functionally extirpated include those historically in the
North Fork Eel, South Fork Eel, upper middle and upper mainstem Eel River. It is speculated that
summer steelhead also may have historically occupied Larabee Creek (NMFS 2016b; Moyle et
al. 2017). The Middle Fork Eel River summer steelhead population currently accounts for up to
50% of all summer steelhead in California (Moyle 2002). Other runs of summer steelhead in
California are found in the Trinity River watershed (North Fork Trinity, New, South Fork Trinity
rivers, and Canyon Creek), the Klamath River system (Dillon, Elk, Indian, Red Cap, Bluff, and
Clear creeks), the Salmon River (including Wooley Creek), and the Smith River (Moyle et al.
1995). These populations are part of the Klamath Mountain Province steelhead DPS.
Historically, summer steelhead were likely present throughout the Sacramento River basin, as
well, but currently only winter steelhead are found in the Central Valley as a result of the
construction of large dams beginning in the 1930’s, which eliminated upstream habitat that
supported the summer run (McEwan 2001).
There are two major dams that impede NC summer steelhead access to upstream spawning
habitat. The more northern of these dams is Robert W. Matthews Dam on the Mad River, which
created Ruth Lake. Although Matthews Dam blocks off about 30% of the mainstem river, it is
estimated to eliminate only a couple miles of potential steelhead habitat (NMFS 2016b). In
addition to this manmade barrier, there is a natural flow-dependent barrier about 30 miles
downstream of the dam, which decreases the amount of mainstem habitat currently accessible
to summer steelhead (below Matthews Dam) by about 39% during lower flow years (Spence et
al. 2008; Pounds et al. 2015). The second major dam within NC summer steelhead range is Scott
Dam on the upper mainstem Eel River, which prevents steelhead from accessing up to 288
miles of potential habitat upstream (Cooper 2020).
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2.3 Taxonomy and Systematics
Steelhead and Rainbow Trout are members of the bony fishes class, Osteichthyes, in the order
Salmoniformes and family Salmonidae. In 1792, J. J. Walbaum classified Rainbow Trout from
populations on the Kamchatka Peninsula in Russia as Salmo mykiss (Moyle 2002). During the
next century, using J. Richardson’s description of Columbia River steelhead as S. gairdneri and
Gibbons’s description of juvenile steelhead from San Leandro Creek as S. iridea, both the
biology and fishing communities began referring to resident Rainbow Trout and steelhead as S.
irideus and S. gairdneri, respectively. It was ultimately discovered that Rainbow Trout and
steelhead are the same species and North American scientists applied the original species
name, mykiss, to North American populations (Moyle 2002).
In the 1970s, analyses of polymorphic proteins, or allozymes, were utilized to determine the
degree of species relatedness and evolutionary divergence among salmonids (Quinn 2018).
These studies indicated that Coho and Chinook salmon (O. kisutch and O. tschawytscha,
respectively) were most closely related to Pink, Chum, and Sockeye salmon, and that Rainbow
and Cutthroat trout were most closely related to each other (Quinn 2018). This phylogeny was
assumed until Thomas et al. (1986 in Quinn 2018) analyzed relatedness by looking at
differences in mitochondrial DNA (mtDNA), which showed that Coho and Chinook salmon were
related more closely to steelhead than they were to the other three genera of salmon. Based
on this study, Smith and Stearley (1989) reorganized the taxonomy to reflect both the use of
the name mykiss for North American Rainbow Trout and the inclusion of Rainbow and
Cutthroat trout in the Pacific salmon genus, Oncorhynchus, but with their own distinct lineages.
Pacific salmonid lineages continue to be studied using a variety of genetic and statistical
methods (Quinn 2018). There has been debate over the relationship between Rainbow and
Cutthroat trout with regards to genetics versus morphology and behavior. Stearley and Smith
(1993) and Esteve and McLennan (2007) found that the idea of monophyly (descending from a
common ancestor) of these two trout species is not supported by morphological or behavioral
traits, respectively, even though mitochondrial DNA suggests otherwise. Esteve and McLennan
(2007) attribute this to hybridization events that have led to a high rate of genetic introgression
between the two species (Chevassus 1979 as cited in Esteve and McLennan 2007). This
introgression can dilute the distinctiveness of these close relatives and convolute phylogenetic
reconstruction (Esteve and McLennan 2007). Although some uncertainty remains surrounding
these evolutionary relationships, it is now accepted that within the genus Oncorhynchus, Coho
and Chinook salmon have the closest relationship to each other, with Pink (O. gorbuscha),
Chum (O. keta), and Sockeye (O. nerka) salmon in their own group, and Rainbow (O. mykiss)
and Cutthroat (O. clarkii) trout in another group (Kitano et al. 1997; Quinn 2018, Figure 2.1).

11

Figure 2.1. Consensus relationships of Oncorhynchus species from morphological, allozyme,
ribosomal RNA, mitochondrial DNA, and short interspersed repetitive elements data across
multiple studies. Adapted from Figure 1 in Kitano et al. (1997).
There are numerous non-taxonomic units (below the species level), or nontaxa, of Rainbow
Trout in California. The most commonly recognized nontaxa are defined by their migration
types (i.e., anadromous or resident) or their seasonal run timing (i.e., summer or winter),
though O. mykiss cannot be differentiated by seasonal run timing or anadromy through classical
taxonomy (Behnke 1972; Wilson et al. 1985). Salmonid nontaxa have been managed as ESUs or
DPSs as described under the ESA (see section below). NC summer steelhead, as referenced in
the Petition, previously have not been identified as a separate DPS from winter steelhead
within the NC steelhead DPS, though the potential for this distinction may exist given the
unique run timing and possible evidence of genetic differentiation (see Section 2.6 Genetics and
Genomics).
2.4 Life History and Unique Characteristics
Of all Pacific salmonids, O. mykiss have the most diverse range of life history strategies.
Oncorhynchus mykiss can either be anadromous (migrating out to sea for a portion of their life
and then returning to freshwater) or resident (perpetually remaining in freshwater). These two
forms, steelhead and Rainbow Trout, respectively, coexist within populations (Moyle et al.
2008) and offspring from both forms have the potential to be anadromous or resident (Busby et
al. 1996). Additionally, unlike other Pacific salmonids, which are semelparous and perish almost
immediately after spawning, steelhead can be iteroparous with the potential to spawn up to
four times, though usually no more than once or twice (Shapovalov and Taft 1954; Everest
1973). Steelhead that spawn and return to the sea are called “kelts”. These fish can either
spawn consecutively, returning the next season after their first spawn, or they may return a
year later after spending an extra year at sea (Light et al. 1989). Reportedly, females survive
spawning events more frequently than males (Shapovalov and Taft 1954; Ward and Slaney
1988; Busby et al. 1996; Marston et al. 2012), although males can repeat spawn in significant
numbers, especially in short, coastal streams. (Marston et al. 2012).
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As noted previously, steelhead exhibit two seasonal run types; winter, also called oceanmaturing or mature migrating, and summer, also called stream-maturing or premature
migrating. The names of these two run types are reflective of the time of year the fish reenter
the estuaries and rivers as adults to reproduce (Busby et al. 1996; Moyle 2002). NC winter
steelhead return to the rivers during the winter months, between December and March, with
already developed gonads and spawn almost immediately (Smith 1960; McEwan and Jackson
1996). In contrast, NC summer steelhead normally return during the summer, between May
and October, while still sexually immature, and hold over in pools for nine months to a year
prior to spawning (Shapovalov and Taft 1954; Smith 1960; Everest 1973; Busby et al. 1996).
Exact run timing can differ somewhat between streams. For example, in British Columbia,
summer steelhead runs on the Coquihalla and Silver rivers migrate primarily in May and June,
whereas on the Dean and Brem rivers they return mostly in July and August (Smith 1960). On
the Middle Fork Eel and Van Duzen rivers, runs of summer steelhead typically return between
April and June and wait in headwater areas to commence spawning (Puckett 1975). Via internal
Department correspondence, Leo Shapovalov (CDFG) noted that summer steelhead in the
Middle Fork Eel River probably reach the mouth in April or May to begin their upstream
migration (CDFG 1953). On the Mad River, summer steelhead enter fresh water between April
and July and on the Mattole River they return between March and June (Moyle et al. 2017).
Some researchers also consider there to be an intermediate “fall-run” ecotype present in some
Northern California steelhead streams. These fish enter freshwater from late summer through
early fall and have been seen in the Klamath, Mad, and Eel rivers (McEwan and Jackson 1996);
however, there is a lack of consensus within the scientific community on whether fall-run is its
own separate run of steelhead. Everest (1973) considered the “late run” in the Rogue River to
be part of the summer steelhead run; included in the vast range of return timing that extends
from May through October. No spatial or temporal isolation was seen between the two groups
on the spawning grounds, indicating a shared gene pool. Only streams with summer steelhead
runs have been observed to support a late summer and early fall recreational steelhead fishery
(e.g., Klamath, Mad, and Eel rivers) (Roelofs 1983).
There is some uncertainty with respect to the degree of geographic and temporal separation of
summer and winter steelhead on the spawning grounds. Although there is limited information
on summer steelhead spawning, some sources have indicated that summer steelhead tend to
spawn earlier than winter steelhead, at least in terms of their peak spawn timing. On the Rogue
River in Oregon, it was observed that although there was temporal overlap in spawning periods,
the peak of winter steelhead spawning was about 60 days later than that of summer steelhead
(Everest 1973). The peak of summer steelhead spawning on the Rogue River likely occurred in
January, with spawning complete by April. Winter steelhead spawning seemed to peak in early
April when summer steelhead fry were already beginning to emerge. On the Middle Fork Eel
River, summer steelhead likely continue to migrate upstream during the winter, spawning in
the late winter or early spring (S. Thompson, CDFW, pers. comm., April 8, 2020). Summer
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steelhead redd construction has been observed to peak from late February to mid-March in the
Middle Fork Eel River, which coincides with the peak spawning period for winter steelhead in
other coastal Mendocino streams (S. Thompson, CDFW, pers. comm., July 7, 2020). Although
there are no observations of winter steelhead spawning in the Middle Fork Eel River for
comparison, it is likely their spawn timing is similar to that of winter steelhead in Mendocino
Coast streams (S. Thompson, CDFW, pers. comm., July 7, 2020). Jones (1980) notes that Middle
Fork Eel River summer steelhead have been observed spawning from late December through
April. On the Mad River, anglers routinely catch kelts in November that are thought to be
summer steelhead, suggesting that Mad River summer steelhead may begin spawning rather
early in the winter (M. Sparkman, CDFW, pers. comm., July 8, 2020).
Summer and winter steelhead have been observed to use different stream reaches within some
watersheds as a result of variation in accessibility and flows. Summer steelhead can navigate
some natural barriers at moderate flows, allowing them to access areas higher in the system
than winter steelhead during their return, which isolates the two runs to some extent (Puckett
1975). Withler (1966) and Smith (1969) found that summer steelhead in British Columbia
occupied spawning habitat upstream of naturally formed seasonal barriers that became
inaccessible to winter steelhead following a decrease in stream flows during summer. Similar
patterns have been observed in the Middle Fork Eel and Van Duzen rivers where summer
steelhead spawning activity is often isolated by natural barriers that prevent passage of winter
steelhead when they enter the rivers (Puckett 1975; Cramer et al. 1995). These barriers include
multiple areas of roughs3 in the upper Middle Fork Eel River (CDFG 1966 – 2018) and a natural
rock barrier on the Van Duzen River at Salmon Hole (Puckett 1975), which summer steelhead
can pass through if flows are adequate (see Figure 3.6 in Section 3.3.3.5 Van Duzen River).
Kannry et al. (2020) posited that substantial spatial separation exists between summer and
winter run types, with summer steelhead primarily using habitat above seasonal, flowdependent barriers. This determination was made through genetic analysis of juvenile
steelhead above and below flow-dependent barriers on the Middle Fork Eel and Van Duzen
rivers at the GREB1L genomic region that has been found to be associated with steelhead
migration timing (see Section 2.6.5 Role of GREB1L Genomic Region in Migration Timing).
Kannry et al. (2020) found a notable separation of run timing genotypes at the GREB1L region
upstream and downstream of flow-dependent barriers in these rivers.
Although summer steelhead may often migrate to upstream areas in a watershed that winter
steelhead cannot due to flow-dependent barriers, on the Middle Fork Eel River, summer and
winter steelhead have been seen using the same holding and rearing areas (Jones and Ekman
1980). It is also thought that in the Mad River, due to the fact that it is a rainfall-driven stream
3

Roughs refer to reaches within a river that are dominated by large boulders 10 feet or more in diameter with
generally steeper gradients than other sections of the river (Hutchins 1980).
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rather than a snowmelt-driven stream, peak flows occur before the summer steelhead run,
thus, summer steelhead are not necessarily able to access areas higher in the system than
those accessible to winter steelhead (M. Sparkman, CDFW, pers. comm., February 7, 2020).
Some rivers experience a “half-pounder” run of immature fish that have spent only a few
months at sea before returning to freshwater. Most half-pounders do not spawn upon their
first immigration to freshwater, but instead make their way back to the ocean and return to
freshwater again in a subsequent year to reproduce (Everest 1973; Hodge et al. 2014). They
also continue to actively feed during their freshwater inhabitance, unlike mature adult
steelhead, which mostly cease food consumption upon river entry (Barnhart 1986). The halfpounder life history strategy has been observed within a small geographic area of southern
Oregon and Northern California, including the Rogue, Klamath, Mad, and Eel rivers, and
Redwood Creek, and has been observed in both winter and summer steelhead runs (Everest
1973; Barnhart 1986; Busby et al. 1996; Sparkman et al. 2020). However, it has been suggested
that the half-pounders found in the Mad and Eel Rivers are non-spawning “wanderers” that
ultimately return to either the Rogue or Klamath rivers to spawn once mature (Knutson 1975;
Cramer et al. 1995). Half-pounders have been observed to stray between basins 87% more than
adult steelhead (Satterthwaite 1988 as cited in Hodge et al. 2014). Lee (2015) also suggests that
half-pounders observed in the Mad River could be strays from other systems or possibly
resident Rainbow Trout. Given the substantive nature of the half-pounder run on the Mad
River, it seems unlikely to be a result of straying (M. Sparkman, CDFW, pers. comm., July 7,
2020). However, the origin of these half-pounders has not been confirmed. Regardless of their
origin, current angler data from the Eel River suggest that half-pounders are much less
abundant than they were in the late 1800s when anglers would catch dozens per day (Lee
2015). Half-pounders in the Eel River system are likely only found in the lower mainstem. There
is no evidence of half-pounders in the Middle Fork Eel or Van Duzen rivers as these streams are
likely too difficult for half-pounders to reach during their upstream migration in late-summer to
early fall (S. Thompson, CDFW, pers. comm., July 7, 2020).
When female steelhead are ready to spawn, they will select a suitable spawning site and then
dig their nest, or redd, in which they deposit their eggs to incubate. During redd construction,
the female may be courted by multiple males, though following completion of the redd, the
most dominant males position themselves alongside the female, depositing eggs and milt
almost simultaneously (Quinn 2018). Immediately following fertilization, females cover their
eggs with gravel (Barnhart 1986). Females dig multiple pits where they deposit a portion of eggs
into each pocket until all the eggs are expelled (Shapovalov and Taft 1954; Quinn 2018).
Anadromous steelhead are often accompanied by resident male Rainbow Trout during
spawning as they attempt to participate in the spawning activities by swimming in and out of
the redd (Shapovalov and Taft 1954). These fish are sometimes referred to as “egg-eaters”
although it is thought that the main purpose of their presence is to contribute to spawning
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rather than prey upon the newly laid eggs (Shapovalov and Taft 1954). Known resident
populations in the NC steelhead DPS area have mostly been documented above Scott Dam on
the Eel River and R.W. Matthews Dam on the Mad River , which are barriers to anadromy (Good
et al. 2005). However, Clemento (2006) found evidence of small resident O. mykiss populations
in tributaries of the Middle Fork Eel River. He also speculated that a few of these resident O.
mykiss individuals may have possessed a rare allele common to summer steelhead within the
drainage. This situation would likely be the result of recent or historical gene flow between
anadromous summer steelhead and resident Rainbow Trout (Clemento 2006). Department
scientist, Shaun Thompson, notes that resident O. mykiss are likely co-present with the
anadromous form in the Eel River, but they have not been quantified. Thompson has caught
small sexually mature male O. mykiss (as small as 10 cm) in smolt traps on the Mendocino Coast
and states there are thousands of these fish in the Middle Fork Eel and Van Duzen rivers,
though it is not possible to determine which are resident vs. anadromous. Thompson also
documented residents on two summer steelhead redds during the spring of 2019. Given these
observations, it is likely the resident and anadromous life history forms of O. mykiss co-occur in
these areas (S. Thompson, CDFW, pers. comm., July 7, 2020).
Fecundity, among other biological and environmental factors, contributes substantially to
steelhead reproductive success. Egg production has been shown to have a positive correlation
with fish length, though there is still a high amount of variation in fecundity at size (Shapovalov
and Taft 1954; Quinn 2018). Larger females tend to produce larger eggs as well as a greater
number of eggs; however, there is an energy expenditure limit for gonad development that
creates a tradeoff between the number of eggs and the size of the eggs produced (Quinn 2018).
Thus, a female can either produce a lot of smaller eggs or fewer larger eggs, but not a large
number of large eggs. Quinn (2018), referencing multiple sources of data, showed that female
steelhead of average size produce slightly over 5,000 eggs. Moyle (2002) provides a range of
eggs per female from 200 to 12,000 and states that steelhead generally produce about 2,000
eggs per kilogram of body weight. A report on summer steelhead at Skamania Hatchery on the
Washougal River in Washington documented the average number of eggs per female to be
around 2,400 (Hull and Allee n.d.). This Washougal strain was released into the Mad River,
California for the first time in 1972 as part of a summer steelhead artificial propagation
program at Mad River Salmon and Steelhead Hatchery (MRH) (Knutson 1975; CDFW 2016),
though there is no evidence to show whether they established natural populations in the Mad
River and Washougal stock was not used in propagation after 1980 (Cramer et al. 1995; CDFW
2016). Knutson (1975) found that Washougal strain summer steelhead returning to MRH had an
average fecundity of almost 3,200 eggs per female. Annual reports from MRH in the mid- to
late 1970s documented summer steelhead fecundity to be between 2,900 and 3,400 eggs per
female (CDFG 1976, 1978, 1979, and 1980).
Eggs can incubate in the gravel for a period of several months. There are multiple factors that
contribute to egg development and incubation time. Temperature has the greatest effect on
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incubation period; colder water slows development and warmer water increases rate of
development (Quinn 2018). Incubation can take anywhere between 19 days at an average of
60°F and 80 days at an average temperature of 40°F (Shapovalov and Taft 1954). Dissolved
oxygen (DO) also influences development. Higher DO levels lead to more rapid development
and eggs exposed to low levels of DO during incubation produce much smaller alevins than
those incubated in high DO (Quinn 2018). Steelhead eggs will begin to hatch after about a
month (Shapovalov and Taft 1954). Fry emerge from the gravel about 2-3 weeks after hatching,
once the yolk sac is fully or almost entirely absorbed, at which time they start to school along
the stream banks (Shapovalov and Taft 1954). As they grow, individual fish develop small
territories that they defend against other individuals in their age class throughout their first
year of life (Shapovalov and Taft 1954; Barnhart 1986). Juvenile steelhead feed on many
different species of aquatic and terrestrial insects, and sometimes on newly emerged steelhead
fry (Barnhart 1986). As they grow the juveniles will move into deeper, faster water and are
often found in riffle or swift run habitats (Shapovalov and Taft 1954; Barnhart 1986).
In comparison with other Pacific salmonids, steelhead have the most variable timing with
regards to freshwater inhabitance, ocean entry, time spent at sea, and immigration back to
freshwater (Barnhardt 1986). Steelhead can spend up to four years in freshwater before
emigrating to the ocean and up to four years in saltwater before returning to spawn (Barnhardt
1986). Based on studies performed by Shapovalov and Taft (1954), most steelhead in Waddell
Creek, California live to be three or four years old. According to Busby et al. (1996), age
structure of California steelhead cohorts is dominated by age-3 fish that normally spend two
years in the ocean after a year rearing in fresh water. Sparkman (2002), however, found that
most steelhead smolts in the Mad River were age-2. Male steelhead tend not to live as many
years as females due to higher post-spawn mortality rates (Shapovalov and Taft 1954). There is
evidence from scale analysis that NC summer steelhead mostly return at either age-3 or age-4.
Puckett (1975) showed that summer steelhead in the Van Duzen River tended to spend only
one year in freshwater and two years in the ocean, while Middle Fork Eel River summer
steelhead generally spent two years in freshwater and only one year in the ocean. Most fish
returned to spawn after a total of three years regardless of how long they were in the river or
ocean during that time. Age analysis of Middle Fork Eel River summer steelhead conducted by
Michael Ward (CDFG) in the late 1980s differed from Puckett 1975 in that returning summer
steelhead were split almost down the middle between age-3 and age-4 adults. Ward’s results
did agree with Puckett (1975) that most Middle Fork Eel River summer steelhead spent two
years in freshwater before migrating to the ocean (Ward n.d.). Leo Shapovalov (CDFG)
examined scales of Middle Fork Eel River summer steelhead and concluded that they spend two
years in freshwater and two years in the ocean; returning for their first spawning at age-4
(CDFG 1953).
It is unclear whether observed differences in age at the parr-smolt transformation (Puckett
1975) is attributed to genetic variance or differential phenotypic responses to the
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environmental conditions in each river (Bjorkstedt et al. 2005). Cramer et al. (1995) suggested
that growth rate affects when juveniles transition to smolts, which indicates the influence of
environmental factors like flow and temperature. Bjorkstedt et al. (2005) states that rivers with
highly productive environments like lagoons or warmer, fast-flowing water may provide growth
opportunity enough for juvenile steelhead to reach optimum size for parr-smolt transformation
after only one year. Sparkman and Holt (2017) found that Redwood Creek steelhead tend to
smolt at age-1, which may be a result of temperature and sediment impairment acting as a
selective force in favor of minimizing time spent in-river. Juvenile steelhead typically journey
downstream during the spring and summer, with peak migration occurring in May (Shapovalov
and Taft 1954; Everest 1973; Jones 1980). Sparkman et al. (2017) found that in Redwood Creek,
smolt migrations may vary in response to stream flows. In higher flow years, Sparkman et al.
(2017) found that migration was temporally more spread out and could be substantial in June,
July, and August (Sparkman et al. 2017).
Not much is known regarding stock-specific distribution in the ocean. Other salmon species
have a greater wealth of stock-specific ocean abundance information, but steelhead-specific
research on this topic is lacking, and the ability to distinguish individual stocks has not been
possible using standard methods (Barnhart 1986; Light et al. 1989; Moyle 2002). Unlike salmon
spp., steelhead are rarely captured in the ocean. Thus, information specific to NC summer
steelhead ocean distribution is not available. Limited tag recoveries by various fisheries
research and management agencies in North America did not show any differences in ocean
distribution by stock (Light et al. 1989). Fish, regardless of race or origin, comingle on shared
feeding grounds (Light et al. 1988). It has frequently been observed that North American
steelhead smolts quickly migrate offshore after ocean entry. Following the peak of smolt
outmigration, juvenile steelhead abundance inshore decreases in June and July from
Washington down to the central Oregon coast (Light et al. 1989). Fish originating from North
American streams are thought to migrate north into and past the Gulf of Alaska during the
summer months (Daly et al. 2014).
Ocean steelhead generally move in a northwestern trajectory from spring to summer and
follow a southeastern pattern from fall to winter (Okazaki 1983; Light et al. 1989). Steelhead
also tend to be closer to shore during the winter than during other times of the year (Light et al.
1989). Steelhead from California do not appear to migrate any farther west than the Gulf of
Alaska (Light et al. 1989). Off the southern Oregon and Northern California coasts, however,
there remains a population of juvenile steelhead thought to be the half-pounder run waiting to
return to the rivers in late summer (Light et al. 1989). This population dissipates by August as
the fish return inland but reassembles off the Oregon and California coasts when half-pounders
make their way back into the ocean the following spring (Light et al. 1989; Hayes et al. 2016).
Steelhead migration patterns are thought to be strongly tied to “thermal avoidance,” remaining
within a narrow range of acceptable sea surface temperatures, which suggests that migration
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may be contingent upon physiological responses to temperature (Hayes et al. 2016). However,
half-pounder steelhead have been observed entering the Mad River during the fall when
temperatures are higher in-river than they are in the ocean (M. Sparkman, CDFW, pers. comm.,
July 7, 2020). Ocean steelhead are typically found within seven meters of the sea surface in the
epipelagic zone, though they have been found at more than three times that depth on some
occasions (Light et al. 1989).
2.5 The ESU/DPS Concept in Management of Pacific Salmonids
Preservation of genetic diversity in salmonids can be difficult due to the need to protect
nontaxa (Nehlsen et al. 1991), which are below the biological species level. Behnke (1993)
stated, “Obviously, any conservation program to preserve biodiversity must begin at the lowest
nontaxon level.” The objective to preserve genetic diversity, which is a key component in
species adaptation to environmental changes, provides justification for protection of distinct
population segments. Loss of specific population segments can contribute to the decline of the
species as a whole and increase its risk of extinction. Gustafson et al. (2007) also found that
population-level extirpation results in loss of ecological, genetic, and life history diversity, which
can manifest at a larger geographic scale (e.g., ESU-level) and even species extinction. Thus,
protection of population segments is biologically appropriate to preserve this necessary genetic
variation within species.
The ESU concept was first mentioned by Ryder (1986) to try to determine which gene pools to
preserve at the species, subspecies, or population level in zoos, although Ryder did not define
any specific parameters for classifying an ESU. The concept was further developed by NMFS in
Waples (1991b) to define how population distinctness should be assessed and determined for
ESA listings. Waples (1991b p.12) defines an ESU as follows:
“A vertebrate population will be considered distinct (and hence a “species”) for
purposes of conservation under the [Endangered Species] Act if the population
represents an evolutionarily significant unit (ESU) of the biological species. An ESU is a
population (or group of populations) that: 1) is substantially reproductively isolated
from other conspecific population units, and 2) represents an important component in
the evolutionary legacy of the species.”
Waples (1991b p.12) further clarified, “isolation does not have to be absolute, but it must be
strong enough to allow evolutionarily important differences to accrue in different population
units.” These evolutionarily important differences are defined on a genetic basis, thus, if a
population provides a substantial genetic diversity to the species it would satisfy the second
criterion of what constitutes an ESU (Waples 1991b). NMFS subsequently adopted the ESU
parameters defined by Waples (1991b) as policy specific to Pacific salmon under the ESA
(Notice of policy: Policy on applying the definition of species under the Endangered Species Act
to Pacific salmon, 1991).
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The United States Fish and Wildlife Service (USFWS) and NMFS published a new policy in 1996
recognizing that the ESA definition of a species extends to “distinct population segments” and
adopting the term as a new management unit for the purposes of listing, delisting, and
reclassifying vertebrates under the ESA (Policy regarding the recognition of distinct vertebrate
population segments under the Endangered Species Act, 1996). This policy calls upon two
concepts when identifying a DPS: discreteness and significance. A population segment is
discrete if it meets either of two conditions specified in the DPS Policy (Policy regarding the
recognition of distinct vertebrate population segments under the Endangered Species Act,
1996, p. 4725):
1. “It is markedly separated from other populations of the same taxon as a consequence of
physical, physiological, ecological, or behavioral factors. Quantitative measures of
genetic or morphological discontinuity may provide evidence of this separation.
2. It is delimited by international governmental boundaries within which differences in
control of exploitation, management of habitat, conservation status, or regulatory
mechanisms exist that are significant in light of section 4(a)(1)(D) of the [ESA].”
If a population segment is determined to be discrete, its significance, both biologically and
ecologically, can then be evaluated by considering characteristics specified in the DPS Policy.
These include but are not limited to (Policy regarding the recognition of distinct vertebrate
population segments under the Endangered Species Act, 1996, p. 4725):
1. “Persistence of the discrete population segment in an ecological setting unusual or
unique for the taxon,
2. Evidence that loss of the discrete population segment would result in a significant gap in
the range of a taxon,
3. Evidence that the discrete population segment represents the only surviving natural
occurrence of a taxon that may be more abundant elsewhere as an introduced
population outside its historic range, or
4. Evidence that the discrete population segment differs markedly from other populations
of the species in its genetic characteristics.”
In 2001, the U.S. District Court in Eugene, Oregon determined in the Alsea decision that based
NMFS DPS delineations, the ESA did not allow for listing only a subset of that DPS (NMFS 2006).
This led to NMFS reviewing West Coast salmonid listings and continuing to use the established
ESU concept but to include resident fish that co-occurred with the anadromous form. In the
public comment period of this proposal, USFWS, the agency with jurisdiction over resident O.
mykiss, disagreed that the resident form of the population should be listed or included within
the steelhead ESUs. In response to these considerations, NMFS stated that anadromous and
resident O. mykiss remained separated due to “physical, physiological, ecological, and
behavioral factors,” which warranted consideration of anadromous populations as separate
DPSs (NMFS 2006). This led NMFS to propose a shift from applying the ESU Policy to applying
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the new DPS Policy to West Coast steelhead listings under the ESA, thus redefining the NC
steelhead ESU, as it was originally listed, to be the NC steelhead DPS (Table 2.1) (NMFS 2006).
The ESU and DPS concepts as conservation and management units have been topics of
continued discussion (Dizon et al. 1992; Moritz 1994; Vogler and Desalle 1994; Pennock and
Dimmick 1997; Bowen 1998; Crandall et al. 2000; Fraser and Bernatchez 2001; de Guia and
Saitoh 2007). Dissatisfaction has been expressed regarding the rigidity and consequent inability
to define DPSs based on demographic and behavioral data as well as the ambiguity surrounding
how to quantify distinctness (Pennock and Dimmick 1997). However, Waples (1998) argued
that ESU determinations place great importance on demographic and behavioral traits, which
are more often referred to as life history characteristics. With regard to the ambiguity critique,
there are a variety of interpretations of evolutionary significance, which rely both on genetic
differences and local environmental adaptations (Waples 1995). Often decisions on ESU
parameters come down to best professional judgement based on available data and how it is
evaluated (Waples 1991b, 1995).
Genetic analyses can be useful tools in evaluating ESU and DPS criteria. NMFS has relied heavily
on genetics to pinpoint reproductive isolation since the relationship between genetics and life
history characteristics is largely unknown (Busby et al. 1996). Additionally, in evaluating
“evolutionary legacy,” NMFS has looked specifically at genetic variability that has arisen from
past evolutionary events and will provide the source of future variability (Busby et al. 1996).
MacLean and Evans (1981) argued that fishery managers need to introduce a genetics
perspective to fishery management by way of the stock concept in order to preserve locally
adapted populations within a species.
The concept of subspecies has been debated by scientists for over a century and continues to
be controversial, especially due to the qualitative nature of subspecies definitions (Haig et al.
2006). Subspecies of fish have generally been defined based on allopatry (Haig et al. 2006) or
geographic isolation. Thus, subspecies classifications of fish are essentially equivalent to
geographic races (Haig et al. 2006). NMFS and USFWS have most often listed subspecific
classifications of fish as DPSs rather than subspecies, although only 15% of federal fish listings
are below the species level. Haig et al. (2006) proposes two essential biological criteria that
should be met in classifying a subspecies; 1) discreteness and 2) biological significance of the
population, both in relation to the remainder of the species to which it belongs (Haig et al.
2006). These two criteria are consistent with the NMFS DPS Policy (Policy regarding the
recognition of distinct vertebrate population segments under the Endangered Species Act,
1996).
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Table 2.1. Steelhead Distinct Population Segments (DPS) listed under the federal Endangered
Species Act (ESA).
DPS

ESA Status

Southern California steelhead

Endangered

South Central California Coast steelhead

Threatened

California Central Valley steelhead

Threatened

Central California Coast steelhead

Threatened

Northern California steelhead

Threatened

2.6 Genetics and Genomics
2.6.1 Role of Genetics and Genomics in Evaluating Steelhead Population Structure
Most genetic studies quantifying population structure of salmon and steelhead species,
including O. mykiss in Northern California, have used neutral genetic markers (e.g.,
microsatellite DNA). Neutral markers are not specifically associated with a particular life history
trait and it is assumed that they are not under direct selection. This class of genetic marker has
been, and continues to be, used to investigate and define salmonid listing units and population
structure (e.g., Busby et al. 1996; Pearse et al. 2019) in California and across the Pacific
Northwest. Neutral markers have been used successfully for decades to delineate populations
and ESUs based on more or less reproductively isolated lineages. Studies using presumably
neutral genetic markers have shown that, in many cases, salmon and steelhead populations
with different migration timing from one river are more closely related to each other than to
populations with the same migration timing in other rivers (Chilcote et al. 1980; Waples et al.
2004; Kinziger et al. 2013; Arciniega et al. 2016). Neutral markers are the standard for
elucidation of species’ evolutionary histories.
More recently, the advent and rapid development of “adaptive” genetic markers has sparked
debate among fishery managers and geneticists. Adaptive genetic markers have putative
associations with specific life history characteristics. In the case of NC steelhead, the single
associated trait of interest in this status review is migration timing. Work by Hess et al. (2016)
and Prince et al. (2017) identified a specific genomic region that they determined to be strongly
associated with migration timing in O. mykiss. These findings prompted questions surrounding
conservation priorities and defining management units. Waples and Lindley (2018), Pearse
(2016), Shafer et al. (2015), and Allendorf et al. (2010) provide reviews and cautions regarding
the use of adaptive genetic markers for defining conservation units.
On the one hand, adaptive genetic markers provide putative associations with specific lifehistory characteristics: the “genetic type” infers information about a phenotype of interest. In
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the case of O. mykiss, the single associated trait of interest is migration timing. Alternatively,
neutral markers have been used successfully for decades to delineate populations and ESUs
based on more or less reproductively isolated lineages. Neutral markers are used to estimate
genetic relationships and evolutionary history of species as a whole, not specific traits. Genes
may have an evolutionary history that is different from the species history.
2.6.2 Patterns of Genetic Population Structure
The genetic structure of steelhead populations has been found to be driven by geography, a
pattern referred to as “isolation by distance.” Evidence of isolation by distance is shown in O.
mykiss populations throughout their range. Bjorkstedt (2005) and Arciniega et al. (2016)
suggest that salmonid populations are isolated by distance and genetic variation increases with
greater distances between watersheds. For example, populations of steelhead in the Columbia
River on the northern border of Oregon are more genetically distant from the Eel River
populations in California than they are from populations in the Rogue or Klamath Rivers in
Southern Oregon and Northern California, respectively (Figure 2.2) (Arciniega et al. 2016).
Nielsen (1999) found a pattern of isolation by distance when looking at microsatellite loci of
Southern California steelhead populations and Northern California populations. Pearse et al.
(2007) analyzed geographic structure within the Klamath-Trinity River basin and consistently
found a positive relationship between geographic distance and genetic relatedness –
specifically that genetic divergence between populations increased as a function of geographic
distance. Older studies based on neutral mtDNA analysis also showed a pattern of isolation by
distance among coastal California steelhead populations, including more extensive studies of
populations spanning the western coast of the United States (Hatch 1990; Reisenbichler et al.
1992; McCusker et al. 2000).
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Figure 2.2. Unrooted neighbor joining tree showing genetic variation from watersheds from
Oregon and California (from Arciniega et al. 2016). Greater physical separation on the tree
reflects greater degrees of genetic variation between populations.
Garza et al. (2014) reaffirmed that genetic variation is associated with isolation by distance
using microsatellite loci from samples of coastal California steelhead. Across all coastal
steelhead populations there was evidence that population structure is dependent on
geographic distance. Phylogeographic trees suggested that population structure was almost
entirely consistent with geographic proximity.
2.6.3 Defining the NC Steelhead DPS
The geographic boundaries of the ESUs of Pacific salmon and DPSs of Pacific steelhead have
historically used neutral genetic variation to identify geographic boundaries between
populations. Isolation by distance has been a consistent pattern when describing neutral
genetic variation within and among populations. Previous status reviews conducted by NMFS
relied on patterns of neutral genetic variation to help define the original ESUs. The Northern
California steelhead ESU was first defined by Busby et al. (1996) and covers river basins from
Redwood Creek in Humboldt County down to the Gualala River (Busby et al. 1996). The ESU
contains both the winter and summer steelhead migration ecotypes, though the Mattole River
is considered the southern extent of summer steelhead. Genetic data used to originally define
the Northern California steelhead ESU included chromosome counts, mtDNA data, and
allozyme data. Busby et al. (1994) found genetic differences between steelhead populations
from north and south of the Klamath River with Redwood Creek (basin immediately south of
the Klamath River) functioning as a transition zone between these groups. The Northern
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California steelhead ESU (redefined as DPS in 2006) follows this divide with Redwood Creek
designated as the northern boundary based off the samples showing genetic similarities with
populations from the Klamath River as well as those south of the Klamath River (Busby et al.
1996) (Figure 2.3).
Nielsen (1994) and Nielsen et al. (1994, both as referenced by Busby et al. 1996), used mtDNA
data from coastal steelhead and determined that those from Humboldt Bay to Gualala Point
had a different mtDNA haplotype than those from central and south coast areas. Additional
analysis in Busby et al. (1996) confirmed this finding and again divided the populations by
latitude with the southern boundary of the NC steelhead ESU extending to just north of the
Russian River.
Garza et al. (2004) evaluated population structure across coastal California populations using
microsatellite loci to understand the relationship between genetic distance and geography of
coastal steelhead populations. They constructed a bootstrap consensus tree that shows
clustering of geographic locations corresponding to five DPS assignments in coastal California
steelhead (Figure 2.3) (Garza et al. 2004). The long terminal branches in this consensus tree
show that while migration is important to the populations in this study, the conflicting
evolutionary processes of random genetic drift and local adaptation were likely responsible for
the genetic differentiation between the populations. The general isolation by distance pattern
of genetic diversity is also visually apparent. Another study of California coastal populations
constructed phylogeographic trees and found clear separation between the Northern California
steelhead DPS and the Central California Coast steelhead DPS, which are divided geographically
by the Lost Coast (Bjorkstedt et al. 2005).
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Figure 2.3. Majority-rule consensus tree, with genetic data bootstrapped 1,000 times, showing
chord distances and neighbor-joining trees for 62 coastal California steelhead populations.
(from Garza et al. 2004).
A more recent study by Garza et al. (2014) clustered samples into five genetic groupings that
were mostly consistent with coastal steelhead DPS boundaries. Clusters 3 and 4 included NC
steelhead DPS watersheds and cluster 5 encompassed the Klamath Mountains Province DPS
plus Redwood Creek. Clusters 3, 4, and 5 did not present a pattern of isolation by distance in
contrast to the other two clusters in the study. This result may be an artifact of hatchery
broodstock collection and juvenile release practices within this area, however, these practices
occurred throughout all regions. Because of this, the relationship observed is most likely
attributable to a higher level of gene flow between tributaries in clusters 3, 4, and 5, which
eliminated the isolation by distance seen in other tributary regions.
2.6.4 Role of Genetics and Genomics in Migration Phenotypes
There have been many genetic studies evaluating population structure and the role of genetics
on run timing in salmonids. Studies investigating the effects of geographic distance and
migration timing on population structure have shown that summer and winter steelhead
populations within a basin are more closely related to each other than to the same run type in
nearby basins (Chilcote et al. 1980; Nielsen & Fountain 1999; Clemento 2006; Arciniega et al.
2016; Prince et al. 2017). Thus, geographic location has a more significant effect on population
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genetic structure than variation in migration timing. Chilcote et al. (1980) was the first to show
using allozyme data that summer and winter steelhead ecotypes from the same river were
more similar to each other than to populations from other rivers with the same migration
timing. Those authors analyzed five polymorphic allozyme loci from both ecotypes from Kalama
River, a tributary to the Columbia River in Washington that had introductions of nonindigenous
steelhead for 15 years prior to their study. They did not detect any significant genetic
differentiation between different migration ecotypes. Chilcote et al. (1980) also directly
observed summer and winter individuals spawning together.
Nielsen and Fountain (1999) analyzed microsatellite data from summer and winter steelhead in
the Middle Fork Eel River and found that there was less genetic divergence between the two
populations of steelhead in the Middle Fork than with geographically proximate coastal winter
steelhead populations. Nielsen and Fountain determined only a small amount of the
microsatellite variation contributed to the differences found between summer and winter
steelhead and that the ecotypes within the Middle Fork Eel River were more closely related to
each other than to Mendocino Coast winter steelhead. Again, geographic location was the
dominant factor in describing genetic population structure as opposed to migration timing.
Prince et al. (2017) used genome-wide reduced representation (RADseq) data from populations
in five coastal locations of California and Oregon, four of which had premature migration
phenotypes (summer steelhead and spring Chinook Salmon). Collections focused on individuals
that were either clearly premature or mature life-histories but intentionally avoided the
collection and analysis of fish with intermediate migration timing that could carry both forms of
the trait (heterozygotes). Prince et al. suggest that in a heterozygote the premature migration
allele is recessive, thus would not result in expression of the premature migration phenotype.
Consistent with previous studies, the authors found that, with the exception of the area around
the GREB1L genomic region, their data showed that summer and winter populations within a
watershed are more closely related to each other than those in nearby watersheds, thus
further supporting the long-standing isolation by distance model of population structure.
One study conducted in the Klamath-Trinity basin found a reduction in heterozygosity among
five groups of steelhead, which they attributed to a subpopulation structure within the basin
and concluded that there are at least two genetically discrete populations with different
migration timing (Papa et al. 2007). However, SWFSC later conducted an analysis of the same
samples using two SNP loci located in the GREB1L region associated with run timing phenotypes
(Pearse et al. 2019). When studied during migratory season on a temporal scale, the summer
and winter phenotypes showed a continuum of allele frequencies with overlap among fish
carrying the summer and winter migration variants (Pearse et al. 2019), thus demonstrating
that individual fish can, and do at times, carry the genetic variants for both summer and winter
migration timing and that there is not a temporal break in migration timing between individual
fish carrying the different GREB1L allelic variants. The variation in analyses of the two studies
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based on the same samples indicates that, although aspects of Papa et al. (2007) may suggest
divergent populations based on run timing, varying allele frequencies do not support the
conclusion that summer and winter migration phenotypes are genetically distinct populations.
The majority of studies using multiple genetic markers (loci) that are distributed throughout the
genome suggest summer migration timing arose through parallel evolution in various
populations and genetic variation is distributed among steelhead populations based largely on
their geographic proximity to each other (Waples et al. 2004; Arciniega et al. 2016; Pearse et al.
2019). These findings align with the genetic relationship found between anadromous and
resident phenotypes, another O. mykiss life history trait with genetic influence (Behnke 2002;
Docker and Heath 2003; Olsen et al. 2006). Arciniega et al. (2016) compared microsatellites and
SNPs from multiple populations of steelhead in Oregon and Northern California to evaluate
phylogeographic relationships of summer and winter steelhead ecotypes. Further reiterating
what we previously stated, genetic relatedness was strongly associated with geographic
distance showing limited gene flow among river basins and suggesting repeated parallel
evolution of summer migrating ecotypes in multiple river basins. Arciniega et al. (2016) found
that almost half of the variation in genetic differentiation was explained by geographic distance
among populations. Although summer migration ecotypes were shown to have arisen through
parallel evolution, Arciniega et al. (2016) note that these evolutions occurred where genetic
variation already existed and where ecological conditions could support the summer migration
ecotype.
2.6.5 Role of GREB1L Genomic Region in Migration Timing
The GREB1L genomic region was first connected to run timing by Hess et al. (2016) and was
subsequently applied in studies evaluating life history phenotypes (Prince et al. 2017; Micheletti
et al. 2018; Pearse et al. 2019). When evaluating individuals with distinct summer or winter
migration phenotypes, the GREB1L region shows an association with run-timing variations in O.
mykiss populations (Hess et al. 2016; Prince et al. 2017; Micheletti et al. 2018; Kannry et al.
2020). Individual steelhead are either homozygous or heterozygous for genetic markers in the
GREB1L genomic region. Homozygotes only have alleles associated with a single run type on
both homologous chromosomes. In contrast, heterozygotes have alleles associated with both
run types. Fish that are heterozygous for the GREB1L genetic markers display an intermediate
run timing. Studies evaluating the impact of GREB1L on salmonid run timing have found that
the life history characteristic is not only associated with the GREB1L gene but with ROCK1 and
other nearby genomic regions (Micheletti et al. 2018; Narum et al. 2018; Thompson et al.
2020).
Prince et al. (2017) compared SNPs between migration types and found significant variation at
loci associated with what the authors termed the “premature” migration phenotype of
steelhead (summer steelhead). When they compared SNPs at those loci between two
geographically separated populations, the strongest associated SNPs from both sample
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locations were near or within the GREB1L genomic region, suggesting that the same single
genomic region was associated with migration phenotype in two different steelhead DPSs.
Prince et al. (2017) suggest that a single evolutionary event produced the GREB1L premature
migration allele rather than multiple parallel evolutions, and that if lost, these premature
migration alleles are not expected to re-evolve in a reasonable amount of time. Where other
studies concluded that premature migration timing was a result of parallel evolution due to the
observed geographic patterns of genetic variation, Prince et al. (2017) suggest that the
presence of the premature migration allele across geographically separate populations
indicates that the allele did not evolve separately in multiple populations but existed already
within standing genetic variation. Additionally, when evaluating GREB1L heterozygotes from
another dataset, the authors found that they displayed an intermediate run timing, which
suggests that the premature migration allele is not masked in phenotypes displayed by
heterozygotes. Thus, there is not a clear dominance of the early versus late migration genetic
variants within individual fish. Prince et al. (2017) concluded that the premature migration
allele would not continue to exist in populations without the premature migration phenotype
and implied that genetic variants correlated with migration timing differences arose only once
and then spread between populations.
Thompson et al. (2019) investigated the genomic basis of migration timing in Rogue River
Chinook Salmon. They focused on the GREB1L region and found, similar to O. mykiss, a
significant correlation between migration timing phenotypes and genetic variation in the
GREB1L region. Spring Chinook possessed the “spring” migration allele, fall Chinook possessed
the alternate “fall” migration allele, and fish of intermediate migration timing possessed copies
of both spring and fall alleles. Similar to Prince et al. (2017), Thompson et al. (2019) suggested
that selection against the early migration phenotype could lead to the rapid loss of the GREB1L
early migration allele.
Micheletti et al. (2018) expanded the section of the genome analyzed by Prince et al. (2017) in a
study of Columbia River steelhead populations. Whole genome sequencing was used to
characterize the GREB1L genomic region and concluded that migration phenology is likely
connected to more than just the GREB1L region of chromosome 28 and may be linked to ROCK1
and other genes near the GREB1L region. The authors also determined that GREB1L had a
greater association with arrival to spawning grounds when comparing coastal and inland
lineages, rather than freshwater entry as proposed by Hess et al. (2016) and Prince et al. (2017).
This finding is likely more relevant to steelhead populations in the Pacific Northwest than those
in Northern California because of their relatively short migration distance from the ocean to
their spawning grounds. Narum et al. (2018) found similar results to Micheletti et al. for the
ROCK1 and GREB1L genomic regions in Chinook Salmon. Narum et al. analyzed GREB1L in
Chinook Salmon, mapping a coastal population with both spring and fall Chinook Salmon using
genome-wide SNPs and found that, in addition to GREB1L, other genomic regions including
ROCK1 were associated with migration timing across three distinct phylogenetic lineages. Both
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Micheletti et al. (2018) and Narum et al. (2018) indicate that maturation life history is not solely
determined by the GREB1L gene but is instead polygenic with multiple genomic regions
contributing to divergent selection on maturation phenotypes.
Pearse et al. (2019) discussed GREB1L genotype data collected by the NMFS South West
Fisheries Science Center (SWFSC) that showed multiple O. mykiss collections in California that
contained individuals with all three genotypes of summer, winter, and hybrid summer-winter.
Using GREB1L genetic markers, Pearse et al. also found homozygous winter, homozygous
summer, and heterozygote steelhead in populations not known to currently support summer
migration ecotypes, which suggests a larger distribution of the GREB1L haplotypic variations
than found in other studies. This was not observed by Prince et al. (2017) because populations
with expression of an intermediate migration phenotype (e.g., not clearly defined summer or
winter phenotypes) were intentionally excluded from their study (Pearse et al. 2019).
Additionally, when evaluating two SNPs in individuals that passed Van Arsdale Fisheries Station
on the upper mainstem Eel River from 2009-2017, Pearse et al. (2019) found complete overlap
in return timing of winter homozygote and winter-summer heterozygote genotypes, as well as
some overlap of summer homozygotes that returned within the typical winter migration period.
When conducting parentage analysis of this collection, although most individuals were winter
homozygotes, some offspring were heterozygotes with one summer steelhead and one winter
steelhead parent, which indicates interbreeding of parents with different GREB1L genotypes
that resulted in offspring with a mix of GREB1L genotypes.
Kannry et al. (2020) sequenced both anadromous and resident forms of O. mykiss on the Eel
River at GREB1L and other genomic regions for overall genetic differentiation. Kannry et al.
found that resident populations above Scott Dam had maintained genetic diversity among life
history forms including heterozygotes with summer migration alleles, suggesting summer
steelhead were above the dam prior to its construction in 1922 and could potentially
repopulate with dam removal. Individuals in the South Fork Eel River, however, were all
homozygous for winter migration alleles, suggesting winter steelhead populations may not
maintain any summer migratory alleles and summer migratory alleles would not arise from
current genetic variation in this or other populations that lack the summer migration
phenotype.
Collins et al. (2020) looked at the adaptive markers identified by Hess et al. (2016) and
Micheletti et al. (2018), including GREB1L and ROCK1, as well as additional adaptive genetic
markers within the same genomic region, to determine which genetic combinations resulted in
various migration phenotypes of Columbia River steelhead. Collins et al. (2020) found that
adaptive genetic markers separated individuals by their adult migration timing. They also found
that different heterozygote haplotypes were predominant depending on geographic location
(inland vs. coastal). Temperature and precipitation were found to be important selective
pressures in this pattern of variation. This additional level of examining the associations of
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haplotype blocks with each other and with migration timing improves our understanding of
patterns of genetic variation related to migration timing in steelhead. Collins et al. (2020)
demonstrate that simply defining winter and summer steelhead ecotypes as two distinct units
does not account for the variety of phenotypes expressed by various heterozygous haplotypes
of the genomic region containing GREB1L and ROCK1.
Thompson et al. (2020) recently examined the association between the GREB1L/ROCK1 region
on chromosome 28 in Chinook Salmon and spawn migration timing. While this study did not
examine steelhead, the findings are relevant since the association of this genomic region in
both steelhead and Chinook Salmon is now well established in the literature. Thompson et al.
(2020) largely reaffirmed the strength of association between genetic variation in this genomic
region with migration timing phenotype, and further that the genomic blocks associated with
the early and late migration timing phenotypes are very well conserved across populations and
are exchangeable. They also noted that the migration timing of fish that are heterozygous for
both the early and late migrating genetic types does vary between watersheds, indicating that
there are some environmental and polygenic effects on migration timing as well.
In February 2020, NMFS’ Northwest Fisheries Science Center held a workshop for geneticists
and scientists with experience in salmon and steelhead conservation and management to
present data and discuss the associations between genetic variation and migration timing in
salmonids. Results of this workshop, which explored the state of the science, conservation
implications, and future research needs regarding the simple genomic association with run
timing in Chinook Salmon and steelhead, are documented in Ford et al. (2020). Workshop
participants did not attempt to come to a consensus on all conclusions, rather they developed
points of general agreement and points of residual uncertainty. A summary of the areas of
agreement and uncertainty among workshop participants is presented in Appendix A. Although
all of the findings and discussion in Ford et al. (2020) are important, the following selected
conclusions, which were areas of general, though not necessarily unanimous, consensus, are
excerpted here because they are particularly relevant to this status review:
•
•
•
•

•

A single region in the genome has a strong statistical association with adult run timing.
The causal variant(s) for adult run timing remain to be identified.
Heterozygotes are likely an important mechanism for the spread and maintenance of
the early migration alleles over long time scales.
The early and late allelic variants that have been well characterized evolved long ago in
each species’ evolutionary history. The allelic variants for early migration have not
arisen independently via new mutations from the genomic background of late migration
individuals in each watershed.
Conservation units should continue to be defined by patterns of genetic diversity across
the genome, rather than by variation in small genomic regions correlated with specific
traits.
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•

•

•

Spring Chinook Salmon and summer steelhead occupy a specialized ecological niche—
upstream areas accessible primarily during spring flow events—that has made them
particularly vulnerable to extirpation or decline due to habitat degradation.
The evaluation of risk to early returning groups (e.g., spring-returning Chinook salmon,
summer steelhead) needs to consider what we now know about the genetic basis of
adult return time.
The finding that the “early run” trait has a simple genetic basis implies that the “early
run” phenotype is at greater risk than if the trait resulted from many genes because loss
of the “early” allele(s) equates to loss of the phenotype.

2.6.6 Conclusions on Genetics and Genomics
The Petitioner references Prince et al. (2017) in the Petition to substantiate their assertion that
NC summer steelhead should be listed as an endangered species under CESA. From Prince et al.
(2017) the Petitioner draws two conclusions regarding the genetics of summer steelhead: 1)
summer steelhead are genetically distinct from winter steelhead in the same watersheds, and
2) if premature migration alleles are lost, summer steelhead cannot be expected to re-emerge
from winter steelhead populations in time frames relevant to conservation planning, therefore,
they should not be listed in the same DPS. These concepts are nuanced, and new information
continues to emerge; however, at this time, the Department does not support the conclusion
that summer steelhead are distinct and should be listed separately under CESA.
Heterozygosity at the GREB1L locus indicates that interbreeding occurs between summer and
winter steelhead, including those in the Eel River basin (Prince et al. 2017; Pearse et al. 2019;
Kannry et al. 2020), which means they are not reproductively isolated and have an
interconnected genetic legacy. Results from Pearse et al. (2019) indicate that summer and
winter steelhead are not reproductively isolated, but rather a single population with varying
migration times among individuals. Interbreeding of the two ecotypes likely occurred
historically, though quantifying natural levels of interbreeding is difficult (Ford et al. 2020).
Pearse et al. (2019) found almost a complete overlap in the return timing of heterozygotes and
homozygous winter genotypes at Van Arsdale on the upper Eel River in addition to some
homozygous summer genotypes returning within the winter steelhead migration timing
window. From this observation the authors suggest that there must be some interbreeding
between alternate GREB1L genotypes, which would produce full-sibling offspring with multiple
GREB1L genotypes and their corresponding run timing phenotypes. Matings between upper Eel
River winter homozygotes and heterozygotes were found to produce offspring with both
heterozygous and homozygous winter genotypes (Pearse et al. 2019). Early and late migration
ecotypes within a watershed have consistently been found to be more closely related to each
other than they are to migration ecotype equivalents in nearby watersheds (Chilcote et al.
1980; Thorgaard 1983; Nielsen and Fountain 1999; Arciniega et al. 2016; Prince et al. 2017),
thus geographic location has a more significant effect on population genetic structure than
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variations in migration timing. This has continued to hold true in recent studies that have
looked across much larger portions of the genome (Micheletti et al. 2018; Ford et al. 2020). The
genomic region consisting of GREB1L, ROCK1, and the intergenic region, although strongly
associated with migration timing (Prince et al. 2017; Micheletti et al. 2018, Narum et al. 2018;
Pearse et al. 2019), only accounts for a small amount of genetic variation between summer and
winter steelhead ecotypes.
Although the sequences within the GREB1L/ROCK1 genomic region associated with early
migration timing appear to be monophyletic, having arisen once in evolutionary history and are
likely to be irreplaceable if lost, given that these genetic sequences are highly conserved across
multiple populations, if lost in one population there is a potential that they could be
reintroduced through intra-basin migration from another source population (Thompson et al.
2020). Additionally, heterozygotes may act as a reservoir for early migration alleles (Ford et al.
2020). This is likely dependent on habitat conditions and patterns of dominance at the
GREB1L/ROCK1 genomic region, which are not fully understood in steelhead. Available data for
Chinook Salmon suggest that there is either an additive mechanism or that the early allele is
dominant (Ford et al. 2020) The existence of heterozygotes is inherently adaptive. The resident
life history form of O. mykiss may also act as an important reservoir for the early migration
alleles. Early migration alleles have been found in resident fish in some coastal streams (Ford et
al. 2020; Kannry et al. 2020). The preservation of this allele in the resident life history form of O.
mykiss suggests that overall risk of losing genetic variation at GREB1L/ROCK1 may be reduced in
streams where summer steelhead exist or were extirpated but residents still reside (Ford et al.
2020).
The strong genomic association of the GREB1L/ROCK1 region of chromosome 28 with migration
timing is an important scientific discovery that adds to our overall understanding of the
genetics of summer migration timing in the NC steelhead DPS; however, it does not in itself
show that summer steelhead are a genetically distinct subspecies. Delineation of management
units based off run timing alone would not accurately reflect the evolutionary legacy of
Northern California coastal steelhead. Review of available literature supporting the concept
that genetic distinctiveness is driven by isolation by distance rather than life history variation
within a population is not negated by the new genomic information presented by Prince et al.
(2017).
There are still areas of uncertainty surrounding the genetics behind run timing expression.
Waples and Lindley (2018) note that we do not know if the genes identified by Prince et al.
(2017) are actually responsible for migration timing differences. It has generally been accepted
that run timing variation is strongly associated with genetic sequence variation in the
GREB1L/ROCK1 region of chromosome 28; however, all studies to date have established only
correlation, not causation. Although the causal variants are likely contained within the
GREB1L/ROCK1 genomic region, the underlying biochemical mechanisms responsible for
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phenotypic variation are still unknown (Ford et al. 2020). It is now well established in the peerreviewed literature that the DNA sequence of the GREB1L/ROCK1 region is highly conserved
within, and in many cases, across Oncorhynchus species. Thus, if a particular variant is lost from
a population, it can be reintroduced from another population where it is still present.
Waples and Lindley (2018) note several issues with using adaptive genetic markers for defining
conservation units and suggest that ESUs incorporate conservation of genetic diversity
including variation in migration timing. The summer steelhead ecotype is an important diversity
component of the steelhead species that should be preserved as part of the NC steelhead DPS
through the use of existing fishery management options. The strong genomic association of
GREB1L/ROCK1 and associated regions with adult migration timing (e.g., Prince et al. 2017) is an
important result that sheds light on the genetic underpinnings of early run timing in steelhead
and other salmonids. However, the Department finds that this genomic association is only one
part of the total evolutionary heritage of summer steelhead and, by itself, is not sufficient or
appropriate differentiation to consider NC summer steelhead a separate subspecies under CESA
at this time.

3. STATUS AND TREND
3.1 Structure and Function of Viable Salmonid Populations
In this review, we use the definition of “population” from McElhany et al. (2000): “An
independent population is a group of fish of the same species that spawns in a particular lake or
stream (or portion thereof) at a particular season and which, to a substantial degree, does not
interbreed with fish from any other group spawning in a different place, or in the same place at
a different season.” In other words, a population as defined by McElhany et al. (2000) is a group
of fish that experiences a substantial degree of reproductive isolation.
Steelhead have strong fidelity to their natal stream, which can lead to substantial reproductive
isolation and, as a result, create local adaptation within somewhat isolated populations (Waples
et al. 2008). Isolation can expose these local populations to varying degrees of genetic drift as
well as different environmental pressures that ultimately lead to the development of genetic
and phenotypic differences. Although many steelhead populations can be partially isolated, at
least a small amount of exchange between different populations of steelhead is to be expected
due to natural straying. This connectivity results in a level of genetic similarity, which is more
pronounced between neighboring populations, and prevents most populations from being
completely isolated (Bjorkstedt et al. 2005; Garza et al. 2014; Arciniega et al. 2016). Within the
NC steelhead DPS there is some level of genetic exchange that makes the populations more
related to each other than they are to populations outside of the DPS.
The Department has defined and managed runs of anadromous salmonids based on genetic
distinctiveness, run-timing differences, juvenile outmigration timing, and watershed (CDFG
1998). For this review, we consider NC summer steelhead to be one of two regional ecotypes
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(summer and winter) within the NC steelhead DPS. The ecotype concept was first introduced by
Turesson (1922) and was used to define subspecies units resulting from genotypical responses,
or phenotypic expression, of a population to particular habitats (Turesson 1922). Salmonids
have substantial genetic structuring linked to local adaptations that manifest in various life
history strategies including those that represent sympatric ecotypes such as winter and
summer steelhead runs (Keeley et al. 2007; Pearse et al. 2009; Wollebaek et al. 2017; Collins et
al. 2020).
Summer and winter steelhead ecotypes arrive at their respective spawning grounds during
different times of year but can overlap somewhat in spawning distribution and timing. Access
to various stream reaches can change from year to year, so degree of reproductive isolation
may be somewhat inconsistent and fluctuate over the long-term. Generally, winter and
summer steelhead within the same Northern California streams have been treated as two
different populations, although some assemblages of juveniles likely contain hybrid offspring
from parents of both run types.
The concept of viable salmonid populations was introduced by McElhany et al. (2000). A viable
salmonid population is defined as, “an independent population of any Pacific salmonid (genus
Oncorhynchus) that has negligible risk of extinction due to threats from demographic variation,
local environmental variation, and genetic diversity changes over a 100-year time frame,” and
an independent population is defined as, “any collection of one or more local breeding groups
whose population dynamics or extinction risk over a 100-year time period are not substantially
altered by exchanges of individuals with other populations.” McElhany et al. (2000) also
introduced four criteria for assessing viability of salmonid populations: abundance, productivity
(over the entire life cycle), population spatial structure, and diversity. In this chapter, we
evaluate, to the best of our ability, these four criteria for NC summer steelhead independent
populations.
3.2 Sources of Information
We reviewed all sources available to us for this status review. Sources include literature review,
the CESA listing petition, previous federal status reviews, Department reports and documents,
newspaper articles, annual reports from existing NC summer steelhead surveys, and historical
reports. Agency staff with knowledge of watersheds supporting NC summer steelhead were
also consulted for information. Further study and comprehensive monitoring would help
elucidate current population status and trends; however, due to lack of historical data
determining true historical abundance is likely not possible. Historical information on
distribution and abundance was limited to mostly anecdotal reports, personal observations,
and a few historical stream surveys. These types of historical sources are not necessarily at a
high level of scientific rigor and have not been subject to peer review, but they represent the
best information available.
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3.3 Historical and Current Distribution
The NC steelhead DPS includes ten NMFS-defined summer steelhead populations from
Redwood Creek in the north to the Mattole River in the south (NMFS 2016b). All summer
steelhead populations in the NC steelhead DPS were considered to be historically functionally
independent, which means they had a high probability of persisting over 100-year time scales
and their risk of extinction was not significantly influenced by exchanges of individuals with
other populations (McElhany et al. 2000; Bjorkstedt 2005). Populations in the North Fork, South
Fork, upper mainstem, and upper middle mainstem of the Eel River, as well as Larabee Creek,
are either very small and inconsistently present or locally extirpated and have been classified by
NMFS as data deficient (Spence et al. 2008). There is no pre-industrial documentation of
summer steelhead presence in these areas; all historical information begins post-1900. See
Table 3.1 for a list of all historical NC summer steelhead populations. Figure 3.1 provides a
visual representation of the historical and current distribution of NC summer steelhead within
the NC steelhead DPS.
Table 3.1. Summer Steelhead Populations in the Northern California Steelhead DPS (from
Bjorkstedt et al. 2005). Parentheses indicate the population is extirpated (NMFS 2016b).
Summer Steelhead Population

Historical Population Status

Redwood Creek
Mad River
Van Duzen River
South Fork Eel River
Larabee Creek
North Fork Eel River
(Upper Middle Mainstem Eel River)
Middle Fork Eel River
(Upper Mainstem Eel River)
Mattole River

Functionally Independent
Functionally Independent
Functionally Independent
Functionally Independent
Functionally Independent
Functionally Independent
(Functionally Independent)
Functionally Independent
(Functionally Independent)
Functionally Independent

36

Figure 3.1. Map of historical and current distribution of NC summer steelhead. (Note: There is
likely additional tributary usage by summer steelhead that is unknown. Current surveys focus on
mainstem habitat and include little to no tributary monitoring.)
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3.3.1 Redwood Creek
The Redwood Creek watershed is in northern Humboldt County and drains an area of 285
square miles. The mainstem encompasses approximately 65 river miles from Board Camp
Mountain to the Pacific Ocean near Orick, CA. Prairie Creek is the largest tributary in the
Redwood Creek system, entering Redwood Creek about three miles upstream from the mouth
(Figure 3.2). Although winter steelhead are productive in this tributary, it is not used by
summer steelhead (CDFG 2006b). Lower Redwood Creek is bordered by public lands up to and
through Redwood National Park (RNP), which ends at the confluence of Coyote Creek. Almost
all areas upstream of RNP on Redwood Creek are privately owned (CDFG 2006b).
The only permanent dams in the Redwood Creek watershed are the Prairie Creek Hatchery
dams on Lost Man Creek (Brown 1988). The mainstem is mostly free flowing except for two
temporary gravel dams that were raised each summer to impound water for recreation (CDFG
2006b). Chezem Dam was the larger of the two dams and was located below Captain Creek,
while Burton Dam was located downstream between Lacks and Stover creeks (CDFG 2006b).
These recreational impoundments likely blocked upstream movement of summer steelhead,
which were observed using the pools to hold over summer (Brown 1988; CDFG 2006b). Both
seasonal dams have been removed and are no longer annually constructed.
Very little is known about historical numbers of summer steelhead in Redwood Creek. USFWS
estimated a steelhead run of about 10,000 based on extrapolations of data from similarly sized
streams with like characteristics, though they did not report summer and winter runs
separately (USFWS 1960 as cited in CDFG 2006b). Some limited historical information comes
from anecdotal accounts from residents of the watershed and local articles from magazines and
newspapers, though none of these provide a total estimate of abundance. An article in
American Angler in 1920 contained an account of summer steelhead in Redwood Creek stating
there were ten to twenty-five in each pool between 20 and 36 inches in length (Blackwell
1920). This description contrasts with more recent observations of a maximum of four to five
summer steelhead per pool in that same area. In 1994, a local resident, Bill Stover, indicated
that there used to be 40 – 50 summer steelhead per pool, but currently only a handful in some
pools (CDFG 2006b). Local resident, Joe Massei, whose family owned property in the upper
watershed at Ayres Cabin since the early 1940s, remembers seeing holes with 30 – 40 fish in
April and May (CDFG 2006b). Given these accounts, it is likely that summer steelhead were
historically much more abundant than they are now, though concrete numbers cannot be
compared.
Since the mid-1900s, catastrophic flood events, timber harvest practices, and road construction
have had a combined negative effect on erosion of already steep and highly erodible hill slopes
in the watershed (CDFG 2006b). These anthropogenic effects and natural disasters, especially
the floods of 1955 and 1964, have caused mass wasting and geomorphic changes, most notably
aggradation of the stream channel and sediment filling in crucial summer steelhead holding
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pools (CDFG 2006b). In a 1966 Department survey of Redwood Creek, it was noted that the
entire channel was extremely degraded and provided insufficient nursery habitat for young
salmon and steelhead (Fisk et al. 1996 as cited in CDFG 2006b). In 1972, the Department
surveyed the entire length of the Redwood Creek mainstem and stated that pools were
essentially absent due to extreme sediment filling with a riffle to pool ratio of about 50 to one
(CDFG 2006b). In the middle and lower sections there were multiple miles without any
salmonids present. The upper section held small numbers of juvenile salmon, but the
uppermost 10 miles of the mainstem were inundated with logging debris, rubble, and
sediment. A 1977 USGS survey of 16 miles of Redwood Creek from the mouth to the gorge area
above Slide Creek did not observe any pools greater than three feet in depth, though numbers
of pools over three feet deep have increased slightly since then. Sediment flushing from the
upper watershed to the lower watershed has improved habitat condition in the upper reaches,
although to the detriment of downstream areas (CDFG 2006b). Following the catastrophic flood
events in the 1950s and 1960s that raised the streambed as much as 30 feet in some areas
(Redwood Creek Landowners Association 2000). Bed elevation has recovered in upper and
middle areas of Redwood Creek, which have experienced degradation since these large floods,
but other areas continue to aggrade particularly in the lower watershed (Madej and Ozaki
1996).
Following reports of increased summer steelhead numbers resulting from improved habitat
condition, the National Park Service (NPS) implemented annual adult summer steelhead snorkel
surveys beginning with a 32-mile section in 1981 from Hayes Creek upstream to about 1/8 mile
above Beaver Creek (NPS 1981 – 2018). The NPS continued to survey the lower half of Redwood
Creek annually beginning at Lacks Creek at Stover Ranch and proceeding downstream through
Green Diamond Resource Company (GDRCO [formerly Simpson Timber Company]) lands into
RNP to a location about 0.75 miles below the confluence of Hayes Creek. This survey area
encompassed about 26 miles (38% of total mainstem). Originally, the survey was from Lacks
Creek to Tom McDonald Creek, but was expanded to downstream of Hayes Creek in 1992.
Upstream of Lacks Creek, within private landowner jurisdiction, some voluntary dive surveys
were conducted during the 1990s. During survey years 1993 – 1997 and 2008, California Trout,
Inc. (CalTrout) surveyed an area above the NPS survey reach from Chezem Road Bridge down to
Stover Creek. During the years 1993 – 1998, an organization called North Coast Fisheries
Restoration (NCFR) surveyed variable stream reaches above Chezem Road Bridge. NCFR surveys
began at Ayres Cabin in 1993 and started even further upstream at Bradford Creek for all
subsequent years through 1998. During this time, numbers of summer steelhead above Lacks
Creek were greater than those below (NPS 1981 – 2018).
The NPS established an index reach of about 16 miles from Lacks Creek down to Tom McDonald
Creek that has been surveyed annually since 1981 (NPS 1981 – 2018). A maximum of 44
summer steelhead have been observed in this reach. Total numbers accounting for all survey
efforts in a year have not exceeded 59 summer steelhead. It is important to note that surveys
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on Redwood Creek have not resulted in summer steelhead total population estimates, but
rather census counts for specific stream sections. We would also like to note that the criteria
for identifying adult steelhead changed in 2006 from >16.5 inches to >16.0 inches, though this
minor adjustment likely did not have a significant effect on accounting of summer
steelhead. See Appendix C for numbers of summer steelhead from 1981 through 2019 within
the index survey reach from Lacks Creek to Tom McDonald Creek and within the total survey
area, annual survey dates, and annual survey reaches.
NPS summer steelhead surveys have shown that fish generally congregate in pools at or near
the confluence of tributaries. This is likely due to cooler water temperatures from tributary
outflow (NPS 1981 – 2018). One place summer steelhead have commonly been found is the
pool at the confluence of Devils Creek, which may indicate their preference for lower water
temperature over pool cover since Devils Creek pool has only adequate canopy cover. Fish were
generally found in higher numbers in the middle or upper portions of the NPS survey above the
gorge area due to better habitat quality. The lower half of the survey area was mostly
characterized by limited canopy cover, low gradient riffles, and large exposed gravel bars
causing the water to reach higher temperatures (NPS 1981 – 2018). One noteworthy exception
to this trend was in 2013 when most fish were observed in the lower reaches of the survey area
below Tom McDonald Creek. During this year fish were also mostly found in groups, whereas in
previous years fish were generally observed as solitary (NPS 2013). These deviations from the
norm could be effects of the California drought, limiting holding habitat to the lower mainstem
due to low flows.
Half-pounders have also been documented and enumerated most years in Redwood Creek
since NPS surveys began. Other surveys during the 1990s documented half-pounders, though
their length criteria were inconsistent between years and different from NPS half-pounder
criteria. NPS defined half-pounders as fish less than 12 inches in length, whereas CalTrout and
NCFR defined them as between 12 and 16 inches in length.
The limit of anadromy in Redwood Creek is a 45-foot cascade above Snow Camp Creek, about
60 miles upstream of the mouth, though summer steelhead have not been seen holding
anywhere upstream of Bradford Creek, which is about 4.5 miles downstream of the cascade
(CDFG 2006b). There are 15 pools used by summer steelhead between Hayes and Lacks creeks
and 20 pools between Lacks and Bradford creeks (CDFG 2006b). Summer steelhead are thought
to spawn in the mainstem of Redwood Creek and in downstream areas of Coyote, Panther,
Garrett, Lacks, Mill, Molasses, Minor, Sweathouse, Captain, Lupton, Noisy, Minon, and Bradford
creeks (Van Kirk 1994 as cited in CDFG 2006b).
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Figure 3.2. Reference map of locations in the Redwood Creek watershed.
3.3.2 Mad River
The Mad River originates at Horsehead Ridge near the Yolla Bolly-Middle Eel Wilderness and
flows northwest through southern Trinity County into Humboldt County. The watershed drains
an area of about 500 square miles, emptying into the ocean in McKinleyville, CA. The upstream
half of the drainage is surrounded by Six Rivers National Forest, United States Forest Service
(USFS) land, and the lower half is mostly owned by private ranches and timber companies,
namely GDRCO (CDFG 2006a). The Mad River riparian canopy is comprised mostly of Douglas fir
with a portion of redwood forest, and grass lands and oak woodlands in upland zones and some
riparian areas, though much of the canopy has been removed by logging operations. The
watershed is characterized by unstable geology that has caused frequent landslides and
extensive sediment production (CDFG 2006a).
Two major dams have been constructed on the mainstem Mad River. Sweasey Dam was
erected in 1938 and furnished with a fish ladder to allow upstream fish passage (Figure 3.3)
(CDFG 2006a). The fish ladder was destroyed during the flood of 1964 (CDFG 2006a). The 45foot dam was later blasted with dynamite and removed in 1970 (Stillwater Sciences 2010). In
1961, the 150-foot R.W. Matthews Dam was built about 60 river miles upstream (CDFG 2006a;
Stillwater Sciences 2010). Matthews Dam, previously known as Ruth Dam, created 49,000-acrefoot Ruth Reservoir and is impassable to fish (Stillwater Sciences 2010). There are also natural
barriers that impede fish passage on Mad River below Matthews Dam. Just below Bug Creek
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there is a section of roughs extending for about two miles that some steelhead can navigate but
that salmon are unable to pass. These roughs end with a 25-foot falls that used to be passable
by steelhead during higher flows (Bailey 1952 as cited in CDFG 2006a). These falls are well
known and have been referred to by a few different names including Mad River Falls, Leadstone
Falls, and the Bug Creek fish barrier (CDFG 2006a). Around the same time that Sweasey Dam
was constructed, a boulder shifted within the falls and made it much more difficult for
steelhead to jump over (Murphy 1950). This obstruction was blasted by the Department in
1980 to improve fish passage (CDFG 2006a). Migration was obstructed again in 1995 and
summer steelhead numbers began to decline over the next few years. There is less suitable
rearing habitat below the falls than above, which likely contributed to the decline in abundance
(CDFG 2006a). Roughs just below Simpson Creek may also act as a flow-dependent barrier (J.
Pounds, Blue Lake Rancheria and Mad River Alliance, pers. comm., April 6, 2020).
There are multiple anecdotal accounts of summer steelhead historical presence in the Mad
River. Accounts from the 1930s of summer steelhead in the Bug Creek roughs came from Chet
Schartzkopf, an outdoor writer for the Humboldt Standard. Several long-term residents talked
about numerous summer steelhead they would catch both above and below the falls below Bug
Creek (Bailey 1952 as cited in CDFG 2006a). A resident who grew up near the Bug Creek fish
barrier thought that there were only about a quarter of the number of summer steelhead as
there were before Sweasey Dam was built (Murphy 1950). Anecdotal information indicates
there may have been up to 500 – 1,000 summer steelhead adults in the Mad River during the
early 1900s, however, true numbers cannot be determined (CDFG 2006a). Sweasey Dam ladder
counts from 1938 to 1962 suggest summer steelhead numbers were between 200 and 500
adults, a decrease from the decades before, but still somewhat abundant. Opportunistic
observations in the 1960s and 1970s, including those made by Department staff, illustrate
another decline to less than 50 – 100 summer steelhead adults. Likely causes for this decrease
were cumulative effects of the 1964 storm and logging operations, which resulted in
decimation of steelhead habitat (CDFG 2006a).
Summer steelhead surveys have been conducted in the Mad River since 1980 by the USFS Mad
River Ranger District. Their survey reach fell within the bounds of Six Rivers National Forest and
included areas from Matthews Dam downstream to Deer Creek, though not every section was
surveyed annually. The Ranger District surveyed a 10.8-mile index reach annually until 1998
from Anderson Ford down to Deer Creek, which was thought to be the most productive reach
in the survey area (CDFG 2006a). Surveys were terminated following 1998 due to the very low
numbers of steelhead seen above Bug Creek (CDFG 2006a). In 1994, GDRCO and CalTrout began
surveying from Deer Creek down to the Mad River Hatchery, and the Department began
surveying from Mad River Hatchery down to Kadle Hole. Numbers recorded above Bug Creek
indicated extremely low abundance. From 1994 through 2005 and in 2008, an additional 40
miles of river below Bug Creek were surveyed revealing an area with relatively greater numbers
of summer steelhead. All surveys discontinued from 2006 – 2007 and then again from 2009 –
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2012. In 2008, only the GDRCO/CalTrout area was surveyed. The Department began surveying
again in 2013 from R.W. Matthews Dam all the way down to Kadle Hole, though not every
reach is surveyed each year. Since 2013, numbers have ranged from 117 to 336 summer
steelhead adults and represent the most consistent and reliable data within the Mad River
summer steelhead time series (M. Sparkman, CDFW, pers. comm., February 7, 2020).
The “hotspot” for summer steelhead holding habitat has generally been in the nine miles of
river between Deer Creek and Cowan Creek (CDFW 2019; M. Sparkman, CDFW, pers. comm.,
February 7, 2020). This reach was not surveyed between 1980 and 1993, with the exception of
some portions in 1982 and 1991, which could explain why numbers were much lower in those
years. Additionally, the Bug Creek roughs, depending on water year, are sometimes impassable
to summer steelhead during their time of migration in the spring and summer. As mentioned
earlier, the Department considers most of the prime juvenile rearing and adult holding habitat
for steelhead to be above the Bug Creek roughs, and generally fish are able to pass through
them during higher winter flows, allowing their juvenile offspring to rear in the reaches above.
There is general concern, however, that the Bug Creek roughs may become impassable yearround, which would have a detrimental effect on production of both summer and winter
steelhead in the Mad River (CDFG 2006a). Large schools of summer steelhead were also
historically counted in Renfroe Hole as part of earlier surveys, however, since the Mad River
Alliance reinitiated surveys in 2013, this area has not been consistently accessible (J. Pounds,
Blue Lake Rancheria and Mad River Alliance, pers. comm., April 10, 2020).
In addition to mainstem habitat, Pilot Creek, which is upstream of Deer Creek, is known to be
one of the larger tributaries used by summer steelhead (CDFG 2006a). An assessment of the
Mad River watershed by Stillwater Sciences stated that a barrier near Deer Creek is impassable
at all but the highest flows, but that steelhead are occasionally found farther upstream in Pilot
Creek (Stillwater Sciences 2010). The Mad River is different from typical summer steelhead
streams in that its flows are mainly dependent on rainfall rather than snowmelt. Snowmelt, and
less occasionally rain on snow, does occur. Because the height of seasonal flows occurs earlier
than in snowmelt-driven streams, summer steelhead may not always be able to pass flowdependent barriers and ascend further upstream than winter steelhead (M. Sparkman, CDFW,
pers. comm., February 7, 2020). As a result, summer and winter steelhead spawning habitat
may overlap to a higher degree than in other summer steelhead streams.
Mad River Salmon and Steelhead Hatchery (MRH) was built about 15 miles upstream from the
river mouth to produce salmon and steelhead as a supplement to natural production in the
Mad River as well as to provide juvenile fish for releases in other rivers (CDFG 2006a).
Additionally, MRH raised Rainbow Trout for fisheries in local lakes (Stillwater Sciences 2010;
CDFW 2016). This is the only hatchery that has produced summer steelhead in California.
Operations commenced in 1971 with summer steelhead eggs obtained from Skamania Hatchery
on the Washougal River in the State of Washington. Yearling smolts of the Washougal strain
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were planted in the Mad River in the spring of 1972 along with Eel River stock summer
steelhead smolts from Trinity River Hatchery (CDFG 2006a; CDFW 2016). Originally, the intent
of this program was to maintain a run of summer steelhead through an artificial propagation
program at MRH in anticipation of the Butler Valley Project, which would dam the river about
13 miles upstream of the hatchery (CDFG 2006a). The Butler Valley Project was never carried
out due to local opposition and lack of need. Production of summer steelhead continued at
MRH nonetheless using eggs from returning adults, although they never achieved the success
intended by the program. Annual returns were minimal, numbering about 100 – 200 fish (CDFG
2006a), and ultimately the program was discontinued after the 1996 release as it did not
provide sufficient angling opportunity (CDFW 2016).

Figure 3.3. Reference map of locations in the Mad River watershed.
3.3.3 Eel River
The Eel River watershed is one of the largest river systems in California. The Eel River mouth is
located a little over 13 miles south of Eureka, California, and drains an area of about 3,684
square miles making it the third largest river system in California (CDFG 1997a). There are two
major dams on the upper mainstem Eel River, Cape Horn Dam located about 156 miles
upstream of the mouth and Scott Dam located 12 miles further upstream. These dams are the
main components in the hydroelectric Potter Valley Project (PVP) operated by Pacific Gas &
Electric Company (PG&E) (Becker and Reining 2009). There is water transport from the upper
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Eel River to Lake Mendocino for agricultural and municipal use. Cape Horn and Scott dams were
built in 1908 and 1921, respectively. Cape Horn Dam is equipped with a fish ladder, allowing
steelhead access to Van Arsdale Reservoir and stream sections below Scott Dam, which forms
Lake Pillsbury and blocks up to 288 miles of upstream habitat to anadromous steelhead (Cooper
2020). Van Arsdale Fish Station is located at Cape Horn Dam and is operated to enumerate
salmon and steelhead migrating upstream (Becker and Reining 2009).
Though there are no defined populations on the lower mainstem of the Eel River, there have
been summer steelhead sighted in this area in some years and upstream migrating summer
steelhead need to migrate through lower sections of the river to reach the upper Eel River.
Despite extensive sediment problems in the lower river, there is some juvenile rearing habitat
and adult holding habitat upstream of Rio Dell, California (Jones 1992; CDFG 1997a). Summer
steelhead were also seen by local landowners in Woodman Creek, which is a tributary entering
the Eel River around river mile 114, prior to the formation of a barrier in 1964 (CDFG 1981 as
cited in Becker and Reining 2009; Jones 1992), though this barrier was modified with explosives
in 1984 and again in 2018 or 2019 to improve fish passage (S. Thompson, CDFW, pers. comm.,
July 8, 2020). No summer steelhead have been observed in Woodman Creek in recent history
(Jones 1992), though there have not been any efforts to find them, so it is possible some
summer steelhead remain. This may also be the case for the middle mainstem Eel River (S.
Thompson, CDFW, pers. comm., July 8, 2020). There were 6 – 10 summer steelhead sighted in
the upper Caniveri Pool below the confluence of the Van Duzen River on August 19, 1977 (CDFG
1977). There was also documentation of adult summer steelhead holding on the mainstem Eel
River near Spy Rock, about 17 miles downstream of Dos Rios, in the summer of 1994 (CDFG
1994).
3.3.3.1 North Fork Eel River
The North Fork Eel River branches off from the mainstem Eel River at river mile 96.4 and drains
an area of 286 square miles (CDFG 1997a). There are no manmade barriers on this river,
however, a large boulder deposited in the channel by a landslide has been at least a partial
migration impediment over the years. This barrier, called Split Rock, is located about 5 miles
upstream from the confluence with the mainstem Eel River and is thought to restrict
anadromous fish to the lower river sections especially during low flow seasons (Becker and
Reining 2009; NMFS 2016b).
The North Fork Eel River has high temperatures, especially during the summer and fall, and the
limited number of salmonids encountered have generally been found only in cold water refugia
such as at the bottom of thermally stratified pools or areas with cooler tributary inflows (Becker
and Reining 2009). There were a few surveys during the 1970s and 1980s that reported some
adequate spawning habitat for winter and spring seasons, but even these areas have had very
limited use by salmonids (Becker and Reining 2009). In general, habitat conditions and
steelhead abundances have steadily declined since the beginning of the 20th century, especially
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as a result of human land and water uses, as well as the severe floods in 1955 and 1964 (CDFG
1997a).
There is very little documentation of summer steelhead in the North Fork Eel River and no
quantitative estimates of historical abundance exist. There is a slightly more prominent winter
steelhead run in this river, however it has declined dramatically since human settlement of the
watershed (NMFS 2016b). A few sporadic surveys have been conducted over the past five
decades enumerating only a handful of steelhead, though the run types have not always been
specified, and conducting surveys during winter months can be difficult due to stream discharge
and high turbidities.
The earliest documented report of summer steelhead in the North Fork Eel River was above
Soldiers Basin in the 1920s (Jones 1992). Summer steelhead were known to hold in the North
Fork Eel River below Hulls Creek during the late 1950s and early 1960s according to Bill
Townsend of Ukiah and his fishing partner, Tony Garhart, who regularly fished for summer
steelhead in late August to early September. Townsend recounted one instance when there
were 50 summer steelhead in a deep, clear pool below Hulls Creek (Jones 1992). Jim Gilman,
CDFG, reported seeing summer steelhead in the headwaters of the North Fork Eel River during
his childhood (Jones 2000). Following the great flood of 1964, all deep pools used by fish for
holding were filled with sediment, gravel, and boulders, greatly decreasing habitat suitability.
The 1964 storm was also what created the barrier at Split Rock (Jones 1992).
Sporadic surveys have been conducted since the 1964 flood. In 1968 a survey of 32 miles of the
North Fork Eel River documented steelhead presence in the lower and upper reaches, but not
in a long section of the middle river (CDFG 1968 as cited in Becker and Reining 2009). This
survey did not specify whether these fish were summer steelhead or winter steelhead. Isolated
observations of summer steelhead have occurred in more recent decades. A multi-agency
cooperative effort to survey the North Fork Eel River for Chinook Salmon, Sacramento
Pikeminnow (Ptychocheilus grandis), and steelhead, occurred in May 2002 (BLM 2002). The
survey covered about 7.7 miles of the stream and two summer steelhead adults were
encountered. A few additional steelhead adults and juveniles, as well as 12 steelhead redds,
were also documented (BLM 2002). In 2019, the Bureau of Land Management (BLM) organized
a snorkel survey of 34 miles of the North Fork Eel River mainstem and tributaries above Split
Rock barrier to document the distribution of Sacramento Pikeminnow. Their efforts resulted in
observations of two adult summer steelhead as well as a notable assemblage of about 150
steelhead 8-14 inches long in one pool fed by a cold-water seep. They also found upwards of
3,000 juvenile steelhead throughout the mainstem and in Salt Creek (BLM 2019). These findings
support the idea that Split Rock may not be a complete barrier to anadromy. A four-year study
of the Eel River watershed, which was completed by University of California at Davis in 1991,
reported that the barrier had been modified to improve fish passage upstream (Becker and
Reining 2009). There are also some historical reports of summer steelhead and Chinook Salmon
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above the Split Rock barrier, which was classified in the Department’s Eel River Salmon and
Steelhead Restoration Action Plan (CDFG 1997a) as a barrier to winter steelhead and
Sacramento Pikeminnow. Split Rock is also likely a barrier to Chinook Salmon (USDA and USDI
1996).
Given the lack of information on summer steelhead in the North Fork Eel River, even in the
form of anecdotal reports, consensus has been that the run is effectively extirpated or severely
depleted (Puckett 1975; Spence et al. 2008; Becker and Reining 2009; NMFS 2016b). However,
scientific studies designed to enumerate possible summer steelhead abundances are
warranted.
3.3.3.2 Middle Fork Eel River
The Middle Fork Eel River is the largest sub-basin of the Eel River watershed and currently
supports the most robust population of summer steelhead within the NC steelhead DPS. The
headwaters are in the Yolla Bolly Wilderness Area at about 6,000 feet of elevation. The Middle
Fork Eel River drains an area of about 750 square miles of mountainous terrain and intersects
with the mainstem Eel River near the town of Dos Rios around river mile 119.3 (Jones 1980;
Becker and Reining 2009). The watershed is characterized by naturally unstable topography.
Previously high levels of livestock grazing and timber harvest operations have exacerbated
these issues especially as they relate to sediment deposition (Jones 1980; CDFG 1998).
There are no manmade dams on the Middle Fork Eel River; however, there is a regional zone
containing a series of eight sizable roughs caused by landslides that occupy about 3.4 miles of
channel (Jones 1980). Some of the roughs have acted as barriers to upstream migration
including those at Maple Creek, Asa Bean Crossing, Hoxie Crossing, and Pothole Creek, though
the roughs near Pothole Creek were blasted in 1966 and are no longer a barrier (Jones 1980; S.
Thompson, CDFW, pers. comm., July 8, 2020). The Osborn Roughs area near Fly Creek have also
been an impediment to summer steelhead migration in some years (Figure 3.4). Both Asa Bean
and Osborn Roughs have been blasted with dynamite multiple times in the past to allow for
upstream movement of anadromous fish. Asa Bean Roughs continues to be an obstacle for
summer steelhead, especially since 1996 when boulders within the roughs naturally rearranged
and many jump pools utilized by summer steelhead were eliminated (CDFG 1966 – 2018).
Historical information on summer steelhead in the Middle Fork Eel River has been sourced from
angler stories, accounts given by local watershed residents, and occasional studies. CDFG
(1997a) states that steelhead populations in the Middle Fork Eel River have steadily declined
since 1900 as a result of the major flood events as well as increased sedimentation, cattle
grazing, logging, and poaching (CDFG 1997a). A 1920 volume of the California Fish and Game
journal documented summer steelhead on the North Fork of the Middle Fork Eel River that held
all summer in large, deep holes, undisturbed (CDFG 1920). Weldon Jones describes summer
steelhead encounters dating back to 1929 in his 1992 report on Eel River summer steelhead
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historical distribution (Jones 1992). Anecdotal reports of summer steelhead sightings have led
to speculations of about 6,000 summer steelhead in the canyon between Asa Bean and Hellhole
during the 1930s, and about 3,500 in the canyon above the Eel River Ranger Station during the
1940s (Jones 1992). These counts were made by members of the public and are unconfirmed
but provide some gage of population size. In the early 1950s, a widely recognized fishery
developed during the spring steelhead migration period as fish moved up into the river system
to hold over summer, though angler catch and effort declined in the latter part of the decade
(Jones 1992). A 1957 CDFG and USFS joint survey report characterized the Middle Fork Eel River
as an important spawning and rearing area for both summer and winter steelhead (CDFG 1957b
as cited in Becker and Reining 2009). This survey estimated 360 to 420 summer steelhead
adults between Asa Bean and the Eel River Ranger Station (Jones 1992).
In 1973, a study on water temperature conditions in the Eel River system found abundant
juvenile O. mykiss in the Middle Fork Eel River from Osborn Station to Buck Creek. Additionally,
24 adult summer steelhead were observed between Osborn Station and Hellhole Canyon
(Becker and Reining 2009). USFS surveyed 12 miles of the upper river in 1979 and noted that
steelhead migration was impeded by a barrier upstream of Balm of Gilead Creek, above which
there was mostly dry streambed with high amounts of sediment (Becker and Reining 2009).
The catastrophic flood of 1955 had major effects on fish habitat, most notably erosion and
subsequent filling of pools used by summer steelhead for holding. The 1964 flood perpetuated
the destruction of habitat, wiping out nearly all summer holding areas due to in-filling of
sediments (Jones 1992). In June 1957, 20 adult steelhead were observed in a large, deep pool
about a third of a mile below the mouth of the North Fork Middle Fork Eel River. This pool was
documented to be at least 30 feet deep at the time (CDFG 1957a). This same area is now
surveyed annually as part of the summer steelhead dive surveys on the Middle Fork Eel River
and pools have averaged only 11 feet in depth over the past 20 years (S. Thompson, CDFW,
pers. comm. August 4, 2020). The Department closed the Middle Fork Eel River to summer
steelhead fishing in response to the detrimental effects of these floods. Prior to the 1955 and
1964 floods, it is likely that summer steelhead refugia extended much further downstream of
the confluence of the Black Butte River. Historical photos and old anecdotal accounts support
this belief (CDFG 1966 – 2018; Becker and Reining 2009). It is also probable that the Black Butte
River historically supported summer steelhead. Jones (1992) states that hunters caught
summer steelhead in the upper drainage during the 1930s. A 2006 USFS report documented
fire crew observations of 18 to 24-inch trout in large, deep pools in the Black Butte River that
may have been summer steelhead (Becker and Reining 2009); however, partial surveys
conducted by the Department in the summers of 2013 and 2019 did not find any summer
steelhead holding in the Black Butte River (S. Thompson, CDFW, pers. comm., August 6, 2020).
Anadromous habitat in the Black Butte is accessible to all steelhead run types, though this may
not have always been the case. Prior to historic flood events there may have been deeper pools
and cascades that provided a greater advantage to summer steelhead over winter steelhead.
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Presently, there are no flow-dependent barriers that would impede winter steelhead migration
except for one near Jumpoff Creek that may act as a barrier only during very low flows (S.
Thompson, CDFW, pers. comm., August 6, 2020). Currently, pools are quite shallow, ranging
from three to six feet in depth (CDFW 2013), which is not ideal habitat for adult summer
holding.
The difference between present and pre-1955/1964 spawning and rearing habitat availability in
terms of total river miles is considerable. Accounting for mainstem habitat, from the confluence
of the Middle Fork Eel River with the mainstem Eel River to the current upper limits of
anadromy, and counting the Black Butte River as a possible historical summer steelhead
stream, about 62 miles were lost from the historic 85 miles. That leaves only about 23 miles of
spawning and rearing habitat, or approximately 27% of the historical habitat available (CDFG
1966 – 2018).
Annual summer steelhead snorkel surveys conducted by CDFG and USFS began in 1966 and
continued through 1999. CDFG took sole responsibility for surveys from 2000 to the present.
The only year in which a survey was not conducted was 1969, and in 1972 only a partial survey
was completed. All other years of the survey have consistently covered about 27 river miles
including the mainstem from Bar Creek up to Wrights Valley, the North Fork of the Middle Fork
Eel River up to the confluence with Willow Creek, and Balm of Gilead Creek up to the natural
falls that are considered a barrier to anadromy (S. Thompson, CDFW, pers. comm., February 21,
2020). During the years that the Asa Bean roughs acts as a passage barrier, the survey is
reduced to about 19.4 miles total. In the 1970s, surveyors found steelhead on the mainstem
above Wrights Valley up to Uhl Creek, about five miles upstream. However, following some
shifting of material in a waterfall that was previously passable to fish and seeing zero fish
upstream for multiple years, the survey extent was changed to terminate at Wrights Valley in
the early 1980s (S. Thompson, CDFW, pers. comm., February 21, 2020). Due to this natural shift
in summer steelhead distribution, it is believed that curtailment of the survey to Wrights Valley
has not resulted in underestimating summer steelhead abundance. Subsequently, the falls near
Wrights Valley have been considered the upper extent of anadromy since this time. Three
sequential waterfalls form a complete barrier to anadromy on Balm of Gilead Creek, and a
waterfall at the confluence of Willow Creek is the uppermost extent of anadromy on the North
Fork of the Middle Fork Eel River (S. Thompson, CDFW, pers. comm., April 7, 2020).
Counts of summer steelhead in the Middle Fork Eel river have ranged from 198 – 1,601 with the
lowest abundances occurring in 1966 and 1967, which were the first two years of the survey.
Following the 1995 survey, the boulders within Asa Bean Roughs rearranged, severely limiting
fish passage upstream of the roughs (CDFG 1966 – 2018). Jump pools were filled in and
pathways through the boulders were blocked with sediment. In the following years, there
seemed to be a positive correlation between the number of adults able to pass Asa Bean and
the number of adults returning from that brood in subsequent years. Asa Bean Roughs
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generally dries out during summer months and any fish holding within the reach perish before
they can spawn (CDFG 1966 – 2018). In the most recent years of the survey, Asa Bean has been
a complete barrier to summer steelhead. With Asa Bean blocking upstream migration, over 12
miles of prime spawning habitat are inaccessible and summer steelhead are forced to distribute
further downstream where the habitat is less suitable for spawning and rearing (CDFG 1966 –
2018).
Presently, the majority of summer steelhead encountered in Department surveys have been
between Asa Bean Roughs and Osborn Roughs below Fly Creek. Summer steelhead are
generally not found downstream of Fly Creek or upstream of Fern Point (CDFG 1966 – 2018). A
small percentage (about 5%) are found from Fly Creek down to Bar Creek (S. Thompson, CDFW,
pers. comm. July 15, 2020). Osborn and Fern Point are the two sites used for juvenile standing
crop electrofishing surveys that have been conducted since the 1980s. Distribution seems to be
shifting lower in the system, especially as a result of the Asa Bean barrier in conjunction with
recent drought conditions that have prevented fish from accessing upstream spawning grounds
during low flows. Tributaries that have supported summer steelhead in the recent past include
Beaver Creek, North Fork of the Middle Fork Eel River, and Balm of Gilead Creek (Becker and
Reining 2009), although there could be more due to a lack of reporting of all possible
tributaries. North Fork of the Middle Fork Eel River and Balm of Gilead Creek are both above
Fern Point, and summer steelhead have not been found in these tributaries since the mid-1990s
(CDFG 1966 – 2018). Summer steelhead were found in the lower 0.3 miles of Beaver Creek in
1995 but could not migrate further upstream due to a barrier fall (Jones 2000). Many tributaries
of the Middle Fork Eel River have natural barrier falls at their confluences with the mainstem
river, thus, summer steelhead generally hold in the main channel (S. Thompson, CDFW, pers.
comm., April 8, 2020).
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Figure 3.4. Reference map locations in the of Middle Fork Eel River watershed.
3.3.3.3 South Fork Eel River
The South Fork Eel River is a major tributary to the Eel River encompassing 105 river miles and
drains a watershed of about 689 square miles (CDFG 1997a). The headwaters originate south of
Laytonville and flow through both Mendocino and Humboldt counties, intersecting with the
mainstem Eel River at about river mile 40. Benbow Dam was built about 40 miles upstream of
the confluence with the mainstem Eel River in 1931 (Figure 3.5). Benbow Dam had a fish ladder
to allow upstream passage though the dam was demolished in 2017 (Benbow Dam removal
completed, 2017 web article).
There is little documentation of summer steelhead in the South Fork Eel River. One anecdotal
report was documented from Wayne Calder, who recalled seeing big silver steelhead holding in
deep pools of the South Fork during June and July near Leggett in the 1930s (Jones 1992). He
claims they also were in Rattlesnake Creek congregating in pools, though only a few would
survive through the end of summer. Old CDFG correspondence files document a South Fork Eel
River summer steelhead run through the late 1950s. Staff from Cedar Creek Hatchery fished for
summer steelhead in the late 1950s and early 1960s (Jones 1992). However, Leo Shapovalov
noted that the South Fork Eel River has very little snowfall feeding the river, a characteristic
that is generally conditional to presence of summer steelhead (CDFG 1953). He explained that
due to the lack of snowmelt and holding pools, at that time there was no summer steelhead run
in the South Fork Eel River. Jones (2000) reports a personal observation from 1982 of possible
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summer steelhead in pools of the headwaters of the East Branch of the South Fork Eel River
(Jones 2000). Counts of steelhead were made at the Benbow Dam fish ladder from 1938 to
1976, though these are assumed to only enumerate winter steelhead based upon time of
capture (NMFS 2016b).
If a summer steelhead run did historically exist in the South Fork Eel River, it probably would
not have been large. Primary summer steelhead holding habitat was thought to be in the
canyon between the Wilderness Lodge and Rattlesnake Creek and there are still occasional
stories of summer steelhead appearing in the canyon (Jones 1992). In their 2016 Multispecies
Recovery Plan, NMFS stated that summer steelhead might be extirpated from the South Fork
Eel River (NMFS 2016b). Future studies could confirm this assertion.

Figure 3.5. Reference map of locations in the South Fork Eel River watershed.
3.3.3.4 Upper Mainstem Eel River and Upper Middle Mainstem Eel River
The upper mainstem Eel River encompasses the area from the confluence of Soda Creek, about
1.3 miles downstream of Scott Dam, up to and including the Lake Pillsbury sub-basin and its
tributaries (NMFS 2016b). Though there is suitable steelhead habitat in the tributaries of the
Lake Pillsbury sub-basin, only resident Rainbow Trout exist in these streams since Scott Dam is a
total barrier to anadromy. Passage of summer steelhead above Van Arsdale Fish Station is
limited due to the closure of the station at the end of the winter steelhead run. Most summer
steelhead, however, were probably lost with the construction of Scott Dam in 1921 (NMFS
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2016b). Counts of steelhead have occurred at Van Arsdale since 1933, but only during the
winter steelhead run (NMFS 2016b). It is possible that summer steelhead adults use habitat
between Van Arsdale Station and Scott Dam (S. Thompson, CDFW, pers. comm., July 8, 2020).
There is very little documentation of any summer steelhead in the upper middle mainstem Eel
River below Soda Creek, however, some streams that drain the north side of the Eel River basin
are ecologically similar to Larabee Creek and these major sub-basins may have historically
supported populations of steelhead (Bjorkstedt et al. 2005). A few observations of summer
steelhead in the upper mainstem Eel River above Soda Creek were made by local residents.
There are multiple accounts of anglers in the area that is now Lake Pillsbury who caught large
summer steelhead prior to the construction of Scott Dam. In the mid-1920s, anglers caught
large summer steelhead in the pool just below Scott Dam (Jones 1992). CDFG conducted a
snorkel survey in 1985 as a response to anglers catching steelhead in the summer and found 21
summer steelhead between Van Arsdale and Soda Creek, 19 of which were found in the Van
Arsdale reservoir (Jones 1992). There were likely more summer steelhead than could be seen
due to poor visibility. Summer steelhead may sporadically use this area for summer holding
(Jones 1992).
3.3.3.5 Van Duzen River
The Van Duzen River is an Eel River tributary draining an area of about 429 square miles. The
river originates in Six Rivers National Forest at an elevation of about 4,300 feet and flows
northwesterly for 73 miles, meeting the mainstem Eel around river mile 13.5 near Fortuna, CA
(CDFG 2006c; Becker and Reining 2009). The lower basin mostly consists of redwood forest,
while the upper basin is predominantly oak-conifer woodlands and grasslands (CDFG 2006c).
Gravel mining occurs in the lower basin, as well. The Van Duzen River does not have any
manmade dams. A proposal to install a large dam on the upper Van Duzen River at Eaton Falls
was terminated as a result of the California Wild and Scenic Rivers Act of 1972, which prohibits
dam construction on a number of Northern California river basins (CDFG 2006c).
There is limited historical information about summer steelhead in the Van Duzen River. The
Department estimated that there used to be 2,000 summer steelhead adults (CDFG 1966 as
cited in Jones 1992), though this was likely an overestimate given that pre-1964 counts in the
Middle Fork Eel River, which contains double the amount of holding and rearing habitat as the
Van Duzen River, numbered around 2,000 fish (CDFG 2006c). The Mad River has similar holding
and rearing habitat availability as the Van Duzen River and had a pre-flood estimate of about
500 summer steelhead (USACOE 1973 as cited in CDFG 2006c). The Van Duzen River summer
steelhead run likely did not exceed 1,000 fish historically and was probably closer to the preflood Mad River estimate of 500 fish (CDFG 2006c).
An outdoor writer for the Humboldt Standard, Chet Schwarzkopf, wrote in 1941 that
“hundreds” of spring (summer) run steelhead congregated in deep holes of Eaton Roughs in the
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Van Duzen River above Bridgeville (Van Kirk 1998b). Eaton Roughs is an 18-mile stretch
between Eaton Falls, at river mile 46 near the town of Dinsmore, and Bridgeville (Figure 3.6).
Additional articles by Shwarzkopf from 1938 to 1941 documented angler catches of summer
steelhead and observations of summer steelhead in large pools or at tributary confluences (Van
Kirk 1998b). Leo Shapovalov also documented steelhead resting in the deep pools within Eaton
Roughs during the summer in a letter he wrote from CDFG to the Bureau of Fish Conservation
on July 6, 1945 (Jones 1992). Murphy and De Witt (1951 as cited in Jones 1992) also described
“spring-run steelhead” in the headwaters of the Van Duzen River. Summer steelhead are
thought to have occupied the mainstem from Eaton Falls down to or past Baker Creek during
their summer holding period (Jones 1992).
The Little Van Duzen River, also known as the South Fork Van Duzen River, historically provided
substantial summer steelhead holding, spawning, and juvenile rearing habitat. The sub-basin
contains over 30 miles of habitat in comparison with about 18 miles within the Eaton Roughs
(CDFG 2006c). Schwarzkopf’s 1938-1941 articles in the Humboldt Standard mention summer
steelhead in the Little Van Duzen River and state that summer steelhead are able to get far
upstream in the mainstem but choose not to (Van Kirk 1998b), though they may just not have
been seen. CDFG biologist, Eric Gerstung, reported seeing summer steelhead in the Little Van
Duzen River in 1960 (CDFG 1991) and estimated there to be over 100 there in the early 1960s,
but the 1964 flood drastically changed the channel morphology and created migration barriers
between Bridgeville and the Little Van Duzen River (Roelofs 1983). The flood inflicted much
more damage to the Little Van Duzen River than to the mainstem (CDFG 2006c). Landslides, in
combination with logging activity and forest roads, caused extreme aggradation of the channel
and filled in all summer steelhead holding pools (Jones 1992; CDFG 2006c). During the summers
of 1980 and 1982 CDFG surveyed the Little Van Duzen River and found zero summer steelhead
(Roelofs 1983); however, two summer steelhead were found in the Little Van Duzen River in
1987 (CDFG 1987). In 1997, CDFG and USFS looked extensively for summer steelhead in the
Little Van Duzen River and found only one (CDFG 1997b). Over the past decade, personal
observations by the Department’s Shaun Thompson in the Van Duzen watershed indicate that
most adult holding occurs in the mainstem Van Duzen while most spawning likely occurs in the
Little Van Duzen. Juvenile rearing has been observed in both the mainstem and the Little Van
Duzen River (S. Thompson, CDFW, pers. comm., July 8, 2020).
There is also one historical report of summer steelhead in Yager Creek, another tributary of the
Van Duzen River. In a 1917 article from the Ferndale Enterprise, a local newspaper from
Ferndale, CA, steelhead were documented trying to make their way upstream in Yager Creek
and having difficulty passing a barrier falls (Van Kirk 1998b). “Holdover steelhead” were
observed by CDFG surveyors in Yager Creek during the summer of 1964 (Van Kirk 1998b).
The Van Duzen River is thought to be accessible to steelhead up to Eaton Falls. The main areas
used by summer steelhead for holding are the 18-mile stretch within Eaton Roughs and the
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Little Van Duzen River, which contains spawning and rearing habitat for summer steelhead,
although as mentioned above, the Little Van Duzen River has had limited summer steelhead use
since the 1964 flood (CDFG 2006c). Eaton Roughs is comprised of unstable topography with 58
active slides within 11 miles of the roughs. The constant shifting of material may be both a
blessing and a curse to summer steelhead in that boulders and rocks often create barriers to
migration, but they can also provide habitat in the form of deep, scoured out pools with cover
provided by boulder ledges. Since 1974, about 86% of summer steelhead adults have
assembled in the 6.8 miles between Eaton Falls and Baker Creek (CDFG 2006c). During the most
recent surveys of the Van Duzen, which cover the majority of holding habitat, over 60% of
summer steelhead have been found in two main pools, Big Hole and Salmon Hole (S.
Thompson, CDFW, pers. comm., March 23, 2020). A cascade at Salmon Hole, about 10 miles
downstream, sometimes impedes steelhead upstream migration (CDFG 2006c). A Department
report from 1965 notes a barrier about 12 miles downstream from Eaton Falls that is only
passable to some summer steelhead at high enough flows (Becker and Reining 2009). This
barrier is likely the cascade at Salmon Hole, which is generally considered to be a migration
barrier to salmon and winter steelhead (S. Thompson, CDFW, pers. comm., July 8, 2020).
It is possible that Eaton Falls is not a complete barrier to anadromy. In 2018, Department
scientist, Shaun Thompson, observed one adult steelhead above Eaton Falls and in 2019 he
conducted a series of snorkel surveys and found 15 fish that may have been anadromous based
on their size (14-24 inches). This is not definitive evidence of anadromous fish surpassing the
falls, but resident fish typically do not grow that large (S. Thompson, CDFW, pers. comm.,
March 23, 2020). Additionally, Kannry et al. (2020) found evidence of the anadromous
genotype at the genomic region associated with the migratory life history (OMY05) in fish
sampled above Eaton Falls as well as a lack of population structure between populations above
and below the falls.
Substantial information on summer steelhead in the mainstem Van Duzen River has been
obtained since 1967. In 1967, the run was held up for many months below the Salmon Hole
barrier and 58 adults were counted in a one-mile stream reach downstream (CDFG 2006c). A
weir operating at Bridgeville about five miles downstream in 1968 caught 82 adults. That same
year in August, a diving survey found that some of those fish remained in the river mainly
downstream of the Salmon Hole barrier. From 1964 to 1973 most steelhead were not able to
pass this barrier until higher winter flows arrived. The barrier was blasted in 1973 and most
holding fish relocated upstream to the stream section between Baker Creek and the South Fork
Van Duzen River (CDFG 2006c).
Summer steelhead snorkel surveys were first conducted in the Van Duzen River in 1979. Until
recently, most of these surveys were limited in scope and did not enumerate the entire run.
The full 18-mile reach of Eaton Roughs was surveyed in 1979, 1980, 1982, 1984, 1987, and 1997
and resulted in the most dependable data. Because these full Eaton Roughs surveys indicated
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that low numbers of fish were holding downstream of Baker Creek and most fish upstream of
Baker Creek appeared to be holding around Big Hole, the 1988, 1989, 1992, and 1995 surveys
were limited to a 1.5-mile stream section between Big Hole and the South Fork Van Duzen River
(CDFG 2006c). This alteration was made with the assumption that Big Hole represented most of
the adult distribution in the river; however, it may have resulted in substantial under counts.
For example, a 1991 spot survey of Salmon Hole, which is downstream of Big Hole, counted 31
adults in an area where assemblages of adults had not been observed since 1972 (CDFG 2006c).
This irregularity may have been a result of very low spring flows that year, but this could not be
verified because no counts were made above Salmon Hole to see if fish were able to pass
upstream (CDFG 2006c). Big Hole can be up to 20 feet deep, depending on streamflow, and is
heavily shaded, thus it is not always possible to see all fish holding in this area (CDFG 2006c).
This can be a potential concern of all snorkel surveys. Additionally, adult steelhead do not
necessarily hold in the same place throughout the summer. Bob Wotherspoon, the owner of
the river front property at Big Hole saw varying numbers of summer steelhead between July
and September of 1998 and did not believe he was double counting any of the fish (CDFG
2006c), though this assumption cannot be confirmed. If the Department had conducted a single
one-day survey, depending on when the survey was conducted, the run could have either
looked decent or poor because of the different numbers of fish occupying Big Hole throughout
the summer.

Figure 3.6. Reference map of locations in the Van Duzen River watershed.
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In 2011, the Department’s summer dive surveys on the Van Duzen River started covering a
much broader extent of summer steelhead habitat. The annual surveys now cover the reach
between Little Larabee Creek and Eaton Falls (generally considered the upper extent of
anadromy on the mainstem Van Duzen River), and are thought to encompass the majority of
available holding pools in the river (Williams et al. 2016).
3.3.3.6 Larabee Creek
Larabee Creek is a tributary of the Eel River, flowing west and intersecting with the mainstem at
river mile 36.4. Larabee Creek drains an area of 81.5 square miles (CDFG 2000 as cited in Becker
and Reining 2009). All life stages of steelhead have been found in Larabee Creek and highquality spawning habitat has been reported by Department surveys in 1938 and 1950, and a
BLM survey in 1977 (Becker and Reining 2009). There are no documented accounts verifying
the presence of summer steelhead in Larabee Creek historically or currently. NMFS (2016b)
states that given the amount of available habitat historically within Larabee Creek, steelhead
numbers (run unspecified) may have been in the thousands prior to the overfishing and habitat
destruction of the 19th century. Bjorkstedt et al. (2005) mentions anecdotal indications that
Larabee Creek supported historically summer steelhead based off the fact that it drains a
relatively high elevation watershed that is fed by considerable snowmelt. This characteristic is
more typical of summer steelhead streams within the Eel River basin, as opposed to lower
elevation streams with warmer temperatures that only support winter steelhead.
3.3.4 Mattole River
The Mattole River is the southernmost summer steelhead stream within the Northern
California steelhead DPS. The headwaters are located in the Chemise Mountains of the King
Range National Conservation Area. The river flows northwesterly and then turns abruptly to the
west at the town of Petrolia, emptying into the Pacific Ocean near Punta Gorda. The Mattole
River drains an area of about 304 square miles in northern Mendocino and Humboldt counties
(CDFG 2007). Coastal areas of the basin are dominated by redwood forest and much of the
watershed used to be heavily wooded with Douglas fir and hardwoods like tan oak and
madrone. Average annual rainfall is remarkably heavy, though the amount of precipitation can
vary greatly from year to year (Downie et al. 2003). There are significant water diversions in the
lower river for agricultural purposes, which have caused an increasing number of fish kills
(CDFG 2007). Like the Mad River and South Fork Eel River, the Mattole River is unusual as a
summer steelhead stream in that it is not driven by snowmelt (NMFS 2016b). Thus, a
potentially greater spatial overlap exists between summer and winter steelhead habitat, as was
suggested for Mad River steelhead.
Summer steelhead are known to have occupied the Mattole River historically. The first reported
sighting of summer steelhead in the Mattole River was by Albert Etter, who was a resident of
the watershed beginning in 1894 (Etter 1943 as cited in CDFG 2007). In a letter Etter wrote to
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the Department in 1943, he described great numbers of steelhead migrating upstream to
spawn from January through April when he first settled in Ettersburg, including 300 in one pool
alone. It is possible that some of these fish seen in April were early summer steelhead. Etter
also mentions two of his guests observing 100-200 large trout mostly between 16 and 24 inches
long that were holding in one pool near his farm in October 1942. This was similar to a sighting
a few years before about three miles downstream. Etter characterized these fish as deepbodied and healthy in contrast with how a decrepit winter steelhead would appear (Etter 1943
as cited in CDFG 2007).
Multiple articles from the Ferndale Enterprise in the early to mid-1900s mention fishermen
targeting large steelhead during summer months, though it is not always clear if those fish were
Rainbow Trout or summer steelhead (Van Kirk 1998a). A Ferndale Enterprise article from May
1937 described a run of steelhead that had “the appearance of fish from the sea” and the
Humboldt Standard reported “a good run of spring steelhead” on the Mattole in late April 1939
(Van Kirk 1998a). In May 1949, an article in the Humboldt Times talked of “big trout in from the
sea for the summer” in the pools of the upper Mattole River (Van Kirk 1998a). Articles in these
local newspapers indicate that there were both resident Rainbow Trout and summer steelhead
present in the Mattole at that time.
In 1980, 44 adult summer steelhead were observed by a local game warden close to the town
of Ettersburg, where Albert Etter had lived. Four possible summer steelhead were also seen
during the same year in Honeydew and Bear creeks, two tributaries of the Mattole River (CDFG
2007). The Department surveyed the full length of the Mattole River in 1982 and 1991. Only
three fish large enough (16 inches) to be considered summer steelhead were found near
Ettersburg in 1982 and zero summer steelhead were observed in 1991 (CDFG 2007).
Consistent annual summer steelhead snorkel surveys began in 1996 and have continued each
year through the present day. Between 1996 and 2000, surveys were conducted by the Mattole
Salmon Group in conjunction with CalTrout, AmeriCorps, the Humboldt Fish Action Council, and
Petrolia School (CDFG 2007). The Department did not participate in the 1996 – 2000 surveys.
Though the 1996 – 2000 surveys extended from the headwaters all the way to the mouth, only
between 40% and 75% of the habitat was surveyed during these five years (CDFG 2007). Also,
no tributaries of the Mattole River were surveyed. Most adult summer steelhead were found to
congregate in a reach of 11.6 miles between McKee and Woods creeks (CDFG 2007). Halfpounders were also enumerated and exceeded the number of adults in all but two years (2013
and 2014). It is important to note, however, that size was the main factor used to identify halfpounders (12 – 16 inches), so it is possible that these numbers include some resident Rainbow
Trout (MSG 1999 – 2016). See Appendix D for numbers of adult and half-pounder steelhead
from 1996 to 2019.
Since 2005, the survey has covered almost the entire mainstem Mattole River. The uppermost
five miles have been excluded since 2013 due to the lack of suitable adult holding habitat (N.
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Queener, Mattole Salmon Group, pers. comm., February 4, 2020). A large proportion of
summer steelhead have been found to hold in a 19.4-mile stretch of the upper Mattole River
from McKee Creek to about a mile above Grasshopper Hill Creek (MSG 1999 – 2016). However,
summer steelhead are rarely found in the headwaters. The number of river miles surveyed has
varied each year likely due to fluctuations in availability of volunteers. The highest number of
summer steelhead observed since the survey began in 1996 was 56 in 2013.

Figure 3.7. Reference map of locations in the Mattole River watershed.
3.4 Abundance and Trends
The Petitioner requested an evaluation of NC summer steelhead to evaluate potential listing
under CESA. To provide the best scientific information in our evaluation of the candidate
species as required by Fish and Game Code Section 2074.6, we have analyzed status and trends
for NC summer steelhead populations with available annual abundance data.
Five NC steelhead DPS streams with extant summer steelhead population segments are
surveyed annually to enumerate adult summer steelhead. These streams include Redwood
Creek and the Mad, Middle Fork Eel, Van Duzen, and Mattole rivers. It is important to note that
for all NC summer steelhead surveys, the method used has been direct observation of fish
holding over summer, which likely underestimates abundance to some degree, especially when
there is poor visibility, substantial cover habitat, and greater pool depth (Portt et al. 2006).
These direct counts are not statistically expanded in any way to account for fish that are not
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observed within the survey reaches or were outside of the extent of the survey. These adult
surveys are conducted months prior to spawning, so there is also potential for overestimating
the number of spawning adults due to pre-spawn mortality. Thus, the counts obtained cannot
be equated to spawning fish estimates, which are often used as a metric of salmonid
population abundance. The analyses below should be viewed and interpreted with an
understanding of the limitations surrounding these data. These analyses are merely tools to
help assess and contextualize what the available data suggest in terms of general status and
trends of each NC summer steelhead population. Without comprehensive monitoring data, it is
not possible to produce total estimates of abundance of these summer steelhead populations.
Of the five surveys, the most robust dataset is from the Middle Fork Eel River. Snorkel survey
efforts have been relatively consistent since the first year of the survey in 1966; with the
reaches from Bar Creek up to Wright’s Valley surveyed every year along with the North Fork of
the Middle Fork Eel River and Balm of Gilead Creek (S. Thompson, CDFW, pers. comm., January
16, 2020). There were two years where the survey was not conducted or was incomplete, 1969
and 1972, respectively. Long-term trend analyses of Middle Fork Eel River summer steelhead in
this report have been conducted using data from 1970 onward to account for the year of
missing survey data (1969). Middle Fork Eel River summer steelhead numbers have exceeded
numbers of all other surveys each year on the order of hundreds of fish.
Summer steelhead snorkel surveys conducted on Redwood Creek, Mad River, Van Duzen River,
and Mattole River have had varying levels of inconsistency in the stream reaches or years
surveyed. These four surveys generally did not cover the entirety of summer steelhead holding
habitat, though most have improved in more recent years and cover the majority of the
mainstem habitat. Most years of the Redwood Creek survey covered only an index reach of
about 24 miles. Mad River surveys spanned anywhere from three and a half to 72 miles with
the most recent years covering about 50 miles of habitat. Until recently, the Van Duzen River
survey was also inconsistent, with only 15 years constituting what would be considered a “full”
survey from the Eaton Falls barrier down to the confluence with the mainstem Eel River (S.
Thompson, CDFW, pers. comm., March 23, 2020). These full survey efforts include the most
recent surveys beginning in 2011.
We contemplated using index reaches that were surveyed consistently each year in trend
analyses in attempts to standardize these datasets but there are several necessary
considerations regarding this approach. The intent of an index reach is to represent relative
annual summer steelhead abundance by selecting a reach that has consistent use by summer
steelhead and is surveyed every year. Although an index reach would provide a consistent
survey area across years, the index reach selected may not represent the same level of
utilization by summer steelhead each year. The selected reach could be a summer steelhead
hotspot one year but unutilized the next year due to shifts in distribution as a response to
flows, temperature, or other environmental factors that can vary annually. Additionally, an
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index reach would not provide an idea of total abundance, unless the reach covered most of
the known habitat. Index reach numbers could only show possible trends in population growth
or decline and would need to be expanded to achieve reliable abundance estimates. Because of
this, we decided to use total counts from most datasets with the caveat that these numbers
likely do not represent total abundance each year. It was decided to use an index reach only for
the Redwood Creek trend analysis (Section 3.4.2 Trend Analysis), since the annual survey
included a consistent index reach of that stream. For analysis of Redwood Creek data to
determine the trend in population abundance, we eliminated survey efforts by CalTrout and
NCFR from 1993-1998 and 2008 because they were only conducted for six out of the 39 total
years of the survey and could skew the analysis, producing an inaccurate trend value for the
population.
We also note that the Redwood Creek, Mad River, and Mattole River surveys enumerated halfpounders for some or all years the surveys were conducted. We attempted to remove halfpounder counts from our analyses as we do not feel they are representative of true population
abundance. Half-pounders ultimately return to the ocean where they are exposed to further
threats of mortality. Additionally, the origin of these half-pounders is uncertain as some could
be strays from northern Oregon streams. There were four years (1992, 1995, 1997, and 2004)
where half-pounders were known to be included in summer steelhead counts for the Van
Duzen River. These were removed to the best of our ability by excluding fish less than 16 inches
based off information in original survey reports. During a few years of the Redwood Creek
survey, fish less than 16 inches (the typical length cutoff for adult summer steelhead) were
counted towards adult abundance. These few fish were not removed because they were not
designated as half-pounders and were often grouped in with larger fish as a total count rather
than enumerated separately. Mad River half-pounders have been enumerated separately each
year and, in most years, exceed the number of adults counted. Mad River half-pounders were
not included in analyses.
We used data from 1966 through 2019 to analyze the status and trend of the five summer
steelhead populations mentioned above. Because annual surveys did not begin until 1966 for
the Middle Fork Eel River, and at least a decade later for all other surveys, we want to
emphasize that these datasets likely begin after the most devastating declines in abundance
had already occurred probably as a result of human land use beginning in the mid-1800s and
effects of the catastrophic floods in 1955 and 1964. Thus, any trends found to be significant in
this current time series of abundance should be taken in the context that historical numbers
were probably higher than the current data suggest. Some of the analyses below were not
possible to conduct for all five populations due to missing years of data. For example, the Mad
River dataset is missing six years between 2006 and 2019 and the Van Duzen River dataset is
missing 11 years over the entire time series of the survey since 1979. Figure 3.8 shows full time
series summer steelhead counts for the five populations. Appendix B provides annual summer
steelhead counts used in Figure 3.8 and identifies data sources.
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Age-specific estimates of returning adults and subsequent cohort reconstructions would be the
best way to analyze population size per generation and population growth rates. Currently, agespecific return estimates are not available for NC summer steelhead, so we decided to use a
proxy of mean generation time to calculate total population size per generation (Section 3.4.1.3
Total Population Size per Generation [Ng]) and cohort replacement rates (Section 3.5.1 Cohort
Replacement Rate, ln[CRR]). For these analyses we used a mean generation length of four
years. Although Puckett (1975) showed the majority of summer steelhead return to the Middle
Fork Eel and Van Duzen rivers at the age-3, a study conducted by Ward (n.d.) in the late 1980’s
showed an almost even split between age-3 and age-4 summer steelhead returning to the
Middle Fork Eel River. Additionally, in an intraoffice correspondence from Leo Shapovalov, a
Senior Fisheries Biologist for the Department, he notes scale age work he conducted that
showed Middle Fork Eel River summer steelhead spending two years in fresh water and two
years at sea (4 years total) before returning for their first spawning event (CDFG 1953). Spence
et al. (2008) states that without population-specific age information, the mean generation time
for steelhead is assumed to be four years; the most common age for steelhead to spawn within
the North-Central California Coast Recovery Domain, which includes the NC steelhead DPS
(Spence et al. 2008). Given the available age information and the guidance from Spence et al.
(2008) we proceeded with a generation time of four years. Using a standard generation time or
age of return does not account for fish returning to the river to spawn multiple times during
their life nor fish that return at multiple ages in any given year. This means that one fish may be
included in multiple annual adult counts and contribute to more than one generation in our
analyses.
It is important to note that we did not use the metric of spawning fish abundance as
recommended by Spence et al. (2008), rather we used counts of summer holding fish, which
were the most comparable available data. Estimates of adult summer steelhead holding in pool
habitat can provide measures of general trends in abundance, though many of these fish
succumb to mortality before they are able to spawn (Moyle et al. 2008). Uncertainty
surrounding these numbers also comes from factors discussed above like inconsistent survey
frame and potential underestimation in snorkel surveys. Due to these uncertainties, summer
steelhead counts do not represent estimates of total spawning fish abundance.
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Figure 3.8. Adult abundance for Northern California summer steelhead populations. A)
Redwood Creek. B) Mad River; no data 2006, 2007, 2009-2012. C) Middle Fork Eel River; no data
1969. D) Van Duzen River; no data 1985, 1986, 1990, 1993, 1994, 1996, 1998, 2000-2002. E)
Mattole River. Note different scales on the Y axis.
3.4.1 Abundance Analysis
3.4.1.1 Geometric Mean Abundance
Geometric mean can be an important indicator of status, thus we looked at geometric mean of
annual adult summer steelhead abundance (Na) in the context of three different time frames
for the five available population datasets of Northern California summer steelhead. Geometric
mean is a useful metric for status evaluation because it calculates central tendency of
abundance while minimizing the effect of outliers in the data. It is thought to more effectively
characterize the time series of abundance based on counts than the arithmetic average (Good
et al. 2005; Spence et al. 2008). Spence et al. (2008) recommend using the geometric mean of
spawning fish abundance for the most recent 3–4 generations as an estimator for the mean
annual population abundance (Spence et al. 2008). We did not use the arithmetic average
because it is known to be overly sensitive to a few large counts and can result in incorrect
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depiction of central tendency with typically highly variable salmon population data. A range of
minimum and maximum abundances are provided for scale (Table 3.2).
In addition to looking at long-term geometric mean abundance using the total available time
series, we also chose to analyze a medium-term geometric mean using 12 years to represent
three generations, and a short-term geometric mean of 5 years, which has been standard in
NMFS reviews to evaluate status (NMFS 2011; NMFS 2016a). There were missing data in some
of the time series noted in the following tables. Only the available data were used in the
calculations, with no effort to interpolate or otherwise fill in missing data. Using methods from
Spence et al. (2008), we defined the geometric mean of adult summer steelhead abundance
as:
1/𝑛

̅𝑎(𝑔𝑒𝑜𝑚) = (∏ 𝑁𝑎(𝑖) )
𝑁

where 𝑁𝑎(𝑖) is the total number of adult summer steelhead in year i, and n is the number of
years of data available.
Although we evaluated status using the best available long-term data sets, we note that what
amounts to “historical abundance” several decades ago may have limited use for predicting
future abundance as conditions in the past may be less relevant to current and future
abundance. For this reason, we rely on recent 12- and 5-year geometric means as the best
indicators of current abundance status (Table 3.3). We also note that the longest time series we
have for NC summer steelhead (Middle Fork Eel River) extends only back to 1966 and the most
drastic declines in NC summer steelhead likely occurred prior to this time. Pre-1966 declines are
not accounted for in the analysis below.
Table 3.2. Minimum and maximum abundance for long-term, medium-term, and short-term
time frames for the five Northern California summer steelhead populations.

Long-term
Years
Min
Max
12-year
Years
Min
Max
5-year
Years
Min
Max

Redwood
Creek

Mad River

Middle Fork
Eel River

Van Duzen
River

Mattole
River

1981-2019
0
59

1980-2019
5
569

1966-2019
198
1,601

1979-2019
0
255

1996-2019
7
56

2008-2019
2
59

2008-2019
110
336

2008-2019
323
1,191

2008-2019
54
255

2008-2019
7
56

2015-2019
2
12

2015-2019
117
336

2015-2019
323
493

2015-2019
54
144

2015-2019
7
29
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Table 3.3. Long-term, medium-term, and short-term geometric mean abundance for five
Northern California summer steelhead populations.
Population

Years

Long-term
Geometric
Mean
10

Years

12-year
geometric
mean
8

Years

5-year
geometric
mean
4

Redwood
1981-2019
2008-2019
2015-2019
Creek
Mad River1
1980-2019
99
2008-2019
189
2015-2019
175
Middle Fork 1966-2019
667
2008-2019
559
2015-2019
399
2
Eel River
Van Duzen
1979-2019
36
2008-2019
106
2015-2019
91
3
River
Mattole
1996-2019
20
2008-2019
22
2015-2019
15
River
1 No data long-term 2006, 2007, 2009-2012; 12-year 2009-2012.
2 No data long-term 1969.
3 No data long-term 1985, 1986, 1990, 1993, 1994, 1996, 1998, 2000-2002, 2010; 12-year 2010.
Three populations had lower 5-year geometric mean abundances than their long-term
geometric mean abundances (Redwood Creek, Middle Fork Eel River, and Mattole River). All
geometric mean abundances for NC summer steelhead are below 1,000 and most are below
500 except for the long-term and 12-year Middle Fork Eel River geometric mean abundances.
However, there is a clear decline from the long-term geometric mean abundance of the Middle
Fork Eel River population to the 5-year geometric mean abundance, indicating moderate risk of
extinction based on population size (Spence et al. 2008). Geometric mean abundances for
Redwood Creek and the Mattole River are critically low across all time frames.
3.4.1.2 Changes in Geometric Mean Over Time
We calculated the running 12-year (3-generation) geometric mean abundance for the
populations with at least ten data points available, which include Redwood Creek, the Middle
Fork Eel River, and the Mattole River (Figure 3.9). Both Redwood Creek and the Mattole River,
as stated before, have remained at critically low numbers (under 50 adults per year) across all
years. The 3-generation geometric mean of annual adult abundance in the Middle Fork Eel
River has declined from over 900 to just over 550. Running 12-year geometric mean
abundances could not be calculated for the Mad River or the Van Duzen River due to multiple
years of missing data. It is important to note the different scales of abundance between the
Middle Fork Eel River and the other two populations, with the Middle Fork Eel River in the
hundreds of adults annually and the Mattole River and Redwood Creek in the tens. However,
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even though the Middle Fork Eel River population has remained in the hundreds of fish per
year, the long-term decline is cause for concern.

Figure 3.9. Running 12-year (3-generation) geometric mean of NC steelhead abundance for A)
Redwood Creek, B) Middle Fork Eel River, and C) Mattole River. Note different scales on the Y
axis.
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3.4.1.3 Total Population Size per Generation (Ng)
Table 3.4 shows the harmonic mean of total population size per generation (Ng) over five years
was calculated for five NC summer steelhead populations (Table 3.4). Ng is a criterion used for
assessing the level of extinction risk for a population as defined by Spence et al. (2008) (Table
3.5). Generation time is the average interval between birth of an individual and the birth of its
progeny. For NC summer steelhead, we do not have age-specific data, so we used a mean
generation time of four years (see Section 3.4 Abundance and Trends for explanation). To
estimate Ng, Spence et al. (2008) suggested using the harmonic mean of the running sum of
returning fish abundance for the mean generation time of the species and population over a
period representing at least four generations (Spence et al. 2008). Using methods from Spence
et al. (2008), the harmonic mean of total population size per generation can be mathematically
expressed as:
̅𝑔(ℎ𝑎𝑟𝑚) =
𝑁

1
1 𝑛
1
∑𝑡−1
𝑛
𝑁𝑔(𝑡)

Where 𝑁𝑔(𝑡) is the running sum of adult abundance at time t for a period equal to the mean
generation time k of the population:
𝑡

𝑁𝑔(𝑡) = ∑ 𝑁𝑎(𝑖)
𝑖=𝑡−𝑘

Where 𝑁𝑎(𝑖) is the total number of adult summer steelhead in year i. It is recommended that a
period of four generations be used (Spence et al. 2008); however, for two of our five datasets,
we were unable to calculate these values using four generations due to missing years of data.
Because of this discrepancy, we decided to show the recent time frame of five years to
illustrate current population size per generation, using a mean generation time of four
years. For the Mad River, harmonic mean of total population size per generation could only be
calculated for the most recent four generations due to missing years of data.
Table 3.4. Short-term harmonic mean of total population size per generation for Northern
California summer steelhead populations.
Population

Years

Short-term harmonic mean of total
population size per generation
Redwood Creek
2015-2019
30
Mad River1
2016-2019
838
Middle Fork Eel River
2015-2019
2,016
Van Duzen River
2015-2019
434
Mattole River
2015-2019
96
1 Only calculated for four generations due to missing years of data
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Given the risk extinction criteria from Spence et al. (2008) and Allendorf et al. (1997) (Table
3.5), all Northern California summer steelhead populations with available population data are
at least at moderate risk of extinction, with two populations, Redwood Creek and the Mattole
River, at high risk of extinction. The NMFS viability target for all NC summer steelhead
̅𝑔(ℎ𝑎𝑟𝑚) = 2,500 (Williams et al. 2016). The Department has not
populations is defined to be 𝑁
established abundance targets for NC summer steelhead populations. NMFS viability targets
were developed based on what would constitute viable population sizes and do not necessarily
reflect estimates of historical abundance. None of the five surveyed populations are at or
approaching their viability targets. The Middle Fork Eel River population is the closest at around
2,000 adult summer steelhead per generation.
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Table 3.5. Criteria for assessing the level of risk of extinction for populations of Pacific
salmonids. Overall risk is determined by the highest risk score for any category. Ng = total
number of spawning fish per generation; Ne = effective population size; and Na = annual
spawning fish abundance. (Adapted from Spence et al. 2008)
Population
Characteristic
Extinction risk from
population viability
analysis (PVA)

Extinction Risk
High
≥ 20% within 20 yrs

Extinction Risk
Moderate
≥ 5% within 100 yrs
but
< 20% within 20 yrs

Extinction Risk
Low
< 5% within 100 yrs

- or any ONE of the
following -

- or any ONE of the
following -

- or ALL of the following
-

Ne ≤ 50
or
Ng ≤ 250

50 < Ne < 500
or
250 < Ng < 2500

Ne ≥ 500
or
Ng ≥ 2500

Precipitous declinea

Chronic decline or
depressionb

No decline apparent or
probable

Catastrophic decline

Order of magnitude
decline within one
generation

Smaller but
significant
declinec

Not apparent

Spawning fish
density

Na/IPkmd ≤ 1

1 < Na/IPkm < MRDe

Na/IPkm ≥ MRDe

Hatchery influencef

Evidence of adverse
genetic,
demographic, or
ecological effects of
hatcheries on wild
population

Evidence of adverse
genetic,
demographic, or
ecological effects of
hatcheries on wild
population

No evidence of adverse
genetic, demographic, or
ecological effects
of hatchery fish on wild
population

Effective population
size per generation
or
Total population size
per generation
Population decline

a

Population has declined within the last two generations or is projected to decline within the next two generations
(if current trends continue) to annual run size Na ≤ 500 spawning fish (historically small but stable populations not
included) or Na > 500 but declining at a rate of ≥10% per year over the last two-to-four generations.
b
Annual run size Na has declined to ≤ 500 spawning fish, but is now stable or run size Na > 500 but continued
downward trend is evident.
c
Annual run size decline in one generation < 90% but biologically significant (e.g., loss of year class).
d
IPkm = the estimated aggregate intrinsic habitat potential for a population inhabiting a particular
watershed (i.e., total accessible km weighted by reach-level estimates of intrinsic potential; see Bjorkstedt et al.
[2005] for greater elaboration).
e
MRD = minimum required spawning fish density and is dependent on species and the amount of potential habitat
available.
f
Risk from hatchery interactions depends on multiple factors related to the level of hatchery influence, the origin
of hatchery fish, and the specific hatchery practices employed.
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3.4.2 Trend Analysis
Population trends were estimated using the methods described by Good et al. (2005) and
Spence et al. (2008). Population trend, T, was estimated as the slope of the number of naturalarea adult summer steelhead (log-transformed) regressed against time. A value of one was
added to the number of natural-area adult summer steelhead before the log-transformation to
̅𝑎 + 1)]. Using methods
address any zero values if they were present in the dataset [i.e., 𝑙𝑛(𝑁
from Good et al. (2005), the linear regression can be expressed as:
̅𝑎 + 1) = 𝛽0 + 𝛽1 𝑋+∈
𝑙𝑛(𝑁
̅𝑎 is annual adult summer steelhead abundance, 𝛽0 is the intercept, 𝛽1 is the slope of
Where 𝑁
the equation, and ∈ represents the random error term. Population trend, T, for the specified
time series was expressed as the exponentiated slope from the regression above:
exp (𝛽1 )
with 95% confidence intervals calculated as:
exp(𝛽1 ) ± 𝑡0.05(2),𝑑𝑓 𝑠𝑏1
where 𝑏1 is the estimate of the true slope, 𝛽1 , 𝑡0.05(2),𝑑𝑓 is the two-sided t-value for a
confidence level of 0.95, df is equal to n-2, n is the number of data points in the time series, and
𝑠𝑏1 is the standard error of the estimate of the slope, 𝑏1 (Good et al. 2005).
Long-term trends are estimated using all available data in the time series. Spence et al. (2008)
states that a time series of at least two and up to four generations of adult abundance is
necessary to estimate trend (Spence et al. 2008). We evaluated recent trends using what we
consider the minimum amount of data (at least 10 data points within the most recent 12-years;
three summer steelhead generations) likely to give reliable trend estimates (Table 3.6). Trend
values less than one indicate average population component decline, whereas trend values
greater than one indicate average growth. Confidence intervals that range from less than one
to greater than one indicate a lack of statistical support for the calculated trend.
For Redwood Creek, as discussed in Section 3.4.1, we used only the counts collected by the NPS
to provide a standardized reach for our trend analysis. During the years 1993 – 1998 and 2008,
CalTrout and/or NCFR surveyed upstream portions of Redwood Creek and their counts
exceeded those within the NPS sections of the creek. In order to provide a more reliable
analysis, CalTrout and NCFR data were excluded from calculations of trend for Redwood Creek
and we used only NPS data from approximately 24 miles (37.8 km) of surveyed habitat.
CalTrout and NCFR data are included in all of the abundance analyses above.
For the Mad River, survey extent varied drastically from year to year until the Mad River
Alliance assumed responsibility in 2012 with the intention of implementing consistent protocols
and a comprehensive survey frame. Since 2012, about 50 miles of the mainstem Mad River is
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covered by the summer steelhead snorkel survey between Matthews Dam and Kadle Hole.
Because of the inconsistency in number of miles surveyed until 2012, we did not calculate longterm trend for the Mad River. NMFS’ most recent five-year status review of Pacific Salmon and
steelhead listed under the ESA also did not calculate for summer steelhead abundance in the
Mad River (Williams et al. 2016). We could not complete recent trend analysis for the Mad
River due to missing years of data.
The number of miles surveyed on the Van Duzen River also varied greatly between 1979 and
2010 with only six of those years representing what would be considered a comprehensive
survey (S. Thompson, CDFW, pers. comm., 28 February 2020). Thus, we did not calculate longterm trend for summer steelhead in the Van Duzen River. In 2011, the Department
implemented consistent annual survey efforts that likely cover most of the holding habitat used
by summer steelhead. Although the recent trend analysis incorporates survey data from 20082009 when only partial surveys were conducted (no survey in 2010), we have reported the
trend value because most surveys were roughly equivalent in extent during the recent time
frame. Data prior to 2011 was not used by Williams et al. (2016) nor did they calculate trend for
Van Duzen River summer steelhead abundance.
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Table 3.6. Long-term and recent trends in adult abundance using slope of ln-transformed time series counts for four Northern
California summer steelhead populations. Missing years of data were eliminated and not interpolated in any way. Bolded trend
values were found to be significant (p<0.05).
Population

Years

Lower
95% CI
0.97

Upper
95% CI
1.02

Years

1981-2019

Long-term
Trend1
0.99

Redwood Creek2

2008-2019

Recent
Trend1
0.87

Lower
95% CI
0.78

Upper
95% CI
0.97

Mad River3

1980-2019

-

-

-

2008-2019

-

-

-

Middle Fork Eel River

1970-2019

0.98

0.98

0.99

2008-2019

0.94

0.88

1.01

Van Duzen River4

1979-2019

-

-

-

2008-2019

0.98

0.89

1.08

Mattole River
1996-2019 1.01
0.97
1.04
2008-2019
0.93
0.83
1.04
"-" indicates no trend analysis available.
2 Standardized reach used; represents only a partial population estimate.
3 No data long-term 2006, 2007, 2009-2012; recent 2009-2012. Survey frame inconsistent until 2012.
4 No data long-term 1985, 1986, 1990, 1993, 1994, 1996, 1998, 2000-2002, 2010; recent 2010. Survey frame inconsistent until 2011.
1

73

Redwood Creek shows a statistically significant recent downward trend (p = 0.016) though no
significant long-term trend (p = 0.451). This population has been and remains at critically low
abundance (Williams et al. 2016). The Middle Fork Eel River population, even though it is the
most stable of all NC summer steelhead populations, has experienced a statistically significant
negative long-term trend (p = 0.0001) and a negative recent trend that is approaching statistical
significance (p = 0.098). The Van Duzen summer steelhead population showed no statistically
significant trend (p = 0.660) for the recent time frame though additional years of data will be
useful for future analyses. The Mattole River has the shortest dataset of NC summer steelhead
populations. Neither the long-term or recent trends are statistically significant (p = 0.707 and p
= 0.166, respectively).
In general, based on the available data, NC summer steelhead seem to be experiencing a slight
decline. However, there were only two statistically significant trend values, Redwood Creek
recent and Middle Fork Eel River long-term. Trends that were not statistically significant mostly
indicate slight declines over both long-term and recent time frames.
3.5 Productivity
3.5.1 Cohort Replacement Rate, ln(CRR)
We evaluated productivity of the Northern California summer steelhead populations by
evaluating cohort replacement rate over time. Cohort Replacement Rate (CRR) is:
𝐶𝑅𝑅 = ln (

𝑁𝑡+4
)
𝑁𝑡

Natural log-transformed CRRs >0 indicate that the cohort increased in size that year in relation
to the brood year three years earlier, whereas ln CRR <0 indicates that it declined. This analysis
assumes a generation time for Northern California summer steelhead of four years, which has
been determined to be reasonable based off our best understanding of summer steelhead age
structure (CDFG 1953; Spence et al. 2008; Ward, n.d.). CRRs were calculated for four
populations of NC summer steelhead (Figure 3.10). The Van Duzen River had too many years of
missing data to produce meaningful results.
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Figure 3.10. Ln-Cohort Replacement Rates for four NC summer steelhead populations, A)
Redwood Creek, B) Mad River, C) Middle Fork Eel River, and D) Mattole River. Gaps are due to
years of missing data. Gaps are a result of missing years of data. Note different scales on the Y
axis.
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Although not completely consistent, a cyclical pattern of growth and decline can be detected
when looking at CRR’s over the time series available. Cyclical patterns are seen in other fish
populations, though cycles are generally most apparent when there is a strong densitydependent factor involved or when one age-class strongly influences recruitment and spawning
occurs only once (Townsend 2006). CRR’s for all four populations evaluated were almost evenly
divided between positive and negative values. Redwood Creek and the Mad and Middle Fork
Eel rivers had slightly more negative CRR’s than positive, and the Mattole River had slightly
more positive CRR’s than negative. The most recent years have seen declines in productivity for
all populations.
3.5.2 Middle Fork Eel River Juvenile Density
Surveys have been conducted to determine juvenile standing crop density at two sites on the
Middle Fork Eel River during the fall since the 1980s. Collection at Fern Point, the upstream site,
began in 1980, and collection at the Osborn site began a few years later in 1984. The Fern Point
and Osborn sites were selected because they generally represent the upper and lower extents,
respectively, of summer steelhead holding distribution (S. Thompson, CDFW, pers. comm., June
19, 2020). Although neither site likely has spawning activity due to the majority of the substrate
being comprised of boulder and cobble, there is suitable spawning habitat about a quarter
kilometer away from both (S. Thompson, CDFW, pers. comm., June 19, 2020). Multi-pass
depletion surveys are conducted at each site with two backpack electrofishing units along a
transect about 30 meters in length. Electrofishing has not been used at Fern Point since 2012
due to the absence of adult steelhead above Asa Bean Roughs. Instead, a snorkel survey has
been conducted at Fern Point beginning in 2013 (CDFG 1966 – 2018). Multiple year classes are
encountered on these surveys and length frequency analysis is used to separate young-of-theyear (YOY) from yearling plus (Y+) fish (CDFG 1966 – 2018).
Assemblages of juveniles at the Fern Point and Osborn sites are assumed to mostly consist of
summer steelhead, though it is possible that some winter steelhead are mixed in at the Osborn
site given its location further downstream (S. Thompson, CDFW, pers. comm., June 18, 2020).
There is likely a small contribution from resident Rainbow Trout at both sites, as well. Juvenile
abundance at Fern Point from 2013-2019 provides an idea of resident trout contribution since
there were no summer steelhead in those years above Asa Bean Roughs. Juvenile densities of
about 0.01 fish/m2 as seen at Fern Point in recent years are typical for habitat above barriers to
anadromy throughout Mendocino County (S. Thompson, CDFW, pers. comm., June 18, 2020).
McElhany et al. (2000) suggest that estimates of smolt production can provide a measure of
productivity by showing a population’s potential to increase and its ability to sustain in poorer
conditions (McElhany et al. 2000). Although we do not have smolt production estimates,
looking at changes in juvenile density over time may provide a general trajectory for juvenile
abundance and provide some understanding of summer steelhead productivity. Below are
graphs depicting juvenile density (fish/m2) at the Fern Point and Osborn sites (Figure 3.11). YOY
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fish tend to be the dominant age class within juvenile assemblages at the collection sites (S.
Thompson, CDFW, pers. comm., June 19, 2020). We note that densities at these two sites
should not be used as estimates for the entire Middle Fork Eel River. Because only two sites
were sampled, fluctuations in density may be somewhat attributable to fish behavior rather
than abundance. Interannual changes in spawning distribution or carrying capacity of the two
habitats could have a substantial impact on these site-specific juvenile abundances, as well. It is
also important to understand that, although a linear relationship has been found between
number of juvenile outmigrants and number of returning adults (Ward and Staley 1988), smoltto-adult survival is highly dependent on environmental conditions in migration corridors and
even more so in the ocean especially during the early marine life stage (Kendall et al. 2017).

Figure 3.11. Juvenile (YOY and Y+) summer steelhead densities at A) Fern Point and B) Osborn
sites on the Middle Fork Eel River 1980 – 2019. Osborn site sampling began in 1984.
Fern Point juvenile density is trending negatively across the entire timespan of the survey for
both age classes. Densities in the most recent years when summer steelhead have not been
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observed above Asa Bean Roughs likely have a substantial effect on these trends, although even
in years prior there was generally a downward trajectory, especially as compared to densities
during the late 1980s through the mid-1990s. The decline in fish densities at Fern Point after
1996 is likely a result of the rearrangement of boulders within Asa Bean Roughs the year prior,
which has made it more difficult for adult summer steelhead to reach Fern Point in recent years
and indicates a possible shift in summer steelhead distribution to lower areas of the watershed.
In contrast to Fern Point juvenile densities, Osborn juvenile densities seem to be trending in a
slightly positive direction. This trend could be influenced by the downstream shift in summer
steelhead distribution. Prior to 2013, when summer steelhead were still being observed above
Asa Bean Roughs, the Osborn site had lower juvenile summer steelhead abundance on average
than Fern Point. Compressing spawning and rearing habitat into a smaller area has the potential
to create density-dependence issues such as crowding, increased predation, and competition,
which could have detrimental effects on population size and productivity if carrying capacity of
the smaller habitat area is exceeded.
3.6 Spatial Structure
Spatial structure of a population encompasses 1) the geographic distribution of individuals
within the population and 2) the processes that produce this geographic distribution (McElhany
et al. 2000). Salmonid habitat is often inconsistent throughout a river system, so fish will use
distinct habitat “patches” that have varying levels of suitability. Scale used to define the size of
a habitat “patch” is not defined as they are specific to individual populations. Salmonid
population spatial structure is not clearly understood and the configuration of a typical spatial
structure for salmonids is unknown; however, McElhany et al. (2000) defined guidelines that
are thought to contribute positively to sustaining the spatial structure of a viable salmonid
population:
1. Habitat patches should not be destroyed at a faster rate than they develop naturally.
2. Human activities should not affect natural stray rates between subpopulations.
3. Some suitable habitat patches should be preserved even if they are not currently
used.
4. Source subpopulations should be preserved.
5. Uncertainty and lack of information should be accounted for in analyses of spatial
structure. As a default, Historic spatial processes are assumed to have been
sustainable, thus, they should be preserved as a default.
Spatial structure within NC summer steelhead populations has changed over time especially as
a result of anthropogenic activities, catastrophic weather events, and cumulative effects.
Reductions in habitat availability and suitability are likely the primary consequences of these
activities. Man-made dams have blocked off substantial summer steelhead habitat on the Mad
River and the mainstem Eel River, which has compressed the summer steelhead range in those
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rivers and likely caused more overlap in summer and winter steelhead spawning habitat use.
Although the Matthews Dam likely only removed access to a couple miles of potential habitat
on the Mad River (NMFS 2016b), Scott Dam is estimated to have blocked 198-288 miles of
potential upstream steelhead habitat on the mainstem Eel River and tributaries of the Lake
Pillsbury basin (Cooper 2017). Other human land uses such as timber harvest, agriculture,
mining, and road construction have had a myriad of effects on availability and quality of
summer steelhead habitat. Though we cannot classify the types of population or subpopulation
structures for NC summer steelhead, it is clear they have experienced effects of the changing
environment and their historical spatial processes have been substantially altered. Many
habitat “patches” that were used historically are no longer available or suitable. The loss of
spatial structure within a population, in addition to habitat homogenization and loss of habitat
connectivity, removes the mechanism by which steelhead persevere through environmental
shifts and catastrophic events (Crozier et al. 2019).
3.7 Diversity
Diversity is the fourth criterion to consider when evaluating viability of salmonid populations
(McElhany et al. 2000). Diversity is a key component of viability because it allows a species to
use a wider array of environments than they could without it, protects a species against shortterm spatial and temporal changes in the environment, and provides the raw genetic material
for surviving long-term environmental changes. Waples et al. (2001) emphasize that general
conservation goals should include preserving the diverse assemblage of populations
necessitated to buffer anthropogenic effects on the natural processes of evolution (Waples et
al. 2001).
Diversity has been shown to be adaptive (Taylor 1991) and severely altering or losing some
aspects of it can have a detrimental effect on population viability (McElhany et al. 2000).
McElhany et al. (2000) also provide guidelines for maximizing diversity in salmonid populations
as follows:
1. Human-induced habitat changes, harvest pressures, artificial propagation, and exotic
species introduction, or other factors should not considerably modify variation in
traits, e.g., migration timing, age structure, size, fecundity, morphology, behavior,
and molecular genetic characteristics.
2. Human-caused factors should not significantly change the rate of inter-population
gene flow.
3. Natural processes that result in ecological variation should be preserved.
4. Population status evaluations should take uncertainty about requisite levels of
diversity into account. Uncertainty regarding necessary levels of diversity should be
accounted for in evaluations of population status.
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Anthropogenic activities can have a significant impact on straying between populations, and as
a result, change local adaptations and patterns of diversity (Keefer and Caudill 2014).
Alterations of flow regimes and migration pathways, as well as instream contaminants like
pesticides, can inhibit homing of salmonids, causing them to stray from natal spawning grounds
(Keefer and Caudill 2014). In addition to affecting inter-basin straying, anthropogenic impacts
can have a devastating effect on productivity and survival. When populations dip into low
abundances, the risk of genetic bottlenecks is much greater and thus extinction risk becomes
higher. At low densities, populations may experience what is called depensation, where per
capita growth rate decreases as abundance decreases (Spence et al. 2008). This causes
numerous negative effects such as reduced likelihood of finding mates, more detrimental
effects of predation, loss of habituation to the local environment, and loss of effective group
dynamics (Liermann and Hilborn 2001). Depensation-related consequences can have marked
influence on extinction risk.
Stream-maturing (summer) steelhead and (spring) Chinook Salmon have experienced more
population losses than the ocean-maturing life history type likely due to significant loss of the
high elevation, over-summer, holding habitat that they require as well as higher vulnerability to
multiple threats during that holding time (Gustafson et al. 2007). Gustafson et al. (2007) argue
that sustaining salmon and steelhead diversity requires conservation of local populations and
their habitat. Summer steelhead in the NC steelhead DPS have already experienced population
losses, which may have resulted in a loss of local adaptations and genetic diversity. Populations
of summer steelhead in the upper mainstem and upper middle mainstem of the Eel River were
already lost with the construction of Scott Dam and additional populations of NC summer
steelhead are near extirpation. Loss of the summer migration life history type in the NC
Steelhead DPS would represent a loss of crucial genetic and phenotypic diversity for the
species.
3.8 Conclusions
Our analyses have demonstrated that some NC summer steelhead populations are currently at
critically low abundances and face a high risk of extinction, while others at higher abundance
levels are at moderate risk of extinction. NMFS set viability targets for all NC summer steelhead
populations at 2,500 adult summer steelhead per generation and, at this time, none of the
populations with long-term survey data are near or approaching this target. Redwood Creek
and the Mattole River have rarely seen over 50 summer steelhead each in a given year.
Although long-term population trends have been mixed with both positive and negative
trajectories, recent trends for all five summer steelhead populations assessed show slight
declines, though most of these trends were not statistically significant. We would also like to
emphasize that, although survey numbers may be underestimates as explained earlier, it is
likely that comprehensive monitoring data would still show these population segments to be
depressed as compared to speculations of what abundances were in the early to mid-20th
80

century (CDFG 1966 as cited in Jones 1992; USACOE 1973 as cited in CDFG 2006c; Jones 1992;
CDFG 2006a, 2006b, 2006c;).
Evaluation of the four viability criteria from McElhany et al. (2000) (i.e., abundance,
productivity, spatial structure, diversity) indicate that none of the NC summer steelhead
populations are viable, nor are they at or approaching the viability targets identified for them
by NMFS. Recent trends in abundance, although not statistically significant, are slightly negative
for all populations that were evaluated, indicating that these populations will remain at
critically low numbers. Productivity of NC summer steelhead populations is cyclical in nature,
but there have been a few more negative CRR’s than positive across years that surveys
occurred. Juvenile abundance at two sites in the Middle Fork Eel River, which supports the
largest summer steelhead population in the NC steelhead DPS, shows changes in distribution
and habitat use that could negatively affect productivity. Spatial structure of NC summer
steelhead has been markedly altered from historical population structure as a result of reduced
habitat availability and suitability in all watersheds. Additionally, select populations have
already been extirpated. These population losses and reductions increase the risk of
depensation, genetic bottlenecks, and lack of diversity.
Spence et al. (2008) considered population viability from two perspectives. The first objective is
to define the minimum viable population size at which a population would likely persist at a
specified probability over a specified amount of time. The second objective of Spence et al.
(2008) looks at viability as it relates to how a population is currently functioning compared to its
historical function. An important part of this second perspective on viability is using historical
conditions of abundance, productivity, spatial structure, and diversity as a baseline for
populations having high probability of long-term persistence. Unfortunately, we do not have
quantitative estimates of historical conditions for NC summer steelhead for this purpose.
Current population abundances in NC summer steelhead watersheds that were assessed are
likely much lower than what was suggested by historical accounts, which have led to theories of
multiple hundreds to multiple thousands of fish, depending on the drainage (CDFG 1966 as
cited in Jones 1992; USACOE 1973 as cited in CDFG 2006c; Jones 1992; CDFG 2006a, 2006b,
2006c). Generally, small populations are much more likely to respond poorly to environmental
variation, genetic processes, demographic stochasticity, and catastrophic events, and thus are
much higher risk for extinction than large populations (McElhany et al. 2000). Populations with
low densities of spawning fish can be at risk for depensation (McElhany et al. 2000; Spence et
al. 2008). Spence et al. (2008) suggests that depensation can trigger a positive feedback loop
that propels a population towards extinction. Although we do not have evidence of
depensation occurring explicitly in NC summer steelhead populations, their low population
sizes suggest it could be a concern.
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4. HABITAT NECESSARY FOR SURVIVAL
4.1 Adults
4.1.1 Migration
Summer steelhead enter freshwater during the spring and migrate to river headwater reaches.
Unlike winter steelhead, summer steelhead enter as immature fish and complete their life cycle
after they migrate. Summer steelhead enter the Mad River between April and July, and the
more southern Mattole River between March and June (Moyle et al. 2017). Upstream migration
and holding areas are contingent upon rainfall and stream discharge because steelhead enter
the rivers during the ascending or receding flows of spring depending on if hydrology is
influenced more by rainfall or snowmelt. Summer steelhead rely on adequate water depths and
velocity to reach the upstream pools they hold in during the summer (Reiser and Bjornn 1979;
Moyle 2002; NMFS 2016b). Holding habitats are typically distributed farther inland than winter
migration holding areas (Busby et al. 1996; Moyle 2002). Ideal velocity for upstream migration
is 40 – 90 cm/s with maximum velocities of 240 cm/s (NMFS 2016b). Upstream migration also
requires water levels to be at a minimum appropriate depth for passage of at least 18 cm
(Bjornn and Reiser 1991) unless the distance where water is less than 18 cm deep is short
enough to pass through (M. Sparkman, CDFW, pers. comm., July 8, 2020). Due to their deeperbodied, more robust morphology as compared to other California steelhead (Bajjaliya et al.
2014), NC steelhead may require slightly deeper water for passage. Along with high water
velocity and low water levels, upstream migration can be physically blocked in many ways
including dams, plugged or blocked culverts, fish passage facilities that are improperly sized, or
extended sandbar closures (NMFS 2016b). Steelhead are able to jump a maximum of 3.4 m
(Reiser and Peacock 1985 as cited in Spence et al. 1996). Typically, pool depth must be at least
25% greater than barrier height to achieve the required swimming velocity to pass the barrier
(Stuart 1962 as cited in Spence et al. 1996). Adult salmonids can sometimes use waterfall back
currents to propel themselves over obstacles (M. Sparkman, CDFW, pers. comm., July 8, 2020).
4.1.2 Holding
Adult summer steelhead hold for many months in cool, deep pools which are often
characterized as thermally stratified and ideally have riparian forest cover (NMFS 2016b).
Preferred holding velocities are around 0.28 m/sec for adults with higher velocities requiring
additional energy expenditure (Moyle and Baltz 1985). In addition to holding velocities, high
temperatures can affect productivity and survival. Temperatures of 23 – 24°C can be lethal for
adult steelhead (Moyle 2002). Deeper pools provide cooler water temperatures often due to
shade from riparian forest cover, ledges, subsurface flow, and thermal stratification (Moyle et
al. 2017). Pool availability varies within each river system; however, depths of pools used by
summer steelhead has been documented as ranging from approximately one meter to over
three meters, and deeper sections are used when pools are thermally stratified during the
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summer when surface temperatures are warmer during the day (Nakamoto 1994; Nielsen et al.
1994; Baigún et al. 2000; Baigún 2003). In the New River, California, adult summer steelhead
occupied areas with less than 35% substrate embeddedness, mean water depths of about 1.0 –
1.4 m, and riparian shade cover (Nakamoto 1994). Department scientist, Michael Sparkman,
notes seeing summer steelhead in even deeper pools in the New River, up to 20 feet in depth
(M. Sparkman, CDFW, pers. comm., July 8, 2020). Data collected by the Department through
the annual census on the Van Duzen and Middle Fork Eel rivers found a higher percentage of
adult summer steelhead were in pools with depths between 4.4 – 5.4 m and 3.5 – 4.4 m,
respectively (Tables 4.1 and 4.2) (CDFW internal data, S. Thompson). In both rivers, there was a
higher percentage of shallow pools than pools with greater depths and the majority of fish used
the deeper pools. In the Van Duzen River, 30% of pools had depths ranging from 1.5 – 2.4 m
while in the Middle Fork Eel River, 32% of pools counted had depths of 2.5 – 3.4 m. This
suggests that pools were selected based on depth preference rather than on availability.
Summer steelhead have been found to use cold pool habitat more so than any other habitat
types, despite the fact that pools often make up a smaller proportion of available habitat
(Bisson et al. 1988; Baigún et al. 2000; Baigún 2003; Moyle et al. 2017).
Table 4.1. Maximum depth of pools occupied by adult summer steelhead in the Van Duzen
River. Survey years: 2011 – 2019.
Maximum pool
depth (m)
0.9-1.5
1.5-2.4
2.5-3.4
3.5-4.4
4.5-5.4
5.5-6.4
6.5-7.4

Count of pools
at depth
5
13
4
5
10
5
1

% of pools
at depth
12%
30%
9%
12%
23%
12%
2%

Sum of fish
at depth
64
71
60
156
608
5
2

% of fish at
depth
7%
7%
6%
16%
63%
1%
0%

Table 4.2. Maximum depth of pools occupied by adult summer steelhead in the Middle Fork Eel
River. Survey years: 2000, 2001, 2004 – 2008, 2010 – 2019.
Maximum pool
depth (m)
0.9-1.4
1.5-2.4
2.5-3.4
3.5-4.4
4.5-5.4
5.5-6.4
6.5-7.4

Count of pools
at depth
13
199
229
136
106
26
9

% of pools
at depth
2%
28%
32%
19%
15%
4%
1%
83

Sum of fish
at depth
44
956
2037
2720
2479
701
349

% of fish
at depth
0.5%
10.3%
21.9%
29.3%
26.7%
7.5%
3.8%

Nielsen et al. (1994) found that during the summer in the Middle Fork Eel River, when midday
ambient stream temperatures were between 26 and 29°C, adults were found deep in stratified
pools where cold water pockets averaged 3.5°C cooler than surface temperatures (Nielsen et al.
1994). In several Northern California streams such as Redwood Creek, Rancheria Creek, and
Middle Fork Eel River, cold water sources included tributary inflow seepage from groundwater
source along the channel bed, thermal stratification of deep, still water, and intergravel flow
(Nielsen et al. 1994). Intergravel flow through river bars into pools was 3 – 9°C cooler than
water that entered through the mainstem and accounted for almost all of the cold-water inflow
in pools not associated with a tributary (Nielsen et al. 1994). In the Middle Fork Eel and Van
Duzen rivers, large pools maintain temperature stratification simply by remaining undisturbed
by surface flows, while smaller pools can have temperature stratification due to hyporheic
flows from adjacent gravel bars and tributary inputs (S. Thompson, CDFW, pers. comm., July 14,
2020). Some pools in the Van Duzen River also maintain temperature stratification as a result of
seepage from banks with dense riparian vegetation or springs and seepage from upslope
sources like fens or ponds. These additional processes observed in the Van Duzen River
generally do not occur in the Middle Fork Eel River partly because most of the riparian canopy
has been removed by previous floods (S. Thompson, CDFW, pers. comm., July 14, 2020). Annual
Department surveys on the Van Duzen and Middle Fork Eel rivers generally found fish in pools
with bottom temperatures less than 20°C and surface temperatures ranging up to 23°C (Tables
4.3, 4.4, 4.5, and 4.6) (CDFW unpublished data, S. Thompson). These temperatures align with
studies in other California streams. USFS (1986) suggested that water temperatures should not
exceed 20°C in holding areas within the Klamath, Mendocino, Shasta-Trinity, and Six Rivers
National Forest management areas.
Table 4.3. Measured bottom temperature of pools occupied by adult summer steelhead in the
Van Duzen River. Survey years: 2011 – 2019.
Temperature
(°C)
< = 17
18
19
20
21
22
23
24
25
26

Count of pools at
temperature
5
4
10
10
3
9
1
2
0
0

% of pools at
temperature
11%
9%
23%
23%
7%
20%
2%
5%
0%
0%
84

Sum of fish at
temperature
209
90
340
135
39
65
20
40
0
0

% of fish at
temperature
22%
10%
36%
14%
4%
7%
2%
4%
0%
0%

Table 4.4. Measured bottom temperature of pools occupied by adult summer steelhead in the
Middle fork Eel River. Survey years: 2000, 2001, 2004 – 2008, 2010 – 2019.
Temperature
(°C)
< = 17
18
19
20
21
22
23
24
25
26
27

Count of pools at
temperature
85
112
176
222
46
111
26
5
1
0
0

% of pools at
temperature
12%
16%
25%
32%
7%
16%
4%
1%
0%
0%
0%

Sum of fish at
temperature
1422
2151
2528
2515
388
468
165
4
1
0
0

% of fish at
temperature
15%
22%
26%
26%
4%
5%
2%
0%
0%
0%
0%

Table 4.5. Measured surface temperature of pools occupied by adult summer steelhead in the
Van Duzen River. Survey years: 2011 – 2019.
Temperature
(°C)
18
19
20
21
22
23
24
25
26
27

Count of pools at
temperature
3
9
3
1
9
7
10
1
1
1

% of pools at
temperature
7%
20%
7%
2%
20%
16%
22%
2%
2%
2%
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Sum of fish at
temperature
88
88
187
26
134
272
155
1
5
10

% of fish at
temperature
9%
9%
19%
3%
14%
28%
16%
0%
1%
1%

Table 4.6. Measured surface temperature of pools occupied by adult summer steelhead in the
Middle Fork Eel River. Survey years: 2000, 2001, 2004 – 2008, 2010 – 2019.
Temperature
(°C)
17
18
19
20
21
22
23
24
25
26
27

Count of pools at
temperature
38
56
127
182
77
203
83
15
2
1
0

% of pools at
temperature
5%
7%
16%
23%
10%
26%
11%
2%
0%
0%
0%

Sum of fish at
temperature
212
917
1403
2029
1532
2675
803
40
26
5
0

% of fish at
temperature
2%
10%
15%
21%
16%
28%
8%
0%
0%
0%
0%

4.1.3 Spawning
Summer steelhead spawning usually occurs during the late winter or early spring in loose gravel
typically at the tail of a pool or in a riffle. Substrate is typically small and medium sized gravel
ranging from 0.6 to 13 cm in diameter with low embeddedness (Moyle 2002; NMFS 2016b;
Moyle et al. 2017). Although steelhead use smaller substrate than other salmonids, fine
sediment or substrate that is more than 20 – 25% material smaller than 6.4 mm in diameter,
can reduce survival of embryos by preventing the flow of oxygenated water into the egg (Reiser
and Bjornn 1979; Barnhart 1986; NMFS 2016b; Moyle et al. 2017) or cause entombment. Water
depth in redds ranges between 10 and 150 cm and velocities are typically 20 to 155 cm/sec
(Moyle et al. 2017).
4.2 Juveniles
4.2.1 Egg and Larval Development and Fry Emergence
Steelhead eggs are smaller than those of salmon and are typically spawned in spring when
water temperatures are increasing (Quinn 2018). Dissolved oxygen (DO) in water is an
important aspect of egg development and insufficient DO can be a source of high mortality. DO
requirements increase as embryos grow and peak just prior to hatching (Quinn 2018). Intragravel oxygen concentration allows for embryo respiration and concentrations of 8 mg/l or
more contribute to high survival of steelhead embryos (Reiser and Bjornn 1979). In addition to
negative impacts from high amounts of sediment, extremely cold water can induce mortality
(Reiser and Bjornn 1979), though this is uncommon for most NC steelhead populations (M.
Sparkman, CDFW, pers. comm., July 8, 2020). Fry emerge in late spring or early summer and
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incubation time is dependent on water temperature (Moyle et al. 2017; Quinn 2018).
Temperatures that are too cold or above 21.1°C, can decrease survival of emerging fry by
restricting their ability to obtain oxygen from the water (McEwan and Jackson 1996).
4.2.2 Rearing and Emigration
Juvenile steelhead rely on freshwater for at least their first year, although successful juveniles
may rear in streams for two years or more (Moyle et al. 2017). Most steelhead mortality occurs
in freshwater during the juvenile rearing stage due to lack of good summer rearing habitat; and
larger smolt size at ocean entry enhances marine survival, thus, freshwater and estuarine
habitats provide vital resources for the species (NMFS 2016b). Suitable rearing habitats require
adequate water temperature, flow velocity, water depth, DO concentrations, and prey items.
Juveniles generally occupy cool, clear, higher velocity riffles that have cover from predators
(Moyle 2002; NMFS 2016b).
Higher growth rates and increased survival are observed when rearing occurs in temperatures
between 10°C and 19°C. Less than 15°C is considered optimal (NMFS 2016b; Zedonis and
Newcomb 1997). Juveniles can tolerate temperatures up to 29°C if DO concentrations are high
and there is an abundant food supply (Sloat and Osterback 2013). In Rancheria Creek in
Northern California, 65% of juvenile steelhead moved into nearby stratified pools during times
when ambient stream temperatures reached 23 – 28°C (Nielsen et al. 1994). Sparkman (2007)
documented juvenile steelhead using areas with cooler water from groundwater seeps that
entered mainstem Redwood Creek during summer months when in-river temperatures were
high.
Higher flows increase food resources and allow for elevated metabolic demands (McCarthy et
al. 2009), although flood flows may disturb or displace prey resources such as larval aquatic
insects (Power et al. 2008). California’s Mediterranean climate can result in low flows during
summer and late fall rearing, making flow a limiting factor for survival (NMFS 2016b); however,
high velocity also increases metabolic demands. The preferred holding velocity for steelhead is
0.19 m/sec, but critical swimming velocity for juvenile steelhead varies with size and is reported
to be 7.7 body lengths/sec (Moyle and Baltz 1985; Hawkins and Quinn 1996). In-river habitat
with physical objects including boulders, large woody debris (LWD), and undercut banks creates
hydraulic heterogeneity and allow for diverse and abundant invertebrate life (Moyle et al. 2017;
NMFS 2016b). During high flow periods, juvenile steelhead choose areas with lower velocities
such as those created by physical objects, side channels and backwater habitats, floodplains,
and pools formed by debris (NMFS 2016b; Moyle et al. 2017). In the Middle Fork Eel River,
yearling-plus and young-of-the-year both sheltered behind large rocks despite some seasonal
variation in chosen habitat (Ward 1989). In early summer, YOY steelhead were found in calm
shallow cobble and gravel areas near currents and as they aged, they moved towards deeper
areas with larger substrates and faster currents (Ward 1989). Y+ steelhead had seasonal shifts
as well, moving from the head of pools during the summer to spread out across the pools by
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later summer, and finally leaving pools during daylight hours in September when the
preference for feeding overrides the preference for cooler water.
Between March and June, juvenile steelhead transition from fresh water to estuaries and
lagoons or to the ocean, though predominating habitat conditions sometimes prevent ocean
entry of smolts until late fall (Moyle et al. 2017). Lagoons, which are formed when sandbars
create temporary barriers between rivers and the ocean, provide ideal habitat for rearing when
the water column is fresh or slightly brackish (NMFS 2016b). This type of lagoon habitat
formation is common during the summer in small estuary environments that support NC
summer steelhead (Moyle et al. 2017). Open estuaries, unlike lagoons, generally have suitable
water quality conditions throughout the year (NMFS 2016b). When successful formation occurs,
sandbar built estuaries may provide diversity of water depths and pools, secondary channels,
and marsh plains that provide productive rearing habitat for juvenile steelhead (Clark and
O’Connor 2019). These transitional areas allow juveniles to move into salt water and maintain
faster growth than they would achieve in upstream habitats prior to ocean entry (NMFS 2016b).
Sand bars can sometimes prevent ocean entry if they are not breached soon enough. This has
been seen in Redwood Creek where juveniles appear to perish over time with the formation of
a sand bar (M. Sparkman, CDFW, pers. comm., July 9, 2020).
In some areas, including Scott Creek watershed, it was found that higher percentages of
returning adult steelhead are fish that reared in the lagoon even though they may represent a
small proportion of the overall downstream migrating population (Hayes et al. 2008). Lagoon
formation depends on environmental conditions, water diversions, and sandbar formation. For
example, in Scott Creek (central California) lagoons suitable for rearing are not always present,
which leads to variation in the percentages of juveniles rearing in the lagoon versus in the river
between years. But, in years when lagoons formed, models comparing juvenile growth in Scott
Creek found that growth in the warm (up to 24°C) estuary-lagoon was higher than in the upperwatershed or upper-watershed and estuary-lagoon combined (Hayes et al. 2008). Growth rates
of steelhead reared in this more productive habitat were two to six times higher than growth
rates of fish in cooler, less productive upstream habitat; however, late formation of sandbars
could reduce this productivity. Additionally, streams with estuaries in poor condition may not
support accelerated growth rates.
Within the range of the NC steelhead DPS, Redwood Creek, Mad River, and Mattole River have
been classified as lagoonal estuaries (Heady et al. 2014), however, steady flows from Matthews
Dam prevent sand bar formation in the Mad River estuary (M. Sparkman, CDFW, pers. comm.,
July 9, 2020). In most of the watersheds in the NC steelhead DPS, stream flow during the dry
season is low and sandbar formation occurs later in the summer. In these cases, lagoons don’t
transition to freshwater or form stratified water columns, which leads to lower productivity in
the lagoon (NMFS 2016b). The Redwood Creek estuary is also known to be in poor condition
and does not provide suitable habitat for juvenile rearing (M. Sparkman, CDFW, pers. comm.,
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July 9, 2020). The Mattole River, however, where marshes are successfully flooded for longer
periods in the summer, allows for increased hydraulic connectivity between the main channel
and back water environments provides better habitat for rearing juveniles (NMFS 2016b).
4.3 Ocean Growth
Poor ocean conditions likely affect survival especially during early ocean residence (Kendall et
al. 2017). Interdecadal climate variability in the northeast Pacific Ocean can limit biological
productivity. Steelhead smolts tend to migrate offshore more rapidly compared to other
salmonids, which spend time along the continental shelf (Daly et al. 2014; Quinn 2018). Many
California steelhead juveniles spend only a few months feeding in the California Current Large
Marine Ecosystem (CCE) before they migrate northwest to cooler waters offshore (Daly et al.
2014). However, in a trawl study conducted off Oregon and Northern California, steelhead were
found consistently through August off the Northern California coast (Hayes et al. 2016). This
was an unexpected outcome, but the authors found that the temperature regime in that area
was cooler for a longer period of time compared to other areas of the CCE and potentially
served as thermal refugia for steelhead, which would explain their presence. Steelhead average
a travel distance in the ocean of 2,013 km but have been tracked traveling up to 5,106 km
(Quinn 2018). Steelhead are not typically captured in commercial fisheries possibly as a result
of their quick movement offshore, and most catches of steelhead in research trawls are in the
upper 30 m of the water column (Moyle et al. 2017; Quinn 2018). While in the ocean, steelhead
feed on pelagic organisms such as krill, fish, and amphipods (Moyle et al. 2017). While feeding
on the coast, steelhead typically stay in temperatures ranging from 8 to 14°C. With the
exception of half-pounders, steelhead will stay in the ocean for two to three years before
returning to their natal rivers to spawn (Quinn 2018).

5. FACTORS AFFECTING THE ABILITY TO SURVIVE AND REPRODUCE
5.1 Changes in Ocean Conditions
There are various indices that describe the fluctuations in ocean conditions and can help
determine years during which Pacific salmonids will experience a productive ocean and those
during which they will experience a less productive ocean. These indices include the Ocean
Niño Index (ONI), Pacific Decadal Oscillation (PDO), and the North Pacific Gyre Oscillation
(NPGO). The ONI, which tracks average sea surface temperature and describes the El
Niño/Southern Oscillation (ENSO) climate pattern, and the PDO, which describes annual North
Pacific sea surface temperature (SST) anomaly patterns, are closely correlated (Mantua et al.
1997). Positive values of ONI and PDO indicate warmer temperatures in the ocean. The NPGO is
highly correlated with decadal variations in salinity, nutrients, chlorophyll, various types of
zooplankton, and fish species in the Northeastern Pacific Ocean (Di Lorenzo et al. 2008).
Negative NPGO values indicate wind patterns that create conditions unfavorable to upwelling,
which leads to reduced nutrients and chlorophyll, decreasing primary productivity. Over the
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past few years, 2014 – 2019, the NPGO has declined to near historic lows (NOAA 2019, 2020),
indicating a recent trend of weak circulation, low influx of nutrient-rich water, and low primary
productivity (Figure 5.1) (NOAA 2019). These trends indicate poorer ocean conditions for
salmonids, including NC summer steelhead, and can negatively influence steelhead growth and
survival to adulthood (Kendall et al. 2017).

Figure 5.1. Monthly values of the ONI, PDO, and NPGO from 1981- 2019. Dashed lines represent
the mean over the time series, and solid lines indicate one standard deviation. Arrow at the right
indicates if the trend over the evaluation period (shaded blue) was positive, negative, or neutral
(from NOAA 2020).
Changes in the thermal regime due to El Niño and La Niña events greatly impact primary and
secondary productivity by limiting upwelling and nutrient replacement on the Pacific coast of
North America (Pearcy 1992 as cited in Brown et al. 1994). El Niño is characterized by warmer
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than usual ocean temperatures that affect the central and east central Equatorial Pacific
(National Ocean Service 2020). La Niña has the opposite effect of El Niño, with unusually cold
ocean temperatures in the Equatorial Pacific (National Ocean Service 2020). Changes in surface
currents and upwelling strength will impact temperature, salinity, and nutrient availability,
thereby influencing the availability of food for juvenile salmonids (Roesler and Chelton 1987 as
cited in Spence et al. 1996), predation rates (Holtby et al. 1990), and the transport of smolts
either along-shore or off-shore upon ocean entry (Francis and Sibley 1991 as cited in Spence et
al. 1996).
The cyclical nature of changes in ocean condition may mask salmonid population declines due
to an unfavorable freshwater environment. The long-term decline of salmonid populations are
not linear in nature and thus, a negative trend can be obscured by improved escapement as the
result of favorable ocean conditions. Lawson (1993) demonstrated this in a conceptual model
looking at freshwater habitat quality, marine environment, and Coho Salmon escapement
(Figure 5.2).
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Figure 5.2. Conceptual model of effects of declining habitat quality and cyclic changes in ocean
productivity on the abundance of Oregon’s coastal natural Coho Salmon (from Lawson 1993).
Top panel shows trajectory of habitat quality over time, with the dotted line representing
potential effects of habitat restoration projects. Middle panel shows the cyclic nature of ocean
productivity. Bottom panel demonstrates the combination of top two panels with letters that
signify the following: A = current situation (at time of publication), B = future situation, C =
change in escapement due to increasing or decreasing harvest, and D = change in time of
extinction due to increasing or decreasing harvest.
Regional climate indicators are also important when looking at ocean temperatures and
nutrient content in California’s coastal waters. Upwelling is a process that drives the seasonal
primary productivity that supports the CCE food web by bringing nutrients to surface areas
(NOAA 2019). These nutrients promote the production of phytoplankton, which provide food
for zooplankton. A novel way of determining coastal upwelling was developed by Jacox et al.
(2018) using the Coastal Upwelling Transport Index (CUTI) to estimate vertical water transport,
and the Biologically Effective Upwelling Transport Index (BEUTI) to estimate nitrate flux (Jacox
et al. 2018). In conjunction, these indices track the volume and quality (in terms of nutrients) of
water, respectively, moving through the surface layer of the ocean, which have strong
influences on productivity (Jacox et al. 2018). Typically, the peaks in upwelling occur in late July
near Newport, OR, mid-June off of Point Arena, CA, and late April near San Diego, CA. Upwelling
off of Point Arena tends to be greater than in the other two areas by an order of magnitude
(NOAA 2020). In 2019 (Figure 5.3), BEUTI values were generally average or above average
coastwide and during all seasons except for some below-average periods of nitrate flux at Point
Arena, CA during winter and spring (NOAA 2020). CUTI values were average or above average
during winter and spring in the northern CCE and during the summer in the central and
southern areas (NOAA 2020). Central and southern CUTI values during the winter and spring, as
well as northern CUTI values during the summer, were around or below average (NOAA 2020).
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Figure 5.3. Daily 2019 values of Biologically Effective Upwelling Transport Index (BEUTI; left)
and Coastal Upwelling Transport Index (CUTI; right) from Jan. 1 – Sept. 1, relative to the 1988 –
2019 climatology average (green dashed line) ±1 standard deviation (shaded area), at latitudes
33° (San Diego, CA), 39° (Point Arena, CA), and 45°N (Newport, OR). Vertical lines mark the end
of January, April, July, and October (from NOAA 2020).
Copepod biomass and composition are also indicative of productivity. There are two distinct
groups of copepod taxa present in the CCE: northern copepods and southern copepods.
Northern copepods are found in cold water environments and are high in wax esters and fatty
acids, which are essential to the diet of pelagic fish (NOAA 2019). Northern copepods are
indicative of La Niña conditions and a more productive ocean environment. Southern copepods
are warm water zooplankton that have lower fat content and less nutritional value. Southern
copepods are indicative of El Niño events and positive PDO values when productivity decreases.
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Forage or bait fish, which feed primarily on marine copepods (Osgood et al. 2016), are a
primary source of prey for steelhead at sea, thus copepod biomass and composition have a
significant effect on steelhead prey availability, growth, and survival (LeBrasseur 1966; Quinn
2018). During 2014 – 2016, anomalous warm ocean temperatures resulted in a predominance
of southern copepod species. From 2017 – 2018, northern copepod biomass rebounded from
negative values to neutral and southern copepod biomass decreased to negative values (NOAA
2019). This trend continued in 2019 (Figure 5.4, NOAA 2020), indicating a possible improvement
for foraging conditions for pelagic baitfish.

Figure 5.4. Monthly northern and southern copepod biomass anomalies from 1996-2019.
Dashed lines represent the mean over the time series, and solid lines indicate one standard
deviation. Arrow at the right indicates if the trend over the evaluation period (shaded blue) was
positive, negative, or neutral (from NOAA 2020).
Over the past few decades there have been greater fluctuations in ocean ecosystem indicators
in relation to salmon survival, putting greater strain on populations experiencing low
abundance and limited habitat (Lindley et al. 2009). A poor ocean environment in 2005 and
2006 resulted in unusually poor survival for brood years 2004 and 2005 of Sacramento River fall
Chinook Salmon and was the proximate cause of the stock collapse in 2008 (Lindley et al. 2009).
Following this collapse, salmon populations rebounded for a few years, but in 2018, five west
coast salmon stocks, including two of California’s most prominent Chinook Salmon stocks,
Sacramento River and Klamath River fall Chinook Salmon, were determined to be in peril due to
a combination of factors in both fresh and saltwater including a warm, unproductive ocean in
2014 through 2016 that compromised marine survival of brood years 2013 – 2015 (PFMC and
NMFS 2019; Fisheries Off West Coast States; West Coast Salmon Fisheries; Rebuilding Chinook
Salmon Stocks, 2020). While 2018 saw improved ocean conditions for salmon, 2019 ocean
ecosystem indicators again ranked warmer. Although northern copepod biomass remained
quite high in 2019, other indicators suggested poorer conditions for juvenile salmon entering
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the ocean (Peterson et al. 2019). It is likely that effects of these more extreme fluctuations in
the marine environment on survival of California’s salmon stocks are similarly affecting
steelhead survival. Kendall et al. (2017) posited, after examining 48 coastal steelhead
populations, that smolt survival rates to adulthood were positively correlated for populations
whose river mouths were geographically proximate, which is an indication that processes
related to steelhead ocean survival occur early in their marine life. Welch et al. (2000) describe
changes in smolt to adult survival that were most likely of result of decreasing marine survival
attributable to changing ocean conditions. Friedland et al. (2014) found the return rate of adult
steelhead to be negatively correlated with SST in areas which were thought to act as postsmolt
rearing habitat, thus, steelhead growth may be directly influenced by ocean warming or indirect
effects of ocean warming such as changes to the marine food web.
A new study by Thalmann et al. (2020) discovered significant differences in prey items
consumed by Columbia River juvenile steelhead during warm ocean years as compared to
during average or cold ocean years. A higher percentage of unidentified or rare fish composed
the juvenile steelhead diet during warm years as well as juvenile and larval rockfishes and
insects, whereas during cold years polychaete worms and krill were more common. Thalmann
et al. (2020) also found significant interannual variability in stomach fullness with significantly
lower than average stomach fullness associated with warm ocean years. Steelhead sampled
during warmer years were thinner on average than those sampled during cooler years.
Bioenergetics simulations revealed significant differences in growth rate during warm and cold
ocean conditions. Cooler temperatures and higher feeding rates supported the highest juvenile
steelhead growth rates. In 2015 and 2016, when ocean conditions were anomalously warm,
there was limited availability of cold-water prey species with higher energetic and lipid content.
So, although a degree of plasticity was demonstrated in juvenile steelhead diet, consumption of
lower quality prey items likely led to reduced growth and poorer body condition during those
years (Thalmann et al. 2020).
5.2 Effects of Climate Change
The Earth’s climate is warming, and the primary causes are greenhouse gas emissions and
deforestation (IPCC 2007; USGCRP 2009; USGCRP 2017). A warming climate is likely to result in
poorer future environmental conditions for salmonids in general, and for NC summer steelhead
specifically. These impacts include average temperature increases, increased precipitation over
a compressed annual time period, increased magnitude and length of drought periods,
decreased snowpack, more frequent and severe wildfires, lower dry season stream flows, and
greater severity of floods (Grantham 2018). Climate change impacts on steelhead in the ocean
may include sea level rise, and more specifically the negative effects of sea level rise on estuary
habitat, and ocean acidification (Crozier et al. 2019). A more detailed description of climate
change impacts can be found below.
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5.2.1 Rising Temperatures
One of the greatest threats imposed by climate change on NC summer steelhead will likely be
rising stream temperatures and indirect effects associated with this trend. Isaak et al. (2018)
modeled trends in water temperature of rivers in the northwestern United States and found
warming trends of mean annual river temperatures over the last two decades. Although annual
warming trends over the past four decades were generally milder, especially high rates of
warming occurred during the summer and early fall. Isaak et al. (2018) predicted an 8%
decrease in the length of thermally suitable stream reaches resulting from a river temperature
increase of 1.0°C. Decreases of 18 – 31% of suitable habitat could occur if more drastic
temperature increases are realized. The largest decreases in thermally suitable habitat were
forecast for Oregon and Northern California streams. Results of this study suggested increasing
temperatures may contract ranges of resident trout, forcing these species to find limited cold
water refugia further upstream. This range reduction could be exacerbated by a wider
distribution of predators that prefer warmer water (Isaak et al. 2018). Summer steelhead may
experience similar effects. Over several decades Northern California has experienced rising
summer and fall air temperatures resulting in warmer stream temperatures during summer
months. Higher summer water temperatures are more stressful for summer-rearing salmonids
and over-summering adult summer steelhead (Madej 2011) and could contribute to lower
survival and increased mortality of these fish.
5.2.2 Flooding
Floods are typically caused by heavy precipitation over a relatively short period of time and can
have detrimental effects on all life stages of salmonids. High flows associated with intense
flooding have the potential to scour or bury redds, causing reduced salmonid egg survival
(Elwood and Waters 1969; Zimmerman et al. 2015; Sparkman 2017). Severe flooding can also
cause high mortality of juvenile life stages of fish (Elwood and Waters 1969; Jowett and
Richardson 1989) and geomorphic changes to river channels results in destruction of suitable
habitat. Floods can also remove invertebrate populations, eliminating vital food resources
(Elwood and Waters 1969). Floods can have long-lasting impacts on watershed conditions and
require decades or longer to recover, especially in systems already impaired by other processes
or activities.
The 1955 and 1964 floods had a devastating effect on watersheds in California’s north coast
leaving them highly degraded. Impacts, especially those of the 1964 flood, were exacerbated by
anthropogenic factors, most notably logging operations, road construction, and livestock
grazing on unstable slopes (Moyle 2002). Massive loads of sediment were deposited into the
streams, resulting in the filling of pools, widening of channels, and destruction of riparian
vegetation that mitigated rising water temperatures, provided habitat for insects, and was used
by summer steelhead for shelter. Although this gravel deposited in Northern California streams
has been scoured out over time, it has taken decades to recover and the process is ongoing.
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These streams, especially those in the Eel River system, have the potential to be hit by future
flooding events that could again devastate the landscape by way of mass wasting (Moyle 2002).
Timber harvest activity is still present in this area and logging of steep forested hillsides along
with impacts associated with wildfires will further impair the stability of the terrain (Moyle et
al. 1995).
Predictions for annual precipitation in California’s north coast show a slight increasing trend by
the end of this century (Grantham 2018). This region in California is already the location of the
highest intensity storms in the state (Grantham 2018). It has also been hypothesized that the
duration of California’s wet season will be shortened but have greater intensity and total
precipitation (Swain et al. 2018). Changes to the natural hydrograph can cause complications
for salmonids in all life stages. Rainfall that occurs less spread out over the season and of higher
intensity has the potential to result in more catastrophic flooding, which will further damage
stream geomorphology and negatively impact aquatic species survival in north coast streams.
5.2.3 Drought
Drought is not a new climate feature in California. Tree ring chronologies show that multi-year
droughts have plagued California over the last millennium (Griffin and Anchukaitis 2014).
During periods of drought, stream flows may drop, constricting or fragmenting available habitat
(Spence et al. 1996). Reduced flows can cause water temperature increases which can result in
heat stress to fish, direct mortality to juvenile steelhead (Sparkman 2007), and changes in adult
migration behavior (Robards and Quinn 2002; High et al. 2006).
The most recent 2012 – 2016 drought was one of the warmest and driest on record, affecting
both aquatic and terrestrial environments across the state (Figure 5.5; CDFW 2018). In the
Northern Region of California, which includes Del Norte, Humboldt, Mendocino, Lassen, Modoc,
Shasta, Siskiyou, Tehama, and Trinity counties, average water temperatures were found to be
much more extreme as compared to climate change projections. The year 2015 was particularly
bad. Water temperatures during the drought exceeded survival thresholds of salmon and
steelhead in coastal watersheds, likely leading to higher mortality rates of returning adults as
well as their offspring (Sparkman 2007; CDFW 2018). Primary impacts in north coast streams
were high water temperatures, at or approaching lethal levels for salmonids, and low instream
flows (CDFW 2018). Statewide effects of the 2012 – 2016 drought included early drying out of
streams, poorer water quality of estuaries and bar-built lagoons, critically high water
temperatures, and low streamflow leading to poor water quality and stranding of fish (CDFW
2018).
Several patterns during this most recent extreme drought were documented throughout the
state. These patterns included: 1) streams drying earlier in the season and for longer amounts
of time, 2) estuaries and bar-built lagoons experiencing poorer water quality, 3) water
temperatures often rising to levels detrimental to salmon and steelhead survival, 4)
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development of winter anchor ice threatening high elevation populations of wild trout, and 5)
low streamflow leading to stranding of fish as well as poor water quality (CDFW 2018).
Studies have shown that drought conditions are likely to become more frequent and more
intense as a result of rising temperatures (Wang et al. 2014; Diffenbaugh et al. 2015; Wehner et
al. 2017). It is likely that NC summer steelhead populations will suffer with more frequent and
severe droughts.

Figure 5.5. The distribution and progression of drought conditions in California from 2011 to
2016, depicting the level of drought at the beginning of each Water Year (October 1). Dark Red
indicates exceptional drought (CDFW 2018 based on U.S. Drought Monitor).
5.2.4 Reduced Snowpack
Decreased snowpack has been forecast for northern coastal California (Grantham 2018). Battin
et al. (2007) investigated the implications of global climate change projections on Snohomish
River Chinook Salmon population dynamics. They found that the highest elevation basins that
are fed substantially by snowmelt will experience the greatest impacts to their hydrography,
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and declines of salmon in those areas will be more pronounced than in lower elevation subbasins (Battin et al. 2007). This finding has implications for summer steelhead, which are
generally found in higher elevation streams driven by snowmelt hydrology. Department
biologists working in the Eel River system generally agree that the gradual decline of the natural
hydrograph during the late spring driven by snowmelt is the key factor that allows summer
steelhead to ascend into upstream reaches of the Middle Fork Eel and Van Duzen rivers with
adequate temperatures for summer holding. Without this gradual decline, summer steelhead
likely would not be able to pass barriers at Osborn Roughs on the Middle Fork Eel River or the
cascade at Salmon Hole on the Van Duzen River, forcing them to withstand temperatures that
may not be cold enough to sustain them through the summer (S. Thompson, CDFW, pers.
comm., July 14, 2020).
5.2.5 Wildfires
With the prospect of reduced snowpack, increasing temperatures, and growing human
populations, consensus is that wildfire seasons on the north coast will lengthen and fires will
become more frequent (Westerling et al. 2006; Micheli et al. 2018). Wildfires remove riparian
vegetation, reduce LWD availability, and increase erosion and soil instability leading to more
sedimentation, all of which reduce habitat suitability for steelhead. In August 2020, a fire
spread through portions of Mendocino, Six Rivers, and Shasta-Trinity National Forests, including
areas of upper Middle Fork Eel River adult summer steelhead holding habitat. Effects on
habitat, water quality, and summer steelhead survival are currently unknown (A. Renger,
CDFW, pers. comm., September 17, 2020).
5.2.6 Reduced Stream Flows
Regardless of the predicted increase in annual precipitation, summer baseflows in some
Northern California streams are decreasing likely as a result of higher rates of
evapotranspiration due to climate change (Sawaske and Freyberg 2014 as cited in Grantham
2018). Models developed by Grantham et al. (2018) predicted increases of stream flow during
wet seasons and decreases during dry seasons over the next few decades in California.
Reductions in streamflow during the dry months can lead to increased water temperatures,
drying of streambeds, increased primary production and algal blooms, off-channel pond
disconnection and subsequent fish stranding, and the inability of migrating adults to pass flowdependent barriers. Consequences could be severe for adult NC summer steelhead, which rely
on deep, temperature stratified pools to hold during the summer prior to spawning.
5.2.7 Ocean Acidification
Ocean acidification is a result of increased carbon dioxide absorption from the atmosphere,
which lowers pH of the water. Global ocean pH is projected to increase due to current and
future carbon emissions (Caldeira and Wickett 2005). Ocean acidification could alter marine
food webs and impact steelhead food resources. Forage fish, which are a primary prey source
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for steelhead in the ocean (LeBrasseur 1966; Quinn 2018), may suffer declines in abundance
due to reduced biomass of copepods and other small crustaceans resulting from ocean
acidification (Busch et al. 2013). Reduced seawater pH has also been shown to adversely affect
olfactory discrimination in marine fish (Munday et al. 2009), which could result in impaired
homing of steelhead. Increased carbon dioxide in freshwater may also have detrimental effects
on growth, olfaction, and predator avoidance in juvenile Pink Salmon (O. gorbuscha)(Ou et al.
2015). Similarly, higher levels of carbon dioxide dull olfactory-mediated behavioral responses of
Coho Salmon due to changes in neural signaling (Williams et al. 2019).
5.2.8 Sea Level Rise
Sea level rise is predicted to change the dynamics of estuaries and near shore environments.
Rising sea levels may also affect estuary hydrodynamics with saltwater intrusion, and as a
result, increased salinity in estuaries is likely to become more of an issue (Glick et al. 2007). Loss
of estuary habitat due to sea level rise may affect salmonid survival and productivity, as
estuaries serve as important nursery habitat for juveniles (Glick et al. 2007; Crozier et al. 2019).
Rates of sea level rise for Humboldt Bay are projected to be the highest in California according
to recent estimates (Patton et al. 2017). This means that the Humboldt Bay area will likely be
affected by sea level rise sooner than other areas of the California coast (Anderson 2018). Sea
level rise may increase the area of estuarine habitats, which would increase habitat availability
for rearing in some places.
5.2.9 Conclusions
Climate change impacts have many implications for salmonids including NC summer steelhead
and are likely to exacerbate other threats that are already present. The cumulative effects of
both natural and anthropogenic factors that contribute to severe sedimentation, altered flow
regimes, pollution, changes to stream morphology, decreased habitat suitability, and habitat
destruction, will be amplified by the consequences of a changing global climate. As a result, NC
summer steelhead will likely experience accelerated habitat loss and degradation, reducing the
availability of suitable habitat and limiting their ability survive and reproduce throughout their
range.
5.3 Disease
A myriad of diseases caused by bacterial, protozoan, viral, and parasitic organisms can infect
steelhead in both the juvenile and adult life stages. These diseases include bacterial kidney
disease (BKD), Ceratonova shasta, columnaris, furunculosis, infectious hematopoietic necrosis
virus (IHNV), redmouth and black spot disease, erythrocytic inclusion body syndrome, and
whirling disease (NMFS 2011). Though steelhead have coevolved with some of these
microorganisms, the introduction of non-native hatchery stocks has exposed native populations
to foreign pathogens not historically found in the watershed (NMFS 2011). Natural-origin
steelhead have been shown to be less vulnerable to infection by pathogens than hatchery100

propagated steelhead (Buchanan et al. 1983 as cited in NMFS 2011), thus reducing the
likelihood of disease outbreaks in wild steelhead populations (NMFS 2016b). C. shasta, a
myxosporean protozoan, has posed substantial issues in the Klamath River basin particularly for
Chinook Salmon (Fujiwara et al. 2011); however, steelhead have been shown to have an innate
resistance to C. shasta and are generally not infected by the parasite (Stone et al. 2008).
Warming stream temperatures can also increase infection rates as a result of several factors
(Crozier et al. 2008).
Although Department pathologists have observed several types of endemic bacterial infections
and external parasites in MRH steelhead, treatment of water entering the hatchery with
ultraviolet light has significantly diminished disease and pathogen issues (CDFW 2016). Yearling
fish are also inspected prior to their release to ensure they are healthy before entering the
natural environment. (CDFW 2016). Given the limited hatchery production of steelhead in
Northern California, disease attributed to hatcheries likely has a negligible effect on summer
steelhead populations and is not thought to be a major threat to steelhead in the Northern
California DPS (NMFS 2016b).
5.4 Hatcheries
5.4.1 Mad River Hatchery Winter Steelhead
The Mad River Hatchery winter steelhead program has been in operation since 1971 and using
broodstock collected from the South Fork Eel River through 1973. The hatchery also introduced
37,000 and 20,000 Russian River steelhead fry in 1984 and 1985, respectively (CDFW 2016).
Given how few fish were planted, it is doubtful these more recent events affected the Mad
River steelhead population structure in the long term (Spence et al. 2008). By 1974, returns to
MRH were enough to supply the hatchery’s production needs and all subsequent broods have
been produced from steelhead returning to the hatchery (Cramer et al. 1995). However,
beginning in 2017, the Department integrates natural-origin winter run steelhead into the
breeding program at a 1:1 ratio with adipose marked hatchery fish (CDFW 2016).
In addition to releases into the Mad River, MRH steelhead were outplanted as part of a “Coastal
Steelhead Planting and Release Program” in the mid-1970s (Will 1976 – 1978 as cited in Cramer
et al. 1995). This program included plantings in the Smith, Eel, Garcia, Gualala, Trinity, Klamath,
and Van Duzen rivers and Lagunitas Creek (Will 1976 – 1978, Kelley et al. 1987 as cited in
Cramer et al. 1995; Yoshiyama and Moyle 2010). Steelhead from the Eel River and Redwood
Creek were also planted in Lagunitas Creek (CDFG 1983 as cited in Cramer et al. 1995). Plantings
after broodyear 1980 were only allowed in the basin where the hatchery was located (Cramer
et al. 1995). The discontinuation of outplanting should have curtailed impacts of out-of-basin
hatchery fish on wild populations. McEwan and Jackson (1996) noted that steelhead eggs have
been collected at Van Arsdale Fish Station, reared at MRH, and released as yearlings back into
the upper Eel River. According to Steiner Environmental Consulting (1998) as quoted in
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Yoshiyama and Moyle (2010), planting of Van Arsdale steelhead stock raised at MRH continued
from 1965 through 1995.
Mad River Hatchery has released about 150,000 winter steelhead smolts annually since 2009
(Moyle et al. 2017). MRH steelhead could have detrimental genetic effects on natural-origin NC
steelhead DPS range as a result of inbreeding (NMFS 2008 as cited in CDFW 2016).
Interbreeding of hatchery- and natural-origin stocks can reduce fitness and productivity of the
natural stock. Hatchery fish are not exposed to the same natural selection pressures that
control fitness in the wild and are subjected to a different selective environment in the
hatchery setting (CDFW 2016). Altered genetic composition and phenotype, affecting
characteristics such as adult size, smolt age, emigration timing and size, fecundity, and egg size,
are consequences of hybridization of hatchery fish with natural-origin salmonids, especially
when they are genetically dissimilar (Spence et al. 2008). These effects can eliminate local
adaptation of a wild population, which is key to the viability of that population (Spence et al.
2008). As reviewed and analyzed by Christie et al. (2014), multiple studies have found that
hatchery-produced salmon and steelhead have lower reproductive success and reduced fitness
due to hatchery rearing even when predominantly wild-origin broodstock was used (Araki,
Ardren, Olsen, Cooper, Blouin 2007; Araki, Cooper, and Blouin 2007; Berntson et al. 2011;
Thériault et al. 2011; Hess et al. 2012; Ford et al. 2013; Milot et al. 2013). Araki et al. (2009)
found that wild-born Hood River steelhead with two hatchery-origin parents had lower
reproductive fitness than steelhead with two wild parents and fish with one hatchery-origin and
one wild parent had intermediate reproductive fitness. These results suggest that hatchery
supplementation could have cumulative negative effects on wild population abundance and
fitness that are not only environmental but also genetic (Christie et al. 2014).
Recent genetic analysis shows that historical Mad River winter steelhead collections from the
1970s clustered with Eel River steelhead due to the use of Eel River broodstock in early
hatchery operations (Fong 2020). It seems; however, that the Eel River steelhead were never
permanently established since contemporary Mad River steelhead populations are more closely
related to steelhead from Redwood Creek than those from the Eel River, following the isolation
by distance model. Contemporary MRH broodstock are somewhat diverged from historical Mad
River collections possibly as a result of hatchery management practices like having few effective
breeders and, until recently, not incorporating natural-origin broodstock (Fong 2020).
Through the new Hatchery and Genetic Management Plan (HGMP), MRH has implemented
measures to counteract potential negative genetic effects. The hatchery now aims to
incorporate natural-origin winter steelhead in their broodstock at a 1:1 ratio with marked
hatchery fish to achieve a proportionate natural influence (PNI) of at least 0.5 (CDFW 2016).
Implementing a requirement of 0.5 PNI for hatchery broodstock is a significant improvement to
hatchery operations; however, it does not immediately reverse genetic impacts already accrued
through previous hatchery propagation.
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Hatchery winter steelhead likely do not interact frequently with summer steelhead on the Mad
River. The MRH HGMP states that because yearlings are planted directly in the river during flow
surges, it is unlikely that the fish travel back upstream, rather, they rapidly make their way to
the ocean in large schools (Flagg et al. 2000; CDFW 2016). They concluded that any mixed-stock
interactions likely only occur downstream of the hatchery; however, the possibility of
interbreeding between summer steelhead and MRH-produced fish remains. Leider et al. (1984)
suggests that although observed reproductive overlap was low between wild summer and
winter steelhead in the Kalama River basin, Washington, there was likely a small amount of
gene flow due to spatial and temporal overlap of distribution of spawning fish (Leider et al.
1984). Evidence of heterozygosity at the GREB1L locus associated with salmonid migration
timing, as discussed in Section 2.6, Genetics and Genomics suggests that winter and summer
steelhead within the same river basin do interbreed frequently enough to be reflected in their
genotypes (Prince et al. 2017; Pearse et al. 2019; Kannry et al. 2020).
MRH steelhead likely have a greater impact on natural-origin winter steelhead than they do on
summer steelhead in the Mad River given their spatial and temporal overlap during spawning.
The same is likely to be the case in other NC Steelhead DPS streams that may receive MRH
steelhead strays. The concept of adult salmonid straying has become a widespread concern of
salmonid biologists and managers. The magnitude of the effects of hatchery-origin strays on
natural populations depend on the number of donor strays and the size of the natural-origin
recipient population (Grant 2012; Bett et al. 2017). Straying of hatchery fish into non-natal
streams, especially those with small populations, can have the potential to significantly affect
the genetic composition of recipient populations and loss of local adaptations (Grant 2012).
Direct genetic effects of hatchery production on wild fish can include: 1) reduction in betweenpopulation genetic variance, and 2) outbreeding depression (Waples 1991a). Hybridization,
though it can increase average genetic diversity within the hybridizing populations, decreases
genetic diversity between those populations. Maintaining genetic and phenotypic diversity
between different populations is essential in buffering the effects of unexpected or periodic
changes in the environment on steelhead productivity and survival (Riggs 1990 as cited in
Waples 1991a). In addition to the risk of homogenization and domestication, outbreeding
depression can also be a consequence of hybridization between populations. Outbreeding
depression is a decrease in fitness within a population as generations of offspring become more
genetically distant from the parental stocks in the initial hybridization event (Waples 1991a).
This occurs when a locally adapted wild gene pool becomes swamped by genes from divergent
hatchery fish. NMFS (2016b) had classified the MRH program as a high threat to both winter
and summer steelhead due to concerns over outbreeding depression and reduced productivity
(NMFS 2016b). The recently issued HGMP attempts to mitigate negative impacts from the
hatchery.
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Indirect genetic effects of hatchery production on wild fish can include: 1) reduced population
size, and 2) altered selection regimes (Waples 1991a). Artificial propagation can lead to
decreases in natural-origin population sizes as a result of increased competition, predation, and
disease (Steward and Bjornn 1990), although sometimes direct negative effects of hatchery
propagation on natural-origin population size may be difficult to prove (Courter et al. 2019).
Significant reductions in population size over a short period of time can pose a high risk of
extinction from serious environmental changes. Long-term effects of reduced population size
can include genetic bottlenecks, although these must last for multiple generations for
significant inbreeding to transpire (Waples 1991a). Factors affecting abundance can also modify
selective pressures causing direction genetic changes in natural-origin populations. These can
include both ecological and management-induced pressures, i.e., selective predation on specific
sizes or phenotypes or flow allocations that are based on timing of hatchery juvenile releases
(Waples 1991a). The recent HGMP attempts to minimize any adverse consequences to natural
origin fish in streams where hatcheries are present.
Even without significant genetic effects incurred by interbreeding, other ecological effects of
MRH-produced fish should be considered when assessing the impact on NC summer steelhead.
As mentioned above, hatchery releases of juvenile fish can increase competition for food or
space within shared habitat and when there are limited resources. Based on where smolts are
released from the hatchery as compared to where natural-origin summer steelhead smolts
begin their migration, it is unlikely there is competition between the two. If any competition
does exist, it would occur downstream of MRH. There are conflicting studies regarding whether
hatchery juvenile salmonids following release are more successful than wild fish or less, though
generally wild fish have been found to have higher survival rates during outmigration
(Jokikokko et al. 2006; Melnychuk et al. 2009; Johnson et al. 2010). Hatchery release strategies,
such as fish size and release date, can have a significant effect on success of hatchery-origin
juveniles (Irvine et al. 2013) and the degree to which they may compete with natural-origin
juveniles in the system (McCubbing et al. 2008), though success of these release strategies
differ between streams and are dependent on local conditions.
The new HGMP offers a number of risk aversion measures aimed at reducing the ecological and
genetic impacts of hatchery fish on wild stocks throughout the propagation process. As a means
of maintaining the natural run timing, a representative proportion of all returning steelhead will
be selected for spawning based on arrival time and sexual maturity. The HGMP proposes using
a minimum of 50% natural-origin broodstock annually to minimize genetic drift, inbreeding, and
domestication. Also proposed is a 1:1 natural-origin to hatchery-origin spawning ratio to avoid
hatchery stock divergence. Parentage of each egg lot will be tracked by separately incubating
each family group. This also allows culling of eggs to equalize the contribution of each mated
pair to the brood. The HGMP proposes reduced production numbers as well as release of
yearling steelhead in turbid, high flows to promote rapid downstream migration (CDFW 2016).
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5.4.2 Mad River Hatchery Summer Steelhead
It is unknown what affects, if any, linger from the past summer steelhead propagation program,
which ended a quarter century ago with the release of broodyear 1995 summer steelhead. Eggs
from Skamania Hatchery on the Washougal River in Washington were used to start the
propagation program in 1971 (Cramer et al. 1995; CDFW 2016). In 1972 and 1973, 100,000
summer steelhead fingerlings of Eel River stock were obtained from Trinity River Hatchery due
to broodstock shortages at Washington State hatcheries (CDFW 2016). The Mad River Hatchery
collected and spawned its own broodstock for the years 1974 – 1977 and then in 1978
augmented with Washougal strain yearlings from Silverado Fish Station in Yountville, CA (CDFW
2016). In 1976 a total of 222 summer steelhead returned as adults to MRH, though returns
ultimately decreased over time (CDFW 2016). Table 5.1 shows total summer steelhead releases
from MRH from 1972 through 1996.
Hybridization of Washougal strain summer steelhead with native Mad River summer steelhead
could have resulted in decreased fitness of the native stock due to the genetic and ecological
effects mentioned previously in this section; however, there is little evidence to support or
refute definitive interbreeding between these two stocks. Following the termination of the
summer steelhead artificial propagation program, it is unknown whether the introduced
Washougal summer steelhead persisted in the system.
Table 5.1. Total summer steelhead releases from MRH during the period of 1972 through 1996
(CDFW 2016).
Year
1972
1972
1976
1976
1978
1979
1979
1979
1980
1980
1981
1981
1982
1983
1983
1986
1987

Number
Planted
67,030
10,400
17,897
59,893
35,034
56,335
96,000
14,200
21,000
128,500
52,355
33,750
60,000
30,015
28,060
102,384
21,655
105

Size
(fish/lb)
64.8-67.7
87.2
11.0
32.2-32.4
13.4
6.5
10.0
7.1
8.0
10.0
10.0-11.4
12.5
15.0
6.0
4.0
4.8
6.1

Year
1987
1987
1987
1987
1989
1990
1990
1991
1992
1992
1993
1994
1994
1995
1996
1996

Number
Planted
20,075
37,260
24,790
21,760
79,205
147,395
2,205
79,002
74,500
40,380
96,000
75,000
96,990
51,600
54,900
72,600

Size
(fish/lb)
5.5
6.9
6.7
3.4
7.3
8.2
3.0
6.3
5.0
12.0
6.0
100.0
5.3
4.3
6.1
4.4

5.4.3 Eel River Steelhead Planting
There were also significant steelhead planting efforts in the Eel River system throughout the
1900s. Steelhead egg collection began on Price Creek in 1902. Another egg collecting station
was constructed on Howe Creek for steelhead propagation (CFC 1902 as cited in Yoshiyama and
Moyle 2010). Over nine million steelhead (run unspecified) have been planted in the Eel River
since 1900 (SEC 1998 as cited in Yoshiyama and Moyle 2010). Many steelhead were planted in
the South Fork Eel River between 1956 and 1965, though plantings continued through 1995.
Most plantings on the mainstem Eel River were released at Van Arsdale Fish Station between
1965 and 1995 and were predominantly Eel River stock, though some Mad River stock was used
for the 1974 and 1978 plantings (SEC 1998 as cited in Yoshiyama and Moyle 2010). Steelhead
egg collection at Van Arsdale, which was established by Snow Mountain Light and Power
Company, occurred from 1907 to 1997 (NMFS 2002). Rearing of Eel River steelhead eggs was
integrated into other hatchery programs, MRH and Don Clausen Hatchery on the Russian River,
by 1975 (NMFS 2002).
Steelhead egg collection has also occurred on Yager Creek, a tributary of the Van Duzen River,
since 1972. The Yager Creek Hatchery facility, owned by Pacific Lumber Company (PALCO), was
constructed in 1976 to collect Chinook salmon and steelhead eggs mainly for release on PALCO
property. In 1993, satellite facilities on the South Fork Yager Creek and Corner Creek were
constructed (CDFG 1999 as cited in NMFS 2002). The hatchery on Yager Creek was operated
from 1977 through 2000 (HRC 2009).
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5.5 Predation
5.5.1 Freshwater Predation
Predation is not thought to be a major threat to summer steelhead or a primary cause for their
decline, with the exception of predation by Sacramento pikeminnow in the Eel River system.
Steelhead have coevolved with natural, native predators and have been subject to natural rates
of predation in all life stages. Predators in the freshwater environment can be both native and
non-native and include aquatic, terrestrial, and avian species. Avian predators can be American
Dippers (Cinclus mexicanis), gulls (Larus spp.), Belted Kingfishers (Megaceryle alcyon), herons
(Ardea spp.), Common Mergansers (Mergus merganser), and Osprey (Pandion haliaetus)
(Spence et al. 1996). As the quality of river and estuary habitat decreases, avian predation likely
will increase. River otters are also salmonid predators and have been documented to consume
steelhead in Northern California streams (Moyle et al. 1995). Otter predation may fluctuate
year to year but has been documented to be most substantial when their preferred prey
sources are less available (Moyle et al. 1995). Although otter predation has not been studied, it
may be intensified in areas that have experienced decreased pool depths, loss of pools due to
sedimentation, lack of LWD, and increased stream temperatures (M. Sparkman, CDFW, pers.
comm., July 10, 2020). Lonzarich and Quinn (1995) found that juvenile steelhead preferred
habitat with more structure and greater depth, and they speculated that selection of these
habitats could be to seek refuge from terrestrial predators. River otter predation was
mentioned in 1980 as a potential problem on the Middle Fork Eel River that may need to be
addressed (Jones and Ekman 1980).
The predator species mentioned above that has caused special concern over its effects on
steelhead populations in the Northern California DPS is the Sacramento Pikeminnow, which is
native to California’s Central Valley, but was illegally introduced into the Eel River Basin around
1979 or 1980 (Moyle 2002; Yoshiyama and Moyle 2010). Sacramento Pikeminnow currently
inhabit all sub-basins of the Eel River system (Moyle 2002). Warmer water temperatures have
made the Eel River more suitable for Sacramento Pikeminnow than native salmonids, allowing
the non-native species to spread throughout the system within about a decade of introduction
(Higgins et al. 1992). Although salmonids are not a typical prey item under normal conditions,
Sacramento Pikeminnow can consume large numbers of juveniles especially in higher
temperatures when their metabolic rate increases (Moyle 2002).
Nakamoto and Harvey (2003) found that in the mainstem Eel and South Fork Eel rivers,
Sacramento Pikeminnow exhibited non-selective feeding behavior, though they became
increasingly piscivorous at larger sizes (Nakamoto and Harvey 2003). Salmonids only accounted
for a small proportion of their diet overall, especially for small Sacramento Pikeminnow.
However, steelhead made up 23% of the diet of large Sacramento Pikeminnow (>250 mm
standard length) in the South Fork Eel River from late season sampling in August. One sample
site on the South Fork Eel River showed particularly high rates of late season predation on
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steelhead and was thought to have a high concentration of steelhead in the presence of large
Sacramento Pikeminnow (Nakamoto and Harvey 2003). Results from this study suggest that
Sacramento Pikeminnow will consume steelhead if they are present and areas where relative
abundance of steelhead is high compared to other prey items may be hotspots for predation.
Steelhead declines between Scott and Cape Horn dams have been documented and attributed
to the widespread presence of Sacramento Pikeminnow (SEC 1998). The species tends to
congregate in main channels as well as near tributary confluences during the spring presumably
feeding on young salmonids that are emigrating to the ocean during that time of year (SEC
1998). In lower water years, Sacramento Pikeminnow likely pose a more severe threat to
juvenile salmonids due to higher, more suitable temperatures for the non-native fish and lower
abundances of salmonids (SEC 1998). Further study of Sacramento Pikeminnow foraging could
elucidate predation threats to NC summer steelhead throughout the Eel River drainage.
5.5.2 Marine Predation
Marine predation specifically targeting steelhead is not well documented or understood.
Primary predators of salmonids in the marine environment are pinnipeds such as harbor seals
(Phoca vitulina), California sea lions (Zalophus californianus), and Stellar sea lions (Eumetopia
jubatus) (Spence et al. 1996). Seals and sea lions are known to hunt mostly in the saltwater
environment and estuary but can also travel into rivers to pursue migrating fish (M. Sparkman,
CDFW, pers. comm. July 10, 2020; Spence et al. 1996). Though steelhead have been found to
compose less than 20% of the pinniped diet (Jameson and Kenyon 1977; Roffe and Mate 1984),
the recent increases in pinniped populations in Oregon and California (most notably harbor
seals and California sea lions) have caused concern in regard to declining numbers of salmonids
(NMFS 2011). Hanson (1993 as cited in NMFS 2011; NMFS 2016b) specifically mentioned
Humboldt Bay and the Mad River as areas where sea lions may feed on salmon and steelhead.
Pinniped predation has not been considered to be a factor contributing to the declines of NC
steelhead populations (NMFS 2011; NMFS 2016b). However, predatory wounds from otters,
seals, and sea lions have been documented on up to 50% of first time returning adult steelhead
at MRH (M. Sparkman, CDFW, pers. comm., July 10, 2020).
5.6 Competition
Steelhead generally do not compete with non-salmonid species. One exception may be
competition between juvenile steelhead and juvenile Sacramento pikeminnow in the Eel River
system (Reese and Harvey 2002). When it comes to interaction with other salmonids, O. mykiss
tend to be very aggressive and defend their freshwater feeding territories (Moyle 2002).
Juvenile steelhead are also more equipped to occupy fast water habitats than other salmonids
due to their more cylindrical body type, smaller median fin size, and larger paired fins (Bisson et
al. 1988). These physical characteristics are ideal for holding in faster moving water (Bisson et
al. 1988).
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Segregation of steelhead from other salmonids cooccurring in streams into different
microhabitats has been observed during spring and summer due to competition for space
(Hartman 1965; Everest and Chapman 1972). Hartman (1965) showed habitat segregation was
most pronounced between Coho Salmon and steelhead during the spring and summer with
steelhead occupying and defending riffle habitat, whereas Coho Salmon occupied and defended
pool habitat. Hartman (1965) observed no habitat segregation between Coho Salmon and
steelhead during the winter when they were found coexisting in pools. This is likely because fish
exhibited less aggressive behavior and environmental demands were different between the
species (Hartman 1965). Nilsson (1956) postulated that spatial segregation occurs in sympatric
populations of species that are closely related due to the tendency of a species to compete
under conditions to which it is best adapted, giving them an advantage over the other species
(Nilsson 1956 as cited in Hartman 1965). However, O. mykiss have been observed to experience
competitive pressures from other salmonid species, including from non-native Brown Trout.
When adult Brown Trout have been found in streams with steelhead, they tend to edge
steelhead into faster moving water lacking cover, exposing steelhead to greater predation and
angling threats (Moyle 2002). Juvenile Brown Trout have been found to displace juvenile
Rainbow Trout into deeper, faster water than they would otherwise prefer when Brown Trout
are absent (Gatz et al. 1987). A similar pattern was observed by Young (2004) who reported
that juvenile Coho Salmon with a natural size advantage pushed steelhead into riffle habitat.
This asymmetric competition, therefore, was found to reduce niche overlap between Coho
Salmon and steelhead. Young (2004) also determined that steelhead tended to be more
generalist in terms of habitat preference, using riffle habitat even in the absence of Coho
Salmon.
Intraspecific competition among steelhead can also occur, especially in shallow, degraded
waterways. Abundant smaller steelhead in these environments may outcompete and stunt the
growth of larger steelhead; however, Everest and Chapman (1972) observed inter- and
intraspecific size groupings that minimized interaction of different sized pre-smolts of steelhead
and Chinook Salmon (Everest and Chapman 1972). As they increased in size, juvenile fish were
shown to move into microhabitats with deeper, faster-moving water (Everest and Chapman
1972).
5.7 Genetic Diversity
Genetic diversity provides a species with the raw materials that allow flexibility in responding to
and surviving long-term environmental changes and short-term random events (Waples et al.
1990; Allendorf et al. 1997; McElhany et al. 2000). Genetic variation of a species is
characterized at two levels: 1) the quantity and type of variability within populations, and 2) the
degree of differences among populations (Waples et al. 1990). Within population diversity
includes measures such as heterozygosity and number of alleles per locus. Diversity among

109

different wild populations is mainly a result of the effects of reproductive isolation, genetic
drift, gene flow, and local adaptation through selection.
Loss of genetic variation can translate to loss of alleles, loss of heterozygosity, or changes in
allele frequencies. All potential genetic variation has a chance of being adaptive, non-adaptive,
or maladaptive, and can positively or negatively impact the nature and persistence of breeding
populations. Risks correlated with loss of genetic diversity have been investigated in several
published papers including Waples (1991a), Currens and Busack (1995), Utter (1998), and
McElhany et al. (2000).
Biodiversity and its genetic foundations should be preserved for three main reasons (McElhany
et al. 2000):
1. It provides the flexibility to make use of a wider variety of environments, i.e.,
differential run and spawn timing allowing for the use of a greater range of spawning
habitat than would otherwise be possible without this variation.
2. It shields a species from short-term environmental changes that would otherwise
wipe out or severely diminish abundance; the more diverse a population is, the
more likely that some individuals would survive and reproduce even if others
perished.
3. Genetic diversity provides species with the raw material for persisting through longterm ecological variations allowing them to adapt to changes in the freshwater,
estuarine, and ocean environments caused by natural processes or human-induced
effects.
Loss of genetic diversity can be a consequence of inbreeding depression, which is the same as
outbreeding depression, except that it involves individuals of the same population breeding
with each other rather than hybridization of a wild stock with an outplanted hatchery stock.
Inbreeding depression can result in a greater proportion of homozygotes with deleterious,
recessive alleles, which reduces the fitness of a population and increases local extinction risk
(Waples 1991a).
Decrease in population size, and associated reductions in effective population size, is one of the
main causes of genetic diversity loss. Loss of genetic diversity per generation is related to the
effective population size (Ne), which is the number of effective breeders (Allendorf et al. 1997)
and is generally much smaller than the total population size (Nt). The ratio of Ne/ Nt was
estimated by Allendorf et al. (1997) to be around 0.2 for natural populations of salmonids.
Effective population size is often used to estimate population size targets for conservation
(McElhany et al. 2000), but the minimum effective population size necessary to maintain
enough genetic variation and avoid inbreeding depression has been debated among scientists.
Franklin (1980) and Soulé (1980) proposed that at least 500 effective breeders is necessary to
avoid long-term loss of genetic variation (Franklin 1980, Soulé 1980 as cited in Lande 1995).
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Lande (1995) suggested that an effective population size of 5,000 may be necessary to maintain
adaptive genetic variation in a population.
Applying the Ne/Nt estimate from Allendorf et al. (1997) to the minimum effective population
size from the literature cited above (500), the target minimum population size per generation
sufficient to maintain long-term genetic variation is 2,500. Assuming an average generation
time of four years for NC summer steelhead, the rough number of NC summer steelhead
breeders per year needed to maintain acceptable amounts of genetic diversity is 625. Given
that most NC summer steelhead total population sizes, except that of the Middle Fork Eel River,
fall below this number (Table 3.2), none of their effective population sizes would be close to
625 breeders using the Ne/Nt ratio from Allendorf et al. (1997). Thus, all NC summer steelhead
populations likely have a high potential for the loss of genetic variation. Summer steelhead
possess important genetic variation that contributes to overall diversity of steelhead in the NC
DPS and should be conserved.
5.8 Habitat Condition
Habitat condition is a major factor in the persistence of NC summer steelhead and has been
affected by many anthropogenic factors. These activities in conjunction with natural processes
and catastrophic events have impaired habitat quality and availability in all NC summer
steelhead streams. One of the biggest issues that is common among all watersheds that
support summer steelhead in the NC steelhead DPS is sedimentation. Timber harvest activities
and road building, in particular, have contributed greatly to this problem. The combination of
inherently unstable terrain with road construction and deforestation has caused severe erosion
and sediment loading. Turbidity levels are high in these systems and much of the pool habitat
has been eliminated (NMFS 2016b). Loss of habitat complexity from removal of riparian flora,
lack of instream wood, filling of pools, and channel aggradation and widening impairs these
watersheds as well. Low flow conditions are common to all NC summer steelhead streams and
seasonal low flows are further reduced by water diversions including major dams on the Eel
Rivers (NMFS 2016b). In contrast, Matthews Dam on the Mad River supplies water during
summer months, which would not otherwise occur (M. Sparkman, CDFW, pers. comm., July 10,
2020). Though temperature can be an issue in areas of all NC summer steelhead watersheds, it
affects some streams more than others (NMFS 2016b). Redwood Creek specifically is highly
temperature-impaired especially in the middle and upper mainstem (Sparkman 2017) while in
the Mad River, water temperature is only problematic in some areas of the watershed with
some tributaries and mainstem areas having temperatures that likely sustain steelhead rearing
all year (NMFS 2016b).
General impacts on NC summer steelhead streams are listed below with primary causal factors
in parentheses:
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•
•
•

•
•
•
•
•
•

Obstruction and sedimentation of spawning and rearing habitat (dams, artificial
barriers, road construction, and landslides)
Alterations to natural flow regimes (dams, water diversions, artificial barriers, and
road construction)
Altered sediment transport and increased gravel embeddedness, and reduction of
gravel particle sizes suitable for spawning (dams, artificial barriers, and road
construction)
Destabilization of inherently unstable topography (timber harvest and road
construction)
Reductions of riparian cover habitat (timber harvest, road construction, and
livestock grazing)
Increased erosion and mass wasting resulting in sediment loading (timber harvest,
road construction, gravel mining, and livestock grazing)
Reduced water quality from nutrient loading and suspended fines (livestock grazing
and marijuana grows)
Higher stream temperatures (timber harvest and water diversions)
Reduced habitat complexity (timber harvest and road construction)

5.8.1 Timber Harvest
Timber harvest began in the northwestern region of California in the mid-nineteenth century.
Large-scale harvest ramped up in the mid-twentieth century and continues today in watersheds
both historically and currently inhabited by NC summer steelhead. Lands used for timber
harvest, both public and private, make up a large proportion of the NC summer steelhead
range. In Humboldt County, Timber Production Zones, which are areas devoted solely to
growing and harvesting timber, make up almost half of the total land area, or about 1,009,000
acres (Humboldt County 2012). In Mendocino County, there are over 850,000 acres of Timber
Production Zone lands, making up 38% of the total land area (Mendocino County 2009).
Consequences of logging that directly affect steelhead are sedimentation, increased water
temperatures, removal of canopy cover, instream habitat destruction, reduced woody debris
instream, and changes in flow regimes (Moyle et al. 2017). For example, the Eel River and its
tributaries experienced widespread channel aggradation and braiding, which degraded
steelhead spawning and rearing habitat, created more obstructions to juveniles migrating
downstream, and reduced productivity of aquatic invertebrates, which are a primary prey
source for juvenile steelhead (Moyle et al. 2017).
Much of the summer steelhead range in California is characterized by severely unstable
geology, which, in conjunction with significant seasonal precipitation in these areas, has caused
massive sediment loads to be flushed into the stream channels (Roelofs 1983; Madej and Ozaki
1996). Sedimentation typically occurs as a result of mass wasting processes (Swantson and
Swanson 1976). Although these mass wasting events sometimes occur naturally, often they are
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triggered or worsened by timber harvest activity. Sediment loading can fill pool habitat used by
summer steelhead for holding and rearing, embed spawning habitat with fines, and raise the
streambed creating shallower runs and riffles (Madej and Ozaki 1996; Moyle et al. 2017).
Deforestation can also substantially reduce slope stability and soil strength, as well as alter
rainfall and snowmelt hydrology and increase debris in stream channels (Swantson and
Swanson 1976). Canopy cover regulates the amount of precipitation that reaches the forest
floor through interception and evapotranspiration. Controlling moisture absorption helps
maintain resistance of the land to mass sliding, which can occur via mobilization of clay or
surface soil movement when highly saturated (Swantson and Swanson 1976). Tree canopy also
controls the rate at which precipitation infiltrates the soil and mitigates severe rain-on-snow
runoff (Swantson and Swanson 1976). Peak winter flows enhanced by vegetation removal have
higher potential to scour redds or suffocate them in sediment (Lisle 1989 as cited in Nakamoto
1998). Root systems of trees also stabilize hillslopes through vertical anchoring and, especially
in areas of highly unstable terrain, root structures can be key in sustaining slope stability
(Swantson and Swanson 1976). Removal of riparian vegetation can also have a substantial
impact on stream temperatures. Riparian canopy serves as shade and helps mitigate rising
stream temperatures during the summer. It also provides cover habitat for fish and can act as
thermal refugia. Timber harvest also results in less available LWD, a key habitat feature for
salmonids.
In addition to the logging activity itself, methods used to transport harvested timber have had a
significant effect on salmonid habitat. Historically, log driving was the main method for lumber
transportation. Log driving uses stream flow to float logs downstream in loose aggregations
(Sedell et al. 1991). As timber adjacent to streams was logged and timber harvesters had to
haul wood from farther distances, instream alterations became more extensive including
construction of splash dams and sluiceways as well as dredging of canals (Sedell et al. 1991).
Other alterations to “improve” streams for better log transportation included blocking off of
sloughs, swamps, low meadows, and wide banks to keep wood in the main channel, and
blasting of instream obstacles like large boulders or accumulations of LWD (Sedell et al. 1991).
Alterations of this nature disrupt the normal flow patterns of a stream and pose threats to
salmonid spawning and egg incubation (Sedell et al. 1991).
Modern log transportation now relies on trucks and log driving via streams is no longer used in
California; however, construction of forest roads for use in the harvest of timber can also be
severely damaging most notably due to erosion or failure and subsequent sediment loading in
streams (Yee and Roelofs 1980; Reid 1998). A 1973 comprehensive review of literature on the
impacts of timber harvest on streams concluded that forest roads are the largest human cause
of erosion (Gibbons and Salo 1973). Sediment transport from roads into streams most often
occurs through mass soil movement and surface erosion (Yee and Roelofs 1980), though even
small amounts of erosion can have cumulative impacts. Construction of roads over steep
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terrain can also cause or aggravate slope failure (Yee and Roelofs 1980). In addition to erosion,
road culverts can also be barriers to anadromous migration (Yee and Roelofs 1980). There are
numerous culverts within the NC summer steelhead range that do not provide suitable access
for adult and juvenile salmonids (M. Sparkman, CDFW, pers. comm., July 10, 2020). Culvert
failure can also add sediment to streams and rivers.
Other effects of logging can be indirect, such as reduced resistance to wildfires. In coastal areas
of Northern California, forest management focused on tree production has led to more
frequent fires with increased severity (Moyle et al. 2017). A practice called “salvage logging,”
which is the removal of dead trees following a fire, can increase erosion and reduce the amount
of LWD available for salmonid habitat (Moyle et al. 2017). Timber harvest activity can also
increase access to characteristically remote summer steelhead habitat and increase the
potential for poaching via the construction of logging roads (Roelofs 1983).
During the last century of timber harvest in coastal Northern California, harvest practices have
evolved dramatically, primarily due to changes in technology, decreasing availability of larger or
higher quality logs, and state and federal legislation. There are also many more restrictions in
place to help maintain aquatic habitat and water quality. Current forest practices in California,
in fact, have been shown to sometimes result in favorable habitat modification, such as
increased water yield (Keppeler 1998 as cited in CDFG 2002), increased insect productivity
(Hicks et al. 1991), and increased salmonid productivity (Graves and Burns 1970; Nakamato
1998). However, increased smolt yield observed by Graves and Burns (1970) may have been a
result of premature emigration due to decreased favorable rearing habitat after forest road
construction, and Nakamoto (1998) states that benefits of logging activity to steelhead in the
short-term may not last. Burns (1972) found that if proper measures were implemented to
protect stream habitat and the watershed, logging practices could enhance anadromous fish
production. See Table 5.2 for an overview of potential positive and negative effects of forest
practices on the stream environment and salmonid habitat and biology.
Regardless of improved techniques and regulation, legacy effects from a long history of timber
harvest remain in the coastal watersheds of Northern California. Legacy effects such as
sedimentation and slope instability continue to impact salmonid habitat long after logging
activity has ended since recovery from these issues can take many decades if not longer
(Murphy 1995).

114

Table 5.2. Forestry activities and potential changes to stream environment, salmonid habitat, and salmonid biology (CDFG 2002
adapted from Hicks et al. 1991).
Forest Practice

Potential effects to salmonid
habitat
Increased temperature, light
levels, and primary production

Potential effects to salmonid biology

timber harvest in the
riparian zone

Potential effects to
stream environment
Increased incident solar
radiation

timber harvest in the
riparian zone

decreased supply of
LWD

decreased cover, storage of
gravel and organic debris, and
protection from high flows; loss
of pool habitat and hydraulic
and overall habitat complexity

decreased carrying capacity, spawning
gravel, food production, and winter
survival; increased susceptibility to
predation; loss of species diversity

timber harvest in the
riparian zone

increased, short-term
input of LWD

increase in number of pools and increased carrying capacity for juveniles
habitat complexity; creation of
and winter survival; barrier to migration
debris jams
and spawning and rearing habitat

timber harvest in the
riparian zone

increased influx of slash

increased oxygen demand,
organic matter, food, and cover

decreased spawning success; shortterm increase in growth

timber harvest in the
riparian zone

stream bank erosion

reduced cover and stream
depth

increased carrying capacity for fry;
decreased carrying capacity for older
juveniles; increased predation

timber harvest in the
riparian zone

stream bank erosion

increased in-stream fine
sediment; reduced food supply

reduced spawning success; slower
growth rates for juveniles
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increased susceptibility to disease;
increased food productivity; changes in
growth rate and age at smolting

Forest Practice

Potential effects to
stream environment
altered stream flow

Potential effects to salmonid
habitat
temporary increase in summer
stream flow

Potential effects to salmonid biology

timber harvest on upslope
areas

altered stream flow

increased severity of peak flows
during storm season; bedload
shifting

increased egg mortality

timber harvest on upslope
areas and road construction
and use

increased erosion and
mass wasting

increased in-stream fine
sediment; reduced food supply

reduced spawning success, growth and
carrying capacity; increased mortality of
eggs and alevins; decreased winter
hiding space and side-stream habitat

timber harvest on upslope
areas and road construction
and use

increased erosion and
mass wasting

increased in-stream coarse
sediment

increased or decreased carrying
capacity

timber harvest on upslope
areas and road construction
and use

increased erosion and
mass wasting

increased debris torrents;
decreased cover in torrent
tracks; increased debris jams

blockage to migration of juveniles and
spawning adults; decreased survival in
torrent tracks

timber harvest on upslope
areas and road construction
and use

increased nutrient
runoff

increased primary and
secondary production

increased growth rate and summer
carrying capacity

timber harvest on upslope
areas and road construction
and use

stream crossings

barrier in stream channel;
increased sediment input

blockage or restriction to migration;
reduced spawning success, carrying
capacity and growth; increased winter
mortality

timber harvest on upslope
areas
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temporary increase in survival of
juveniles

Forest Practice
Scarification and slash
burning
Scarification and slash
burning

Potential effects to
stream environment
increased nutrient
runoff

Potential effects to salmonid
habitat
increased primary and
secondary production

Potential effects to salmonid biology

increased input of fine
organic and inorganic
sediment

increased sedimentation in
spawning gravels and
production areas; temporary
increase in oxygen demand

decreased spawning success; increased
mortality of eggs and alevins
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temporary increased growth rate and
summer carrying capacity

5.8.2 Roads
Road networks are components of various land-use activities and are widespread throughout
California’s watersheds. The process of road building can damage stream habitat and riparian
corridors as a result of channelization from roads built on top of stream banks. Continued use
of roads that meander through riparian habitats increase runoff and deposit contaminants (e.g.,
engine oil, gasoline) into adjacent streams. Increased watershed imperviousness as a result of
roads with impermeable surfaces such as compacted dirt, gravel, or pavement, has been found
to alter natural flow regimes, stream morphology, natural erosion processes, and water
chemistry of lowland streams used for salmonid spawning and rearing in the Puget Sound area
of Washington (May et al. 1997). This assuredly occurs elsewhere where logging roads parallel
the stream channel.
Roads, especially poorly maintained rural or forest roads, can contribute large volumes of
inorganic sediment into streams and rivers from mass wasting or landslides. Culverts can
change channel morphology and alter natural sediment transport. Culverts and road crossings
can cause habitat fragmentation, acting as barriers to the movement of aquatic organisms
including fish (Warren and Pardew 1998; O’Hanley and Tomberlin 2005; Bouska and Paukert
2009). Negative effects from road construction and use are exacerbated by the unstable
geology of many NC summer steelhead watersheds. In the Van Duzen River, Shaun Thompson
(CDFW) has observed pools up to 14 feet completely filling with sediment over the course of
one winter season. Given there are only about six pools used by summer steelhead for holding
in any given year, poor land use could quickly eliminate this adult holding habitat (S. Thompson,
CDFW, pers. comm., July 14, 2020).
5.8.3 Dams
Large dams were primarily built for flood protection and sources of water supply, and power
generation in California. Dams have the potential for major ecological and hydrographic
impacts on streams and interrupt the natural cycle of a river over time. Dams impede the
transport of gravels from upstream as well as alter the natural hydrograph, often reducing the
volume of flow necessary for sediment transport and scour. By disrupting natural sediment
transport, water downstream of a dam can possess higher kinetic energy due to lack of
sediment load. This clear, sediment-deprived water may erode and incise the channel as well as
coarsen streambed material (Kondolf 1997). Dams can also reduce natural peak flows
downstream. Without adequate flows to dislodge sediment, fines may accumulate and have
the potential to embed spawning gravels downstream of the dam (Kondolf 1997). Reduced
peak flows may have negative effects on juvenile steelhead, which rely on these flows to
emigrate to the ocean. Adult summer steelhead migrating to their summer holding grounds
also depend on these peak flows, especially to reach areas above flow-dependent barriers. Base
flows can be altered, as well, with consequences stemming from both increases or decreases
such as redd scouring or dewatering and juvenile stranding. However, in some cases like
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Matthews Dam on the Mad River, dam releases of water during summer months ensure water
is present and can be considered beneficial to salmonids, especially summer steelhead
(HBMWD 2004). Historically, summer flows became subsurface and the river channel would go
dry during the late summer and fall, but releases from Ruth Lake now augment downstream
flows year-round even in drought conditions (HBMWD 2004). Additionally, Matthews Dam has
relatively little impact once the reservoir is full and spilling during the winter months (M.
Sparkman, CDFW, pers. comm., July 10, 2020). Changes to normal flow regimes can also
increase or decrease water temperatures downstream by releasing reservoir water that is
epilimnetic or hypolimnetic, respectively (Sylvester 1963 as cited in Kubicek 1977; Moore 1967).
Reductions of normal streamflow below an impoundment can cause increased water
temperatures in downstream areas (Sylvester 1963 as cited in Kubicek 1977). There are three
major dams within the NC summer steelhead range, two of which are complete barriers to
anadromy.
Mad River: Robert W. Matthews Dam (previously known as Ruth Dam) was constructed about
80 miles upstream from the mouth of the Mad River in southern Trinity County in 1961 (CDFG
2002). The intended purpose of the dam was to supply water for industrial and domestic use as
well as provide hydroelectricity. R.W. Matthews Dam is a complete barrier to upstream
migration and influences streamflow downstream of the dam. However, as mentioned above,
Matthews Dam maintains summer flows at 40-60 cfs as measured by the Highway 299 USGS
flow gage (#11481000) on the Mad River. According to the NMFS Multispecies Recovery Plan
(2016b), Matthews Dam is only considered to block about two miles of historical spawning and
rearing habitat, and these two miles likely are made up of low-quality habitat, a portion of
which was intermittently dry during the summer (NMFS 2016b).
Eel River: Scott Dam was built in 1922 and is one of two dams that make up the PVP, along with
Cape Horn Dam. The PVP is owned by PG&E and operates to store seasonal runoff from the
upper Eel River drainage and divert about 90,000 acre-feet of water to the Russian River on an
annual basis (PVP 2019). Scott Dam forms Lake Pillsbury and Cape Horn Dam forms Van Arsdale
Reservoir. A 9,258-foot diversion tunnel moves water from the Eel River to the East Fork
Russian River for municipal and agricultural uses (CDFG 1997a).
The 12-mile stretch between Scott and Cape Horn dams has high quality spawning and rearing
habitat for salmonids with cool water temperatures, ideal spawning substrate, and decent
riparian cover (CDFG 1997a). Water temperatures are optimal due to releases from Lake
Pillsbury. However, high temperatures downstream of the dam are often lethal to salmonids
and low flows as well as sparsity of riparian cover contribute to the low quality of habitat (CDFG
1997a).
Construction of Scott Dam and formation of Lake Pillsbury was likely the main cause for the loss
of summer steelhead in the upper Eel River (NMFS 2016b). According to a 1982 fisheries study
on the PVP by VTN Oregon, Inc., Scott Dam blocks over 35 miles of major channels, including 8
119

miles of the mainstem Eel River, and 25 miles of minor channels that contained habitat
accessible to steelhead (VTN Oregon, Inc. 1982). More recent estimates are much higher with a
range of 198 – 288 miles of potential steelhead habitat existing above Scott Dam (Cooper
2017). Lake Pillsbury, formed by Scott Dam, and Van Arsdale Reservoir, formed by Cape Horn
Dam, were both found to have significant effects on downstream water temperature (Kubicek
1977). Lake Pillsbury has substantial thermal stratification from late spring through early fall
(PG&E 2017). With reservoir water being drawn down throughout the summer, hypolimnetic
water can be depleted, leaving only warm water (24°C or higher) from the epilimnion by the
late summer or early fall. Temperature of water releases, thus, is dependent on how much
water remains stored in the lake. In years when the cool hypolimnion has been depleted, water
release temperatures during the late summer and early fall have exceeded 22°C and in some
years water temperatures have exceeded 20°C for over a month. DO in the hypolimnion
decreases through the early summer and is ultimately depleted by late July. However, as water
is released through the discharge structure of the dam it is aerated and DO concentration
increases (PG&E 2017).
Minimum flow requirements are in place year-round for the Eel River below Scott Dam and
below Cape Horn Dam in attempt to mimic the natural hydrograph of the system (PG&E 2017).
As a result of PVP operations, flows have regularly been lower and less annually variable than
unimpaired flow conditions (NMFS 2002). Middle and upper reaches of the Eel River have
experienced accelerated flow attenuation and increased temperatures, which have occurred
during the spring and early summer, and may decrease the window when conditions are
suitable for juvenile steelhead emigration (VTN 1982; NMFS 2002). Low summer flows also
have the potential to inhibit upstream migration of summer steelhead through the mainstem
Eel River (NMFS 2002).
New evidence shows that the GREB1L allele found to be associated with the premature
migration phenotype is still present in resident Rainbow Trout residing above the dam (Kannry
et al. 2020). This discovery is evidence of the potential for a summer steelhead population to
re-establish if Scott Dam were to be removed. The Federal Energy Regulatory Commission
(FERC) regulates the PVP and the 50-year license expires in 2022 (PVP 2019). After providing
FERC with a Notice of Intent (NOI) to renew their license, PG&E later withdrew their NOI in
2019 along with their pre-application document (PVP 2019). A Planning Agreement was
initiated by the Mendocino County Inland Water and Power Commission, Sonoma County
Water Agency, California Trout, Inc., and Humboldt County in May 2019 to look into obtaining a
new license for the PVP (Feasibility Study Report 2020). These parties filed a Notice of Intent
(NOI) with FERC to obtain a new license for the PVP, and the Round Valley Indian Tribes were
included in an amended version of the Planning Agreement shortly thereafter. The NOI parties
submitted a Feasibility Study Report of their potential licensing proposal in May 2020 to FERC.
Included in their potential licensing proposal is a plan for the complete removal of Scott Dam
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with the intent to restore access of anadromous fish to the watershed areas upstream of Scott
Dam and Lake Pillsbury (Feasibility Study Report 2020).
5.8.4 Water Diversions
Diversion of water for domestic, industrial, and municipal uses is typically continuous by nature
while agricultural diversions tend to have seasonal fluctuations, drawing more water during the
summer and fall. More recently, illegal marijuana cultivation has been shown to have significant
effects on streamflow, as well. Diversion structures can have similar, albeit smaller scale,
impacts to salmonids as those of large dams. Water temperatures can increase in
impoundments or slow-moving backwaters that result from diversion structures (Axness and
Clarkin 2013), which may pose a risk to young salmonids. Decreases in flows from water
diversions can increase downstream temperatures, reduce the amount and quality of available
habitat for salmonids (Axness and Clarkin 2013), and potentially increase exposure to
predation. These conditions may be exacerbated in low water conditions during dry seasons.
Reductions of flow from water diversions may dewater the channel downstream (Axness and
Clarkin 2013), which could reduce or eliminate critical habitat for rearing and outmigration, and
in some cases stream drying may result in mortality of juvenile salmonids. Aquatic organisms,
such as juvenile steelhead, may also become trapped in diversion ditches and be unable to
escape due to lack of habitat connectivity (Axness and Clarkin 2013). Unscreened diversions
may transport juvenile steelhead into unsuitable areas (Moyle et al. 1995), increasing mortality
and opportunity for predation. Diversions containing fish screens present alternative problems
with fish becoming impinged on some types of screens when water velocity is too high. Another
potential impact of these diversions is impeded upstream passage of adults (Axness and Clarkin
2013). See Sections 5.8.9 and 5.8.10 for more on water diversions specific to agriculture and
cannabis cultivation.
According to the California Fish Passage Assessment Database (PAD), there are upwards of
thirty unscreened water diversions in the upper extent of the Mad River. There are even more
unscreened diversions on the Mattole River, most of which are around or upstream of
Whitehorn, CA, indicating that many could be municipal or domestic. There are likely diversions
in other NC summer steelhead watersheds that may not be reported and thus are currently not
included in the PAD. The number of diversions for illegal marijuana grows is unknown.
5.8.5 Artificial Barriers
Artificial barriers or structures that have the potential to prevent or reduce fish passage include
dams, road crossings, concrete channels for flood control, energy dissipators for erosion
control, gravel mining pits, pipeline crossings, and potentially others. These structures can have
surface or subsurface effects and eliminate or fragment aquatic ecosystems by blocking or
impeding migration and altering nutrient cycling patterns, flow regimes, sediment movement,
channel morphology, and species composition (Poff et al. 1997; Ward 1998; Bunn and
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Arthington 2002). Alterations of this nature reduce habitat availability and quality as well as
native biodiversity.
There were two known artificial gravel dams constructed annually on Redwood Creek to create
swimming holes during the summer. These structures likely impeded summer steelhead access
upstream during the latter part of their migration, but neither have been built for many years.
5.8.6 Gravel Mining and Extraction
Gravel mining has been present in Northern California’s coastal watersheds for close to a
century and is particularly problematic in streams south of Humboldt Bay, which include sectors
of the Eel River system (McEwan and Jackson 1996). Other NC summer steelhead streams
affected by gravel extraction include the Mad River and, to a minor degree, Redwood Creek and
the Mattole River. There are three methods used to mine gravel: dry-pit mining, wet-pit mining,
and bar skimming (Kondolf 1993). Wet-pit mining, or in-channel extraction of gravel within a
perennial stream (Kondolf 1993), was the most common method used in the Mad River
(Stillwater Sciences 2010), though currently bar skimming is used most frequently (M.
Sparkman, CDFW, pers. comm., July 13, 2020). Dry-pit mining is the excavation of gravel from
dry streambeds and bar skimming is removing the top layer of a gravel bar above water level at
low flows (Kondolf 1993).
While all forms of mining can greatly impact the aquatic ecosystem, geomorphology, and flow
hydraulics of the stream, instream wet-pit mining is likely the most detrimental to salmonid
productivity and survival. Removing coarse sediment from an active channel results in channel
incision by trapping bedload sediment (coarse sediment, sand, and gravel) in the excavated pit
and starving the water moving downstream of sediment (Kondolf 1993). The sedimentdeprived water has higher kinetic energy and erodes the stream bed to replenish its bedload.
The resulting stream bed is dominated by larger substrate as smaller particles get washed
downstream, leaving poor spawning habitat for salmonids (Kondolf 1993, 1997). Highly charged
flows also have the potential for downstream redd scouring (Kondolf 1997).
Bar skimming has been the main method used throughout the Eel River and Mad River
drainages, though in recent years improved methods, such as trenching, have begun to be used
(NMFS 2015). Bar skimming often greatly reduces habitat complexity by scraping off the
multifaceted topography, leaving the channel flat and lacking structure (Kondolf 1993). This
method of gravel extraction also reduces stability of the stream in areas surrounding the
removal site (Kondolf 1993). Wet trenching removes sediment from dry areas of a channel
adjacent to the wetted perimeter and is typically used only when there is a need to protect
salmonid habitat or mitigate impacts on the depth and width of the channel (NMFS 2015). Dry
trenching takes a similar approach removing material from dry gravel bars. Berms that are
created during the gravel extraction process are ultimately breached or constructed to allow
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breaching to prevent stranding of fish once the main channel connects with the trench (NMFS
2015).
Impacts of gravel mining can also include altered geomorphology, changes in turbidity, and
decreased biomass and biodiversity of aquatic invertebrates and fish (Brown et al. 1998).
Impacts on salmonid habitat, specifically, have also been studied and documented. The major
effects of gravel mining on salmonid habitat include reduced channel complexity and habitat
diversity, floodplain disconnection, removal of spawning gravel, damaging of existing spawning
habitat, disturbances to redds that lead to egg mortality, disturbances to fish in the stream,
increased turbidity, changes in composition of aquatic organisms that can accumulate through
multiple trophic levels (Oregon Water Resources Research Institute 1995).
5.8.7 Estuarine Habitat
Estuaries of Redwood Creek and the Mad and Eel rivers have been substantially altered by
levees, hard structure armoring, tide gates, and modifications for agricultural and rural
development (Moyle et al. 2017). Habitat that does remain for juvenile salmonid rearing is
affected by turbidity, and water quality issues from runoff and sediment (Moyle et al. 2017).
The Eel River estuary is the largest estuary within the NC summer steelhead range. Use of the
Eel River estuary by multiple steelhead life stages is extensive year-round, but quality of the
estuary habitat is very poor (NMFS 2016b). In the past, the estuary and tidal wetlands of the Eel
River were diked and filled for agricultural uses and flood protection (NMFS 2016b). Only about
40% of the estuarine habitat remains due to diking and construction of levees. Use of the Eel
River estuary by juvenile salmonids is particularly critical due to predation and competition
pressures from the Sacramento Pikeminnow in the mainstem river (NMFS 2016b). Restoration
efforts through the Salt River Ecosystem Restoration Project, The Wildland’s Conservancy Eel
River Estuary Preserve, and the Department’s Ocean Ranch Unit of the Eel River Wildlife Area
are expected to increase habitat quality and availability in the Eel River estuary (NMFS 2016b).
The Redwood Creek estuary has also been rated as poor quality for juvenile steelhead (NMFS
2016b). Flood control levees have blocked off sloughs, wetlands, tributaries, and have
eliminated about 50% of the available space. The estuary has been subject to simplification
including removal of cover and velocity refugia of off-channel habitat and loss of LWD. High
water temperatures and low DO contribute to poor water quality that is further exacerbated by
diversion culvert operations (NMFS 2016b).
The Mad River estuary alterations have led to reduced habitat complexity and loss of offchannel rearing habitat (NMFS 2016b). Natural sloughs were blocked off and the mainstem
channel was straightened and channelized to reduce flooding. Construction of gravel berms,
riprap, and planting of riparian foliage caused a 32% reduction of active channel area since the
mid-1900s (NMFS 2016b). Unfortunately, estuaries of the Mad River and Redwood Creek are
not currently being restored.
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5.8.8 Livestock Grazing
Grazing of livestock on riparian land has occurred for hundreds of years in California, damaging
thousands of miles of stream habitat. Livestock in the riparian zone have many direct effects on
fish, including salmonids, and on the aquatic ecosystem as a whole. Ungulates remove foliage
that provides cover for fish, acts as a stabilizing mechanism for stream banks, and mitigates
high water temperatures (Moyle 2002). Streamside plants also serve as food and habitat for
insects, which are a large component of fish diet (Platts 1981). Livestock also consume aquatic
plants that provide cover for fish and aquatic insects while simultaneously stirring up sediment,
which increases turbidity. Trampling of stream banks by livestock can cause bank collapse,
removing undercuts that act as cover for fish (Moyle 2002). Bank collapse is thought to be the
most widespread effect of livestock grazing on fish abundance since livestock typically
congregate next to streams for shade, forage, and drinking water (Platts 1981). Bank collapse
also contributes to erosion and filling of essential pool habitat, which can ultimately lead to
more simplified channels with less usable habitat (Moyle 2002). Livestock compress soil of
streamside meadows, which reduces its capacity to hold water and exacerbates runoff. This
excess volume of water causes downcutting of the channel and formation of a gully where a
meandering stream used to exist (Moyle 2002). Lastly, livestock pollute the aquatic
environment with excrement, which primarily contributes to bacterial contamination of the
water (Platts 1981) and may cause nutrient loading. Bacteria in streams does not directly affect
fish or suitability of their habitat but is an indicator of water quality (Platts 1981).
Cattle grazing has been noted as a problem in select areas of the Middle Fork Eel River
drainage, impacting water quality through removal of riparian vegetation, siltation, and
deposition of waste (Jones and Ekman 1980). Cattle have been observed grazing streamside in
the North Fork of the Middle Fork Eel River and other tributaries more so than in the mainstem
Middle Fork Eel due to less availability of forage (Roelofs 1983). In the past five years cattle
grazing has been observed streamside in the upper Middle Fork Eel River and in the North Fork
Eel River (S. Thompson, CDFW, pers. comm., July 14, 2020). Private lands in the Van Duzen and
Mad river basins have also been noted to support livestock grazing (Roelofs 1983). The Mattole
River basin has experienced low levels of livestock grazing on forestland areas. Ranching in this
basin, like in the Middle Fork Eel River, was mostly focused on cattle (Downie et al. 2003).
Redwood Creek has also sustained heavy grazing in the lower basin, though sedimentation from
livestock activity is mild compared to the effects of road building and use (Redwood Creek
Watershed Analysis 1997). Throughout Humboldt County, cattle ranching uses about 470,000
acres of land, accounting for just over 20% of the total land area (Humboldt County 2012).
5.8.9 Agricultural Impacts
Some areas within the NC summer steelhead range are subject to agriculture and vineyards
(Moyle et al. 2017). Removal of natural landscape features like wetlands, forests, and
grasslands, to plant annual crops requiring repetitious tilling, fertilization, and harvest can
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permanently decrease soil infiltration capacity and result in increased agricultural runoff
(Spence et al. 1996). These seasonal patterns can alter the natural hydrograph of a stream,
increasing peak flows, decreasing summer baseflows, and lowering the level of the water table.
Channelization of the stream and removal of riparian vegetation and LWD decreases habitat
complexity, increases water temperatures, and decreases bank stability. Agricultural runoff, in
addition to being warm in temperature, has high nutrient levels and contains chemical
insecticides and/or herbicides, which contribute to poorer water quality (Spence et al. 1996).
Agriculture accounts for a small proportion of land use in NC summer steelhead watersheds
(Humboldt County 2012).
5.8.10 Cannabis Cultivation
One of the more recent threats to salmonids in coastal watersheds of Northern California in the
past few decades is the cultivation of marijuana. Coastal Northern California is a prime location
for this activity due to its remote, forested landscape and lack of human development.
Although cannabis cultivation falls within the parameters of agriculture, much of the industry is
unregulated due to illegal operations. Illicit use of pesticides, barrier construction and diversion
of water for irrigation, and destruction of habitat to create space for the marijuana grows have
become grave threats to salmonids, particularly in remotely located first and second order
streams (NMFS 2016b).
The largest impact of marijuana cultivation on wildlife comes from water use for irrigation. The
primary growing season for cannabis is during the summer, at which time there is very little
rainfall because of California’s Mediterranean climate (Bauer et al. 2015). Alternative methods
for obtaining water are required to sustain growing operations and growers turn to streams for
their irrigation needs. Bauer et al. (2015) studied impacts of cannabis water diversions in four
Northern California watersheds and showed that cannabis cultivation may remove up to 23% of
the annual seven-day low flow in upper Redwood Creek, which was the least affected
watershed in the study.
Dillis et al. (2019) looked at irrigation sources of 901 cannabis grow sites in Humboldt, Trinity,
Mendocino, and Sonoma counties in 2017. They found that wells were the primary source of
water extraction, especially during the summer months, but surface and spring water diversions
were also heavily relied on year-round (Dillis et al. 2019). Humboldt County sites reported less
well use than other counties, relying more on surface and spring water diversions, likely due to
the availability of these water sources throughout the growing season as a result of greater
amounts of annual precipitation. Dillis et al. (2019) also determined that there were differences
in water use between compliant and noncompliant sites across the four counties studied.
Noncompliant sites relied more heavily on surface and spring water diversions than compliant
sites, for which well extraction was a primary water source (Dillis et al. 2019). Subsurface
pumping has the potential to decrease instream flows, especially when wells are shallow and
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hydrologically connected to the stream. These effects are lessened with greater distance of
wells from the stream.
Severely decreased flows, as a result of direct surface or spring water diversion, or from well
extraction, can have detrimental consequences especially for streams that already suffer from
low flow conditions. Without sufficient flow to transport and remove sediment, streams can
become embedded, decreasing salmonid spawning and rearing habitat suitability. Floodplains
can also become disconnected, cutting off essential fish nursery habitat, which decreases
productivity (Poff et al. 1997). Loss of this essential habitat has the potential to increase
predation and competition within and among species (CDFG 2004). Reducing instream flows
can increase water temperatures to harmful or lethal levels for over-summering fish and result
in stagnant water conditions that promote the growth of cyanobacteria, which can be lethal to
salmonids and other aquatic species (Power et al. 2015). Maintaining enough flow to sustain
cool water temperatures is crucial to the survival of over-summering adult summer steelhead
(Moyle et al. 2017). Grantham et al. (2012) showed a positive correlation between juvenile
steelhead survival and summer streamflow. Those authors speculate that this is likely due to
the increase in area and suitability of habitat, water quality, and the availability of food
resources (Grantham et al. 2012).
Most, if not all, streams in the NC summer steelhead range are likely affected by legal or illegal
cannabis cultivation. The lower Van Duzen River, lower South Fork Eel River, middle South Fork
Eel River, and the Mattole River have been identified as cannabis priority watersheds
(CASWRCB 2018). This designation is for areas with a high concentration of cannabis cultivation
and where non-compliant cannabis activities could be detrimental to the local environment.
These watersheds also may contain or support essential habitat for aquatic or terrestrial
species, have flow conditions that are lethal or close to lethal for aquatic organisms, suffer from
high water usage and diversions, have restoration projects underway, are listed as an impaired
body of water under the Clean Water Act Section 303(d), are designated as fully appropriated
streams, or are a “Wild and Scenic River” as determined by the California Public Resources Code
section 5093 (CASWRCB 2018). A significant portion of the cold water refugia in the Van Duzen
River used by adult summer steelhead for over-summer holding is maintained by seeps, springs,
and tributaries that could be altered by upslope land use (S. Thompson, CDFW, pers. comm.,
July 14, 2020). Extensive cannabis cultivation is occurring in an area called McClellan Mountain,
which will probably have an increasing impact on cold water inputs that are critical to
maintaining suitable instream temperatures. Rare peat fens exist on McClellan Mountain that
are likely responsible for water temperatures staying cool enough for steelhead holding
through the summer. Some of these fens have been previously damaged and dewatered at
least in part by cannabis development (S. Thompson, CDFW, pers. comm., July 14, 2020). A
2016 study on cannabis agriculture within Humboldt County watersheds identified 4,428 grow
sites within the study area (60 watersheds out of 112 total), of which 19% and 4% were located
within 500 m and 100 m, respectively, of steelhead habitat (Butsic and Brenner 2016).
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5.8.11 Water Quality and Temperature
Due to the impacts of watershed uses described previously, most NC summer steelhead
streams are listed under Section 303(d) of the 1972 Clean Water Act (CWA). The CWA requires
states, territories, and federally recognized tribes to keep a list of water bodies that do not
meet prescribed water quality standards. Governing bodies must also establish total maximum
daily load (TMDL) parameters for each affecting pollutant (CalEPA 2018). CWA Section 303(d)
impaired NC summer steelhead watersheds include multiple hydrologic sub-areas of the Middle
Fork Eel and North Fork Eel rivers, the South Fork Eel River, Upper Mainstem Eel River, Van
Duzen River, Mad River, Mattole River, and Redwood Creek (CASWRCB 2020a). North Coast
streams supporting NC summer steelhead that are listed under the CWA (listed above) are
polluted by a variety of dissolved metals, including aluminum, among other substances, and
they are all listed as temperature-impaired systems. Temperature impairment is primarily a
result of industrialized logging on large scales, flooding in 1955 and 1964, and cumulative
impacts. The Redwood Creek Hydrologic Unit listing is being updated to reflect that four of its
tributaries are no longer temperature impaired, although the rest of the hydrologic area
continues to fall short of temperature standards (CASWRCB 2020a). Many are also impacted by
pesticide runoff (CASWRCB 2020b). Sedimentation and siltation have been determined to be
issues in the Mad River, Mattole River, Redwood Creek, South Fork Eel River, Van Duzen River,
and areas of the Middle Fork, North Fork, and Upper Mainstem Eel rivers (CASWRCB 2020b).
Likely the entire mainstem Eel River is affected by sediment.
5.8.12 Conclusions on Habitat Condition
An important consideration in the case of NC summer steelhead is how future habitat and
climate conditions will affect population trajectory (Spence et al. 2008). Although NC summer
steelhead have access to much of their historical habitat in most streams they still occupy,
these streams have been severely affected by a combination of natural conditions and
anthropogenic activities in the region. Methods used in timber harvest and gravel mining have
improved in recent decades; however, legacy effects of these activities remain. Livestock
grazing and agriculture, to a smaller extent, persist within the lower areas of Northern
California watersheds, as well. Cannabis cultivation is a relatively new, although potentially
serious, threat to the region. Major impacts from this industry come from unregulated, illicit
grow operations that illegally remove and sequester water from streams. Additionally, with
R.W. Matthews and Scott dams still in place, historical steelhead habitat in the Mad and Eel
rivers remains inaccessible to steelhead, though with respect to the Mad River, the percentage
is small compared to the total habitat in the river. Given the factors contributing to habitat loss
and degradation within NC summer steelhead watersheds, it is likely that survival and
productivity will continue to be significantly impacted as these threats persist into the future,
particularly in light of climate change impacts.
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5.9 Fishing and Illegal Harvest
There are no freshwater fisheries that allow harvest of natural-origin NC summer or winter
steelhead. The only harvestable steelhead in Northern California streams are those of hatcheryorigin. Even though harvest of wild steelhead is not legal, catch and release impacts are still
pertinent. There are restrictions on types of gear anglers can use during certain times of year.
Barbless hooks are required and only artificial lures may be used during certain times (California
Freshwater Sport Fishing Regulations 2020 – 2021). As of 2015, California Code of Regulations,
Title 14, Section 8.00 enforces seasonal closures on the Eel River, Mad River, Mattole River,
Redwood Creek, Smith River, and Van Duzen River to protect wild steelhead during times of
reduced habitat accessibility due to low flow conditions.
NC summer steelhead suffer primarily from poaching rather than legal recreational fishing.
Summer steelhead are especially vulnerable to poaching due to the nature of their summer
holding conditions and in many cases these habitats are on remote private property. They are
highly susceptible to netting, spearing, and trapping by hand as they are highly visible and easily
approachable in the holding pools (Roelofs 1983). In a study by Taylor and Barnhart (1996) on
summer steelhead hooking mortality on the Mad and North Fork Trinity rivers, avoidance
behavior was observed when summer steelhead were approached by divers, though the fish
were still visible and approachable up to one meter (Taylor and Barnhart 1996). It was
presumed that avoidance behavior and the resulting exposed positioning would render summer
steelhead vulnerable to predation via spearfishing. Additionally, summer steelhead were
observed to rarely leave their holding pools even when disturbed by diver observation (Taylor
and Barnhart 1996). Taylor and Barnhart also found that temperature and hooking mortality
had a positive relationship with temperatures over 20°C associated with most of the mortalities
observed in the study. This correlation of temperature with hooking mortality rate is significant
to summer steelhead adults that hold in-river during the hottest months of the year and thus,
are even more vulnerable to fishing pressure.
Due to the remoteness of adult summer steelhead holding habitat, law enforcement of illegal
fishing activity is difficult (Moyle et al. 2008). Evidence of poaching, mostly in the form of fishing
tackle, has been apparent in areas of summer steelhead refugia on the Middle Fork Eel River
that are closed to fishing (CDFG 1966 – 2018). Gillnets and weirs made of fencing have also
been used to poach adult summer steelhead migrating upstream as recently as within the past
decade (S. Thompson, CDFW, pers. comm., July 14, 2020). The Van Duzen River, Mad River, and
Mattole River also experience unknown rates of poaching (Moyle et al. 2008). On the Van
Duzen River, gear used for poaching has been found in areas closed to fishing while conducting
annual adult summer steelhead surveys in three of the past nine years (S. Thompson, CDFW,
pers. comm., July 14, 2020). Roads built to support timber harvest in more remote areas of
these watersheds may contribute to poaching pressures due to increased accessibility (Roelofs
1983). Much of the NC summer steelhead watersheds are comprised of private land ownership,
128

where poaching may be more likely due to greater privacy and less accessibility for law
enforcement.
There are no ocean fisheries for steelhead in California and few are ever caught by ocean
salmon anglers.

6. INFLUENCE OF EXISTING MANAGEMENT MEASURES
Several state and federal environmental laws apply to activities undertaken in California that
may provide some level of protection for NC summer steelhead and their habitat. There are
also restoration, recovery, and management plans along with management measures specific
to hatchery operations, disease mitigation, gravel extraction practices, habitat restoration,
recreational fishing, and research and monitoring that may benefit NC summer steelhead. The
following list of existing management measures is not exhaustive.
6.1 Statewide Laws
6.1.1 National Environmental Policy Act and California Environmental Quality Act
The National Environmental Policy Act was enacted in 1970 to evaluate environmental impacts
of proposed federal actions. Major federal actions such as the adoption of official policy,
guidance documents for use of federal resources, or new federal programs or projects (40
C.F.R. §1508.18) will trigger the NEPA process. This process involves three levels of analysis: 1)
Categorical Exclusion determination (CATEX), 2) Environmental Assessment (EA) / Finding of No
Significant Impact (FONSI), and 3) Environmental Impact Statement (EIS). A CATEX applies when
the proposed federal action is categorically excluded from an environmental analysis because it
is not deemed to have a significant impact on the environment. If a CATEX does not apply, the
lead federal agency behind the proposed action will prepare an EA, which concludes whether
the action will result in significant environmental impacts. If no significant impact is expected
the agency will issue a FONSI document. Alternatively, if the action is determined to have a
potentially significant effect on the environment, an EIS will need to be prepared that includes
an explanation of the purpose and need for the proposed action, a reasonable range of
alternatives that can achieve the same purpose and need, a description of the affected
environment, and a discussion of environmental consequences of the proposed action (EPA
2017). The United States Environmental Protection Agency is responsible for reviewing all EIS
documents from other federal agencies and must provide NEPA documentation for its own
proposed actions. Because the NC steelhead DPS is listed as threatened under the federal ESA,
NC summer steelhead may receive some protections from NEPA.
The California Environmental Quality Act (CEQA) is similar to NEPA; it requires environmental
review of discretionary projects proposed to be carried out or approved by state and local
public agencies unless an exemption applies (Public Resources Code § 21080). Under CEQA, the
agency with the primary responsibility for carrying out or approving a project within its
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substantive authority (Lead Agency) is charged with determining whether an Environmental
Impact Report (EIR), Negative Declaration, or Mitigated Negative Declaration is required for the
project and preparing the appropriate document (California Code of Regulations, Title 14, §
15051). When there is substantial evidence the project may have a significant effect on the
environment and adverse impacts cannot be mitigated to a point where no significant effects
would occur, an EIR must be prepared that identifies and analyzes environmental effects and
alternatives (Public Resources Code § 21082.2(a) and (d)). CEQA differs substantially from NEPA
in requiring mitigation for significant adverse effects to a less than significant level unless
overriding considerations are documented. CEQA requires an agency find that projects may
have a significant effect on the environment if they have the potential to substantially reduce
the habitat, decrease the number, or restrict the range of any rare, threatened, or endangered
species (California Code of Regulations, Title 14, §§ 15065(a)(1), 15380). CEQA establishes a
duty for public agencies to avoid or minimize such significant effects where feasible (California
Code of Regulations, Title 14, § 15021). Impacts to NC summer steelhead, as part of the NC
steelhead DPS, which is listed as threatened under the ESA, must be identified, evaluated,
disclosed, and mitigated, as appropriate, under the Biological Resources section of an
environmental document prepared pursuant to CEQA.
6.1.2 Clean Water Act and Porter-Cologne Water Quality Act
The Federal Water Pollution Control Act was established in 1948 and was the original version of
the Clean Water Act. After being heavily amended in 1972, the Federal Water Pollution Control
Act became known as the Clean Water Act (CWA). The CWA was enacted to establish
regulations for the discharge of pollutants into waters of the United States and create surface
water quality standards. Section 401 of the CWA requires any party applying for a permit or
license for a project that may result in discharge of pollutants into waters of the United States
to obtain a state water quality certification. This certification affirms that the project adheres to
all applicable water quality standards and other appropriate requirements of state law. Section
404 of the CWA forbids the discharge of dredged or fill material into waters of the United
States, including wetlands, without a permit from the United States Army Corps of Engineers
(USACOE). The USACOE is directed to issue their permit for the least environmentally damaging
practicable alternative.
The Porter-Cologne Water Quality Act was established by the State of California in 1969 and has
goals that align with those of the CWA such as establishing water quality standards and
regulating the discharge of pollutants into state waters. The California State Water Resources
Control Board (CASWRCB) and nine Regional Water Boards share responsibility for
implementation and enforcement of the Porter-Cologne Act. These entities are required to
formulate and adopt water quality control plans that describe how water quality standards will
be attained.
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In accordance with Section 303(d) of the CWA the USEPA, CASWRCB, and the Regional Water
Boards are responsible for identifying “impaired” or polluted waters within the state. The listing
leads to the development a TMDL program, which determines the “allowable” amount of
sediment and temperature for the watershed. The primary purpose of the program is to assure
that beneficial uses of water, such as steelhead habitat, are protected from detrimental
increases in sediment and temperature and other pollutants defined in Section 502. The
development and implementation of the TMDL is the responsibility of the State of California.
The USEPA is required to review and approve the list of impaired waters and each TMDL. If
USEPA cannot approve the list or a TMDL it is required to develop its own.
Waters within the boundaries of the NC steelhead DPS fall under the jurisdiction of the North
Coast Regional Water Quality Control Board (NCRWQCB). In 2004, the NCRWQCB adopted the
Total Maximum Daily Load Implementation Policy Statement for Sediment Impaired Receiving
Waters in the North Coast Region in an effort to control sediment waste discharges and restore
sediment impaired water bodies in the region (Resolution R1-2004-0087). The Sediment TMDL
Implementation Policy states that Regional Water Board staff shall control sediment pollution
by using existing permitting and enforcement tools. Redwood Creek, Mad River, Mattole River,
Van Duzen River, Eel River (Upper, Middle, and Lower), as well as the North, Middle, and South
Forks of the Eel are all listed as impaired by sediment and water temperature, and TMDLs have
been developed.
6.1.3 Federal and California Wild and Scenic Rivers Act
The United States Congress enacted the federal Wild and Scenic Rivers Act (WSRA) in 1968
thereby creating the National Wild and Scenic River System (16 U.S.C. § 1271, et seq.). The
WSRA is intended to preserve select rivers with outstanding natural, cultural, and recreational
values as free flowing for the enjoyment of present and future generations. The WSRA prevents
the federal government from licensing, funding, or otherwise assisting in dam construction or
other projects on designated rivers or river segments. The WSRA does not give jurisdiction to
the federal government over development projects on private property with designated rivers.
The California Wild and Scenic Rivers Act was passed by the California Legislature in 1972. The
State Act mandates that “certain rivers which possess extraordinary scenic, recreational,
fishery, or wildlife values shall be preserved in their free-flowing state, together with their
immediate environments, for the benefit and enjoyment of the people of the state.” (Pub. Res.
Code, § 5093.50). Designated waterways are codified in Public Resources Code Sections
5093.50-5093.70.
Within the range of NC steelhead, only sections of the Eel River mainstem and some of its
tributaries have been designated by the State (1972) and the federal government (1981) as wild
and scenic. The following sections have been designated: from the river mouth of the Eel River
mainstem to 100 yards below Cape Horn Dam; the Middle Fork from its confluence with the
mainstem to the southern boundary of the Yolla Bolly Wilderness Area; the South Fork from its
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confluence with the mainstem to the Section Four Creek confluence; the North Fork from its
confluence with the mainstem to Old Gilman Ranch; and the Van Duzen River from the
confluence with the Eel River to Dinsmore Bridge. These sections encompass a total of 398
miles (National Wild and Scenic Rivers System 2020).
6.1.4 Lake and Streambed Alteration Agreements
Fish and Game Code Section 1602 requires entities to notify the Department of activities that
“divert or obstruct the natural flow of, or substantially change or use any material from the
bed, channel, or bank of any river, stream, or lake, or deposit or dispose of debris, waste, or
other material containing crumbled, flaked, or ground pavement where it may pass into any
river, stream, or lake.” If the activity will substantially adversely affect an existing fish and
wildlife resource, the Department shall issue a Lake or Streambed Alteration Agreement to the
entity that includes reasonable measures necessary to protect the fish and wildlife resources
(Fish and Game Code, §1602, subd. (a)(4)(B)). Authorization as provided under CESA or another
appropriate mechanism in the Fish and Game Code is required to authorize take of species
listed as candidates, threatened, or endangered under CESA.
6.1.5 Medicinal and Adult-Use Cannabis Regulation and Safety Act
Regulation of the commercial cannabis cultivation industry under the Medicinal and Adult-Use
Cannabis Regulation and Safety Act requires that any entity applying for an annual cannabis
cultivation license from the California Department of Food and Agriculture (CDFA) include “a
copy of any final lake or streambed alteration agreement…or written verification from the
California Department of Fish and Wildlife that a lake or streambed alteration agreement is not
required” with their license application (California Code of Regulations., Title 3, § 8102,
subdivision (w)). Waste discharge and water diversions associated with cannabis cultivation are
regulated by the CASWRCB (California Code of Regulations., Title 3, § 8102, subdivision (p)).
6.1.6 Forest Practice Act
The Forest Practice Act was originally enacted in 1973 to ensure that logging operations in
California are conducted in ways that aim to preserve and protect the State’s fish, wildlife,
forests, and streams. This law and the associated regulations adopted by the California Board of
Forestry and Fire Protection are collectively known as the Forest Practice Rules (California Code
of Regulations., Title 14, Chapter 4). The Forest Practice Rules implement the provisions of the
Forest Practice Act in conjunction with other pertinent laws, including CEQA, Porter-Cologne,
CESA, and the Timberland Productivity Act of 1982. The California Department of Forestry and
Fire Protection (CalFire) enforces these laws and regulations as they pertain to logging on
private land. Current forest practices are much improved as compared to before this act,
particularly with regards to limiting the acreage of clear-cuts.
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To further protect listed anadromous salmonids and their habitats, the Anadromous Salmonid
Protection (ASP) rules were approved by the State Board of Forestry and Fire Protection (BOF)
at their September 2009 meeting held in Sacramento, California. In October 2013, the BOF
approved a revision to the rules under the “Class II-L Identification and Protection
Amendments, 2013” rule package. The Final Statement of Reasons of the ASP rules adopted by
the BOF explained that the rules are intended to protect, maintain, and improve riparian
habitats for state and federally listed anadromous salmonid species. These rules are permanent
regulations that replace the temporary Threatened or Impaired Watershed Rules which were
originally adopted in July 2000 and readopted six times thereafter (CalFire and CDFW 2014).
The BOF’s primary objectives in adopting the ASP rules were: (1) to ensure the rules adequately
protect listed anadromous salmonid species and their habitat, (2) to expand opportunities for
restoring the species’ habitat, (3) to ensure the rules are based on sound science, and (4) to
meet Public Resources Code Section 4553 for review and periodic revisions to Forest Practice
Rules. The main goals of the BOF for the rule revisions were to update the rules based on new
science; provide a high level of protection for listed species; contribute to anadromous
salmonid habitat restoration; be consistent with partner agency mandates; and promote
landowner equity, flexibility, and relief opportunities (CalFire and CDFW 2014). However,
logging of large trees within the riparian zone can still occur.
6.1.7 Federal Power Act
The Federal Power Act and its major amendments are implemented and enforced by FERC,
requiring licenses for specified dams that generate hydropower. One of the major amendments
of the Federal Power Act mandates that FERC shall give consideration to the protection,
mitigation, and enhancement of fish and wildlife and related spawning grounds and habitat (16
U.S.C. § 797, 803). The term for a hydropower license granted by FERC is typically 30-50 years.
As a federal agency, FERC must comply with federal environmental laws prior to issuing a new
license or relicensing an existing hydropower project, which includes NEPA and ESA. When FERC
considers whether to re-license a hydropower project, it must review the project to ensure it is
consistent with federal and state comprehensive plans for improvement, development, or
conservation of a waterway. Section 10(a) of the Federal Power Act instructs FERC to solicit
recommendations from resource agencies and tribes (when applicable) on ways to make a
project more consistent with federal or state comprehensive plans. Section 10(j) allows NMFS,
USFWS, and the Department to submit recommendations to protect, mitigate damage to, and
enhance fish and wildlife resources (including associated habitat) affected by the proposed
project. FERC is not required to incorporate these recommendations into a hydropower license
if it determines the recommendations are outside the scope of Section 10(j) or inconsistent
with the Federal Power Act or any other applicable law.
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In addition to following the Federal Power Act and other applicable federal laws, the PorterCologne Water Quality Act requires a Water Quality Certification (WQC) from the CASWRCB for
all non-federal dam operators. The CASWRCB must consult with the Department regarding the
needs of fish and wildlife prior to issuing the WQC. Consequently, CASWRCB includes conditions
in the WQC that seek to minimize adverse effects to native species, such as NC steelhead.
R.W. Matthews Dam
Humboldt Bay Municipal Water District (HBMWD) owns and operates Robert Matthews Dam in
the upper watershed of the Mad River. Ruth Reservoir holds approximately 48,000 acre-feet of
water primarily for industrial and municipal supply. HBMWD also diverts directly from the Mad
River near Essex. In 1981, FERC granted an exemption for a hydroelectric plant at Matthews
Dam. Power production is incidental to water released for the HBMWD’s water supply function.
There are also Ranney wells in the Mad River associated with HBMWD water usage.
Section 404 of the CWA requires that the HBMWD must secure a USACOE permit every five
years. Since ESA species, including NC steelhead, are present, USACOE must consult with NMFS
and USFWS prior to issuing any permit. NMFS must issue a Biological Opinion to the USACOE,
determining if the HBMWD actions pose jeopardy to the continued existence of these species,
or if the actions pose a significant adverse effect on critical habitat.
The HBMWD prepared a Habitat Conservation Plan (HCP) in support of an Incidental Take
Permit under Section 10 of ESA. The HCP describes conservation measures to minimize and
mitigate adverse impact to the listed species. Discharge below Matthews Dam is also regulated
by the State of California Water Rights Board and the Department for the protection and
preservation of fish.
Potter Valley Project
The PVP is operated by PG&E and consists of Scott Dam and Lake Pillsbury, Cape Horn Dam and
Van Arsdale Reservoir, and a diversion tunnel and powerhouse located on the East Branch
Russian River. Within the current FERC license set to expire in April of 2022, a flow schedule
was prescribed based on recommendations from a Fisheries Review Group (consisting of
scientists from PG&E, USFWS, NMFS, and the Department) convened to determine a flow
schedule that minimizes the impact of the project on salmon and steelhead.
In January 2019, PG&E withdrew from the license application process. FERC subsequently
issued a solicitation for new applicants and a consortium including the Mendocino County
Inland Water and Power Commission, Sonoma County Water Agency, CalTrout, Humboldt
County, and The Round Valley Indian Tribes notified FERC of their intent to prepare a Feasibility
Study Report. The report was filed in May 2020 and describes a licensing proposal for the PVP
that includes shifting the timing and magnitude of diversions to improve and protect
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downstream fishery resources, and the removal of Scott Dam to restore volitional anadromous
fish access to the upper Eel River.
6.2 Species Recovery Plans and Regional Management Plans
6.2.1 Forest Plans
Northwest Forest Plan
In 1994, BLM and the Forest Service adopted the Northwest Forest Plan (NWFP) to guide the
management of over 37,500 square miles of federal lands in portions of northwestern
California, Oregon, and Washington. The NWFP includes an Aquatic Conservation Strategy that
aims to maintain and restore distribution, diversity, and complexity of features and processes
of watersheds that support aquatic and riparian species (Reeves et al. 2018). The NWFP’s
Aquatic Conservation Strategy is comprised of riparian reserves, key watersheds crucial to atrisk fish species, watershed analysis, and watershed restoration. Guidelines for riparian
reserves prohibit timber harvest and manage roads, grazing, mining, and recreation to achieve
the objectives of the Aquatic Conservation Strategy. Timber harvest is not allowed in key
watersheds prior to completing a watershed analysis, although harvest can still occur in the
riparian zone on private property. Tier 1 watersheds were selected based on presence of at-risk
anadromous salmonids, bull trout, and resident fish species as well as having a high potential
for being restored as part of a watershed restoration project. Tier 2 watersheds are important
sources of high-quality water though they may not support at-risk fish species (USDA and USDI
1994).
National Forest Land and Resource Management Plans
Forest plans have been developed for Mendocino National Forest and Six Rivers National Forest
to provide a framework for guiding ongoing land and resource management operations. The
goal of these documents is to provide a management program that balances use and protection
of forest resources. Forest plans provide guidance by way of general management direction and
goals but do not include project-level recommendations. The plans also establish monitoring
and evaluation requirements to ensure management actions are being implemented and verify
estimates of outputs and effects of these actions.
Mendocino National Forest Land and Resource Management Plan
https://www.fs.usda.gov/detailfull/mendocino/landmanagement/planning/?cid=fsbdev3_0045
18&width=full
Six Rivers National Forest Land and Resource Management Plan
https://www.fs.usda.gov/detailfull/srnf/landmanagement/planning/?cid=stelprdb5084033&wi
dth=full
Six Rivers National Forest Watershed and Fisheries Restoration Program
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The Six Rivers National Forest’s Watershed and Fisheries Restoration Program goals are to
implement the Aquatic Conservation Strategy which was developed to restore and maintain the
ecological health of watersheds and aquatic ecosystems on federal lands (FEMAT 1993). In
meeting the objectives of the Aquatic Conservation Strategy, the program implements
restoration activities identified in the Department’s Recovery Strategy for California Coho
Salmon (CDFG 2004), and NMFS’ Final Recovery Plan for Southern Oregon/Northern California
Coast Coho Salmon (NMFS 2014).
6.2.2 Habitat Conservation Plans
Several timber companies in California own lands with important aquatic habitat for listed
salmonids. In Humboldt County alone there are over one million acres of timber production
land, accounting for about 44% of county land (Humboldt County 2012). Developing a Habitat
Conservation Plan, including aquatic habitat, is a regulatory condition of harvesting timber on
these lands. A primary goal of an aquatic conservation plan is to conserve aquatic habitat for
and mitigate impacts on listed species such as Chinook Salmon, Coho Salmon, and steelhead.
Humboldt Redwood (formerly Pacific Lumber) Company
The Humboldt Redwood Company HCP covers 211,700 acres of private coast redwood and
Douglas fir forest in Humboldt County (HRC 2015). It has a 50-year HCP/incidental take permit
that was executed in 1999, revised in 2015 as part of its adaptive management strategy, and
expires on March 1, 2049. The HCP includes an Aquatics Conservation Plan with measures
designed to maintain or achieve, over time, a properly functioning aquatic habitat condition for
salmonids. These conservation measures include assessing the potential risk of soil erosion
from roads and from exposed forest soils; stream flows and potential changes to flows; shade
cover; stream channel conditions including large wood in streams, distribution of deep pools
and spawning gravels; and habitat and distribution of fish. The plan also includes periodically
analyzing the data to adaptively manage prescriptions based on the watershed’s progress
toward properly functioning conditions.
Green Diamond Aquatic Habitat Conservation Plan
GDRCO owns timber lands in three watersheds inhabited by NC summer steelhead—Redwood
Creek, Mad River, and Eel River. They prepared an Aquatic Habitat Conservation Plan (AHCP)
and Candidate Conservation Agreement with Assurances and subsequently received a Biological
Opinion from NMFS in 2007 (GDRCO 2006). The plan identifies conservation measures that are
expected to minimize and mitigate the impacts from take of anadromous species and includes a
variety of protection measures designed to restore and maintain riparian and upslope
processes that create, restore, and maintain aquatic habitat. Conservation measures focus on
LWD recruitment, shade retention, and control of the delivery of coarse and fine sediments to
aquatic habitat from forest management activities.
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6.2.3 Other Restoration and Management Plans
Coastal Multispecies Recovery Plan for California Coastal Chinook Salmon, Northern California
Steelhead, and Central California Coast Steelhead (NMFS 2016) – A recovery plan developed by
NMFS in 2016 providing a framework for conservation and survival of three ESA-threatened
species of salmon and steelhead. The Department funds recovery actions identified in this plan
primarily through the Fisheries Restoration Grant Program.
https://www.fisheries.noaa.gov/resource/document/final-coastal-multispecies-recovery-plancalifornia-coastal-chinook-salmon
Eel River Action Plan – A compilation of information and recommendations prepared by the Eel
River Forum in 2016. https://caltrout.org/wpcontent/uploads/2016/06/2016.03.FINAL_.EelRiverActionPlan.ERF_.pdf
Eel River Salmon and Steelhead Restoration Action Plan (CDFG 1997a) – A 1997 CDFG plan with
restoration actions to address known problems in the Eel River watershed that have caused
declines in Salmon and steelhead populations.
Mad River Total Maximum Daily Loads for Sediment and Turbidity – Document by the U.S.
Environmental Protection Agency establishing TMDLs for sediment and turbidity in the Mad
River in accordance with Section 303(d) of the CWA.
https://www.waterboards.ca.gov/northcoast/water_issues/programs/tmdls/mad_river/pdf/M
ad-TMDL-122107-signed.pdf
Management Plan for the Summer Steelhead Rainbow Trout (Salmo gardneri) in the Middle
Fork of the Eel River (Jones and Ekman 1980) – A 5-year Middle Fork Eel River summer
steelhead management plan from 1980 jointly prepared by CDFG and USFS and adopted as
interim resource management direction prior to the Mendocino National Forest management
plan.
Mattole Headwaters Groundwater Management Plan – A plan developed by Sanctuary Forest’s
Mattole Flow Program to manage, protect, and enhance groundwater and surface water in
compliance with California Water Code section 10750 et. sec. http://sanctuaryforest.org/wpcontent/uploads/2014/12/Mattole-Headwaters-Groundwater-Management-Plan.pdf
Mattole Integrated Coastal Watershed Management Plan – A 2009 report by the Mattole River
and Range Partnership detailing a plan for watershed restoration and water quality
management with a series of strategies for each specified management area.
http://www.mattole.org/wp-content/uploads/2014/08/WatershedPlan_Final_w_Cover.pdf
Mattole River Total Maximum Daily Loads for Sediment and Temperature – Document by the
U.S. Environmental Protection Agency establishing TMDLs for sediment and temperature in the
Mattole River in accordance with Section 303(d) of the CWA.
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https://www.waterboards.ca.gov/northcoast/water_issues/programs/tmdls/mattole_river/110
707/mattole.pdf
Middle Fork Eel River Total Maximum Daily Loads for Temperature and Sediment – Document
by the U.S. Environmental Protection Agency establishing TMDLs for temperature and sediment
in the Middle Fork Eel River in accordance with Section 303(d) of the CWA.
https://19january2017snapshot.epa.gov/www3/region9/water/tmdl/middleeel/tmdl.pdf
North Fork Eel River Total Maximum Daily Loads for Sediment and Temperature – Document by
the U.S. Environmental Protection Agency establishing TMDLs for sediment and temperature in
the North Fork Eel River in accordance with Section 303(d) of the CWA.
https://www.waterboards.ca.gov/northcoast/water_issues/programs/tmdls/eel_river_north_f
ork/pdf/final.pdf
Redwood Creek Integrated Watershed Strategy – A 2006 report prepared by the Redwood
Creek Watershed Group with the goal of improving and protecting water quality and supply and
aquatic and riparian habitat in the Redwood Creek watershed.
https://www.nps.gov/redw/learn/management/upload/RWC%20IWS%20Final.pdf
Redwood Creek Sediment Total Maximum Daily Load – Document by the U.S. Environmental
Protection Agency establishing a TMDL for sediment in Redwood Creek in accordance with
Section 303(d) of the CWA.
https://archive.epa.gov/region09/water/archive/tmdl/redwood/rwctmdl.pdf
South Fork Eel River Total Maximum Daily Loads for Sediment and Temperature – Document by
the U.S. Environmental Protection Agency establishing TMDLs for temperature and sediment in
the South Fork Eel River in accordance with Section 303(d) of the CWA.
https://19january2017snapshot.epa.gov/www3/region9/water/tmdl/eel/eel.pdf
Steelhead Restoration and Management Plan for California (McEwan and Jackson 1996) – A
1996 CDFG statewide steelhead management plan providing guidelines for steelhead
restoration and management that can be incorporated in stream-specific project planning.
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=3490
Strategic Plan for Management of Northern California Steelhead Trout – A 1998 CDFG
document listing management actions proposed to continue, expand, or be implemented in
response to NMFS’ proposal to list the Northern California steelhead ESU as threatened under
ESA.
Upper Main Eel River and Tributaries Total Maximum Daily Loads for Temperature and
Sediment – Document by the U.S. Environmental Protection Agency establishing TMDLs for
temperature and sediment in the upper mainstem Eel River and tributaries in accordance with
Section 303(d) of the CWA. The upper mainstem Eel River was added to California’s 303(d)
impaired water list in 1992.
138

https://www.waterboards.ca.gov/northcoast/water_issues/programs/tmdls/eel_river_upper_
main/pdf/uer-tmdl-final-12-28.pdf
Van Duzen River and Yager Creek Total Maximum Daily Load for Sediment – Document by the
U.S. Environmental Protection Agency establishing TMDLs for sediment in the Van Duzen River
and Yager Creek in accordance with Section 303(d) of the CWA. The Van Duzen River was added
to California’s 303(d) impaired water list in 1992.
https://www.waterboards.ca.gov/northcoast/water_issues/programs/tmdls/vanduzen_river/p
df/vanduzen.pdfhttps://www.waterboards.ca.gov/northcoast/water_issues/programs/tmdls/v
anduzen_river/pdf/vanduzen.pdf
Van Duzen Watershed Project: Watershed Management Plan – A 2010 document compiled as
part of the Van Duzen Watershed Project providing critical information on the state of the Van
Duzen watershed and goals and strategies for improved management.
6.3 Hatchery Operations
In November 2014, the Department submitted a final HGMP for the MRH winter steelhead
program in the Mad River. The HGMP provides a framework for operating the program while
minimizing potential impacts on ESA listed salmonids within the project area. The Department
has implemented measures to reduce the impacts of the MRH steelhead program on naturalorigin steelhead. These include: (1) marking 100% of the hatchery steelhead with an adipose fin
clip to allow the identification of hatchery fish in the fishery, at the hatchery, and on the
spawning grounds; (2) reducing steelhead production from 250,000 smolts released to 150,000;
(3) increasing the effective population size of the hatchery broodstock to reduce the risk of
inbreeding depression, if not enough natural-origin fish available, by splitting the eggs from
each female into two lots and fertilizing each lot with a different male; (4) increasing the time
of broodstock selection and spawning based on a bell-shaped curve that distributes the
spawning throughout the complete run, and (5) increasing the number of natural fish used for
broodstock by spawning natural-origin fish at a 1:1 ratio with hatchery-origin fish. Natural
broodstock are now mainly collected offsite by the Mad River Steelhead Stewards Volunteer
Program. The Department critically examines each fish prior to use for broodstock.
6.4 Disease
Hatchery-origin steelhead may have an increased risk of contracting and spreading fish diseases
than wild fish due to relatively high rearing densities and stress from rearing conditions
(Saunders 1991). These diseases could potentially be transmitted from hatchery-raised fish to
wild populations post-release (Hastein and Lindstad 1991). Wild fish have the potential to
transmit disease to hatchery stocks as well, though disease infection in wild populations is not
well documented (Olivier 2002). Several bacterial infections have been identified in MRH
steelhead that are caused by Flavobacterium psychrophilum (coldwater disease bacteria),
Flavobacterium columnare (columnaris), Flavobacterium branchiophilum (bacterial gill disease),
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and motile Aeromonas/Pseudomonas spp. bacteria. A number of external parasites have also
been identified, including Gyrodactylus spp., Ambiphrya spp., Ichthyobodo necator (costia),
Tetrahymena sp., and Ichthyophthirius multifilis (ich). The parasite, Tetracapsuloides
bryosalmonae, which is the causative agent of proliferative kidney disease and endemic to the
Mad River watershed, has been observed in MRH production fish, as well (CDFW 2016).
The MRH is operated in compliance with all applicable fish health guidelines from the American
Fisheries Society’s Blue Book: Suggested Procedures for the Detection and Identification of
Certain Finfish and Shellfish Pathogens, 2012 edition). These fish health guidelines ensure that
fish health is monitored, sanitation practices are followed, and hatchery-origin fish are reared
and released in good health. Department fish pathologists monitor hatchery programs regularly
and conduct fish examinations at each life stage including tests for viruses, bacteria, parasites,
or pathological changes. MRH also uses ultraviolet treatment to remove pathogens from the
water that is used for fish culture purposes (CDFW 2016).
6.5 Gravel Extraction
The State Surface Mining and Reclamation Act (SMARA) of 1975 requires that all gravel mining
operations include a Reclamation Plan describing the operation in detail, the environmental
setting, and measures that will minimize adverse environmental effects caused by the
operation. In 1991, the California Department of Conservation’s Division of Mine Reclamation
was created to provide a measure of oversight for local governments required to administer
SMARA throughout California. Reclamation plans are further subject to CEQA and local land use
code; CWA Section 401 (State Certification of Water Quality) and Section 404 (USACOE) that
regulate the discharge of dredged or fill material into the waters of the United States.
Operators may be required to obtain permits from the USACOE for dredge and fill operations,
or other gravel extraction activities under Sections 401 and 404 of the CWA and/or Section 10
of the 1899 Rivers and Harbors Act. Instream gravel mining is subject to, and projects could be
authorized by, a Lake or Streambed Alteration Agreement (Fish & G. Code § 1600 et seq.).
Consultation with the NMFS and/or the Department pursuant to CESA and ESA may also be
warranted.
NMFS compiled a National Gravel Extraction Guidance document in 2005 to replace their 1996
National Gravel Extraction Policy. The objectives of the guidance document are to 1) assist
NMFS staff in determining if proposed gravel extraction operations comply with federal law,
while 2) avoiding, minimizing, and mitigating any negative impacts on anadromous fishes and
their habitats. The document is primarily focused on instream gravel mining rather than gravel
extraction in marine environments. NMFS recommends that gravel mining operations should
not affect migration, spawning, or rearing of anadromous fish. They also should not adversely
impact existing or historical anadromous habitat. The 2005 National Gravel Extraction Guidance
document applies nationwide but is flexible in that recommendations are made on a projectspecific basis (Packer et al. 2005).
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In 1992, the Humboldt County Board of Supervisors created the County of Humboldt Extraction
Review Team (CHERT) to provide scientific oversight for gravel extraction projects. CHERT
provides site specific recommendations on extraction designs submitted by the operators and
their consultants, in addition to the previously mentioned state and federal agencies. There are
currently several active gravel mining sites administered by CHERT including sites on the Mad
River, the Eel River (and tributaries) and the Mattole River. One additional project on the Mad
River, operated by the Blue Lake Rancheria, was not required to obtain permits from the State
of California or Humboldt County, and thus, operates outside of the CHERT program. Their
mining plans are reviewed by the USACOE and NMFS (CHERT 2019) since they have sovereign
rights.
6.6 Habitat Restoration and Watershed Management
Federal, state, and local agencies involved in substantial habitat restoration projects in the NC
summer steelhead range include NMFS, USFWS, USFS, The Department, the California State
Wildlife Conservation Board, and NCRWQCB. These agencies administer restoration grant
programs (e.g., Fisheries Restoration Grant Program). Fisheries Restoration Grant Program has
funded many projects statewide and throughout the NC summer steelhead range. Restoration
work in the region falls into the following categories: instream bank stabilization, improving fish
passage, screening, instream habitat restoration, riparian habitat restoration, upslope
watershed restoration, and water conservation measures. Certain projects targeting steelhead
habitat have been completed in the Redwood Creek, Mad River, Van Duzen River, and Mattole
River watersheds over the past 20 years and may have improved summer steelhead habitat.
There are also potentially a few projects conducted in Humboldt and Mendocino counties
funded through Propositions 1 and 68 that may have directly or indirectly benefitted NC
summer steelhead.
The California Steelhead Report and Restoration Card program has funded various types of
restoration and, to a lesser degree, monitoring projects since 1993, including instream habitat
improvement, species monitoring, outreach and education, and watershed assessment and
planning. A number of these projects have been implemented in NC summer steelhead
watersheds including Redwood Creek, Mad River, South Fork Eel River, and Mattole River. On
Redwood Creek a NCFR project specifically focused on summer steelhead recovery was funded
for fiscal year 1997 – 1998 to identify cold water habitat that could be improved by
reintroduction of woody debris with the goal of increasing the abundance of summer steelhead
and other salmonids.
6.7 Commercial and Recreational Fishing
There are no commercial fishing operations for NC steelhead, however many waters within
their distribution are popular destinations for recreational fishing. Sport fishing regulations do
not allow harvest of naturally produced NC steelhead — all natural-origin fish must be
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immediately released. The fishery targets hatchery winter steelhead, which may be harvested.
Through seasonal closures and gear restrictions, the regulations limit the potential impact on
NC summer steelhead.
Low-flow trout and salmon angling restrictions are implemented by way of fishery closures
when flows in Northern California rivers dip below their specified minimums (California Code of
Regulations., Title 14, § 8.00, subdivision. (a)). These conditional stream closures are in place
from September 1 through January 31 on the Mad River and October 1 through January 31 on
the Eel River, Mattole River, Redwood Creek, and Van Duzen River. Barbless hooks are required
in all anadromous waters. Artificial lures are also required during certain times of the year to
decrease hook and release mortality. Some sections of these rivers known to harbor summer
steelhead during holding and spawning are closed to fishing year-round. For example, the area
from Cowan Creek to Deer Creek on the Mad River, the reach below Eaton Falls on the Van
Duzen River, and the reach from Bar Creek up to Uhl Creek on the Middle Fork Eel River are
closed all year. Seasonal closures in other reaches are in place to decrease angler interactions
with steelhead during times coinciding with upstream migration when they are more
physiologically vulnerable due to higher temperatures. These closures are typically during April
and May for summer steelhead and October or November through December for winter
steelhead.
6.8 Research and Monitoring Programs
6.8.1 Summer Steelhead Monitoring
Summer steelhead monitoring efforts in the form of snorkel surveys occur on Redwood Creek,
Mad River, Middle Fork Eel River, Van Duzen River, and Mattole River. These surveys are not
part of a comprehensive monitoring plan, but most are conducted annually when adequate
funding and personnel are available. The Department conducts summer steelhead monitoring
on the Middle Fork Eel and Van Duzen rivers, which is funded by a grant through the Sport Fish
Restoration Act which also includes a number of other projects including adult salmonid
monitoring at Van Arsdale Fish Station and outmigrant trapping of juvenile salmon and
steelhead in the upper Eel River. Middle Fork Eel and Van Duzen surveys currently cover the full
extent of summer steelhead habitat in both mainstems. The Mad River Alliance currently
conducts summer steelhead surveys on the Mad River in collaboration with the Department,
Blue Lake Rancheria, Bureau of Land Management, GDRCO, Hollie Hall and Associates,
Stillwater Sciences, Timberland Resources Company, and the Wiyot Tribe (Mad River Alliance
2020). Surveys on the Mad River also focus on mainstem summer steelhead habitat. Redwood
Creek summer steelhead surveys are conducted by the National Park Service and currently
cover about 40 miles of the mainstem. Mattole River summer steelhead are monitored by the
Mattole Salmon Group with surveys that generally cover the entirety of the mainstem and
some portions of Bear and Honeydew creeks (N. Queener, Mattole Salmon Group, pers. comm.,
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February 4, 2020). In all five streams there is some amount of tributary habitat that is not
surveyed but may support summer steelhead.
6.8.2 California Monitoring Program
The California Monitoring Program (CMP), formerly the California Coastal Monitoring Program,
was developed to monitor California’s coastal Salmon and steelhead populations using
statistically rigorous modeling combined with a variety of sampling and survey methods. The
Department and NMFS have begun implementing the CMP in coastal watersheds in California
for about a decade. The CMP is currently being conducted in the following watersheds within
the NC steelhead DPS:
•
•
•
•
•
•

Redwood Creek
Humboldt Bay
Mattole River
South Fork Eel River
Mendocino Coast
Gualala River

The sampling framework for species monitoring is established using Generalized Random
Tessellation Stratification (GRTS) to select stream sample units. GRTS is a widely used method
for selecting random, spatially balanced samples and compromises between even distribution
of samples and randomization. Generally, adult monitoring of Chinook Salmon includes counts
of live fish, carcasses, and redds. Coho Salmon and steelhead adults are enumerated through
redd surveys (CDFG 2011). The CMP sample frame in Northern California is currently designed
around Coho and Chinook Salmon. Adult winter steelhead population estimates are generated
but they generally do not account for the entire run due to spatial and temporal limitations of
the Salmon-based sample frame. Summer steelhead are not enumerated through CMP, though
ancillary information on summer steelhead may be collected.
6.8.3 Adult Salmonid Sonar Monitoring
The Department’s Anadromous Fisheries Resource Assessment and Monitoring Program
initiated a sonar monitoring program on the Mad River in 2013 to enumerate California coastal
Chinook Salmon, Southern California/Northern Oregon Coho Salmon, and NC steelhead. The
ARIS sonar detection coupled with methods for species apportionment have allowed the
Department to develop annual population estimates for these three species. Sonar
deployment, however, only extends from late August through March at the latest, so it does
not enumerate summer steelhead.
A dual frequency identification sonar (DIDSON) device was deployed seasonally by the United
States Geological Survey on Redwood Creek starting in 2009 to enumerate Chinook Salmon,
Coho Salmon, and steelhead. This study was funded by the Department’s Fisheries Restoration
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Grant Program through the 2016-2017 monitoring season. As is the case with the sonar device
on the Mad River, the DIDSON was removed from Redwood Creek each season prior to
upstream migration of the summer steelhead run (Metheny and Duffy 2014).
6.8.4 Habitat Conservation Plan Monitoring
Both the Humboldt Redwood Company HCP and the GDRCO AHCP have elements of monitoring
included. These monitoring operations can benefit NC summer steelhead by evaluating effects
of land use operations on essential habitat. The Green Diamond AHCP incorporates
effectiveness monitoring across the plan area in four categories: 1) rapid response monitoring,
2) response monitoring, 3) long-term trend monitoring/research, and 4) an experimental
watersheds program. Projects in these categories include water temperature monitoring,
spawning substrate permeability monitoring, sediment delivery and mass wasting monitoring,
channel response monitoring, LWD monitoring, summer juvenile salmonid population
estimation, out-migrant trapping, streamside slope assessments, long-term habitat
assessments, BACI studies of harvest vs. non-harvest areas, and more (GDRCO 2006).
The Humboldt Redwood Company HCP, as part of the Aquatics Conservation Plan, includes
aquatic monitoring mainly consisting of compliance and effectiveness monitoring. Compliance
monitoring includes third-party monitoring, a timber harvest plan (THP) checklist ensuring THPs
incorporate all relevant elements from the Aquatics Conservation Plan, a best management
practice evaluation program, and application of findings. Effectiveness monitoring encompasses
monitoring instream and upslope conditions including but not limited to LWD, riparian buffers,
water temperature, sediment, and hillslope to evaluate the effectiveness of the Aquatic
Conservation Plan (HRC 2015).

7. SUMMARY OF LISTING FACTORS
CESA’s implementing regulations identify key factors relevant to the Department’s analyses and
the Commission’s decision on whether to list a species as threatened or endangered. A species
will be listed as endangered or threatened if the Commission determines that the species’
continued existence is in serious danger or is threatened by any one or any combination of the
following factors: (1) present or threatened modification or destruction of its habitat; (2)
overexploitation; (3) predation; (4) competition; (5) disease; or (6) other natural occurrences or
human-related activities (California Code of Regulations., Title 14, § 670.1, subdivision (i)).
This section provides summaries of information from the foregoing sections of this status
review, arranged under each of the factors to be considered by the Commission in determining
whether listing is warranted.
1. Present or threatened modification or destruction of its habitat: A multitude of human
activities in combination with natural events and unstable topography of the region
have led to extensive habitat degradation and fragmentation (see Section 5.8 Habitat
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Condition). Although management practices have been improved, legacy effects of
these disturbances persist within NC summer steelhead watersheds. Timber harvest,
gravel mining, livestock grazing, and agriculture are continued land uses in these
watersheds today and pose habitat threats to summer steelhead including sediment
loading, turbidity, decreased flow, and increased water temperatures. Timber harvest is
the most widespread land use in Humboldt County (Humboldt County 2012).
Agriculture, including cattle ranching, is also a primary land use in the county. Together,
timberland and agriculture make up about 60% of Humboldt County’s unincorporated
rural land use (Humboldt County 2012). Gravel mining occurs in NC summer steelhead
watersheds, but to a much smaller degree than timber production and ranching
(Humboldt County 2012). Cannabis cultivation is also an increasing threat, especially
illicit grow operations, which destroy habitat to make space for the grows and use
unregulated water diversions and pesticides (NMFS 2016b).
Dams in the NC summer steelhead range have also curtailed habitat use and affected
habitat suitability. R.W. Matthews Dam on the Mad River and Scott Dam on the upper
mainstem Eel River are both complete barriers to migration and eliminate all upstream
habitat. Construction of Scott Dam likely caused the loss of most summer steelhead in
the upper Eel River (NMFS 2016b). Matthews Dam and the PVP have also altered natural
flow regimes in their respective river systems. Flows seem to be positively affected by
releases from Matthews Dam on the Mad River (HBMWD 2004), but releases from Lake
Pillsbury have been observed to increase water temperatures in the Eel River during the
late summer and early fall of some years (PG&E 2017).
The Department considers present or threatened modification or destruction of habitat
to be a significant threat to the continued existence of NC summer steelhead.
2. Overexploitation: There are no fisheries that target NC summer steelhead for harvest.
Quantitative accounting of the effects of freshwater steelhead fisheries in coastal
streams is not available; however, hooking mortality from catch-and-release fishing on
hatchery steelhead likely impacts NC summer steelhead (Taylor and Barnhart 1996).
Anecdotal evidence of poaching also exists, especially in remote areas of NC summer
steelhead watersheds (CDFG 1966 – 2018; S. Thompson, CDFW, pers. comm., July 14,
2020), but there are no directed studies that quantify illegal take or identify poaching to
be at a level that would affect NC summer steelhead abundance. Overexploitation has
not been identified as a primary threat to summer steelhead; however, we note that
with populations at low abundances even small amounts of fishing pressure can have
significant impacts on these populations. The Department considers overexploitation to
be a low to moderate threat to the continued existence of NC summer steelhead, but
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further directed study is warranted to confirm this threat level.
3. Predation: NC summer steelhead experience natural predation in both the freshwater
and marine environments (see Section 5.5 Predation). Steelhead have coevolved with
many natural native aquatic and terrestrial predators including birds, pinnipeds, otters,
and other fish species, though natural predation rates can increase when conditions are
poor or population abundances are low. A predation threat that has been of particular
concern since its introduction into the Eel River system is the non-native Sacramento
Pikeminnow, which has spread throughout the drainage. These fish may consume
juvenile steelhead as they emigrate to the ocean or when steelhead abundance is high
in areas where they co-occur with large Sacramento Pikeminnow. Sacramento
Pikeminnow likely pose greater threats in lower water years when water temperatures
are higher and more suitable for the species. A study conducted in the mainstem Eel
and South Fork Eel rivers showed that Sacramento Pikeminnow can consume steelhead
but are generally opportunistic predators (Nakamoto and Harvey 2003). Comprehensive
evaluation of Sacramento Pikeminnow predation throughout the Eel River drainage
could help determine the level of impact these fish are having on salmonids including
NC summer steelhead. Otters and pinnipeds have also been observed to prey upon
steelhead in the Mad River and otters likely have easy access to summer steelhead
during their holding period (M. Sparkman, CDFW, pers. comm., July 10, 2020). The
Department considers predation to be a low to moderate threat to the continued
existence of NC summer steelhead based off the available data on Sacramento
Pikeminnow foraging and anecdotal accounts of pinniped and otter predation. Further
directed study is warranted to confirm the level of impact of these predation threats on
NC summer steelhead.
4. Competition: Steelhead competition occurs mostly with other salmonids but can occur
when Sacramento pikeminnow are present as well. Competition tends to be more
pronounced between sympatric populations of species that are closely related as they
occupy similar habitat and ecological niches. Although Coho Salmon and non-native
Brown Trout have been observed as competitors, steelhead are more generalist in their
habitat selection, which increases their resilience to the pressures of competition (see
Section 5.6 Competition). Effects of natural inter- and intraspecies competition are not
considered by the Department to be a major threat to the continued existence of NC
summer steelhead.
5. Disease: There are no documented disease issues in NC summer steelhead streams. The
Klamath-Trinity drainage has experienced extensive outbreaks of C. shasta, particularly
in Chinook Salmon, but this parasite has not been found to infect steelhead. Hatcheries
tend to perpetuate disease transmission and hatchery-origin steelhead are generally
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more susceptible to pathogen infection than natural-origin steelhead; however, MRH,
the only hatchery within the NC summer steelhead range, has not experienced any
serious disease outbreaks. Furthermore, MRH has specific protocols including fish health
monitoring and ultraviolet water treatment to help prevent disease issues (CDFW 2016).
The Department does not consider disease to be a threat to the continued existence of
NC summer steelhead.
6. Other natural occurrences or human-related activities: With the impending effects of
climate change, the limited amount of NC summer steelhead habitat will likely continue
to decline in quality and extent. California’s north coast may experience pronounced
climate change impacts including rising water temperatures, intensified flooding, more
frequent and persistent drought conditions, lower summer baseflows, altered
hydrography especially in watersheds impacted by snowmelt and large-scale historical
logging, ocean acidification, and sea level rise (see Section 5.2 Effects of Climate
Change). These climate change impacts may have detrimental effects on steelhead
habitat quality and availability. Water temperatures could become lethal more
frequently and reduce thermal stratification of essential pool habitat, catastrophic
floods have the potential to cause mass wasting and fill remaining pool habitat, drought
conditions may cause streams to dry out earlier and to a greater extent, low flow
conditions will impede fish passage, and estuary environments might be inundated by
saltwater intrusion due to sea level rise.
The winter steelhead propagation program at MRH may have some genetic and
ecological impacts on natural steelhead populations (see Section 5.4.1), though these
impacts have not been directly studied in Mad River steelhead populations. Although
there is likely a high degree of separation between summer steelhead adults and
hatchery winter steelhead adults on the spawning grounds, a small amount of
interbreeding may still occur. Genetic consequences of hybridization between hatchery
and natural fish can have negative impacts on fitness of natural populations (Araki et al.
2009). Hatchery steelhead can also increase competition and predation in wild
populations (Steward and Bjornn 1990) and increases the risk of spreading disease
(Hastein and Lindstad 1991), though there is no documentation of these issues specific
to MRH on the Mad River.
Natural occurrences and human-related activities are considered by the Department to
be significant threats to the continued existence of NC summer steelhead.

8. PROTECTIONS AFFORDED BY CESA LISTING
It is the policy of the State to conserve, protect, restore, and enhance any endangered or
threatened species and its habitat (Fish and Game Code § 2052). The conservation, protection,
and enhancement of listed species and their habitat is of statewide concern (Fish and Game
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Code § 2051(c)). If listed, NC summer steelhead would receive the protections of CESA,
including the prohibition against unauthorized take. Under CESA, “take” is defined as to hunt,
pursue, catch, capture, or kill, or attempt to hunt, pursue, catch, capture, or kill (Fish and Game
Code § 86). Any person violating the take prohibition would be punishable under state law. The
California Fish and Game Code provides the Department with related authority to authorize
“take” of species listed as threatened or endangered under certain circumstances (see, e.g.,
Fish and Game Code §§ 2081, 2081.1, 2086, & 2835).
When take is authorized pursuant to an incidental take permit under CESA, impacts of the
taking caused by the activity must be minimized and fully mitigated according to state
standards (Fish and Game Code § 2081, subdivision (b)). Additionally, the Department would be
prohibited from approving incidental take permits which could jeopardize the continued
existence of the species in the state (Fish and Game Code § 2081, subdivision (c)).
In addition to restrictions on take of CESA-listed species, public agencies should not approve
any proposed projects that could jeopardize the persistence of an endangered or threatened
species, or that would adversely modify or destroy essential habitat of the species, if there are
reasonable and prudent alternatives to the project that would be consistent with conservation
of the species or its habitat (Fish and Game Code § 2053). If economic, social, or other
conditions make such alternatives infeasible, mitigation and enhancement measures must be
included to offset negative effects from project implementation (Fish and Game Code § 2054).
Listing NC summer steelhead under CESA could prompt changes to regulations on coastal
steelhead fisheries that may have indirect positive impacts on NC summer steelhead incidental
catch. Listing NC summer steelhead under CESA could also increase the chances that federal
and state resource management agencies will allot funding for protection and recovery efforts
that benefit NC summer steelhead. However, implementation of any recovery actions or other
management would be complicated by the inability to visually differentiate summer from
winter steelhead in most life stages.

9. LISTING RECOMMENDATION
CESA directs the Department to prepare a status review report for NC summer steelhead using
the best scientific information available (Fish and Game Code, § 2074.6). CESA also directs the
Department to indicate in its status review report whether the petitioned action is warranted
(Fish and Game Code, § 2074.6; California Code of Regulations, Title 14, § 670.1, subdivision
(f)).
Under CESA, an endangered species is defined as “a native species or subspecies…which is in
serious danger of becoming extinct throughout all, or a significant portion, of its range due to
one or more causes, including loss of habitat, change in habitat, overexploitation, predation,
competition, or disease” (Fish and Game Code, § 2062). A threatened species is defined as “a
native species or subspecies… that, although not presently threatened with extinction, is likely
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to become an endangered species in the foreseeable future in the absence of the special
protection and management efforts required by [CESA]” (Fish and Game Code, § 2067). To be
listed under CESA, a candidate species must be considered a separate species or subspecies
(Fish and Game Code, § 2062).
The Legislature left to the Department and the Commission, which are responsible for providing
the best scientific information and for making listing decisions, respectively, the interpretation
of what constitutes a “species or subspecies” under CESA. (Cal. Forestry Assn. v. Cal. Fish and G.
Com. (2007) 156 Cal.App.4th 1535, 1548-49). Courts should give a “great deal of deference” to
Commission listing determinations supported by Department scientific expertise (Central Coast
Forest Assn. v. Fish & Game Com. (2018) 18 Cal. App. 5th 1191, 1198-99). Courts have held that
the term “species or subspecies” includes ESUs (Central Coast Forest Assn. v. Fish & Game Com.
(2018) 18 Cal. App. 5th 1191, 1236, citing Cal. Forestry Assn., supra, 156 Cal. App. 4th at pp.
1542 and 1549). The Commission’s authority to list necessarily includes discretion to determine
what constitutes a species or subspecies (Id. at p. 1237). The Commission’s determination of
which populations to list under CESA goes beyond genetics to questions of policy (Ibid.).
The Department has recognized that similar populations of a species can be grouped for
efficient protection of bio- and genetic diversity (Cal. Forestry Assn. v. Cal. Fish and G. Com.,
supra, 156 Cal.App.4th at 1546-47). Further, genetic structure and biodiversity in California
populations are important because they foster enhanced long-term stability (Id. at p. 1547).
Diversity spreads risk and supports redundancy in the case of catastrophes, provides a range of
raw materials that allow adaptation and persistence in the face of long-term environmental
change, and leads to greater abundance (Ibid.).
The summer steelhead ecotype represents an important diversity element of the steelhead
species and provides genetic variation within NC steelhead populations that will help them
persist through short-term and long-term changes in the environment. For this status review,
NC summer steelhead were evaluated as if they constituted a distinct subspecies as was
requested by the Petition. However, given the best available scientific information on the
biological and ecological relationship between NC summer steelhead and other population
components of California steelhead, the Department concludes that the NC summer steelhead
ecotype should not be listed as a distinct species or subspecies under CESA.
The Department’s status review recommendation is submitted to the Commission in an
advisory capacity based on the best available science. In consideration of the best available
scientific information contained herein, the Department recommendation is that NC summer
steelhead should not be listed as a threatened or endangered species under CESA. This
recommendation was based on the following considerations:
➢ NC summer and winter steelhead are partially, but not fully, reproductively isolated.
Although summer steelhead are sometimes able to pass flow-dependent barriers that
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are not always passable by winter steelhead, spawning grounds likely overlap to some
degree, especially in low-flow years. Spawning distribution is somewhat unclear in the
NC steelhead DPS and varies between watersheds and spawning tributaries, but it is
likely that the two ecotypes overlap both temporally and spatially during spawning.
There is genetic evidence, in the form of heterozygosity at the GREB1L genomic region,
that suggests interbreeding of summer and winter steelhead and an interconnected
genetic legacy between the two ecotypes (Prince et al. 2017; Pearse et al. 2019; Kannry
et al. 2020). This suggests that interbreeding occurs, at least occasionally, between the
two ecotypes. Interbreeding of the two runs likely also occurred historically, though
quantifying natural levels of interbreeding is difficult. Additionally, salmonid habitat is
dynamic, so levels of interbreeding have probably fluctuated over multiple time scales
and spatial scales (Ford et al. 2020).
➢ Summer and winter steelhead ecotypes within the NC steelhead DPS are not
genetically distinct. Genetic exchange exists between summer and winter steelhead on
contemporary and evolutionary time scales. There is substantial scientific literature and
consensus within the scientific community that summer steelhead are more closely
related to sympatric winter steelhead than to their life history equivalents in other
watersheds (Chilcote et al. 1980; Thorgaard 1983; Nielsen and Fountain 1999; Arciniega
et al. 2016; Prince et al. 2017). The genomic region consisting of GREB1L, ROCK1, and
the intergenic region, although strongly associated with migration timing (Prince et al.
2017; Micheletti et al. 2018; Narum et al. 2018; Pearse et al. 2019), only accounts for a
small amount of genetic variation between the two ecotypes. This concept is supported
by recent studies that have looked across much larger portions of the genome
(Micheletti et al. 2018; Ford et al. 2020). Summer and winter phenotypes, when studied
across the migratory period, showed a continuum of allele frequencies with overlap
among fish carrying the summer and winter migration variants (Pearse et al. 2019),
which showed that individual fish can carry the alleles for both summer and winter
migration timing. This was not observed by Prince et al. (2017) as they selected study
populations that exhibited only the extremes of each life history type (Prince et al.
2019). Offspring from parents with alternate migration timing genotypes can be a mix of
early, late, and intermediate migratory genotypes (Pearse et al. 2019) and
heterozygotes may act as a reservoir for early migration alleles (Ford et al. 2020),
though this is likely dependent on habitat conditions and patterns of dominance at the
GREB1L/ROCK1 genomic region, which are not fully understood.
Pacific salmonid ESUs and DPSs are generally defined by geography as guided by patterns of
genetic variation driven by geographic proximity rather than phenotype. Management units
based solely on a phenotypic characteristic such as migration timing would not accurately
reflect evolutionary lineages (Waples and Lindley 2018). There are also still areas of uncertainty
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surrounding the genetics behind run timing expression. Although there is a strong correlation of
the GREB1L/ROCK1 genomic region with adult run timing, the mechanisms underlying
expression of migration phenotypes are not yet fully understood (Ford et al. 2020). As a point of
general agreement, Ford et al. (2020) advised that conservation units should continue to be
defined by patterns of genetic diversity across the genome rather than by variation in small
genomic regions associated with specific life history traits.
Summer steelhead are not present in all NC steelhead DPS streams; however, given the genetic
connectivity within the DPS, summer steelhead should not be considered alone when assessing
extinction risk of this segment of the steelhead species. Migration timing is a major difference
between these ecotypes, but winter steelhead share many characteristics of summer steelhead
and are similar in more ways than they are different. Given the significant overlap in the
biological and ecological needs of summer and winter steelhead, factors threatening the
survival of summer steelhead most likely impact winter steelhead to a similar degree.
This reasoning supports the ongoing management of summer and winter steelhead under the
NC steelhead DPS. Because the Petition specifically requested the listing of NC summer
steelhead under CESA, the Department did not evaluate the status of NC winter steelhead
populations in this review (Fish and Game Code, § 2074.6).

10. ALTERNATIVES TO LISTING
If the Commission determines that listing under CESA is not warranted, NC summer steelhead
will revert to the unlisted status under state law that it was under prior to candidacy. State
incidental take permits will not be required for projects with the potential to take NC summer
steelhead unless it is listed under CESA. Because NC steelhead are listed as threatened under
ESA, projects with the potential to take NC summer and winter steelhead will be required to
obtain federal and state permits currently in place pursuant to Section 4(d), 10(a), and 7(a)(2)
of ESA and Sections 1002, 1002.5, and 1003 of the Fish and Game Code. The state will continue
to negotiate Lake and Streambed Alteration Agreements, and comment on THPs, federal
incidental take permits and recovery planning, and petitions and applications to the CASWRCB.
Also, the Department will continue to act as the trustee agency for the state’s fish, wildlife, and
plant resources and responsible agency when it is in the role of issuing discretionary approvals
within its regulatory authority for projects as defined under CEQA. In this role, the Department
will review and comment on impacts to NC summer steelhead and recommend mitigation
measures for these impacts as part of the CEQA review process.
If the Commission decides not to list NC summer steelhead, the Department will continue to
participate in and support current or future programs designed to benefit NC summer
steelhead and other anadromous fish. These programs include:
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•

•
•
•
•
•
•
•

Coordination with other agencies on the removal of Scott Dam if FERC issues a new
license for the PVP that includes a plan for dam removal, coordination with state
agencies to decrease impacts from timber related projects;
Identifying and removing or retrofitting existing barriers to fish passage;
Working with gravel extractors and other mining interests to avoid, minimize, or
mitigate for impacts to fisheries resources;
Continuing to restore and enhance salmon and steelhead habitat throughout the state
through the Fisheries Restoration Grant Program and other granting programs;
Participation in federal and state conservation and restoration programs operating in
the petitioned area;
Regulation of steelhead sport fishing in Northern California streams;
Conducting research and monitoring programs; and
Coordinating with other agency research and monitoring efforts.

11. RECOVERY CONSIDERATIONS
The Department's recovery objective for NC summer steelhead is to protect and expand
existing natural-origin spawning populations and reestablish enough additional native
populations in restored and protected streams to ensure persistence over a 100-year minimum
time frame. Increased numbers, expanded distribution, and maintenance of genetic diversity
will improve their probability of long-term survival within their native range. Recovery actions
would focus on restoring, rehabilitating, and protecting habitat in natural holding, spawning,
and juvenile rearing areas. Cold pool habitat with sufficient depth is particularly essential to
supporting the summer steelhead life history in the adult holding phase.
Recovery would also require effective long-term status and trend monitoring of NC summer
steelhead abundance and distribution throughout the petitioned area. Recovery goals must
ensure that individual populations are sufficiently abundant to avoid genetic risks of small
population size; therefore, these goals need to address abundance levels (adult spawning
escapements), population stability criteria, distribution, and length of time for determining
sustainability.
If NC summer steelhead is listed under CESA, the Department will develop appropriate
downlisting or delisting criteria for NC summer steelhead, based on the best scientific
information available. The Department will periodically reexamine the status of NC summer
steelhead. When, in the Department's judgment, recovery goals and downlisting or delisting
criteria have been met, the Department will make recommendations to the Commission
regarding changing the status of this species.
Recovery of viable NC summer steelhead populations will require vigorous efforts by the
Department, other government agencies, and the private sector to improve and expand habitat
and support population expansion. Habitat conditions must be improved to provide the
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necessary spawning and rearing habitat to allow the NC summer steelhead populations to
survive, diversify, and increase to levels sufficient to withstand droughts, unfavorable climatic
and oceanic conditions, and other uncontrollable natural phenomena.

12. MANAGEMENT RECOMMENDATIONS
Although the Department recommends that NC summer steelhead not be listed under CESA,
the summer steelhead ecotype represents an important diversity element that should be
maintained within the NC steelhead DPS. The Department recommends the following measures
be taken to effectively manage and preserve NC summer steelhead:
1. Implement comprehensive monitoring in all streams with extant NC summer steelhead
populations and produce statistically robust population estimates.
2. Support and participate in the development of watershed specific efforts to effectively
maintain and restore NC summer steelhead habitat by focusing on the combination of
factors currently limiting the distribution and abundance of NC summer steelhead such
as timber harvest, livestock grazing, gravel mining, and water extraction.
3. Improve and expand suitable and preferred habitat used by NC summer steelhead for
summer holding, spawning, and juvenile rearing. Prioritize habitat restoration,
protection, and enhancement in summer steelhead holding, spawning, and rearing
areas. Habitat projects should focus on improving habitat complexity, riparian cover,
instream wood, fish passage, and sediment transport, as well as enhancing essential
deep, cold pool habitat for holding adults. Restoration should also be implemented in
potential summer steelhead habitat not currently occupied by summer steelhead.
4. Continue research on GREB1L, ROCK1, and other relevant genomic regions to better
understand the mechanism for run timing expression.
5. Investigate the role of resident O. mykiss as a potential reservoir for early migration
alleles.
6. Investigate the effects of MRH winter steelhead on natural-origin steelhead populations.
7. Continue to operate MRH under its recently developed Hatchery and Genetic
Management Plan.
8. Strengthen law enforcement in remote areas occupied by NC summer steelhead to
reduce threats of poaching and illegal water diversions used for cannabis cultivation.
9. Evaluate current fishing regulations to determine any potential changes that could be
implemented for further protection of NC summer steelhead.
10. Evaluate effects of the Eel River Potter Valley Hydroelectric Project flow operations and
dam, water diversion, and fish ladder facilities on summer steelhead population
viability. Support efforts to evaluate effects of Scott Dam removal on the upper Eel
River. Eel River summer steelhead populations are important source populations for the
early migration ecotype. Removal of Scott Dam provides potential for repopulation of
summer steelhead in the upper Eel River basin.
11. Explore the potential for reintroduction of summer steelhead upstream of the location
of Scott Dam.
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12. Develop individual watershed management plans for watersheds with summer
steelhead populations or the potential for reintroduction.
13. Investigate effects of hooking mortality and potential predation activity on NC summer
steelhead.
14. Investigate potential impacts of water diversions on streamflow in NC summer
steelhead streams and develop management criteria to reduce any adverse effects on
summer steelhead.
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APPENDICES
Appendix A. Summary of Ford et al. (2020): Reviewing and Synthesizing the State of the
Science Regarding Associations between Adult Run Timing and Specific Genotypes in Chinook
Salmon and Steelhead: Report of a workshop held in Seattle, Washington, 27–28 February
2020
NOAA Fisheries’ Northwest Fisheries Science Center convened a panel of fisheries geneticists in
February 2020 to address the multitude of recently completed and active genetic studies on
specific genomic associations with migration timing in salmonids. These studies have important
conservation implications, especially in relation to CESA and ESA listings. The intent of the
workshop was to discuss the current state of the science and identify areas of agreement, areas
of uncertainty, conservation implications, and future research needs. The workshop was
attended by federal, state, and academic geneticists and conservation planners. The
proceedings became publicly available in June 2020 (Ford et al. 2020).
This appendix summarizes the main points presented in Ford et al. (2020) for reference in this
California Endangered Species Act status review. Many of these points, which are summarized
and reproduced below, refer to highly technical genetic and genomic research results and
conclusions. Readers who require more information should refer to the original report
referenced below.
Current State of Research
Summarizing the findings and recommendations presented in Ford et al. (2020), it is apparent
that deconvoluting the genetic and genomic basis of run-timing is complex. It is generally
accepted that run-timing phenotypic variation is strongly correlated with genetic sequence
variation in a relatively small (~200 Kb) region of the GREB1L/ROCK1 region of chromosome 28
in Chinook Salmon and steelhead. Run-timing variation is also affected to a lesser degree by
other genes and environmental factors.
There are two alleles in this region: an “early migrating” allele (E) and a “late migrating” allele
(L). Fish with homozygous genotypes, EE and LL, exhibit early and late return timing,
respectively. Heterozygotes (EL) generally exhibit an intermediate return timing, though,
depending on the population, return can be skewed either early or late. The extent and
importance of heterozygotes that possess both early and late arriving alleles is an active topic
of debate. Results have been confounded by inconsistencies in sampling strategies between
studies and effects due to habitat alterations over several decades.
It is unknown how genetic variation in the GREB1L/ROCK1 region actually causes variations in
life history strategy – all of the studies to date have successfully established correlations, but
not the actual biochemical pathways by which such variation functions in individual fish.
Applying the current state of knowledge to conservation decisions is also a subject of debate.
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There were a few areas of agreement and many areas of disagreement – the issue is far from
settled. A key conservation point where participants were in agreement is that conservation
units should continue to be defined by patterns of genetic diversity across the genome (e.g.,
microsatellite and SNP loci), not by variation in small genomic regions correlated with specific
traits of interest, such as run-timing.
Areas of Agreement and Uncertainty
The following are verbatim points of agreement and uncertainty listed in Ford et al. (2020, 31–
37). The authors note that they did not attempt to come to consensus on these points. Rather,
these were statements generally agreed upon by the meeting participants. Readers should
refer to the original report for expanded discussions of each point below.
Is the GREB1L/ROCK1 region responsible for adult migration timing, and if so by what
mechanism?
Areas of agreement:
•
•
•

A single region in the genome has a strong statistical association with adult run timing.
The migration phenotype measured across prior studies is not standardized, and efforts
should be made to do so.
Marker development, validation, and standardization is extremely important.

Areas of uncertainty:
•

The causal variant(s) for adult run timing remain to be identified.

What is the distribution of genetic variation for adult migration timing in space and time? Do
the genes associated with migration timing have the same effect in populations inhabiting
different environments and with different genetic backgrounds?
Areas of agreement:
•

The GREB1L/ROCK1 association with run timing is best characterized in US West coastal
populations for both Chinook salmon and steelhead, and to some degree in the
Columbia River basin.

Areas of uncertainty:
•

Our current understanding of both the contemporary and historical distribution of
genetic variation in GREB1L/ROCK1, in association with run timing, is confounded by
issues with phenotyping, influence of hatchery populations, and anthropogenic activities
influencing access to habitat across space and time.

What is the pattern of dominance among haplotypes in the GREB1L/ROCK1 genomic region?
What phenotype do heterozygotes express, and what is their fitness?
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compared to homozygotes?
Areas of agreement:
•

Heterozygotes are likely an important mechanism for the spread and maintenance of
the early migration alleles over long time scales.

Areas of uncertainty:
•

It may be too simplistic to focus on dominance of migration timing alone since genetic
variation at the GREB1L/ROCK1 region also could influence other traits that are more
difficult to study.

In what circumstances is it reasonable to conclude that the current distribution of GREB1L
genes accurately reflects historical (pre-European contact) patterns? When/where is that not
a good assumption?
Areas of agreement:
•

Interaction between individuals with variable run timing has occurred historically, is
expected, and likely varies depending on historical environmental conditions. However,
anthropogenic impacts have also likely changed these interactions in many locations.

Areas of uncertainty:
•

It is unclear how much demographic isolation from fall run is required for spring
Chinook salmon to persist.

How common are large-effect genes? Is it likely that strong associations will be found
between specific alleles and many other phenotypic/life-history traits in salmon?
Areas of agreement:
•

Loci of large effect have been identified for other salmonid life-history traits.

Areas of uncertainty:
•

More data are needed from whole genome sequencing to know the extent to which
complex traits are controlled by single genes of large effect, or many loci of smaller
effect and how this various among populations.

Prince et al. (2017) concluded that the haplotypes associated with early migration timing
evolved only once within each species. Is that the case, or are the genetic variants more
evolutionarily labile?
Areas of agreement:

191

•

The evolutionary history of the GREB1L/ROCK1 region is complex and has not been well
characterized throughout each species’ entire range. But it is clear that the early and
late haplotypes that have been well characterized evolved long ago in each species’
evolutionary history. It is also clear, based on available data, that the allelic variants for
early migration have not arisen independently via new mutations from the genomic
background of late migration individuals in each watershed.

Needed Future Research
The participants outlined areas for future research, which are directly excerpted below (Ford et
al. 2020, 37–38):
1. Better standardization and characterization of adult migration phenotypes in multiple
populations and lineages, including when the ‘decision’ to migrate is made, how it
relates to the timing of sexual maturity and the relationship(s) between the date of
freshwater entry and subsequent upstream movements.
2. More thorough marker development and validation (see next section). Ideally,
identification of the functional variant(s) in the GREB1L/ROCK1 region that cause
alternative migration phenotypes.
3. Greater understanding of the physiological mechanisms leading to alternative migration
phenotypes.
4. Tests for association of GREB1L/ROCK1 variation on phenotypes other than adult run
timing, such as timing of sexual maturity or other life-history traits.
5. More thorough evaluations of the genetics of run timing variation, throughout the
geographic range of Chinook salmon and steelhead, as well as studies in other salmon
species in order to develop broad baseline data on the historical and current
distribution of alleles at this locus. Current studies have been primarily focused on a
limited number of West Coast and Columbia River populations. These investigations
should include characterization of the full suite of genetic variants (and their effect
sizes) contributing to run timing,
6. More thorough characterization of GRE1L/ROCK1 haplotype diversity and the
phenotype and dominance pattern of each identified haplotype in multiple populations
of both species, across their range.
7. Perform comparative analyses on systems with early-run and late-run populations that
have been differentially impacted by human activities resulting in differing levels of
interbreeding between life-history types, to determine how interbreeding might affect
persistence of run type alleles.
Conservation Implications
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Subsequent to the technical discussions, the participants discussed how the current state of
knowledge should be applied to conservation decisions such as defining units for conservation,
listing, and recovery. Their individual points are excerpted directly and presented here (Ford et
al. 2020, 38–42):
Areas of agreement:
1. After discussion on whether conservation strategies might need to change based on
the GREB1L/ROCK1 findings, the participants generally agreed that using patterns of
genetic variation throughout the genome remains important for identifying
conservation units, rather than identifying units based solely on small genomic
regions associated with specific traits.
2. The workshop participants agreed that spring Chinook salmon and summer
steelhead occupy a specialized ecological niche—upstream areas accessible
primarily during spring flow events—that has made them particularly vulnerable to
extirpation or decline due to habitat degradation.
3. The participants generally agreed that the evaluation of risk to early returning
population groups (spring Chinook, summer steelhead) needs to consider what we
now know about the genetic basis of adult return time.
4. The participants generally agreed that the finding that the early run trait has a
simple genetic basis implies that it is at greater risk of loss than if it were highly
polygenic because loss of the “early” allele(s) equates to the loss of the phenotype.
Areas of uncertainty:
1. One area of uncertainty and potential disagreement at the workshop was the degree
to which run timing diversity in spring Chinook salmon is partitioned among
populations versus among individuals within a population.
2. The extent to which observed contemporary levels of interbreeding between
individuals with early and late run timing would be typical under historical
environmental conditions is unknown
3. Understanding the conservation implications of dominance patterns at the
GREB1L/ROCK region is also important and is complicated because of tradeoffs
between the probability of persistence of the early-run allele and the feasibility of
starting new early-run populations.
4. The dominance-recessive relationships might influence the success of colonization
events.
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5. Regardless to what extent current levels of interbreeding are a consequence of
human mediated habitat alterations, such interbreeding and the common
occurrence of heterozygotes at the GREB1L/ROCK1 region presents challenges for
status monitoring, recovery planning, and other management actions.
6. Improved strategies are needed for monitoring run timing and associated genetic
variation.
7. What conservation measures can be put into place now with existing knowledge?
Conservation measures for spring run that were discussed included potentially
shaping fisheries to focus disproportionately on fish with fall run timing, restoring
access to spring-run habitat that has been blocked, considering restoring natural
barriers that have been modified to increase fall-run access to historically spring-run
habitats, and restoring more natural flow regimes (e.g., low summer flows that
prevent mature migrating individuals from encroaching on premature habitat).
Workshop participants agreed that the presence of heterozygotes does not in itself
indicate a threat to the viability of spring run as these heterozygotes contain alleles
that may be important to spring-run restoration. Some workshop participants also
noted, however, that in some cases the presence of high proportions of
heterozygotes might represent a departure from the historical conditions and a
warning sign that the spring-run phenotype is at risk.
Issues specifically associated with steelhead
1. One major factor to consider regarding the conservation implications of the genetics
of run timing diversity in steelhead is the existence of conspecific resident rainbow
trout populations that may effectively act as reservoirs for the ‘early’ GREB1L/ROCK1
alleles.
2. Another factor to consider for steelhead compared to Chinook is the generally
greater amount of life-history diversity found in O. mykiss.
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Appendix B. Annual summer steelhead counts and data sources for five extant populations
Year
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

Redwood
Creeka
16
2
7
44 f
44 f
19 f
15 f
8
0
14 f
15 f
7
8
36
18
23
37
25
10
3
1
3
6
16

Mad
Riverb
10
6
181
37

111
52
5

18
60
20
33
66

34
48
305
569
515

297
191
85

170
194
185
483
209

Middle Fork Eel
Riverc
198
241
335
865
997
502
1,422
1,522
1,149
792
654
377
1,298
1,052
1,601
1,054
666
1,524
1,490
1,000
1,550
711
727
449
691
516
622
701
1,148
771
513
527
451
306
422
418
657
731
195

Van Duzen
Riverd
31
25
6
8
13
58
52
40
4
31
0g
2g
4g
4
80
26 g

Mattole
Rivere
44
14
16
44
16
17
17
15
9
16

Year

Redwood
Mad
Middle Fork Eel
Van Duzen
Mattole
a
b
c
d
Creek
River
River
River
Rivere
2005 22
211
626
40
20
2006 21
817
50
19
2007 13
534
100
16
2008 59
110
721
122
36
2009 9
396
65
33
2010 7
523
14
2011 8
837
110
18
2012 8
1,191
255
22
282
2013 15
872
162
56
2014 15
322
702
81
55
2015 5
336
445
54
19
2016 12
187
493
140
14
2017 2
151
323
86
14
2018 3
147
330
144
29
2019 3
117
434
67
7
"-" indicates no survey conducted.
a Source: National Park Service (2019 Redwood Creek Summer Steelhead Survey, pre-print
report)
b Source: Data collated from USFS, GDRCO, CalTrout, and CDFW original survey reports.
c Source: CDFW internal data (S. Harris, CDFW, pers. comm., January 2, 2020)
d Source: CDFW internal data (S. Thompson, CDFW, pers. comm., March 23, 2020)
e Source: Mattole Salmon Group (N. Queener, Mattole Salmon Group, pers. comm., February 4,
2020)
f Some fish less than 16 inches included.
g Half pounders removed.
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Appendix C. Numbers of summer steelhead observed, survey start and end points, and survey dates for Redwood Creek annual
surveys conducted 1981 – 2019.
Original Index Reach: Lacks Creek to Tom McDonald Creek. (M. Sparkman, CDFW, pers. comm., January 30, 2020 [original file from
D. Anderson, Redwood National Park])
Year

1981
1982a
1983
1984
1985

Index Reach:
Total Reach:
Number of
Number of summer
summer steelhead steelhead
16
16
2
2
5
7
44+
44+
44+
44+

1986
1987

19
14

1988

8

1989b
1990

0
14

1991
1992
1993

15
4 live, 1 dead
2

Total Reach Surveyed:
Start to End Points and Distance (km)

Survey Dates

Beaver Cr to Orick (51.5)
Stover Cr to Emerald Cr (22.5)
HWY 299 to Tom McDonald Cr (44.4)
Index Reach (25.9)
Index Reach (25.9)

10 – 13 Aug
12, 14 Oct
22 – 25 Aug
8 – 10 Aug
20 – 22 Aug, 4 Sep

19 Index Reach (25.9)
15 1 mile downstream of Snow Camp Cr to Tom
McDonald Cr (72.7)
8 (6 spring Chinook Index Reach (25.9)
Salmon)
0 Lacks Cr to Bridge Cr (17.9)
14 Index Reach (25.9)
15
6 live, 1 dead
3
2c
3d
Total: 8

Index Reach (25.9)
Lacks Cr to Hayes Cr (37.8)
Lacks Cr to Hayes Cr (37.8)
Chezem Rd to Stover Cr (24.75)
Ayres Cabin to Chezem Rd (14.3)
76.9 km
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25 – 27 Aug
14 – 16 Jul
26 – 28 Jul
31 Jul, 1 – 2 Aug
31 Jul, 1 – 3 Aug
5 – 8 Aug
3 – 6, 10 Aug
2 – 5, 9 Aug
18, 20, 27 Aug
28, 30 Aug

Year

1994

Index Reach:
Total Reach:
Number of
Number of summer
summer steelhead steelhead
5
8
16c
3e

1995

5 live, 1 dead

1996

1

1997

6

1998

4

1999
2000

5
3

Total Reach Surveyed:
Start to End Points and Distance (km)

Survey Dates

Lacks Cr to Hayes Cr (37.8)
Chezem Rd to Stover Cr (24.8)
HWY299 to Chezem Rd (2.0)

1 – 4 Aug
4 – 6 Aug
15 Aug

9d
Total: 36
7 live, 1 dead
8c
2d
Total: 18

Bradford Cr to HWY 299 (20.1)
84.7 km
Lacks Cr to Hayes Cr (37.8)
Chezem Rd to Bair Rd (7.6)
Bradford Cr to Ayres Cabin (7.9)
53.25 km

13 – 14 Aug

1
21c
1d
Total: 23
6
16c
15d

Lacks Cr to Hayes Cr (37.8)
Chezem Rd to Stover Cr (24.8)
Bradford Cr to Chezem Rd (22.1)
84.7 km
Lacks Cr to Hayes Cr (37.8)
Chezem Rd to Stover Cr (24.8)
Bradford Cr to Chezem Rd (22.1)

5 – 8 Aug
31 Jul, 1, 22 Aug
10 – 12 Aug

Total: 37
4
21d
Total: 25
10
3

84.7 km
Lacks Cr to Hayes Cr (37.8)
Bradford Cr to Stover Cr (46.9)
84.7 km
Lacks Cr to Hayes Cr (38)
Lacks Cr to Hayes Cr (38)
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24 – 27 Jul
28 Aug
2 Sep

4 – 7 Aug
6 – 8 Aug
17, 24, 30 Aug
27 – 30 Aug
24 – 27, 31 Aug
2 – 5, 9 – 10 Aug
1 – 3, 7 – 9 Aug

Year

2001
2002
2003
2004
2005
2006
2007
2008

Index Reach:
Total Reach:
Total Reach Surveyed:
Number of
Number of summer
Start to End Points and Distance (km)
summer steelhead steelhead
0
1 Lacks Cr to Hayes Cr (38.1)
3
3 Lacks Cr to Hayes Cr (38.1)
4
6 Lacks Cr to Downstream of Hayes Cr (38.8)
8 live, 1 dead
19
19 live, 1 dead
11
19

Survey Dates

31 Jul, 1 – 2, 7 Aug
29 – 31 Jul, 1, 5, 7 Aug
29 – 31 Jul, 4 – 6 Aug

15 live, 1 dead
22 (1 Sockeye Salmon)
20 live, 1 dead
13 (1 Sockeye Salmon)
21
9f

Lacks Cr to Downstream of Hayes Cr (39.0)
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks to Downstream of Hayes (38.9)
Chezem Rd Bridge to Bair Rd Bridge (7.65)

27 – 29 Jul, 3 – 5 Aug
26 – 28 Jul, 3 – 5 Aug
25 – 26, 31 Jul, 1 – 2 Aug
24 – 26, 30 – 31 Jul, 1 Aug
28 – 31 Jul, 4 – 6 Aug
28 Jul

Bair Rd Bridge to Beaver Cr (7.4)
Beaver Cr to Stover Cr (8.8)
62.75 km
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (38.9)

29 Jul
30 Jul

Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (41.6)g
Lacks Cr to Downstream of Coyote Cr and
Bridge Cr to Downstream of Hayes Cr (28.6)h

29 – 31 Jul, 1, 5 – 7 Aug
28 – 31 Jul, 4 – 6 Aug
28 – 30 Jul, 3 – 5 Aug
25 – 28 Jul, 1 – 3 Aug
24, 31 Jul, 1 – 2, 16 Aug

2009
2010
2011
2012

7
6
8
7 live, 1 dead

6f
23f
Total: 59
9
7
8
7 live, 1 dead

2013
2014
2015
2016
2017

5
13
4
8
1g

15
15
5
12
2
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27 – 30 Jul, 3 – 5 Aug
26 – 29 Jul, 2 – 4 Aug
26, 27 Jul, 1 – 4, 8 Aug
23 – 26, 30 – 31 Jul, 1 Aug

Year

2018
2019

Index Reach:
Total Reach:
Total Reach Surveyed:
Number of
Number of summer
Start to End Points and Distance (km)
summer steelhead steelhead
2
3 Lacks Cr to Downstream of Hayes Cr (41.6)g
3
3 Lacks Cr to Downstream of Hayes Cr (41.6)g

a

Survey Dates

23 – 26, 30 – 31 Jul, 1 Aug
22 – 25, 29 – 31 Jul

Survey from Stover Creek to Emerald Creek, 14 miles, covering most of index section and best pool habitat.
Survey from Lacks to Bridge Creek, minus Garret to Panther Creek, a total of 11.1 miles. Covered best pool habitat.
c Tom Weseloh – California Trout
d Matt Smith – North Coast Fisheries Restoration
e Kirk Cohune
f Tom Weseloh – California Trout; Tom Shaw – USFWS-Arcata Office
g 2016 – 2019: total distance derived from LiDAR data to route creek and determine distances. Higher resolution LiDAR data changed
distance values but the starting and ending endpoints remain the same.
h Incomplete Survey: 12.8 km reach between downstream of Coyote Creek and Bridge Creek not snorkeled. 69% of normal reach
surveyed.
b
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Appendix D. Mattole Salmon Group Summer Steelhead Data
(N. Queener, MSG, pers. comm., February 4, 2020)
Year

Adults
(>16")

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

14
16
44
16
17
17
15
9
16
20
19
16
36
33
14
18
22
56
55
19
14
14
29
7

HalfMiles
pounders Surveyed
(12"-16")
36
25.3
19
39.3
85
44.9
88
39.3
96
32.55
40
31.35
22
29.45
21
46.25
44
46.75
34
60.85
38
64.85
79
65.55
73
65.55
49
65.55
43
67.25
37
70.95
38
66.65
54
66.1
33
58.4
38
65.9
36
65.9
44
65.9
45
60.5
36
57.1

Mainstem Trib.
Miles
Miles

Adults/
Mile

23.6
38
44.6
37.4
32.4
31.2
29.3
40
40.5
54.6
58.6
59.3
59.3
59.3
60.4
64.3
60.4
60
55.9
59.7
59.7
59.7
55
54.5

0.55
0.41
0.98
0.41
0.52
0.54
0.51
0.19
0.34
0.33
0.29
0.24
0.55
0.50
0.21
0.25
0.33
0.85
0.94
0.29
0.21
0.21
0.48
0.12
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1.7
1.3
0.3
1.9
0.15
0.15
0.15
6.25
6.25
6.25
6.25
6.25
6.25
6.25
6.85
6.65
6.25
6.1
2.5
6.2
6.2
6.2
5.5
2.6

Halfpounders/
Mile
1.42
0.48
1.89
2.24
2.95
1.28
0.75
0.45
0.94
0.56
0.59
1.21
1.11
0.75
0.64
0.52
0.57
0.82
0.57
0.58
0.55
0.67
0.74
0.63
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State of California – Natural Resources Agency

DEPARTMENT OF FISH AND WILDLIFE

GAVIN NEWSOM, Governor
CHARLTON H. BONHAM, Director

Fisheries Branch
P.O. Box 944209
Sacramento, CA 94244-2090

September 28, 2020

Peer Reviewer
Idaho Department of Fish and Game

RE: NORTHERN CALIFORNIA SUMMER STEELHEAD (ONCORHYNCHUS
MYKISS) DEPARTMENT OF FISH AND WILDLIFE, STATUS REPORT SCIENTIFIC
PEER REVIEW
Dear Reviewer:
Thank you for agreeing to serve as a scientific peer reviewer for the Department of Fish
and Wildlife’s (Department) Draft Status Review of the Northern California Summer
Steelhead (Oncorhynchus mykiss). A copy of this report, dated September 28, 2020. is
enclosed for your use in that review. The Department seeks your expert analysis
regarding the scientific validity of the report and its assessment of the status of the
Northern California summer steelhead in California.
The Department would appreciate receiving your peer review input on or before
October 30, 2020.
The Department seeks your review as part of formal proceedings pending before the
California Fish and Game Commission (Commission) under the California Endangered
Species Act (CESA). As you may know, the Commission, as a constitutionally
established entity distinct from the Department, exercises exclusive statutory authority
under CESA to add species to the state lists of endangered and threatened species.
(Fish & G. Code, § 2070.) The Department serves in an advisory capacity during listing
proceedings, charged by the Fish and Game Code to use the best scientific information
available to make related recommendations to the Commission. (Fish & G. Code, §
2074.6.)
The Commission received a Petition to List the list the Northern California summer
steelhead as endangered under the CESA. On January 24, 2019, the Department
transmitted its initial evaluation, entitled Evaluation of the petition From the Friends of
the Eel River to List Northern California Summer Steelhead (Oncorhynchus mykiss
irideus) as Endangered, to assist the Commission in making a determination as to
whether the petitioned action may be warranted based on the sufficiency of scientific
information (Fish & G. Code, §§ 2073.5 & 2074.2; Cal. Code Regs., tit. 14, § 670.1,
subds. (d) & (e).). Focusing on the information available relating to each of the relevant
categories, the Department recommended to the Commission that the Petition be
accepted.

Conserving California’s Wildlife Since 1870

September 28, 2020
Page 2
The draft report forwarded to you today reflects the Department’s effort to identify and
analyze available scientific information regarding the status of of Northern California
summer steelhead in California. An endangered species is defined under the CESA as
“a native species or subspecies…which is in serious danger of becoming extinct
throughout all, or a significant portion, of its range due to one or more causes, including
loss of habitat, change in habitat, overexploitation, predation, competition, or disease.”
(Fish and G. Code, § 2062.) A threatened species is defined as “a native species or
subspecies…that, although not presently threatened with extinction, is likely to become
an endangered species in the foreseeable future in the absence of the special
protection and management efforts required by [CESA].” (Fish and G. Code, § 2067.) At
this time, the Department recommendation is that Northern California summer
steelhead should not be listed as a threatened or endangered species under CESA.
The Department’s scientific analysis shows that the summer and winter ecotypes are a
single DPS with active gene flow between fish having each run timing phenotype. This
DPS as a whole is widely distributed in the Klamath Basin and exhibits stable
abundance in the tens of thousands of annual spawners. We underscore, however, that
scientific peer review plays a critical role in the Department’s effort to develop and
finalize its recommendations to the Commission as required by the Fish and Game
Code.
Because of the importance of your effort, we ask you to focus your review on the
scientific information regarding the status of Northern California summer steelhead in
California. As with our own effort to date, your peer review of the science and analysis
regarding each of the listing factors prescribed in CESA (Cal. Code Regs., Tit. 14, §
670.1(i)(1)(A)) (i.e., present or threatened habitat modification, overexploitation,
predation, competition, disease, and other natural occurrences or human-related
activities that could affect the species) are particularly important.
Please note the Department releases this peer review report to you solely as part of the
peer review process, and it is not yet public.
For ease of review, I invite you to use “Track Changes” in Microsoft Word, or provide
comments in list form by page number, section header, and paragraph using the
attached comment form. Please submit your comments electronically to Ryon Kurth,
Senior Environmental Scientist (Supervisor) with the Fisheries Branch at
or at the address in the letterhead above. If you have any
questions, you may reach Ryon Kurth by phone at
.
If there is anything the Department can do to facilitate your review, please let me know.
Thank you again for your contribution to the status review effort and the important input
it provides during the Commission’s related proceedings.
Sincerely,
Kevin Shaffer, Chief
Fisheries Branch

September 28, 2020
Page 3
Department of Fish and Wildlife
Enclosure
ec:

Department of Fish and Wildlife
Stafford Lehr, Deputy Director
Wildlife and Fisheries Division

Kevin Shaffer, Chief
Fisheries Branch

Jonathan Nelson, Fisheries Branch
Anadromous Program Manager

Ryon Kurth, Fisheries Branch
Senior Environmental Scientist (Supervisor)

Vanessa Gusman, Fisheries Branch
Senior Environmental Scientist (Specialist)

External Peer Review Comment from Reviewer 1: Alan Byrne
From: Byrne,Alan
Sent: Thursday, October 29, 2020 12:41 PM
To: Kurth, Ryon@Wildlife
Subject: RE: Scientific peer review of CDFW's Draft Status Review of the Northern California Summer
Steelhead

Ryon:
Attached are my comments on CDFW's Draft Status Review of the Northern California Summer
Steelhead report. I didn’t do or suggest any word smithing. I focused my review on the
content. That said i found the report to through, well organized, and well written. I’ve always
been intrigued by the steelhead populations in northern CA and southern OR (especially the
half-pounders) so i enjoyed reading this and i learned some stuff i didn’t know. You can contact
me if you have any questions about my review. I’m working from home so you can reach me at
my cell number (it’s a private number so please do not distribute).
Alan
Comments on California Endangered Species Act Status Review for Northern California
Summer Steelhead (Oncorhynchus mykiss)
I focused my effort on the content in the report and I am not going to offer wordsmithing
suggestions. I thought the report was well written and organized. It presented a through
overview of the population status and threats to the northern California summer steelhead
(NCSS) populations that were petitioned for listing. Since these fish are already federally ESAlisted, i’m sure most the information in this report was compiled in the past. I would like to see
an addition to Section 2.5 that presents the conditions necessary for delisting (i’d be surprised if
delisting is possible unless both the summer run and winter run populations are viable). I
concur with the conclusion that NCSS should not be listed separately under the California
Endangered Species Act. That said, one only has to look at the data presented in Figure 4.8 and
Appendix B to arrive at the conclusion that these fish are imperiled. I view the Prince 2017
paper to be the basis for the petition and the Department to needs to respond to it. I think the
Department did an good job in doing so.
The basis for this petition is the conclusions found in the Prince et al. 2017 paper. The report
presented an excellent review of the current state of knowledge regarding the subject of the
GERB1 and ROCK1 genomic region and its relation to run-timing. This is an exciting discovery,
yet one must tamper their enthusiasm regarding its implications until more studies are done.
The Prince paper purposely excluded certain types of fish and was confined to four steelhead
populations. Most of the work on genetic basis of run timing has been done in coastal streams
and not over the entire range that steelhead occupy. As more studies are done, in more areas
with more steelhead and resident populations (i view rainbow trout as steelhead that don’t go

to the ocean) our understanding of the importance of the GERB1 and ROCK1 genomic region
will likely change. Because the importance of this topic i think the report would be better if it
was slightly re-organized. I offer the following suggestions:
•

In the status and trends section 4.1, i would move the (line 1282-1283) about the
department not supporting that summer steelhead are distinct and should be listed –to
be the first sentence after Line 4838 in the Listing Recommendation section and follow
with lines 1284 to 1347. In the current structure a reader loses these conclusions by the
time they get to the Listing Recommendation section 11. I think it would have a better
impact if it was structured this way.

•

I would also repeat (its redundant but important) the conclusions of the Ford 2020
workshop and Pearse et al. 2019 paper—especially “ Conservation units should continue
to be defined by patterns of genetic diversity across the genome, rather than by
variation in small genomic regions correlated with specific traits of interest, such as run
timing” and “The causal variant(s) for adult run timing remain to be identified” in the
Listing Recommendation section. I give a lot of weight to the Ford workshop as it was
attended by many and represents the opinion of many.
there many nuances in steelhead run-timing that are glossed over. One could get the
impression that there is no diversity in run-timing within summer run fish and winter run
fish in the NCSS populations much less when one looks at steelhead populations
throughout their range.
the role/importance of resident fish needs further study however there are examples that
a resident population retains the ability to produce anadromous fish. For example, in
drought cycles many California rivers many not connect to the ocean for years, yet once
the rains come so do steelhead. When the dams were removed in Olympic National Park
from the Elwha River steelhead quickly returned after being blocked from upstream areas
since the early 1900’s.
Regardless the genetic makeup of a fish, it needs to have a functioning ecosystem that is
capable to support its life history. Give fish a healthy functioning river and over time, the
fish will adapt life histories to maximize diversity and persistence.

•

•

•

The following comments are for specific Lines in the report.
Line 382—should this be July 2020?
Line 453 – 455. keep to traits specific to the NCSS populations. This is not true of many other
steelhead populations. I would delete as it is covered in lines 465-467.
Line 508—were/are steelhead in the Central Valley winter or summer run? or both.
Line 606- the value of repeat spawners is not their growth, it’s the fact they spawn multiple
times. As written i get the impression that repeat spawning is an adverse life history trait.
Line 628-637. Make the reader know you are speaking of northern California when discussing
“fall-run”. In the interior Columbia River and interior British Columbia “summer” steelhead

enter freshwater from July through October. Again different regions use different labels when
discussing run-timing.
Line 687-710. It will be interesting to investigate the GREB1 and ROCK1 region in half pounders.
Is anyone doing this? Do half pounders exhibit summer or winter or both run timing when they
return as adults to spawn?
Line 749. I gathered from the report that the Skamania summer run did not establish natural
populations, this should be stated that there is no evidence they did so.
Line 808-810. This is specific to NCSS (CA?) not all steelhead populations so be specific as to
what populations you are referring to.
Line 932-934. Another reason not to list NCSS under CESA that should be given more
prominence in Section 11.
Line 1031. ESU should be DPS
Line 1034, Figure 3.3 is pretty much unreadable due to the small font size. I don’t think this
figure is necessary since you are only dealing with NCSS and you have Figures 3.2 and 3.4 to
show genetic structure. In line 1033 you reference the Bushy report when discussing
boundaries which is adequate.
Line 1063, Figure 3.4. lot of info. may be better to have it in landscape format so its bigger.
Also the text lines 1067 – 1074 talk about Clusters that are not identified anywhere in the figure
(or text). Clusters need to defined or a numbered circle used in the figure to delineate them.
Lines 1112-1118 important finding, highlight/reference in the Listing recommendation section
Lines 1137 – 1139. this refutes Princes conclusion. However i think geneticists are not in
complete agreement whether this trait is monophyletic or polyphyletic. This is not surprising
given the recent discovery of GREB1 and ROCK1.
Line 1150 – 1152. and maybe more genes than just ROCK1 with more studies in the future
Lines 1201 – 1216. Illustrates the importance of looking at things at a broad scale, especially
when something “new” is discovered. Reference the Pearse study in the Listing
Recommendation section.
Lines 1243 – 1273. Very important to highlight these Workshop conclusions in Section 11.
Line 1320 – 1325. Another example of the role of resident fish serving as a “safety valve”.
Line 2234-2238. align figure heading with figure(s) and spell out the river after the figure letter.
Line 2275-2277. align table heading with the tables 4.2 and 4.3.
Line 2410. align table heading with table

Line 2440 – 2444 align figure heading with figure. Spell out the river after the letters
Line 2582 and lines 2645. not sure i buy the dispensation argument. Steelhead spawners
usually find each other and if not there are resident fish. At low densities smolts per spawner is
higher. This point again raises the importance of resident steelhead and the role they play for
species preservation. I think this fact often gets lost since we live in a chinook centric world.
Line 2648. NCSS are not at risk because of their unique life history, they are at risk because of
anthropogenic factors. This “unique” life history allows steelhead to exist in many areas where
winter steelhead cannot (interior populations found in Columbia River and British Columbia)
and adds diversity in rivers capable of supporting both run types. I don’t understand the logic
of labelling summer run “unique”. Aren’t all life history types somewhat unique?
Lines 2656 – 2750. Habitat section. This points to the importance of having deep cool pools for
NCSS and the loss of this habitat is likely a major reason these fish are imperiled. This is also
addressed in Section 6.8. I think this fact could/should be made more forcefully in the Recovery
and Management sections 13 and 14. Re-align table headings with tables so each is on 1 page.
Line 2812 – 2824. Make sure the reader knows you are speaking of NCSS (or other specific
areas in California) when discussing lagoons.
Line 3001-- 6.2 Climate Change section. Good overview. Despite your best intentions climate
change could trump all and cause the demise of NCSS and other salmonid populations on the
fringes of their range. Make this point in Section 14.
Line 3342-3343. give the year the Skamania (Washougal) summer steelhead were last stocked
Line 3678. 6 pools to support a population is not a recipe for long term survival.
Line 4075-4076. Very old reference. Ocean fisheries are managed much differently now. I would
delete. I don’t see any evidence of steelhead by-catch in Pacific Fishery Management Council
managed ocean fisheries.
Listing Recommendation. Section 11. I expressed my thoughts earlier in this document by
suggesting you move text from Section 4.1 to this section.
Management and recovery Considerations (sections 13 and 14).
•

Make a stronger case that land use activities have caused severe degradation of preferred
habitat for NCSS and that for their continued existence habitat preservation and
reclamation is necessary. My understanding is that this area is prone to landslides/mass
wasting even in undisturbed areas due to its rainfall events and geology. This makes
habitat preservation and reclamation the top priority for sustaining summer run fish.

•

•

•
•
•

Water diversion has altered stream flow making the summer period more critical for the
survival of summer run fish. Is there a plan to work with irrigators to utilize water in a
more efficient manner?? Illegal diversions?
Support the removal of Scott Dam. The Eel is your core population for NCSS. Having a
robust core population (better to have populations) can be a source of fish to stray into
other rivers (I’m thinking Redwood Creek) and help sustain/re-establish summer runs in
those rivers that can support this life history.
I was hoping to see some discussion on the feasibility of restoring summer run fish in
rivers that were suspected to support them in the past (Figure 4.1). Also, why are summer
run fish not present today in these rivers?
I think you should add a paragraph about resident steelhead and the role they can play as
a “safety valve” for NCSS conservation/persistence.
Climate change is much bigger topic than what the Department can influence. However,
these summer run steelhead are at the southern edge of their range and the future
(decline in precipitation, hotter summers, more fires) could be the demise of these fish
even if all the management recommendations listed in Section 14 are undertaken. It
warrants some discussion in Section 14.

Consider moving the Mad River winter steelhead hatchery releases out of this basin to other local rivers
that support only winter steelhead. Re-think the integrated approach for a hatchery whose purpose is
to provide fish for anglers to harvest

External Peer Review Comment from Reviewer 2: Kevin Goodson
Ryon,
I have finished my review of CDFW's Draft California Endangered Species Act Status Review for
Northern California Summer Steelhead. I have attached the document with my comments
embedded in it. The computer I used to do the review was set up by my wife, so you will see
"Sue Goodson" on my comments. Sorry for any confusion. I will also try to summarize my
thoughts on the document below.
In general, the document presents a thorough evaluation of North Coast summer steelhead. My
comments are intended to help polish it further.
I have drawn on my 15 years of experience as a state fisheries conservation biologist in Oregon
to provide some ideas to make the document more understandable and defensible. I have also
provided some thoughts that I hope can help conserve the unique summer steelhead
populations in Northern California.
There are a few places where the document is describing research findings and a qualitative
judgement is included. The intent of this section of the document should be to present the
authors' findings as were published. Later in the section there is a subsection where CDFW'S
interpretation of all of the research is provided. This is the appropriate place to make
qualitative judgements.

CDFW may want to review the sections on limiting factors and threats for consistency. Some
threats are described in much more depth than others. This can be interpreted by cynical
readers as suggesting the more in depth threats are considered more important by the agency.
Managing the complex life history of steelhead is a challenge due to the difficulties of being
able to truly understand their status with the information that can be gathered. I encourage
you to be honest with the limitations of the data that you have used, and to incorporate a
degree of caution when summarizing results and considering management actions.
As you have described in the document, new genetic tools have recently uncovered the genetic
differences between winter and summer steelhead. While there is much more of the genome
that populations of summer and winter steelhead within a basin have in common, there is
much we as yet do not know about how probable it is for a summer run to be reestablished in a
basin once it is lost. There are metabolic differences between summers and winters that are
likely to be difficult to "re-engineer". As such, I believe it is important to try and keep an open
mind as to which management direction will provide the most protection for the iconic summer
steelhead in coastal basins.
I have provided two possible alternatives to what you have proposed in your draft for listing
summer steelhead. The first, recognizes that it will be difficult to improve habitat conditions for
summers, and therefore, the current federal listing of steelhead will be just as difficult to
overcome because the summer populations will keep drawing the DPS down. However, if
California chose to list summers as its own DPS, it might be possible for the feds to agree to
that, which could make delisting winter steelhead an easier hurdle to get over. This approach is
more in line with a view that DPSs should be more of a management unit than an ecological
one.
My second proposed alternative is to maintain that the NC DPS should contain both summers
and winters, but use this status assessment to propose that because the summer populations
are not viable, the DPS, as a whole, should be listed as threatened under CESA. This approach
would acknowledge the petitioners' concern for summers with a State recognition and bring
the State in line with NMFS.
The draft document does a good job of providing information on summer steelhead. Much of
the genetic and viability information is complicated and difficult for the general public to
understand. If CDFW anticipates the document will be of interest to the public, it may be
beneficial to try to provide more definitions within the text to help the reader interpret the
information.
I commend the CDFW staff that have pulled this document together. The structure of the
document was well thought out and all appropriate information appears to have been
presented. Please let me know if you have any questions on my comments.
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1. EXECUTIVE SUMMARY
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To be completed after review.
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2. INTRODUCTION
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2.1 Candidacy Evaluation
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The California Endangered Species Act (CESA) sets forth a two-step process for listing a species
as threatened or endangered. First, based on a petition for listing received from the public or
another agency, the California Fish and Game Commission (Commission) determines whether
to designate a species as a candidate for listing by determining whether the petition provides
“sufficient information to indicate that the petitioned action may be warranted” (Fish and
Game Code, § 2074.2, subdivision (e)(2)). If the petition is accepted for consideration, the
second step requires the California Department of Fish and Wildlife (Department) to produce,
within 12 months of the Commission’s acceptance of the petition, a peer reviewed report based
upon the best scientific information available that indicates whether the petitioned action is
warranted (Fish and Game Code, § 2074.6). The Commission, based on that report and other
information in the administrative record, then determines whether the petitioned action to list
the species as threatened or endangered is warranted (Fish and Game Code, § 2075.5).

346

2.2 Petition History

347
348
349

The Friends of the Eel River (Petitioner) submitted a petition (Petition) on 28 September 2018,
to the Commission to list the Northern California (NC) summer steelhead (Oncorhynchus mykiss
irideus1) as endangered pursuant to CESA, Fish and Game Code Section 2050 et seq.
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The Commission referred the Petition to the Department on 8 October 2018, in accordance
with Fish and Game Code § 2073 (Cal. Reg. Notice Register 2017, No. 13-Z, 479.). On 24 January
2019 the Department produced an evaluation report of the Petition (Petition Evaluation)
evaluating the scientific information presented in the Petition as well as other relevant
information the Department possessed at the time of review. The Department did not receive
any information from the public during the Petition Evaluation period pursuant to Fish and
Game Code § 2073.4. Pursuant to Fish and Game Code § 2072.3 and § 670.1, subdivision (d)(1),
of Title 14 of the California Code of Regulations, the Department evaluated whether the
Petition includes sufficient scientific information regarding each of the following petition
components to indicate that the petitioned action may be warranted:
•
•

360
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1

population trend,
range,

The subspecies name Onchorhynchus mykiss irideus was used in the Petition and has been used by some authors
in the scientific literature to indicate “coastal Rainbow Trout” or steelhead. This taxonomy is not recognized by the
American Fisheries Society (AFS), and common and scientific names used hereafter in this report conform to AFS
guidelines. Common names (e.g. Rainbow Trout) are capitalized, whereas runs and life history strategies (e.g.
steelhead) are not. Please see Section 3.3 Taxonomy and Systematics for further discussion.
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•
•
•
•
•
•
•
•
•
•

distribution,
abundance,
life history,
kind of habitat necessary for survival,
factors affecting ability to survive and reproduce,
degree and immediacy of threat,
impacts of existing management,
suggestions for future management,
availability and sources of information, and
a detailed distribution map.
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The Department determined from its Petition Evaluation that the Petition provided sufficient
scientific information to indicate that the petitioned action may be warranted. Thus, the
Department recommended that the Commission accept the Petition for further consideration
under CESA. The Petition Evaluation report was submitted to the Commission on 24 January
2019. The Commission has not previously received a petition to list Northern California
steelhead (summer or winter) under CESA. Following receipt of the Department’s Petition
Evaluation, on 12 June 2019, the Commission accepted the Petition for consideration and,
pursuant to California Fish and Game Code § 2074.6, directed the Department to submit a
status review report indicating whether the petitioned action is warranted. The Department
requested a 6-month extension for completion of the status review, which was granted on 11
July 2019.
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2.3 Department Review
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This report contains the results of the Department’s review and its recommendations to the
Commission regarding the Petition. The purpose of this status review report is to fulfill the
requirements of Fish and Game Code Section 2074.6 and to provide the Commission with the
most current scientific information available on the status of NC summer steelhead in
California. This report also serves as the basis for the Department’s recommendation to the
Commission on whether the petitioned action is warranted. This status review is based on the
best scientific information available and contains the Department’s recommendation on
whether the petitioned action to list NC summer steelhead under CESA is warranted. Further,
this status review identifies habitat that may be essential to the continued existence of the
species and suggests prudent management and restoration actions.
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A draft version of this document was subjected to independent external peer review by a group
of anonymous qualified experts. Comments from external peer reviewers are contained in
Appendix E. The Department received ten public comments from its 30-day public solicitation
for information beginning 22 August 2019. Public comments are included in Appendix F.
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2.4 Previous Federal Listing Actions
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The Northern California steelhead Evolutionarily Significant Unit (ESU) was originally proposed
for listing as threatened under the ESA by the National Marine Fisheries Service (NMFS) in 1996
(Endangered and Threatened Species: Proposed Endangered Status for Five ESUs of Steelhead
and Proposed Threatened Status for Five ESUs of Steelhead in Washington, Oregon, Idaho, and
California, 1996 ). NMFS deferred the final determination for NC steelhead until March 1998,
when NMFS stated that the NC steelhead ESU did not warrant listing under the federal ESA. In
2000, NMFS proposed to list the NC steelhead ESU as a threatened species. The listing included
only naturally spawned steelhead (anadromous form of O. mykiss) and their progeny residing
below impassable barriers to migration for both summer and winter ecotypes. NMFS did not
designate NC summer steelhead as a separate ESU mainly due to the fact that the most recent
genetic data reinforced previous conclusions that sympatric summer and winter steelhead
typically are more genetically similar to each other than they are to their run timing equivalents
in other geographic areas (Busby et al. 1996; Endangered and Threatened Species: Threatened
Status for One Steelhead Evolutionarily Significant Unit (ESU) in California, 2000). In 2006,
NMFS re-classified the listing of the NC steelhead ESU to a Distinct Population Segment (DPS)
and reaffirmed the listing status as threatened (NMFS 2006)2.
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2.5 Concurrent Federal Petition
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NMFS received a petition from the Petitioner on 15 November 2018, requesting that NC
summer steelhead be considered as a new DPS distinct from the NC Steelhead DPS and listed as
endangered under the ESA (Pearse et al. 2019). NMFS determined that the petitioned action
may be warranted on 22 April 2019, resulting in a “positive 90-day finding” (Endangered and
Threatened Wildlife; 90-Day Finding on a Petition to List Summer-Run Steelhead in Northern
California as Threatened or Endangered Under the Endangered Species Act, 2019). NMFS West
Coast Region (WCR) requested that the Southwest Fisheries Science Center (SWFSC) form a
panel of experts to evaluate the DPS Policy (Policy Regarding the Recognition of Distinct
Vertebrate Population Segments Under the Endangered Species Act, 1996) with the best
available science to determine the validity of the Petitioner’s claims and report their findings to
WCR (Pearse et al. 2019). The SWFSC expert panel concluded that the NC steelhead DPS should
remain as a unit including both summer and winter steelhead within its bounds, stating that
“The data presented by the petition did not fundamentally change our understanding of the
importance of preserving the evolutionary processes that connect populations, allowing them
to maintain genetic diversity at both neutral and adaptive loci and preserve their evolutionary
potential” (Pearse et al. 2019). Thus, the ESA-listing of the NC steelhead DPS as threatened
remains intact and includes both summer and winter ecotypes.

2

See Section 3.5 The ESU/DPS Concept in Management of Pacific Salmonids for clarification.
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3. BIOLOGY AND ECOLOGY
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3.1 Species Characteristics
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Steelhead are the anadromous form of Oncorhynchus mykiss and are found in watersheds from
Alaska to Southern California. They are the most widely present species of all the Pacific
salmonids, occupying nearly all ocean-connected streams throughout their range. Steelhead are
named for the metallic appearance of their heads and possess a streamlined, hydrodynamic
body shape. In the ocean, steelhead have a blue dorsal side and silver coloration over the rest
of their body (Fry 1973; Moyle 2002). Black spots typically cover their dorsal, adipose, and
caudal fins, as well as their head and back. As steelhead enter freshwater, their silver sheen
fades and they develop a pink or red lateral band and a pink hue in the operculum, and the blue
coloration on their back transitions to an olive green or brown. These characteristics are very
similar to those of the freshwater resident form of O. mykiss, Rainbow Trout, thus it can be
difficult to tell the anadromous and resident forms apart based on outward appearance (Fry
1973). Steelhead, however, are often larger than Rainbow Trout since they spend time feeding
and growing in the ocean (NWF 2020; USFWS 2020).
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Onchorhynchus mykiss possess 10 – 12 dorsal fin rays, 8 – 12 anal fin rays, 9 – 10 pelvic fin rays,
11 – 17 pectoral fin rays, and a slightly forked caudal fin. They have 9 – 13 branchiostegal rays
and 16 – 22 gill rakers on each arch. Teeth are present on both upper and lower jaws, the tip
and shaft of the vomer, as well as on the tip of the tongue. Between 110 – 180 small, pored
scales make up the first row above the lateral line (Fry 1973; Moyle 2002). Steelhead usually do
not weigh more than 10 pounds, though it is possible for them to grow upwards of 20 pounds
on rare occasions (Fry 1973). Size at maturity is dependent on the extent of time spent in the
ocean, but on average, steelhead will reach about 58 cm after two years (Barnhardt 1986).
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Different subgroups or populations of steelhead can exhibit variation in growth rate, size, and
body shape depending on their life history and habitat. Bajjaliya et al. (2014) studied
morphometric variation between four California steelhead DPSs and found that coastal
steelhead (populations with adults migrating less than 160 km from the ocean to their sample
site) were significantly larger with a more robust body type than steelhead found in California’s
Central Valley drainages and the Klamath-Trinity basin (populations with adults migrating more
than 160 km from the ocean to their sample site). Additionally, adult steelhead in the Northern
California DPS were generally the largest of the steelhead in the four DPS units studied
(Northern California, Central California Coast, Klamath Mountain Province, and Central Valley).
At maturity, California summer steelhead typically have a fork length of 60 – 80 cm, though
summer steelhead in the Eel River watershed exhibit a wider range of sizes at maturity and can
be anywhere between 48 – 84 cm (Moyle et al. 1995).
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The steelhead sexual maturation process includes development of secondary sex characteristics
such as bright coloration and sexual dimorphisms including the development of a hooked snout
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in males known as a kype. According to observations of steelhead on the Capilano River in
British Columbia (Smith 1960), there are some visible differences between the spawning forms
of summer and winter steelhead. Due to the earlier river entry and over-summer holding of
summer steelhead, these fish, especially the males, exhibited more pronounced secondary sex
characteristics than spawning winter steelhead, including brighter coloration, bifurcated and
flattened tips of the gill rakers, and a more well-defined kype. Winter steelhead were not
observed to undergo as drastic of a morphological transformation due to their shorter
inhabitance of the freshwater environment. They showed very little red coloring and no
flattening or bifurcation of the gill raker tips. These may be regionally specific morphological
distinctions as they have not been observed in Middle Fork Eel River steelhead. In the Middle
Fork Eel River, summer steelhead found holding between June and early winter have a healthy,
thick appearance due to the high fat reserves they possess when entering freshwater. Their
high fat content is metabolized throughout their holding period as steelhead generally do not
feed while in freshwater. Winter steelhead that are encountered during this time as spawned
out kelts will look emaciated and snake-like (S. Thompson, CDFW, pers. comm., 8 July 2020).
Winter steelhead, upon initial entry of the Middle Fork Eel River, have been observed to be
smaller and look brighter than the summer steelhead that have been in the river system for
months (Clemento 2006). Secondary sex characteristics are typically reabsorbed once spawning
is complete, though jaw shape may never fully revert (Shapovalov and Taft 1954).
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Juvenile steelhead have similar coloration to resident adults but also exhibit 5 – 13 oval parr
marks along the lateral line on both sides of the body. These parr marks are widely spaced with
the marks themselves being narrower than the spaces between them. Anywhere between 5
and 10 dark spots line the back from the head to the dorsal fin. There are usually very few or no
marks on the caudal fin. Tips of the dorsal and anal fins are white to orange (Moyle 2002). As
parr transition into smolts, they lose their parr marks and develop silver coloration. Once they
migrate to the ocean, they will reside in the saltwater environment for 1 – 4 years feeding and
growing quickly.
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3.2 Range
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Oncorhynchus mykiss are native to the Pacific coast and are found spawning in streams from
the Kuskokwim River in Alaska down to Baja California. on the eastern pacific shore, and from
Japan and South Korea north to the Russian Kamchatka Peninsula on the western pacific shore..
They are present throughout the Northern Pacific Ocean. in the oceanic phase.. Due to many
decades of planting efforts, resident Rainbow Trout have become ubiquitous in nearly all
California streams with suitable habitat including areas above impassible natural barriers. They
have the most extensive distribution of any fish species in California and have also been
introduced on every continent. Coastal steelhead within the state historically occupied all
perennial coastal streams from the Oregon/California border down to San Diego County (Moyle
2002). Some steelhead use intermittent streams as well (M. Sparkman, CDFW, pers. comm., 6
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July 2020). Steelhead are also native to the Central Valley, including both the Sacramento and
San Joaquin river basins, and have been found as far upstream as the Pit and McCloud rivers. It
is likely that most suitable streams in the Sacramento and San Joaquin river basins with ocean
access historically supported runs of steelhead (Moyle 2002).
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NC summer steelhead currently occupy fluvial habitat from Redwood Creek in northern
Humboldt County down to the Mattole River, though they are only found in a handful of
watersheds within this range. NC summer steelhead are included in two NMFS-defined
geographic diversity strata: Northern Coastal and North Mountain Interior. These two diversity
strata encompass 10 historically functionally independent summer steelhead populations. The
current NC summer steelhead range encompasses Redwood Creek, the Mad River, and the
Mattole River as well as sectors of the Eel River watershed including the Middle Fork Eel River
and the Van Duzen River (Moyle et al. 2017). Populations in the Eel River watershed thought to
be extirpated or functionally extirpated include those historically in the North Fork Eel, South
Fork Eel, upper middle and upper mainstem Eel River. It is speculated that summer steelhead
also may have historically occupied Larabee Creek (NMFS 2016b; Moyle et al. 2017). The Middle
Fork Eel River summer steelhead population currently accounts for up to 50% of all summer
steelhead in California (Moyle 2002). Other runs of summer steelhead in California are found in
the Trinity River watershed (North Fork Trinity, New, South Fork Trinity rivers, and Canyon
Creek), the Klamath River system (Dillon, Elk, Indian, Red Cap, Bluff, and Clear creeks), the
Salmon River (including Wooley Creek), and the Smith River (Moyle et al. 1995). These
populations are part of the Klamath Mountain Province steelhead DPS.
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There are two major dams that impede NC summer steelhead access to upstream spawning
habitat. The more northern of these dams is Robert W. Matthews Dam on the Mad River, which
created Ruth Lake. Although Matthews Dam blocks off about 30% of the mainstem river, it is
estimated to eliminate only a couple miles of potential steelhead habitat (NMFS 2016b). In
addition to this manmade barrier, there is a natural flow-dependent barrier about 30 miles
downstream of the dam, which decreases the amount of mainstem habitat currently accessible
to summer steelhead (below Matthews Dam) by about 39% during lower flow years (Spence et
al. 2008; Pounds et al. 2015). The second major dam within NC summer steelhead range is Scott
Dam on the Upper Mainstem Eel River, which prevents steelhead from accessing up to 288
miles of potential habitat upstream (Cooper 2020).
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3.3 Taxonomy and Systematics
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Steelhead and Rainbow Trout are members of the bony fishes class, Osteichthyes, in the order
Salmoniformes and family Salmonidae. In 1792, J. J. Walbaum classified Rainbow Trout from
populations on the Kamchatka Peninsula in Russia as Salmo mykiss. During the next century,
using J. Richardson’s description of Columbia River steelhead as S. gairdneri and Gibbons’s
description of juvenile steelhead from San Leandro Creek as S. iridea, both the biology and
fishing communities began referring to resident Rainbow Trout and steelhead as S. irideus and
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S. gairdneri, respectively. It was ultimately discovered that Rainbow Trout and steelhead are
the same species and North American scientists applied the original species name, mykiss, to
North American populations (Moyle 2002).
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In the 1970s, analyses of polymorphic proteins, or allozymes, were utilized to determine the
degree of species relatedness and evolutionary divergence among salmonids. These studies
indicated that Coho and Chinook salmon (O. kisutch and O. tschawytscha, respectively) were
most closely related to Pink, Chum, and Sockeye salmon, and that Rainbow and Cutthroat trout
were most closely related to each other. This phylogeny was assumed until Thomas et al. (1986
in Quinn 2018) analyzed relatedness by looking at differences in mitochondrial DNA (mtDNA),
which showed that Coho and Chinook salmon were related more closely to steelhead than they
were to the other three genera of salmon. Based on this study, Smith and Stearley (1989)
reorganized the taxonomy to reflect both the use of the name mykiss for North American
Rainbow Trout and the inclusion of Rainbow and Cutthroat trout in the Pacific salmon genus,
Oncorhynchus, but with their own distinct lineages.
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Pacific salmonid lineages continue to be studied using a variety of genetic and statistical
methods. There has been debate over the relationship between Rainbow and Cutthroat trout
with regards to genetics versus morphology and behavior. Stearley and Smith (1993) and Esteve
and McLennan (2007) found that the idea of monophyly (descending from a common ancestor)
of these two trout species is not supported by morphological or behavioral traits, respectively,
even though mtDNA suggests otherwise. Esteve and McLennan (2007) attribute this to
hybridization events that have led to a high rate of genetic introgression between the two
species (Chevassus 1979 as cited in Esteve and McLennan 2007). This introgression can dilute
the distinctiveness of these close relatives and convolute phylogenetic reconstruction (Esteve
and McLennan 2007). Although some uncertainty remains surrounding these evolutionary
relationships, it is now accepted that within the genus Oncorhynchus, Coho and Chinook salmon
have the closest relationship to each other, with Pink (O. gorbuscha), Chum (O. keta), and
Sockeye (O. nerka) salmon in their own group on the same branch, and Rainbow (O. mykiss)
and Cutthroat (O. clarkii) trout in their own separate lineage or lineages (Quinn 2018) as
illustrated in Figure 3.1.
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Figure 3.1. UPGMA Phenogram (a) and cladogram (b) of mitochondrial DNA data (from Thomas
et al. 1986 in Stearley and Smith 1993).
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There are numerous non-taxonomic units (below the species level), or nontaxa, of Rainbow
Trout in California. The most commonly recognized nontaxa are defined by their migration
types (i.e., anadromous or resident) or their seasonal run timing (i.e., summer or winter),
though O. mykiss cannot be differentiated by seasonal run timing or anadromy through classical
taxonomy (Behnke 1972;Wilson et al. 1985). Salmonid nontaxa have been managed as ESUs or
DPSs as described under the ESA (see section below). NC summer steelhead, as referenced in
the Petition, previously have not been identified as a separate population unit from winter
steelhead within the NC steelhead DPS, though the potential for this distinction may exist given
the unique run timing and possible evidence of genetic differentiation (see Section 3.6 Genetics
and Genomics).
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3.4 Life History and Unique Characteristics
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Of all Pacific salmonids, O. mykiss have the most diverse range of life history strategies.
Oncorhynchus mykiss can either be anadromous (migrating out to sea for a portion of their life
and then returning to freshwater) or resident (perpetually remaining in freshwater). These two
forms, steelhead and Rainbow Trout, respectively, coexist within populations (Moyle et al.
2008) and offspring from both forms have the potential to be anadromous or resident (Busby et
al. 1996). Additionally, unlike other Pacific salmonids, which are semelparous and perish almost
immediately after spawning, steelhead can be iteroparous with the potential to spawn up to
four times, though usually no more than once or twice (Shapovalov and Taft 1954; Everest
1973). Steelhead that spawn and return to the sea are called “kelts”. These fish can either
spawn consecutively, returning the next season after their first spawn, or they may return a
year later after spending an extra year at sea (Light et al. 1989). Reportedly FfemalesFemales
survive spawning events more frequently than males, thus, most iteroparous steelhead are
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female (Shapovalov and Taft 1954; Ward and Slaney 1988; Busby et al. 1996).1996). But in
some instances males may also repeat spawn in significant numbers especially in short coastal
streams.1996). One possible reason for this differential in survival is that males tend to spawn
with multiple females per season, resulting in a longer period of energy expenditure and the
possibility of stranding once water levels eventually drop (Shapovalov and Taft 1954). Steelhead
spawning for a second time have been observed to be substantially smaller than those in the
same year class that are spawning for the first time and spent the same number of years in
saltwater and freshwater (Shapovalov and Taft 1954). This indicates that leaving the ocean to
spawn curtails a kelt’s opportunity for growth since it shortens the amount of time spent
feeding in the ocean. Repeat spawning may have a particularly adverse effect on summer
steelhead growth, as these fish leave the ocean during the most productive time of year and
reside in-river for many more months than winter steelhead (Quinn et al. 2015).
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As noted previously, steelhead exhibit two seasonal run types; winter, also called oceanmaturing or mature migrating, and summer, also called stream-maturing or premature
migrating. The names of these two run types are reflective of the time of year the fish reenter
the estuaries and rivers as adults to reproduce (Busby et al. 1996; Moyle 2002). NC winter
steelhead return to the rivers during the winter months, between December and March, with
already developed gonads and spawn almost immediately (Smith 1960; McEwan and Jackson
1996). In contrast, NC summer steelhead normally return during the summer, between May
and October, while still sexually immature, and hold over in pools for nine months to a year
prior to spawning (Shapovalov and Taft 1954; Smith 1960; Everest 1973; Busby et al. 1996).
Exact run timing can differ somewhat between streams. For example, in British Columbia,
summer steelhead runs on the Coquihalla and Silver rivers migrate primarily in May and June,
whereas on the Dean and Brem rivers they return mostly in July and August (Smith 1960). On
the Middle Fork Eel and Van Duzen rivers, runs of summer steelhead typically return between
April and June to find deep pools near the headwaters and wait to commence spawning. Via
internal Department correspondence, Leo Shapovalov (CDFG) noted that summer steelhead in
the Middle Fork Eel River probably reach the mouth in April or May to begin their upstream
migration (CDFG 1953). On the Mad River, summer steelhead enter fresh water between April
and July and on the Mattole River they return between March and June (Moyle et al. 2017).
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Some researchers also consider there to be an intermediate “fall-run” ecotype present in some
steelhead streams. These fish enter freshwater from late summer through early fall and, in
California, they have been seen in the Klamath, Mad, and Eel rivers (McEwan and Jackson
1996); however, there is a lack of consensus within the scientific community on whether fallrun is its own separate run of steelhead. Everest (1973) considered the “late run” in the Rogue
River to be part of the summer steelhead run; included in the vast range of return timing that
extends from May through October. No spatial or temporal isolation was seen between the two
groups on the spawning grounds, indicating a shared gene pool. Only streams with summer
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steelhead runs have been observed to support a late summer and early fall recreational
steelhead fishery (e.g. Klamath, Mad, and Eel rivers) (Roelofs 1983).
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There is some uncertainty with respect to the degree of geographic and temporal separation of
summer and winter steelhead on the spawning grounds. Although there is limited information
on summer steelhead spawning, some sources have indicated that summer steelhead tend to
spawn earlier than winter steelhead, at least in terms of their peak spawn timing. On the Rogue
River in Oregon, it was observed that although there was temporal overlap in spawning periods,
the peak of winter steelhead spawning was about 60 days later than that of summer steelhead
(Everest 1973). The peak of summer steelhead spawning on the Rogue River likely occurred in
January, with spawning complete by April. Winter steelhead spawning seemed to peak in early
April when summer steelhead fry were already beginning to emerge. On the Middle Fork Eel
River, summer steelhead likely continue to migrate upstream during the winter, spawning in
the late winter or early spring (S. Thompson, CDFW, pers. comm., 8 April 2020). Summer
steelhead redd construction has been observed to peak from late February to mid-March in the
Middle Fork Eel River, which coincides with the peak spawning period for winter steelhead in
other coastal Mendocino streams. Although there are no observations of winter steelhead
spawning in the Middle Fork Eel River for comparison, it is likely their spawn timing is similar to
that of winter steelhead in Mendocino Coast streams (S. Thompson, CDFW, pers. comm., 7 July
2020). Jones (1980) notes that Middle Fork Eel River summer steelhead have been observed
spawning from late December through April. On the Mad River, anglers routinely catch kelts in
November that are thought to be summer steelhead, suggesting that Mad River summer
steelhead may begin spawning rather early in the winter (M. Sparkman, CDFW, pers. comm., 8
July 2020).
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Summer and winter steelhead have been observed to use different stream reaches within some
watersheds as a result of variation in accessibility and flows. Summer steelhead can navigate
some natural barriers at moderate flows, allowing them to access areas higher in the system
than winter steelhead during their return, which isolates the two runs to some extent (Puckett
1975). Withler (1966) and Smith (1969) found that summer steelhead in British Columbia
occupied spawning habitat upstream of naturally formed seasonal barriers that became
inaccessible to winter steelhead following a decrease in stream flows during summer. Similar
patterns have been observed in the Middle Fork Eel and Van Duzen rivers where summer
steelhead spawning activity is often isolated by natural barriers that prevent passage of winter
steelhead when they enter the rivers (Puckett 1975; Cramer et al. 1995). These barriers include
multiple areas of roughs in the upper Middle Fork Eel River (CDFG 1966 – 2018) and a natural
rock barrier on the Van Duzen River at Salmon Hole (Puckett 1975), which summer steelhead
can pass through if flows are adequate.
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Kannry et al. (2020) posited that substantial spatial separation exists between summer and
winter run types, with summer steelhead primarily using habitat above seasonal, flow-
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dependent barriers. This determination was made through genetic analysis of juvenile
steelhead above and below flow-dependent barriers on the Middle Fork Eel and Van Duzen
rivers at the GREB1L genomic region that has been found to be associated with steelhead
migration timing (see Section 3.6.5 Role of GREB1L Genomic Region in Migration Timing).
Kannry et al. (2020) found a notable separation of run timing genotypes at the GREB1L region
upstream and downstream of flow-dependent barriers in these rivers.
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Although summer steelhead may often migrate to upstream areas in a watershed that winter
steelhead cannot due to flow-dependent barriers, on the Middle Fork Eel River, summer and
winter steelhead have been seen using the same holding and rearing areas (Jones and Ekman
1980). It is also thought that in the Mad River, due to the fact that it is a rainfall-driven stream
rather than a snowmelt-driven stream, peak flows occur before the summer steelhead run,
thus, summer steelhead are not necessarily able to access areas higher in the system than
those accessible to winter steelhead (M. Sparkman, CDFW, pers. comm., 7 February 2020).

690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713

Some rivers experience a “half-pounder” run of immature fish that have spent only a few
months at sea before returning to freshwater. Most half-pounders do not spawn upon their
first immigration to freshwater, but instead make their way back to the ocean and return to
freshwater again in a subsequent year to reproduce (Everest 1973; Hodge et al. 2014). They
also continue to actively feed during their freshwater inhabitance, unlike mature adult
steelhead, which mostly cease food consumption upon river entry (Barnhardt 1986). The halfpounder life history strategy has been observed within a small geographic area of southern
Oregon and Northern California, including the Rogue, Klamath, Mad, and Eel rivers, and
Redwood Creek, and has been observed in winter and summer steelhead runs (Everest 1973;
Barnhardt 1986; Busby et al. 1996; Sparkman et al. 2020). However, it has been suggested that
the half-pounders found in the Mad and Eel Rivers are non-spawning “wanderers” that
ultimately return to either the Rogue or Klamath rivers to spawn once mature (Knutson 1975;
Cramer et al. 1995). Half-pounders have been observed to stray between basins 87% more than
adult steelhead (Satterthwaite 1988 in Hodge et al. 2014). Lee (2015) also suggests that halfpounders observed in the Mad River could be strays from other systems or possibly resident
Rainbow Trout. Given the substantive nature of the half-pounder run on the Mad River, it
seems unlikely to be a result of straying, although origin of these half-pounders has not been
confirmed (M. Sparkman, CDFW, pers. comm., 7 July 2020). Regardless of their origin, current
angler data from the Eel River suggest that half-pounders are much less abundant than they
were in the late 1800s when anglers would catch dozens per day (Lee 2015). Half-pounders in
the Eel River system are likely only found in the lower mainstem. There is no evidence of halfpounders in the Middle Fork Eel or Van Duzen rivers as these streams are likely too difficult for
half-pounders to reach during their upstream migration in late-summer to early fall (S.
Thompson, CDFW, pers. comm., 7 July 2020).
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When female steelhead are ready to spawn, they will select a suitable spawning site and then
dig their nest, or redd, in which they deposit their eggs to incubate. During redd construction,
the female may be courted by multiple males, though following completion of the redd, the
most dominant males position themselves alongside the female, depositing eggs and milt
almost simultaneously (Quinn 2018). Immediately following fertilization, females cover their
eggs with gravel (Barnhardt 1986). Females dig multiple pits where they deposit a portion of
eggs into each pocket until all the eggs are expelled (Shapovalov and Taft 1954; Quinn 2018).
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Anadromous steelhead are often accompanied by resident male Rainbow Trout during
spawning as they attempt to participate in the spawning activities by swimming in and out of
the redd. These fish are sometimes referred to as “egg-eaters” although it is thought that the
main purpose of their presence is to contribute to spawning rather than prey upon the newly
laid eggs (Shapovalov and Taft 1954). Known resident populations in these streams have mostly
been documented above Scott Dam on the Eel River and R.W. Matthews Dam on the Mad River
that are barriers to anadromy (Good et al. 2005). However, Clemento (2006) found evidence of
small resident O. mykiss populations in tributaries of the Middle Fork Eel River. He also
speculated that a few of these resident O. mykiss individuals may have possessed a rare allele
common to summer steelhead within the drainage. This situation would likely be the result of
recent or historical gene flow between anadromous summer steelhead and resident Rainbow
Trout (Clemento 2006). Department scientist, Shaun Thompson, notes that resident O. mykiss
are likely co-present with the anadromous form in the Eel River, but they have not been
quantified. Thompson has caught small sexually mature male O. mykiss (as small as 10 cm) in
smolt traps on the Mendocino Coast and states there are thousands of these fish in the Middle
Fork Eel and Van Duzen rivers, though it is not possible to determine which are resident vs.
anadromous. Thompson also documented residents on two summer steelhead redds during the
spring of 2019. Given these observations, it is likely the resident and anadromous life history
forms of O. mykiss co-occur in these areas (S. Thompson, CDFW, pers. comm., 7 July 2020).
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Fecundity, among other biological and environmental factors, contributes substantially to
steelhead reproductive success. Egg production has been shown to have a positive correlation
with fish length, though there is still a high amount of variation in fecundity at size (Shapovalov
and Taft 1954; Quinn 2018). Larger females tend to produce larger eggs as well as a greater
number of eggs; however, there is an energy expenditure limit for gonad development that
creates a tradeoff between the number of eggs and the size of the eggs produced (Quinn 2018).
Thus, a female can either produce a lot of smaller eggs or fewer larger eggs, but not a large
number of large eggs. Quinn (2018), referencing multiple sources of data, showed that female
steelhead of average size produce slightly over 5,000 eggs. Moyle (2002) provides a range of
eggs per female from 200 to 12,000 and states that steelhead generally produce about 2,000
eggs per kilogram of body weight. A report on summer steelhead at Skamania Hatchery on the
Washougal River in Washington documented the average number of eggs per female to be
around 2,400 (Hull and Allee n.d.). This Washougal strain was introduced on the Mad River,
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California in 1972 as part of a summer steelhead artificial propagation program at Mad River
Salmon and Steelhead Hatchery (MRH) (Knutson 1975; CDFW 2016). Knutson (1975) found that
Washougal strain summer steelhead returning to MRH had an average fecundity of almost
3,200 eggs per female. Annual reports from MRH in the mid- to late 1970s documented
summer steelhead fecundity to be between 2,900 and 3,400 eggs per female (CDFG 1976, 1978,
1979, and 1980).
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Eggs incubate in the gravel for a period of several months. There are multiple factors that
contribute to egg development and incubation time. Temperature has the greatest effect on
incubation period; colder water slows development and warmer water increases rate of
development (Quinn 2018). Incubation can take anywhere between 19 days at an average of
60°F and 80 days at an average temperature of 40°F (Shapovalov and Taft 1954). Dissolved
oxygen (DO) also influences development. Higher DO levels lead to more rapid development
and eggs exposed to low levels of DO during incubation produce much smaller alevins than
those incubated in high DO (Quinn 2018). Steelhead eggs will begin to hatch after about a
month (Shapovalov and Taft 1954). Fry emerge from the gravel about 2-3 weeks after hatching,
once the yolk sac is fully or almost entirely absorbed, at which time they start to school along
the stream banks. As they grow, individual fish develop small territories that they defend
against other individuals in their age class throughout their first year of life (Shapovalov and
Taft 1954; Barnhardt 1986). Juvenile steelhead feed on many different species of aquatic and
terrestrial insects, and sometimes on newly emerged steelhead fry (Barnhardt 1986). As they
grow the juveniles will move into deeper, faster water and are often found in riffle or swift run
habitats (Shapovalov and Taft 1954; Barnhardt 1986).
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In comparison with other Pacific salmonids, steelhead have the most variable timing with
regards to freshwater inhabitance, ocean entry, time spent at sea, and immigration back to
freshwater. Steelhead can spend up to four years in freshwater before emigrating to the ocean
and up to four years in saltwater before returning to spawn (Barnhardt 1986). Based on studies
performed by Shapovalov and Taft (1954), most steelhead in Waddell Creek, California live to
be three or four years old. According to Busby et al. (1996), age structure of California
steelhead cohorts is dominated by age-3 fish that normally spend two years in the ocean after a
year rearing in fresh water. Sparkman (2002), however, found that most steelhead smolts in the
Mad River were age-2. Male steelhead tend not to live as many years as females due to higher
post-spawn mortality rates (Shapovalov and Taft 1954). There is evidence from scale analysis
that NC summer steelhead mostly return at either age-3 or age-4. Puckett (1975) showed that
summer steelhead in the Van Duzen River tended to spend only one year in freshwater and two
years in the ocean, while Middle Fork Eel River summer steelhead generally spent two years in
freshwater and only one year in the ocean. Most fish returned to spawn after a total of three
years regardless of how long they were in the river or ocean during that time. Age analysis of
Middle Fork Eel River summer steelhead conducted by Michael Ward (CDFG) in the late 1980s
differed from Puckett 1975 in that returning summer steelhead were split almost down the
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middle between age-3 and age-4 adults. Ward’s results did agree with Puckett (1975) that most
Middle Fork Eel River summer steelhead spent two years in freshwater before migrating to the
ocean (Ward n.d.). Leo Shapovalov (CDFG) examined scales of Middle Fork Eel River summer
steelhead and concluded that they spend two years in freshwater and two years in the ocean;
returning for their first spawning at age-4 (CDFG 1953).
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It is unclear whether observed differences in age at the parr-smolt transformation (Puckett
1975) is attributed to genetic variance or differential phenotypic responses to the
environmental conditions in each river (Bjorkstedt et al. 2005). Cramer et al. (1995) suggested
that growth rate affects when juveniles transition to smolts, which indicates the influence of
environmental factors like flow and temperature. Bjorkstedt et al. (2005) states that rivers with
highly productive environments like lagoons or warmer, fast-flowing water may provide growth
opportunity enough for juvenile steelhead to reach optimum size for parr-smolt transformation
after only one year. Sparkman and Holt (2017) found that Redwood Creek steelhead tend to
smolt at age-1, which may be a result of temperature and sediment impairment acting as a
selective force in favor of minimizing time spent in-river. Juvenile steelhead typically journey
downstream during the spring and summer, with peak migration occurring in May (Shapovalov
and Taft 1954; Everest 1973; Jones 1980). Sparkman et al. (2017) found that in Redwood Creek,
smolt migrations may vary in response to stream flows. In higher flow years, Sparkman et al.
(2017) found that migration was temporally more spread out and could be substantial in June,
July, and August (Sparkman et al. 2017). Unlike other species of Pacific salmon, which generally
migrate downstream without pause, steelhead often hold in the estuary environment for a
whole season before finally entering the ocean (Shapovalov and Taft 1954).
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Not much is known regarding stock-specific distribution in the ocean. Other salmon species
have a greater wealth of stock-specific ocean abundance information, but steelhead-specific
research on this topic is lacking, and the ability to distinguish individual stocks has not been
possible using standard methods (Barnhardt 1986; Light et al. 1989; Moyle 2002). Unlike
salmon spp., steelhead are rarely captured in the ocean. Thus, information specific to NC
summer steelhead ocean distribution is not available. Limited tag recoveries by various fisheries
research and management agencies in North America did not show any differences in ocean
distribution by stock (Light et al. 1989). Fish, regardless of race or origin, comingle on shared
feeding grounds (Light et al. 1988). It has frequently been observed that North American
steelhead smolts quickly migrate offshore after ocean entry. Following the peak of smolt
outmigration, juvenile steelhead abundance inshore decreases in June and July from
Washington down to the central Oregon coast. Fish originating from North American streams
are thought to migrate north into and past the Gulf of Alaska during the summer months
(Hayes et al. 2016). Ocean steelhead generally move in a northwestern trajectory from spring to
summer and follow a southeastern pattern from fall to winter (Okazaki 1983; Light et al. 1989).
Steelhead also tend to be closer to shore during the winter than during other times of the year.
Steelhead from California do not appear to migrate any farther west than the Gulf of Alaska
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(Light et al. 1989). Off the southern Oregon and Northern California coasts, however, there
remains a population of juvenile steelhead thought to be the half-pounder run waiting to return
to the rivers in late summer. This population dissipates by August as the fish return inland but
reassembles off the Oregon and California coasts when half-pounders make their way back into
the ocean the following spring (Light et al. 1989; Hayes et al. 2016). Steelhead migration
patterns are thought to be strongly tied to “thermal avoidance,” remaining within a narrow
range of acceptable sea surface temperatures, which suggests that migration may be
contingent upon physiological responses to temperature (Hayes et al. 2016). However, halfpounder steelhead have been observed entering the Mad River during the fall when
temperatures are higher in-river than they are in the ocean (M. Sparkman, CDFW, pers. comm.,
7 July 2020). Ocean steelhead are typically found within seven meters of the sea surface in the
epipelagic zone, though they have been found at more than three times that depth on some
occasions (Light et al. 1989).
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3.5 The ESU/DPS Concept in Management of Pacific Salmonids
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Preservation of genetic diversity in salmonids can be difficult due to the need to protect
nontaxa (Nehlsen et al. 1991), which are below the biological species level. Behnke (1993)
stated, “Obviously, any conservation program to preserve biodiversity must begin at the lowest
nontaxon level.” The objective to preserve genetic diversity, which is a key component in
species adaptation to environmental changes, provides justification for allowing protection of
distinct population segments. Loss of specific population segments can contribute to the
decline of the species as a whole and increase its risk of extinction. Gustafson et al. (2007) also
found that population-level extirpation results in loss of ecological, genetic, and life history
diversity, which can manifest at a larger geographic scale (e.g., ESU-level) and even species
extinction. Thus, protection of population segments is biologically appropriate to preserve this
necessary genetic variation within species.
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The ESU concept was first mentioned by Ryder (1986) to try to determine which gene pools to
preserve at the species, subspecies, or population level in zoos, although Ryder did not define
any specific parameters for classifying an ESU. The concept was further developed by NMFS in
Waples (1991b) to define how population distinctness should be assessed and determined for
ESA listings. Waples (1991b p.12) defines an ESU as follows:
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“A vertebrate population will be considered distinct (and hence a “species”) for
purposes of conservation under the [Endangered Species] Act if the population
represents an evolutionarily significant unit (ESU) of the biological species. An ESU is a
population (or group of populations) that: 1) is substantially reproductively isolated
from other conspecific population units, and 2) represents an important component in
the evolutionary legacy of the species.”
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Waples (1991b p.12) further clarified, “isolation does not have to be absolute, but it must be
strong enough to allow evolutionarily important differences to accrue in different population
units.” These evolutionarily important differences are defined on a genetic basis, thus, if a
population provides a substantial genetic diversity to the species it would satisfy the second
criterion of what constitutes an ESU (Waples 1991b). NMFS subsequently adopted the ESU
parameters defined by Waples (1991b) as policy specific to Pacific salmon under the ESA
(Notice of policy: Policy on applying the definition of species under the Endangered Species Act
to Pacific salmon, 1991).
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The United States Fish and Wildlife Service (USFWS) and NMFS published a new policy in 1996
recognizing that the ESA definition of a species extends to “distinct population segments” and
adopting the term as a new management unit for the purposes of listing, delisting, and
reclassifying vertebrates under the ESA (Policy regarding the recognition of distinct vertebrate
population segments under the Endangered Species Act, 1996). This policy calls upon two
concepts when identifying a DPS: discreteness and significance. A population segment is
discrete if it meets either of two conditions specified in the DPS Policy (Policy regarding the
recognition of distinct vertebrate population segments under the Endangered Species Act,
1996, p. 4725):
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1. “It is markedly separated from other populations of the same taxon as a consequence of
physical, physiological, ecological, or behavioral factors. Quantitative measures of
genetic or morphological discontinuity may provide evidence of this separation.
2. It is delimited by international governmental boundaries within which differences in
control of exploitation, management of habitat, conservation status, or regulatory
mechanisms exist that are significant in light of section 4(a)(1)(D) of the [ESA].”
If a population segment is determined to be discrete, its significance, both biologically and
ecologically, can then be evaluated by considering characteristics specified in the DPS Policy.
These include but are not limited to (Policy regarding the recognition of distinct vertebrate
population segments under the Endangered Species Act, 1996, p. 4725):
1. “Persistence of the discrete population segment in an ecological setting unusual or
unique for the taxon,
2. Evidence that loss of the discrete population segment would result in a significant gap in
the range of a taxon,
3. Evidence that the discrete population segment represents the only surviving natural
occurrence of a taxon that may be more abundant elsewhere as an introduced
population outside its historic range, or
4. Evidence that the discrete population segment differs markedly from other populations
of the species in its genetic characteristics.”
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In 2001, the U.S. District Court in Eugene, Oregon determined in the Alsea decision that based
NMFS DPS delineations, the ESA did not allow for listing only a subset of that DPS (NMFS 2006).
This led to NMFS reviewing West Coast salmonid listings and continuing to use the established
ESU concept but to include resident fish that co-occurred with the anadromous form. In the
public comment period of this proposal, USFWS, the agency with jurisdiction over resident O.
mykiss, disagreed that the resident form of the population should be listed or included within
the steelhead ESUs. In response to these considerations, NMFS stated that anadromous and
resident O. mykiss remained separated due to “physical, physiological, ecological, and
behavioral factors,” which warranted consideration of anadromous populations as separate
DPSs (NMFS 2006). This led NMFS to propose a shift from applying the ESU Policy to applying
the new DPS Policy to West Coast steelhead listings under the ESA, thus redefining the NC
steelhead ESU, as it was originally listed, to be the NC steelhead DPS (NMFS 2006).
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The ESU and DPS concepts as conservation and management units have been topics of
continued discussion (Dizon et al. 1992; Moritz 1994; Vogler and Desalle 1994; Bowen 1998;
Crandall et al. 2000; Fraser and Bernatchez 2001; de Guia and Saitoh 2007). Dissatisfaction has
been expressed regarding the rigidity and consequent inability to define DPSs based on
demographic and behavioral data as well as the ambiguity surrounding how to quantify
distinctness (Pennock and Dimmick 1997). However, Waples (1998) argued that ESU
determinations place great importance on demographic and behavioral traits, which are more
often referred to as life history characteristics. With regards to the ambiguity critique, there are
a variety of interpretations of evolutionary significance, which rely both on genetic differences
and local environmental adaptations (Waples 1995). Often decisions on ESU parameters come
down to best professional judgement based on available data and how it is evaluated (Waples
1991b, 1995).
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Genetic analyses can be useful tools in evaluating ESU and DPS criteria. NMFS has relied heavily
on genetics to pinpoint reproductive isolation since the relationship between genetics and life
history characteristics is largely unknown (Busby et al. 1996). Additionally, in evaluating
“evolutionary legacy,” NMFS has looked specifically at genetic variability that has arisen from
past evolutionary events and will provide the source of future variability (Busby et al. 1996).
MacLean and Evans (1981) argued that fishery managers need to introduce a genetics
perspective to fishery management by way of the stock concept in order to preserve locally
adapted populations within a species.
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While the Department is not required to adhere to the criteria for listing a DPS or ESU set forth
under the ESA, NC summer steelhead would need to be considered a separate subspecies as
defined under CESA to be listed under that Act (Fish & G. Code, § 2062). NC summer steelhead
are not considered to be a distinct biological species or subspecies as defined by traditional
taxonomy or under current management. The concept of subspecies has been debated by
scientists for over a century and continues to be controversial, especially due to the qualitative
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nature of subspecies definitions (Haig et al. 2006). Subspecies of fish have generally been
defined based on allopatry (Haig et al. 2006), or geographic isolation. Thus, subspecies
classifications of fish are essentially equivalent to geographic races (Haig et al. 2006). NMFS and
USFWS have most often listed subspecific classifications of fish as DPSs rather than subspecies,
although only 15% of federal fish listings are below the species level. Haig et al. (2006) proposes
two essential biological criteria that should be met in classifying a subspecies; 1) discreteness
and 2) biological significance of the population, both in relation to the remainder of the species
to which it belongs (Haig et al. 2006). These two criteria are consistent with the NMFS DPS
Policy (Policy regarding the recognition of distinct vertebrate population segments under the
Endangered Species Act, 1996).
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Table 3.1. Steelhead Distinct Population Segments (DPS) listed under the federal Endangered
Species Act (ESA).
DPS

ESA Status

Southern California steelhead

Endangered

South Central California Coast steelhead

Threatened

California Central Valley steelhead

Threatened

Central California Coast steelhead

Threatened

Northern California steelhead

Threatened
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3.6 Genetics and Genomics
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3.6.1 Role of Genetics and Genomics in Evaluating Steelhead Population Structure
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Most genetic studies quantifying population structure of salmon and steelhead species,
including O. mykiss in Northern California, have used neutral genetic markers (e.g.,
microsatellite DNA). Neutral markers are not specifically associated with a particular life history
trait and it is assumed that they are not under direct selection. This class of genetic marker has
been, and continues to be, used to investigate and define salmonid listing units and population
structure (e.g., Busby et al. 1996; Pearse et al. 2019) in California and across the Pacific
Northwest. Neutral markers have been used successfully for decades to delineate populations
and ESUs based on more or less reproductively isolated lineages. Studies using presumably
neutral genetic markers have shown that, in many cases, salmon and steelhead populations
with different migration timing from one river are more closely related to each other than to
populations with the same migration timing in other rivers (Chilcote et al. 1980; Waples et al.
2004; Kinziger et al. 2013; Arciniega et al. 2016).
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More recently, the advent and rapid development of “adaptive” genetic markers has sparked
debate among fishery managers and geneticists. Adaptive genetic markers have putative
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associations with specific life history characteristics. In the case of NC steelhead, the single
associated trait of interest in this status review is migration timing. Work by Hess et al. (2016)
and Prince et al. (2017) identified a specific genomic region that they determined to be strongly
associated with migration timing in O. mykiss. These findings prompted questions surrounding
conservation priorities and defining management units. Waples and Lindley (2018), Pearse
(2016), Shafer et al. (2015), and Allendorf et al. (2010) provide reviews and cautions regarding
the use of adaptive genetic markers for defining conservation units.
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A monophyletic trait is one that arose only once in evolutionary history. All individuals with this
trait evolved from the same common ancestor. Populations exhibiting these monophyletic
traits are assumed to be irreplaceable if lost. Polyphyletic traits, on the other hand, have arisen
more than once through the process of parallel evolution, suggesting that if the trait were lost
it could reemerge. Phylogeny, or evolutionary history, is often determined by the degree of
genetic affinity between populations with alternate life history traits. A common method for
determining if a life history trait group is mono- or polyphyletic is to quantify the degree of
genetic difference between populations with alternate life history traits (in this case the earlymigrating [summer] versus later-migrating [winter] ecotypes) in comparison to the level of
genetic difference of groups with alternate life history traits among geographic locations where
they are found (Waples et al. 2004). Determining the pattern of genetic variation in terms of
trait group and geography determines the level of reproductive isolation exhibited among
groups. Analyses based on neutral and adaptive genetic markers may yield different answers to
the question of whether a trait such as an adaptive ecotype is monophyletic or polyphyletic,
resulting in conflicting conclusions regarding conservation unit delineation. This is precisely the
issue we face with NC summer steelhead.
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3.6.2 Patterns of Genetic Population Structure
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The genetic structure of steelhead populations has been found to be driven by geography, a
pattern referred to as “isolation by distance.” Evidence of isolation by distance is shown in O.
mykiss populations throughout their range. Bjorkstedt (2005) and Arciniega et al. (2016)
suggest that salmonid populations are isolated by distance and genetic variation increases with
greater distances between watersheds. For example, populations of steelhead in the Columbia
River on the northern border of Oregon are more genetically distant from the Eel River
populations in California than they are from populations in the Rogue or Klamath Rivers in
Southern Oregon and Northern California, respectively (Figure 3.2) (Arciniega et al. 2016).
Nielsen (1999) found a pattern of isolation by distance when looking at microsatellite loci of
southern California steelhead populations and Northern California populations. Pearse et al.
(2007) analyzed geographic structure within the Klamath-Trinity River basin and consistently
found a positive relationship between geographic distance and genetic relatedness –
specifically that genetic divergence between populations increased as a function of geographic
distance. Older studies based on neutral mtDNA analysis also showed a pattern of isolation by
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distance among coastal California steelhead populations, including more extensive studies of
populations spanning the western coast of the United States (Hatch 1990; Reisenbichler et al.
1992; McCusker et al. 2000).
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Figure 3.2. Unrooted neighbor joining tree showing genetic variation from watersheds from
Oregon and California (from Arciniega et al. 2016). Greater physical separation on the tree
reflects greater degrees of genetic variation between populations.
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Garza et al. (2014) reaffirmed that genetic variation is associated with isolation by distance
using microsatellite loci from samples of coastal California steelhead. Across all coastal
steelhead populations there was evidence that population structure is dependent on
geographic distance. Phylogeographic trees suggested that population structure was almost
entirely consistent with geographic proximity.
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3.6.3 Defining the NC Steelhead DPS
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The geographic boundaries of the ESUs of Pacific salmon and DPSs of Pacific steelhead have
historically used neutral genetic variation to identify geographic boundaries between
populations. Isolation by distance has been a consistent pattern when describing neutral
genetic variation within and among populations. Previous status reviews conducted by NMFS
relied on patterns of neutral genetic variation to help define the original ESUs. The Northern
California steelhead ESU was first defined by Busby et al. (1996) and covers river basins from
Redwood Creek in Humboldt County down to the Gualala River (Busby et al. 1996). The ESU
contains both the winter and summer steelhead migration ecotypes, though the Mattole River
is considered the southern extent of summer steelhead. Genetic data used to originally define
the Northern California steelhead ESU included chromosome counts, mtDNA data, and
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allozyme data. Busby et al. (1994) found genetic differences between steelhead populations
from north and south of the Klamath River with Redwood Creek (basin immediately south of
the Klamath River) functioning as a transition zone between these groups. The Northern
California steelhead ESU follows this divide with Redwood Creek designated as the northern
boundary based off the samples showing genetic similarities with populations from the Klamath
River as well as those south of the Klamath River (Busby et al. 1996) (Figure 3.3).
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Figure 3.3. Dendrogram based on unweighted pair-group method analysis (UPGMA) clustering
of pairwise genetic distance values (Nei 1978) among 103 natural and hatchery (-H) steelhead
and Rainbow Trout (-RT) populations from Puget Sound, Washington, to Southern California.
Analysis was based on data for 42 polymorphic gene loci scored in samples analyzed by NMFS
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and WDFW. Sample names and numeric codes correspond to those in Appendix A of Busby et al.
1996. Geographic clusters (A and B = inland subspecies; C through H = coastal subspecies): A =
Snake River; B = middle Columbia River; C = Oregon coast; D = Puget Sound, Washington coast,
and lower Columbia River; E = Klamath Mountains Province; F = Northern California (indicated
with arrow); G = Central and Southern California; and H = Central Valley of California (from
Busby et al. 1996).
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Nielsen (1994) and Nielsen et al. (1994, both as referenced by Busby et al. 1996), used mtDNA
data from coastal steelhead and determined that those from Humboldt Bay to Gualala Point
had a different mtDNA haplotype than those from central and south coast areas. Additional
analysis in Busby et al. (1996) confirmed this finding and again divided the populations by
latitude with the southern boundary of the NC steelhead ESU extending to just north of the
Russian River.
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Garza et al. (2004) evaluated population structure across coastal California populations using
microsatellite loci to understand the relationship between genetic distance and geography of
coastal steelhead populations. They constructed a bootstrap consensus tree that shows
clustering of geographic locations corresponding to five DPS assignments in coastal California
steelhead (Figure 3.4) (Garza et al. 2004). The long terminal branches in this consensus tree
show that while migration is important to the populations in this study, the conflicting
evolutionary processes of random genetic drift and local adaptation were likely responsible for
the genetic differentiation between the populations. The general isolation by distance pattern
of genetic diversity is also visually apparent. Another study of California coastal populations
constructed phylogeographic trees and found clear separation between the Northern California
steelhead DPS and the Central California Coast steelhead DPS, which are divided geographically
by the Lost Coast (Bjorkstedt et al. 2005).
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Figure 3.4. Majority-rule consensus tree, with genetic data bootstrapped 1,000 times, showing
chord distances and neighbor-joining trees for 62 coastal California steelhead populations.
(from Garza et al. 2004).
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A more recent study by Garza et al. (2014) clustered samples into five genetic groupings that
were mostly consistent with coastal steelhead DPS boundaries. Clusters 3 and 4 included NC
steelhead DPS watersheds and cluster 5 encompassed the Klamath Mountains Province DPS
plus Redwood Creek. Clusters 3, 4, and 5 did not present a pattern of isolation by distance in
contrast to the other two clusters in the study. This result may be an artifact of hatchery
broodstock collection and juvenile release practices within this area, however, these practices
occurred throughout all regions. Because of this, the relationship observed is most likely
attributable to a higher level of gene flow between tributaries in clusters 3, 4, and 5, which
eliminated the isolation by distance seen in other tributary regions.
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3.6.4 Role of Genetics and Genomics in Migration Phenotypes
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There have been many genetic studies evaluating population structure and the role of genetics
on run timing in salmonids. Studies investigating the effects of geographic distance and
migration timing on population structure have shown that summer and winter steelhead
populations within a basin are more closely related to each other than to the same run type in
nearby basins (Chilcote et al. 1980; Nielsen & Fountain 1999; Clemento 2006; Arciniega et al.
2016; Prince et al. 2017). Thus, geographic location has a more significant effect on population
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genetic structure than variation in migration timing. Chilcote et al. (1980) was the first to show
using allozyme data that summer and winter steelhead ecotypes from the same river were
more similar to each other than to populations from other rivers with the same migration
timing. Those authors analyzed five polymorphic allozyme loci from both ecotypes from Kalama
River, a tributary to the Columbia River in Washington that had introductions of nonindigenous
steelhead for 15 years prior to their study. They did not detect any significant genetic
differentiation between different migration ecotypes. Chilcote et al. (1980) also directly
observed summer and winter individuals spawning together.
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Nielsen and Fountain (1999) analyzed microsatellite data from summer and winter steelhead in
the Middle Fork Eel River and found that there was less genetic divergence between the two
populations of steelhead in the Middle Fork than with geographically proximate coastal winter
steelhead populations. Nielsen and Fountain determined only a small amount of the
microsatellite variation contributed to the differences found between summer and winter
steelhead and that the ecotypes within the Middle Fork Eel River were more closely related to
each other than to Mendocino Coast winter steelhead. Again, geographic location was the
dominant factor in describing genetic population structure as opposed to migration timing.
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Prince et al. (2017) used genome-wide reduced representation (RADseq) data from populations
in five coastal locations of California and Oregon, four of which had premature migration
phenotypes (summer steelhead and spring Chinook Salmon). Collections focused on individuals
that were either clearly premature or mature life-histories but intentionally avoided the
collection and analysis of fish with intermediate migration timing that could carry both forms of
the trait (heterozygotes). Prince et al. suggest that in a heterozygote the premature migration
allele is recessive, thus would not result in expression of the premature migration phenotype.
Consistent with previous studies, the authors found that, with the exception of the area around
the GREB1L genomic region, their data showed that summer and winter populations within a
watershed are more closely related to each other than those in nearby watersheds, thus
further supporting the long-standing isolation by distance model of population structure.
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One study conducted in the Klamath-Trinity basin found a reduction in heterozygosity among
five groups of steelhead, which they attributed to a subpopulation structure within the basin
and concluded that there are at least two genetically discrete populations with different
migration timing (Papa et al. 2007). However, SWFSC later conducted an analysis of the same
samples using two SNP loci located in the GREB1L region associated with run timing phenotypes
(Pearse et al. 2019). When studied during migratory season on a temporal scale, the summer
and winter phenotypes showed a continuum of allele frequencies with overlap among fish
carrying the summer and winter migration variants (Pearse et al. 2019), thus demonstrating
that individual fish can, and do at times, carry the genetic variants for both summer and winter
migration timing. The variation in analyses of the two studies based on the same samples
indicates that, although aspects of Papa et al. (2007) may suggest divergent populations based
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on run timing, varying allele frequencies do not support the conclusion that summer and winter
migration phenotypes are distinct populations.
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The majority of studies using multiple genetic markers (loci) that are distributed throughout the
genome suggest summer migration timing arose through parallel evolution in various
populations and genetic variation is distributed among steelhead populations based largely on
their geographic proximity to each other (Waples et al. 2004; Arciniega et al. 2016; Pearse et al.
2019). These findings align with the genetic relationship found between anadromous and
resident phenotypes, another O. mykiss life history trait with genetic influence (Behnke 2002;
Docker and Heath 2003; Olsen et al. 2006). Arciniega et al. (2016) compared microsatellites and
SNPs from multiple populations of steelhead in Oregon and Northern California to evaluate
phylogeographic relationships of summer and winter steelhead ecotypes. Further reiterating
what we previously stated, genetic relatedness was strongly associated with geographic
distance showing limited gene flow among river basins and suggesting repeated parallel
evolution of summer migrating ecotypes in multiple river basins. Arciniega et al. (2016) found
that almost half of the variation in genetic differentiation was explained by geographic distance
among populations. Although summer migration ecotypes were shown to have arisen through
parallel evolution, Arciniega et al. (2016) note that these evolutions occurred where genetic
variation already existed and where ecological conditions could support the summer migration
ecotype. These studies corroborate the theory that the summer migration ecotype arose
through parallel evolution and the trait is polyphyletic.
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3.6.5 Role of GREB1L Genomic Region in Migration Timing
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The GREB1L genomic region was first connected to run timing by Hess et al. (2016) and was
subsequently applied in studies evaluating life history phenotypes (Prince et al. 2017; Micheletti
et al. 2018; Pearse et al. 2019). When evaluating individuals with distinct summer or winter
migration phenotypes, the GREB1L region shows an association with run-timing variations in O.
mykiss populations (Hess et al. 2016; Prince et al. 2017; Micheletti et al. 2018; Kannry et al.
2020). Steelhead are either homozygous or heterozygous for genetic markers in the GREB1L
genomic region. Homozygotes only have alleles associated with a single run type on both
homologous chromosomes. In contrast, heterozygotes have alleles associated with both run
types. Fish that are heterozygous at GREB1L are considered winter-summer hybrids and display
an intermediate run timing. Studies evaluating the impact of GREB1L on salmonid run timing
have found that the life history characteristic is not only associated with the GREB1L gene but
with ROCK1 and other nearby genomic regions (Micheletti et al. 2018; Narum et al. 2018).
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Prince et al. (2017) compared SNPs between migration types and found significant variation at
loci associated with premature migration (summer steelhead). When they compared SNPs at
those loci between two geographically separated populations, the strongest associated SNPs
from both sample locations were near or within the GREB1L genomic region, suggesting that
the same single locus was associated with migration phenotype in two different steelhead
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DPSs. Prince et al. (2017) suggest that a single evolutionary event produced the GREB1L
premature migration allele rather than multiple parallel evolutions, and that if lost, these
premature migration alleles are not expected to re-evolve in a reasonable amount of time.
Where other studies concluded that premature migration timing was a result of parallel
evolution due to the observed geographic patterns of genetic variation, Prince et al. (2017)
suggest that the presence of the premature migration allele across geographically separate
populations indicates that the allele did not evolve separately in multiple populations but
existed already within standing genetic variation. Additionally, when evaluating GREB1L
heterozygotes from another dataset, the authors found that they displayed an intermediate run
timing, which suggests that the premature migration allele is not masked in phenotypes
displayed by heterozygotes. Prince et al. (2017) concluded that the premature migration allele
would not continue to exist in populations without the premature migration phenotype and
implied that genetic variants correlated with migration timing differences arose only once and
then spread between populations.
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Thompson et al. (2019) investigated the genomic basis of migration timing in Rogue River
Chinook Salmon. They focused on the GREB1L region and found, similar to O. mykiss, a
significant correlation between migration timing phenotypes and genetic variation in the
GREB1L region. Spring Chinook possessed the “spring” migration allele, fall Chinook possessed
the alternate “fall” migration allele, and fish of intermediate migration timing possessed copies
of both spring and fall alleles. Similar to Prince et al. (2017), Thompson et al. (2019)opined that
selection against the early migration phenotype could lead to the rapid loss of the GREB1L early
migration allele, although the early migration allele (aka spring-run migration in Chinook
Salmon) will still exist in fish with intermediate migration timing.
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Micheletti et al. (2018) expanded the section of the genome analyzed by Prince et al. (2017) in a
study of Columbia River steelhead populations. Whole genome sequencing was used to
characterize the GREB1L genomic region and concluded that migration phenology is likely
connected to more than just the GREB1L region of chromosome 28 and may be linked to ROCK1
and other genes near the GREB1L region. The authors also determined that GREB1L had a
greater association with arrival to spawning grounds when comparing coastal and inland
lineages, rather than freshwater entry as proposed by Hess et al. (2016) and Prince et al. (2017).
This finding is likely more relevant to steelhead populations in the Pacific Northwest than those
in Northern California because of their relatively short migration distance from the ocean to
their spawning grounds. Narum et al. (2018) found similar results to Micheletti et al. for the
ROCK1 and GREB1L genomic regions in Chinook Salmon. Narum et al. analyzed GREB1L in
Chinook Salmon, mapping a coastal population with both spring and fall Chinook Salmon using
genome-wide SNPs and found that, in addition to GREB1L, other genomic regions including
ROCK1 were associated with migration timing across three distinct phylogenetic lineages. Both
Micheletti et al. (2018) and Narum et al. (2018) indicate that maturation life history is not solely
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determined by the GREB1L gene but is instead polygenic with multiple genomic regions
contributing to divergent selection on maturation phenotypes.
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Pearse et al. (2019) discussed GREB1L genotype data collected by the NMFS South West
Fisheries Science Center (SWFSC) that showed multiple O. mykiss collections in California that
contained individuals with all three genotypes of summer, winter, and hybrid summer-winter.
Using GREB1L genetic markers, Pearse et al. also found homozygous winter, homozygous
summer, and heterozygote steelhead in populations not known to currently support summer
migration ecotypes, which suggests a larger distribution of the GREB1L haplotypic variations
than found in other studies. This was not observed by Prince et al. (2017) because populations
with expression of an intermediate migration phenotype (e.g. not clearly defined summer or
winter phenotypes) were intentionally excluded from their study. Additionally, when evaluating
two SNPs in individuals that passed Van Arsdale Fisheries Station on the upper mainstem Eel
River from 2009-2017, Pearse et al. (2019) found complete overlap in return timing of winter
homozygote and winter-summer heterozygote genotypes, as well as some overlap of summer
homozygotes that returned within the typical winter migration period. When conducting
parentage analysis of this collection, although most individuals were winter homozygotes, some
offspring were heterozygotes with one summer steelhead and one winter steelhead parent,
which indicates interbreeding of parents with different GREB1L genotypes that resulted in
offspring with a mix of GREB1L genotypes. Results from Pearse et al. (2019) indicate that
summer and winter steelhead are not reproductively isolated, but rather a single population
with varying migration times among individuals.
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Kannry et al. (2020) sequenced both anadromous and resident forms of O. mykiss on the Eel
River at GREB1L and other genomic regions for overall genetic differentiation. Kannry et al.
found that resident populations above Scott Dam had maintained genetic diversity among life
history forms including heterozygotes with summer migration alleles, suggesting summer
steelhead were above the dam prior to its construction in 1922 and could potentially
repopulate with dam removal. Individuals in the South Fork Eel River, however, were all
homozygous for winter migration alleles, suggesting winter steelhead populations may not
maintain any summer migratory alleles and summer migratory alleles would not arise from
current genetic variation in this or other populations that lack the summer migration
phenotype.
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Collins et al. (2020) looked at the adaptive markers identified by Hess et al. (2016) and
Micheletti et al. (2018), including GREB1L and ROCK1, as well as additional adaptive genetic
markers within the same genomic region, to determine which genetic combinations resulted in
various migration phenotypes of Columbia River steelhead. Collins et al. (2020) found that
adaptive genetic markers separated individuals by their adult migration timing. They also found
that different heterozygote haplotypes were predominant depending on geographic location
(inland vs. coastal). Temperature and precipitation were found to be important selective
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pressures in this pattern of variation. This additional level of examining the associations of
haplotype blocks with each other and with migration timing improves our understanding of
patterns of genetic variation related to migration timing in steelhead. Their findings support
results from Micheletti et al. (2018) that show populations exhibiting only one run timing
phenotype can retain genetic variation that may allow for expression of variable run timing
phenotypes. Collins et al. (2020) demonstrate that simply defining winter and summer
steelhead ecotypes as two distinct units does not account for the variety of phenotypes
expressed by various heterozygous haplotypes of the genomic region containing GREB1L and
ROCK1.
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In February 2020, NMFS’ Northwest Fisheries Science Center held a workshop for geneticists
and scientists with experience in salmon and steelhead conservation and management to
present data and discuss the associations between genetic variation and migration timing in
salmonids. Results of this workshop, which explored the state of the science, conservation
implications, and future research needs regarding the simple genomic association with run
timing in Chinook Salmon and steelhead, are documented in Ford et al. (2020). Workshop
participants did not attempt to come to a consensus on all conclusions, rather they developed
points of general agreement and points of residual uncertainty. A summary of the areas of
agreement and uncertainty among workshop participants is presented in Appendix A. Although
all of the findings and discussion in Ford et al. (2020) are important, the following selected
conclusions are excerpted here because they are particularly relevant to this status review:
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•
•
•
•

•

•

•

A single region in the genome has a strong statistical association with adult run timing.
The causal variant(s) for adult run timing remain to be identified.
Heterozygotes are likely an important mechanism for the spread and maintenance of
the early migration alleles over long time scales.
The early and late allelic variants that have been well characterized evolved long ago in
each species’ evolutionary history. The allelic variants for early migration have not
arisen independently via new mutations from the genomic background of late migration
individuals in each watershed.
Conservation units should continue to be defined by patterns of genetic diversity across
the genome, rather than by variation in small genomic regions correlated with specific
traits of interest, such as run timing.
Spring Chinook salmon and summer steelhead occupy a specialized ecological niche—
upstream areas accessible primarily during spring flow events—that has made them
particularly vulnerable to extirpation or decline due to habitat degradation.
The evaluation of risk to early returning groups (e.g., spring-returning Chinook salmon,
summer steelhead) needs to consider what we now know about the genetic basis of
adult return time.
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•

The finding that the “early run” trait has a simple genetic basis implies that the “early
run” phenotype is at greater risk than if the trait resulted from many genes because loss
of the “early” allele(s) equates to loss of the phenotype.
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3.6.6 Conclusions on Genetics and Genomics
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The Petitioner references Prince et al. (2017) in the Petition to substantiate their assertion that
NC summer steelhead should be listed as an endangered species under CESA. From Prince et al.
(2017) the Petitioner draws two conclusions regarding the genetics of summer steelhead: 1)
summer steelhead are genetically distinct from winter steelhead in the same watersheds, and
2) if premature migration alleles are lost, summer steelhead cannot be expected to re-emerge
from winter steelhead populations in time frames relevant to conservation planning, therefore,
they should not be listed in the same DPS. These concepts are nuanced, and new information
continues to emerge; however, at this time, the Department does not support the conclusion
that summer steelhead are distinct and should be listed separately under CESA.
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Heterozygosity at the GREB1L locus indicates that interbreeding occurs between summer and
winter steelhead, including those in the Eel River basin (Prince et al. 2017; Pearse et al. 2019;
Kannry et al. 2020), which means they are not reproductively isolated and have an
interconnected genetic legacy. Interbreeding of the two ecotypes likely occurred historically,
though quantifying natural levels of interbreeding is difficult (Ford et al. 2020). Presence of
individuals heterozygous at the GREB1L marker shows that offspring can display either runtiming phenotype, which means that full siblings within a family unit can possess different
migration timing variants. Early and late migration ecotypes within a watershed are more
closely related to each other than they are to migration ecotype equivalents in nearby
watersheds (Chilcote et al. 1980; Thorgaard 1983; Nielsen and Fountain 1999; Arciniega et al.
2016; Prince et al. 2017), thus geographic location has a more significant effect on population
genetic structure than variations in migration timing. This has continued to hold true in recent
studies that have looked across much larger portions of the genome (Micheletti et al. 2018;
Ford et al. 2020).
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As described in Section 3.6.1 Role of Genetics and Genomics in Evaluating Steelhead Population
Structure, populations with monophyletic traits and their associated life history strategies (i.e.,
migration timing), are considered unique and irreplaceable if lost. On the contrary, polyphyletic
traits, even if lost in one place, could potentially be recovered from existing genetic variation
present in other groups in other places, or from existing variation in the same location if
environmental conditions improve. A common method for determining whether a life history
strategy is mono- versus polyphyletic is to quantify the degree of genetic difference between
populations with alternate life history traits (in this case the early migrating [summer] versus
later migrating [winter] ecotypes) in comparison to the level of genetic difference of groups
with alternate life history traits among geographic locations where they are found (Waples et
al. 2004). Determining the pattern of genetic variation in terms of trait group and geography
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determines the level of reproductive isolation exhibited among groups. The genomic region
consisting of GREB1L, ROCK1, and the intergenic region, although strongly associated with
migration timing (Prince et al. 2017; Micheletti et al. 2018, Narum et al. 2018; Pearse et al.
2019), only accounts for a small amount of genetic variation between summer and winter
steelhead ecotypes. Although this single gene region shows a monophyletic pattern, whole
genome data do not.
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Given that sequences within the GREB1L/ROCK1 region are highly conserved across multiple
populations, if lost in one population they could be reintroduced from another genetically
similar population. Additionally, heterozygotes may act as a reservoir for early migration alleles
(Ford et al. 2020). This is likely dependent on habitat conditions and patterns of dominance at
the GREB1L/ROCK1 genomic region, neither of which are fully understood. The existence of
heterozygotes is inherently adaptive. The resident life history form of O. mykiss may also act as
an important reservoir for the early migration alleles. Early migration alleles have been found in
resident fish in some coastal streams (Ford et al. 2020; Kannry et al. 2020). The preservation of
this allele in the resident life history form of O. mykiss suggests that overall risk of losing genetic
variation at GREB1L/ROCK1 may be reduced in streams where summer steelhead exist or were
extirpated but residents still reside (Ford et al. 2020).
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The strong genomic association of the GREB1L/ROCK1 region of Chromosome 28 with migration
timing is an important scientific discovery that adds to our overall understanding of the
genetics of summer migration timing in the NC steelhead DPS; however, it does not in itself
show that summer steelhead are a genetically distinct subspecies. Delineation of management
units based off run timing alone would not accurately reflect the evolutionary legacy of
Northern California coastal steelhead. Review of available literature supporting the concept
that genetic distinctiveness is driven by isolation by distance rather than life history variation
within a population is not negated by the new genomic information presented by Prince et al.
(2017).
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There are still areas of uncertainty surrounding the genetics behind run timing expression.
Waples and Lindley (2018) note that we do not know if the genes identified by Prince et al.
(2017) are actually responsible for migration timing differences. It has generally been accepted
that run timing variation is strongly associated with genetic sequence variation in the
GREB1L/ROCK1 region of Chromosome 28; however, all studies to date have established only
correlation, not causation. Although the causal variants are likely contained within the
GREB1L/ROCK1 genomic region, the underlying biochemical mechanisms responsible for
phenotypic variation are still unknown (Ford et al. 2020). Waples and Lindley (2018) caution
against the use of adaptive genetic markers for defining conservation units. They suggest that
the ESU and DPS framework allows for conservation of genetic diversity including variation in
migration timing. The summer steelhead ecotype is an important diversity component of the
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steelhead species that should be preserved as part of the NC steelhead DPS through the use of
existing fishery management options.
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4. STATUS AND TREND
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4.1 Structure and Function of Viable Salmonid Populations
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In this review, we use the definition of “population” from McElhany et al. (2000): “An
independent population is a group of fish of the same species that spawns in a particular lake or
stream (or portion thereof) at a particular season and which, to a substantial degree, does not
interbreed with fish from any other group spawning in a different place, or in the same place at
a different season.” In other words, a population as defined by McElhany et al. (2000) is a group
of fish that experiences a substantial degree of reproductive isolation.
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Steelhead have strong fidelity to their natal stream, which can lead to substantial reproductive
isolation and, as a result, create local adaptation within somewhat isolated populations (Waples
et al. 2008). Isolation can expose these local populations to varying degrees of genetic drift as
well as different environmental pressures that ultimately lead to the development of genetic
and phenotypic differences. Although many steelhead populations can be partially isolated, at
least a small amount of exchange between different populations of steelhead is to be expected
due to natural straying. This connectivity results in a level of genetic similarity, which is more
pronounced between neighboring populations, and prevents most populations from being
completely isolated (Bjorkstedt et al. 2005; Garza et al. 2014; Arciniega et al. 2016). Within the
NC steelhead DPS there is some level of genetic exchange that makes the populations more
related to each other than they are to populations outside of the DPS.
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The Department has defined and managed runs of anadromous salmonids based on genetic
distinctiveness, run-timing differences, juvenile outmigration timing, and watershed (CDFG
1998). For this review, we consider NC summer steelhead to be one of two regional ecotypes
(summer and winter) within the NC steelhead DPS. The ecotype concept was first introduced by
Turesson (1922) and was used to define subspecies units resulting from genotypical responses,
or phenotypic expression, of a population to particular habitats (Turesson 1922). Salmonids
have substantial genetic structuring linked to local adaptations that manifest in various life
history strategies including those that represent sympatric ecotypes such as winter and
summer steelhead runs (Keeley et al. 2007; Pearse et al. 2009; Wollebaek et al. 2017; Collins et
al. 2020).
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Summer and winter steelhead ecotypes arrive at their respective spawning grounds during
different times of year but can overlap somewhat in spawning distribution and timing. Access
to various stream reaches can change from year to year, so degree of reproductive isolation
may be somewhat inconsistent and fluctuate over the long-term. Generally, winter and
summer steelhead within the same Northern California streams have been treated as two
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different populations, although some assemblages of juveniles likely contain hybrid offspring
from parents of both run types.

1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398

The concept of viable salmonid populations was introduced by McElhany et al. (2000). A viable
salmonid population is defined as, “an independent population of any Pacific salmonid (genus
Oncorhynchus) that has negligible risk of extinction due to threats from demographic variation,
local environmental variation, and genetic diversity changes over a 100-year time frame,” and
an independent population is defined as, “any collection of one or more local breeding groups
whose population dynamics or extinction risk over a 100-year time period are not substantially
altered by exchanges of individuals with other populations.” McElhany et al. (2000) also
introduced four criteria for assessing viability of salmonid populations: abundance, productivity
(over the entire life cycle), population spatial structure, and diversity. In this chapter, we
evaluate, to the best of our ability, these four criteria for NC summer steelhead independent
populations.
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4.2 Sources of Information
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We reviewed all sources available to us for this status review. Sources include literature review,
the CESA listing petition, previous federal status reviews, Department reports and documents,
newspaper articles, annual reports from existing NC summer steelhead surveys, and historical
reports. Agency staff with knowledge of watersheds supporting NC summer steelhead were
also consulted for information. Further study and comprehensive monitoring would help
elucidate current population status and trends, however, due to lack of historical data
determining true historical abundance is likely not possible. Historical information on
distribution and abundance was limited to mostly anecdotal reports, personal observations,
and a few historical stream surveys. These types of historical sources are not necessarily at a
high level of scientific rigor and have not been subject to peer review, but they represent the
best information available.
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4.3 Historical and Current Distribution
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The NC steelhead DPS includes ten NMFS-defined summer steelhead populations from
Redwood Creek in the north to the Mattole River in the south (NMFS 2016b). All summer
steelhead populations in the NC steelhead DPS were considered to be historically functionally
independent, which means they had a high probability of persisting over 100-year time scales
and their risk of extinction was not significantly influenced by exchanges of individuals with
other populations (McElhany et al. 2000; Bjorkstedt 2005). Populations in the North Fork, South
Fork, Upper Mainstem, and Upper Middle Mainstem of the Eel River, as well as Larabee Creek,
are either very small and inconsistently present or locally extirpated and have been classified by
NMFS as data deficient (Spence et al. 2008). There is no pre-industrial documentation of
summer steelhead presence in these areas; all historical information begins post-1900. See
Table 4.1 for a list of all historical NC summer steelhead populations. Figure 4.1 provides a

1423
1424

visual representation of the historical and current distribution of NC summer steelhead within
the NC steelhead DPS.
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Table 4.1. Summer Steelhead Populations in the Northern California Steelhead DPS (from
Bjorkstedt et al. 2005). Parentheses indicate the population is extirpated (NMFS 2016b).
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Summer Steelhead Population

Historical Population Status

Redwood Creek
Mad River
Van Duzen River
South Fork Eel River
Larabee Creek
North Fork Eel River
(Upper Middle Mainstem Eel River)
Middle Fork Eel River
(Upper Mainstem Eel River)
Mattole River

Functionally Independent
Functionally Independent
Functionally Independent
Functionally Independent
Functionally Independent
Functionally Independent
(Functionally Independent)
Functionally Independent
(Functionally Independent)
Functionally Independent
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Figure 4.1. Map of historical and current distribution of NC summer steelhead. (Note: There is
likely additional tributary usage by summer steelhead that is unknown. Current surveys focus on
mainstem habitat and include little to no tributary monitoring.)
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4.3.1 Redwood Creek
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The Redwood Creek watershed is in northern Humboldt County and drains an area of 285
square miles. The mainstem encompasses approximately 65 river miles from Board Camp
Mountain to the Pacific Ocean near Orick, CA. Prairie Creek is the largest tributary in the
Redwood Creek system, entering Redwood Creek about three miles upstream from the mouth.
Although winter steelhead are productive in this tributary, it is not used by summer steelhead
to the best of our knowledge. Lower Redwood Creek is bordered by public lands up to and
through Redwood National Park (RNP), which ends at the confluence of Coyote Creek. Almost
all areas upstream of RNP on Redwood Creek are privately owned (CDFG 2006b).
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The only permanent dams in the Redwood Creek watershed are the Prairie Creek Hatchery
dams on Lost Man Creek (Brown 1988). The mainstem is mostly free flowing except for two
temporary gravel dams that were raised each summer to impound water for recreation.
Chezem Dam was the larger of the two dams and was located below Captain Creek, while
Burton Dam was located downstream between Lacks and Stover creeks. These recreational
impoundments likely blocked upstream movement of summer steelhead, which were observed
using the pools to hold over summer (Brown 1988; CDFG 2006b). Both seasonal dams have
been removed and are no longer annually constructed.
Very little is known about historical numbers of summer steelhead in Redwood Creek. USFWS
estimated a steelhead run of about 10,000 based on extrapolations of data from similarly sized
streams with like characteristics, though they did not report summer and winter runs
separately (USFWS 1960 as cited in CDFG 2006b). Some limited historical information comes
from anecdotal accounts from residents of the watershed and local articles from magazines and
newspapers, though none of these provide a total estimate of abundance. An article in
American Angler in 1920 contained an account of summer steelhead in Redwood Creek stating
there were ten to twenty-five in each pool between 20 and 36 inches in length (Blackwell
1920). This description contrasts with more recent observations of a maximum of four to five
summer steelhead per pool in that same area. In 1994, a local resident, Bill Stover, indicated
that there used to be 40 – 50 summer steelhead per pool, but currently only a handful in some
pools (CDFG 2006b). Local resident, Joe Massei, whose family owned property in the upper
watershed at Ayres Cabin since the early 1940s, remembers seeing holes with 30 – 40 fish in
April and May (CDFG 2006b). Given these accounts, it is likely that summer steelhead were
historically much more abundant than they are now, though concrete numbers cannot be
compared.
Since the mid-1900s, catastrophic flood events, timber harvest practices, and road construction
have had a combined negative effect on erosion of already steep and highly erodible hill slopes
in the watershed. These anthropogenic effects and natural disasters, especially the floods of
1955 and 1964, have caused mass wasting and geomorphic changes, most notably aggradation
of the stream channel and sediment filling in crucial summer steelhead holding pools. In a 1966
Department survey of Redwood Creek, it was noted that the entire channel was extremely
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degraded and provided insufficient nursery habitat for young salmon and steelhead (Fisk et al.
1996 as cited in CDFG 2006b). In 1972, the Department surveyed the entire length of the
Redwood Creek mainstem and stated that pools were essentially absent due to extreme
sediment filling with a riffle to pool ratio of about 50 to one. In the middle and lower sections
there were multiple miles without any salmonids present. The upper section held small
numbers of juvenile salmon, but the uppermost 10 miles of the mainstem were inundated with
logging debris, rubble, and sediment. A 1977 USGS survey of 16 miles of Redwood Creek from
the mouth to the gorge area above Slide Creek did not observe any pools greater than three
feet in depth, though numbers of pools over three feet deep have increased slightly since then.
Sediment flushing from the upper watershed to the lower watershed has improved habitat
condition in the upper reaches, although to the detriment of downstream areas (CDFG 2006b).
Following the catastrophic flood events in the 1950s and 1960s that raised the streambed as
much as 30 feet in some areas (Redwood Creek Landowners Association 2000). Bed elevation
has recovered in upper and middle areas of Redwood Creek, which have experienced
degradation since these large floods, but other areas continue to aggrade particularly in the
lower watershed (Madej and Ozaki 1996).
Following reports of increased summer steelhead numbers resulting from improved habitat
condition, the National Park Service (NPS) implemented annual summer steelhead surveys
beginning with a 32-mile section in 1981 from Hayes Creek upstream to about 1/8 mile above
Beaver Creek (NPS 1981 – 2018). The NPS continued to survey the lower half of Redwood Creek
annually beginning at Lacks Creek at Stover Ranch and proceeding downstream through Green
Diamond Resource Company (GDRCO [formerly Simpson Timber Company]) lands into RNP to a
location about 0.75 miles below the confluence of Hayes Creek. This survey area encompassed
about 26 miles (38% of total mainstem). Originally, the survey was from Lacks Creek to Tom
McDonald Creek, but was expanded to downstream of Hayes Creek in 1992 (NPS 1981-2018).
Upstream of Lacks Creek, within private landowner jurisdiction, some voluntary dive surveys
were conducted during the 1990s. During survey years 1993 – 1997 and 2008, California Trout,
Inc. (CalTrout) surveyed an area above the NPS survey reach from Chezem Road Bridge down to
Stover Creek. During the years 1993 – 1998, an organization called North Coast Fisheries
Restoration (NCFR) surveyed variable stream reaches above Chezem Road Bridge. NCFR surveys
began at Ayres Cabin in 1993 and started even further upstream at Bradford Creek for all
subsequent years through 1998. During this time, numbers of summer steelhead above Lacks
Creek were greater than those below (NPS 1981 – 2018).
The NPS established an index reach of about 16 miles from Lacks Creek down to Tom McDonald
Creek that has been surveyed annually since 1981. A maximum of 44 summer steelhead have
been observed in this reach. Total numbers accounting for all survey efforts in a year have not
exceeded 59 summer steelhead. It is important to note that surveys on Redwood Creek have
not resulted in summer steelhead total population estimates, but rather census counts for
specific stream sections. We would also like to note that the criteria for identifying adult
steelhead changed in 2006 from >16.5 inches to >16.0 inches, though this minor adjustment
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likely did not have a significant effect on accounting of summer steelhead. See Appendix C for
numbers of summer steelhead from 1981 through 2019 within the index survey reach from
Lacks Creek to Tom McDonald Creek and within the total survey area, annual survey dates, and
annual survey reaches.
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NPS summer steelhead surveys have shown that fish generally congregate in pools at or near
the confluence of tributaries. This is likely due to cooler water temperatures from tributary
outflow. One place summer steelhead have commonly been found is the pool at the confluence
of Devils Creek, which may indicate their preference for lower water temperature over pool
cover since Devils Creek pool has only adequate canopy cover. Fish were generally found in
higher numbers in the middle or upper portions of the NPS survey above the gorge area due to
better habitat quality. The lower half of the survey area was mostly characterized by limited
canopy cover, low gradient riffles, and large exposed gravel bars causing the water to reach
higher temperatures (NPS 1981 – 2018). One noteworthy exception to this trend was in 2013
when most fish were observed in the lower reaches of the survey area below Tom McDonald
Creek. During this year fish were also mostly found in groups, whereas in previous years fish
were generally observed as solitary (NPS 2013). These deviations from the norm could be
effects of the California drought, limiting holding habitat to the lower mainstem due to low
flows.
Half-pounders have also been documented and enumerated most years in Redwood Creek
since NPS surveys began. Other surveys during the 1990s documented half-pounders, though
their length criteria were inconsistent between years and different from NPS half-pounder
criteria. NPS defined half-pounders as fish less than 12 inches in length, whereas CalTrout and
NCFR defined them as between 12 and 16 inches in length.
The limit of anadromy in Redwood Creek is a 45-foot cascade above Snow Camp Creek, about
60 miles upstream of the mouth, though summer steelhead have not been seen holding
anywhere upstream of Bradford Creek, which is about 4.5 miles downstream of the cascade.
There are 15 pools used by summer steelhead between Hayes and Lacks creeks and 20 pools
between Lacks and Bradford creeks (CDFG 2006b). Summer steelhead are thought to spawn in
the mainstem of Redwood Creek and in downstream areas of Coyote, Panther, Garrett, Lacks,
Mill, Molasses, Minor, Sweathouse, Captain, Lupton, Noisy, Minon, and Bradford creeks (Van
Kirk 1994 as cited in CDFG 2006b).
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Figure 4.2. Reference map of locations in the Redwood Creek watershed.
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4.3.2 Mad River
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The Mad River originates at Horsehead Ridge near the Yolla Bolly-Middle Eel Wilderness and
flows northwest through southern Trinity County into Humboldt County. The watershed drains
an area of about 500 square miles, emptying into the ocean in McKinleyville, CA. The upstream
half of the drainage is surrounded by Six Rivers National Forest, United States Forest Service
(USFS) land, and the lower half is mostly owned by private ranches and timber companies,
namely GDRCO. The Mad River riparian canopy is comprised mostly of Douglas fir with a
portion of redwood forest, and grass lands and oak woodlands in upland zones and some
riparian areas, though much of the canopy has been removed by logging operations. The
watershed is characterized by unstable geology that has caused frequent landslides and
extensive sediment production (CDFG 2006a).
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Two major dams have been constructed on the mainstem Mad River. Sweasey Dam was
erected in 1938 and furnished with a fish ladder to allow upstream fish passage. The fish ladder
was destroyed during the flood of 1955 and the dam was rendered inoperable after the
massive 1964 flood. The 45-foot dam was later blasted with dynamite and removed in 1970. In
1961, the 150-foot R.W. Matthews Dam was built about 60 river miles upstream (CDFG 2006a).
Matthews Dam, previously known as Ruth Dam, created 49,000-acre-foot Ruth Reservoir and is
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impassable to fish (Stillwater Sciences 2010). There are also natural barriers that impede fish
passage on Mad River below Matthews Dam. Just below Bug Creek there is a section of roughs
extending for about two miles that some steelhead can navigate but that salmon are unable to
pass. These roughs end with a 25-foot falls that used to be passable by steelhead during higher
flows (Bailey 1952 as cited in CDFG 2006a). These falls are well known and have been referred
to by a few different names including Mad River Falls, Leadstone Falls, and the Bug Creek fish
barrier. Around the same time that Sweasey Dam was constructed, a boulder shifted within the
falls and made it much more difficult for steelhead to jump over (Murphy 1950). This
obstruction was blasted by the Department in 1980 to improve fish passage (CDFG 2006a).
Migration was obstructed again in 1995 and summer steelhead numbers began to decline over
the next few years. There is less suitable rearing habitat below the falls than above, which likely
contributed to the decline in abundance (CDFG 2006a). Roughs just below Simpson Creek may
also act as a flow-dependent barrier (J. Pounds, Blue Lake Rancheria and Mad River Alliance,
pers. comm., 6 April 2020).
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There are multiple anecdotal accounts of summer steelhead historical presence in the Mad
River. Accounts from the 1930s of summer steelhead in the Bug Creek roughs came from Chet
Schartzkopf, an outdoor writer for the Humboldt Standard. Several long-term residents talked
about numerous summer steelhead they would catch both above and below the falls below Bug
Creek (Bailey 1952 as cited in CDFG 2006a). A resident who grew up near the Bug Creek fish
barrier thought that there were only about a quarter of the number of summer steelhead as
there were before Sweasey Dam was built (Murphy 1950). Anecdotal information indicates
there may have been up to 500 – 1,000 summer steelhead adults in the Mad River during the
early 1900s, however, true numbers cannot be determined (CDFG 2006a). Sweasey Dam ladder
counts from 1938 to 1962 suggest summer steelhead numbers were between 200 and 500
adults, a decrease from the decades before, but still somewhat abundant. Opportunistic
observations in the 1960s and 1970s, including those made by Department staff, illustrate
another decline to less than 50 – 100 summer steelhead adults. Likely causes for this decrease
were cumulative effects of the 1964 storm and logging operations, which resulted in
decimation of steelhead habitat (CDFG 2006a).
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Summer steelhead surveys have been conducted in the Mad River since 1980 by the USFS Mad
River Ranger District. Their survey reach fell within the bounds of Six Rivers National Forest and
included areas from Matthews Dam downstream to Deer Creek, though not every section was
surveyed annually. The Ranger District surveyed a 10.8-mile index reach annually until 1998
from Anderson Ford down to Deer Creek, which was thought to be the most productive reach
in the survey area (CDFG 2006a). Surveys were terminated following 1998 due to the very low
numbers of steelhead seen above Bug Creek (CDFG 2006a). In 1994, GDRCO and CalTrout began
surveying from Deer Creek down to the Mad River Hatchery, and the Department began
surveying from Mad River Hatchery down to Kadle Hole. Numbers recorded above Bug Creek
indicated extremely low abundance. From 1994 through 2005 and in 2008, an additional 40
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miles of river below Bug Creek were surveyed revealing an area with relatively greater numbers
of summer steelhead. All surveys discontinued from 2006 – 2007 and then again from 2009 –
2012. In 2008, only the GDRCO/CalTrout area was surveyed. The Department began surveying
again in 2013 from R.W. Matthews Dam all the way down to Kadle Hole, though not every
reach is surveyed each year. Since 2013, numbers have ranged from 117 to 336 summer
steelhead adults and represent the most consistent and reliable data within the Mad River
summer steelhead time series (M. Sparkman, CDFW, pers. comm., 7 February 2020).
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The “hotspot” for summer steelhead holding habitat has generally been in the nine miles of
river between Deer Creek and Cowan Creek (CDFW 2019; M. Sparkman, CDFW, pers. comm., 7
February 2020). This reach was not surveyed between 1980 and 1993, with the exception of
some portions in 1982 and 1991, which could explain why numbers were much lower in those
years. Additionally, the Bug Creek roughs, depending on water year, are sometimes impassable
to summer steelhead during their time of migration in the spring and summer. As mentioned
earlier, the Department considers most of the prime juvenile rearing and adult holding habitat
for steelhead to be above the Bug Creek roughs, and generally fish are able to pass through
them during higher winter flows, allowing their juvenile offspring to rear in the reaches above.
There is general concern, however, that the Bug Creek roughs may become impassable yearround, which would have a detrimental effect on production of both summer and winter
steelhead in the Mad River (CDFG 2006a). Large schools of summer steelhead were also
historically counted in Renfroe Hole as part of earlier surveys, however, since the Mad River
Alliance reinitiated surveys in 2013, this area has not been consistently accessible (J. Pounds,
Blue Lake Rancheria and Mad River Alliance, pers. comm., 10 April 2020).
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In addition to mainstem habitat, Pilot Creek, which is upstream of Deer Creek, is known to be
one of the larger tributaries used by summer steelhead (CDFG 2006a). An assessment of the
Mad River watershed by Stillwater Sciences stated that a barrier near Deer Creek is impassable
at all but the highest flows, but that steelhead are occasionally found farther upstream in Pilot
Creek (Stillwater Sciences 2010). The Mad River is different from typical summer steelhead
streams in that its flows are mainly dependent on rainfall rather than snowmelt. Snowmelt, and
less occasionally rain on snow, does occur. Because the height of seasonal flows occurs earlier
than in snowmelt-driven streams, summer steelhead may not always be able to pass flowdependent barriers and ascend further upstream than winter steelhead (M. Sparkman, CDFW,
pers. comm., 7 February 2020). As a result, summer and winter steelhead spawning habitat
may overlap to a higher degree than in other summer steelhead streams.
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Mad River Salmon and Steelhead Hatchery (MRH) was built about 15 miles upstream from the
river mouth to produce salmon and steelhead as a supplement to natural production in the
Mad River as well as to provide juvenile fish for releases in other rivers. Additionally, MRH
raised Rainbow Trout for put and take fisheries in Ruth Lake and Freshwater Lagoon. This is the
only hatchery that has produced summer steelhead in California. Operations commenced in
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1971 with summer steelhead eggs obtained from Skamania Hatchery on the Washougal River in
the State of Washington. Yearling smolts of the Washougal strain were planted in the Mad
River in the spring of 1972 along with Eel River stock summer steelhead smolts from Trinity
River Hatchery (CDFG 2006a; CDFW 2016). Originally, the intent of this program was to
maintain a run of summer steelhead through an artificial propagation program at MRH in
anticipation of the Butler Valley Project, which would dam the river about 13 miles upstream of
the hatchery (CDFG 2006a). The Butler Valley Project was never carried out due to local
opposition and lack of need. Production of summer steelhead continued at MRH nonetheless
using eggs from returning adults, although they never achieved the success intended by the
program. Annual returns were minimal, numbering about 100 – 200 fish (CDFG 2006a), and
ultimately the program was discontinued after the 1996 release as it did not provide sufficient
angling opportunity (CDFW 2016).
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Figure 4.3. Reference map of locations in the Mad River watershed.
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4.3.3 Eel River
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The Eel River watershed is one of the largest river systems in California. The Eel River mouth is
located a little over 13 miles south of Eureka, California, and drains an area of about 3,684
square miles making it the third largest river system in California (CDFG 1997a). There are two
major dams on the upper mainstem Eel River, Cape Horn Dam located about 156 miles
upstream of the mouth and Scott Dam located 12 miles further upstream. These dams are the
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main components in the hydroelectric Potter Valley Project (PVP) operated by Pacific Gas &
Electric Company (PG&E) (Becker and Reining 2009). There is water transport from the upper
Eel River to Lake Mendocino for agricultural and municipal use. Cape Horn and Scott dams were
built in 1908 and 1921, respectively. Cape Horn Dam is equipped with a fish ladder, allowing
steelhead access to Van Arsdale Reservoir and stream sections below Scott Dam, which forms
Lake Pillsbury and blocks up to 288 miles of upstream habitat to anadromous steelhead (Cooper
2020). Van Arsdale Fish Station (VAFS) is located at Cape Horn Dam and is operated to
enumerate salmon and steelhead migrating upstream (Becker and Reining 2009).
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Though there are no defined populations on the lower mainstem of the Eel River, there have
been summer steelhead sighted in this area in some years and upstream migrating summer
steelhead need to migrate through lower sections of the river to reach the upper Eel River.
Despite extensive sediment problems in the lower river, there is some juvenile rearing habitat
and adult holding habitat upstream of Rio Dell, California (Jones 1992; CDFG 1997a). Summer
steelhead were also seen by local landowners in Woodman Creek, which is a tributary entering
the Eel River around river mile 114, prior to the formation of a barrier in 1964 (CDFG 1981 as
cited in Becker and Reining 2009; Jones 1992), though this barrier was modified with explosives
in 1984 and again in 2018 or 2019 to improve fish passage (S. Thompson, CDFW, pers. comm., 8
July 2020). No summer steelhead have been observed in Woodman Creek in recent history
(Jones 1992), though there have not been any efforts to find them, so it is possible some
summer steelhead remain. This may also be the case for the middle mainstem Eel River (S.
Thompson, CDFW, pers. comm., 8 July 2020). There were 6 – 10 summer steelhead sighted in
the upper Caniveri Pool below the confluence of the Van Duzen River on 19 August 1977 (CDFG
1977). There was also documentation of adult summer steelhead holding on the mainstem Eel
River near Spy Rock, about 17 miles downstream of Dos Rios, in the summer of 1994 (CDFG
1994).
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4.3.3.1 North Fork Eel River
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The North Fork Eel River branches off from the mainstem Eel River at river mile 96.4 and drains
an area of 286 square miles (CDFG 1997a). There are no manmade barriers on this river,
however, a large boulder deposited in the channel by a landslide has been at least a partial
migration impediment over the years. This barrier, called Split Rock, is located about 5 miles
upstream from the confluence with the mainstem Eel River and is thought to restrict
anadromous fish to the lower river sections especially during low flow seasons (Becker and
Reining 2009; NMFS 2016b).
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The North Fork Eel River has high temperatures, especially during the summer and fall, and the
limited number of salmonids encountered have generally been found only in cold water refugia
such as at the bottom of thermally stratified pools or areas with cooler tributary inflows. There
were a few surveys during the 1970s and 1980s that reported some adequate spawning habitat
for winter and spring seasons, but even these areas have had very limited use by salmonids
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(Becker and Reining 2009). In general, habitat conditions and steelhead abundances have
steadily declined since the beginning of the 20th century, especially as a result of human land
and water uses, as well as the severe floods in 1955 and 1964 (CDFG 1997a).
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There is very little documentation of summer steelhead in the North Fork Eel River and no
quantitative estimates of historical abundance exist. There is a slightly more prominent winter
steelhead run in this river, however it has declined dramatically since human settlement of the
watershed (NMFS 2016b). A few sporadic surveys have been conducted over the past five
decades enumerating only a handful of steelhead, though the run types have not always been
specified, and conducting surveys during winter months can be difficult due to stream discharge
and high turbidities.
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The earliest documented report of summer steelhead in the North Fork Eel River was above
Soldiers Basin in the 1920s (Jones 1992). Summer steelhead were known to hold in the North
Fork Eel River below Hulls Creek during the late 1950s and early 1960s according to Bill
Townsend of Ukiah and his fishing partner, Tony Garhart, who regularly fished for summer
steelhead in late August to early September. Townsend recounted one instance when there
were 50 summer steelhead in a deep, clear pool below Hulls Creek (Jones 1992). Jim Gilman,
CDFG, reported seeing summer steelhead in the headwaters of the North Fork Eel River during
his childhood (Jones 2000). Following the great flood of 1964, all deep pools used by fish for
holding were filled with sediment, gravel, and boulders, greatly decreasing habitat suitability.
The 1964 storm was also what created the barrier at Split Rock (Jones 1992).
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Sporadic surveys have been conducted since the 1964 flood. In 1968 a survey of 32 miles of the
North Fork Eel River documented steelhead presence in the lower and upper reaches, but not
in a long section of the middle river (CDFG 1968 as cited in Becker and Reining 2009). This
survey did not specify whether these fish were summer steelhead or winter steelhead. Isolated
observations of summer steelhead have occurred in more recent decades. A multi-agency
cooperative effort to survey the North Fork Eel River for Chinook Salmon, Sacramento
Pikeminnow (Ptychocheilus grandis), and steelhead, occurred in May 2002. The survey covered
about 7.7 miles of the stream and two summer steelhead adults were encountered. A few
additional steelhead adults and juveniles, as well as 12 steelhead redds, were also documented
(BLM 2002). In 2019, the Bureau of Land Management (BLM) organized a snorkel survey of 34
miles of the North Fork Eel River mainstem and tributaries above Split Rock barrier to
document the distribution of Sacramento Pikeminnow. Their efforts resulted in observations of
two adult summer steelhead as well as a notable assemblage of about 150 steelhead 8-14
inches long in one pool fed by a cold-water seep. They also found upwards of 3,000 juvenile
steelhead throughout the mainstem and in Salt Creek (BLM 2019). These findings support the
idea that Split Rock may not be a complete barrier to anadromy. A four-year study of the Eel
River watershed, which was completed by University of California at Davis in 1991, reported
that the barrier had been modified to improve fish passage upstream (Becker and Reining
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2009). There are also some historical reports of summer steelhead and Chinook Salmon above
the Split Rock barrier, which was classified in the Department’s Eel River Salmon and Steelhead
Restoration Action Plan (CDFG 1997a) as a barrier to winter steelhead and Sacramento
Pikeminnow. Split Rock is also likely a barrier to Chinook Salmon (USDA and USDI 1996).
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Given the lack of information on summer steelhead in the North Fork Eel River, even in the
form of anecdotal reports, consensus has been that the run is effectively extirpated or severely
depleted (Puckett 1975; Spence et al. 2008; Becker and Reining 2009; NMFS 2016b). However,
scientific studies designed to enumerate possible summer steelhead abundances are
warranted.
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4.3.3.2 Middle Fork Eel River
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The Middle Fork Eel River is the largest sub-basin of the Eel River watershed and currently
supports the most robust population of summer steelhead within the NC steelhead DPS. The
headwaters are in the Yolla Bolly Wilderness Area at about 6,000 feet of elevation. The Middle
Fork Eel River drains an area of about 750 square miles of mountainous terrain and intersects
with the mainstem Eel River near the town of Dos Rios around river mile 119.3 (Jones 1980;
Becker and Reining 2009). The watershed is characterized by naturally unstable topography.
Previously high levels of livestock grazing and timber harvest operations have exacerbated
these issues especially as they relate to sediment deposition (Jones 1980; CDFG 1998).

1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764

There are no manmade dams on the Middle Fork Eel River; however, there is a regional zone
containing a series of eight sizable roughs caused by landslides that occupy about 3.4 miles of
channel (Jones 1980). Some of the roughs have acted as barriers to upstream migration
including those at Maple Creek, Asa Bean Crossing, Hoxie Crossing, and Pothole Creek, though
the roughs near Pothole Creek were blasted in 1966 and are no longer a barrier (Jones 1980; S.
Thompson, CDFW, pers. comm., 8 July 2020). The Osborn Roughs area near Fly Creek have also
been an impediment to summer steelhead migration in some years. Both Asa Bean and Osborn
Roughs have been blasted with dynamite multiple times in the past to allow for upstream
movement of anadromous fish. Asa Bean Roughs continues to be an obstacle for summer
steelhead, especially since 1996 when boulders within the roughs naturally rearranged and
many jump pools utilized by summer steelhead were eliminated (CDFG 1966 – 2018).
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Historical information on summer steelhead in the Middle Fork Eel River has been sourced from
angler stories, accounts given by local watershed residents, and occasional studies. CDFG
(1997a) states that steelhead populations in the Middle Fork Eel River have steadily declined
since 1900 as a result of the major flood events as well as increased sedimentation, cattle
grazing, logging, and poaching (CDFG 1997a). A 1920 volume of the California Fish and Game
journal documented summer steelhead on the North Fork of the Middle Fork Eel River that held
all summer in large, deep holes, undisturbed (CDFG 1920). Weldon Jones describes summer
steelhead encounters dating back to 1929 in his 1992 report on Eel River summer steelhead
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historical distribution (Jones 1992). Anecdotal reports of summer steelhead sightings have led
to speculations of about 6,000 summer steelhead in the canyon between Asa Bean and Hellhole
during the 1930s, and about 3,500 in the canyon above the Eel River Ranger Station during the
1940s (Jones 1992). These counts were made by members of the public and are unconfirmed
but provide some gage of population size. In the early 1950s, a widely recognized fishery
developed during the spring steelhead migration period as fish moved up into the river system
to hold over summer, though angler catch and effort declined in the latter part of the decade
(Jones 1992). A 1957 CDFG and USFS joint survey report characterized the Middle Fork Eel River
as an important spawning and rearing area for both summer and winter steelhead (CDFG 1957b
as cited in Becker and Reining 2009). This survey estimated 360 to 420 summer steelhead
adults between Asa Bean and the Eel River Ranger Station (Jones 1992).
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In 1973, a study on water temperature conditions in the Eel River system found abundant
juvenile O. mykiss in the Middle Fork Eel River from Osborn Station to Buck Creek. Additionally,
24 adult summer steelhead were observed between Osborn Station and Hellhole Canyon
(Becker and Reining 2009). USFS surveyed 12 miles of the upper river in 1979 and noted that
steelhead migration was impeded by a barrier upstream of Balm of Gilead Creek, above which
there was mostly dry streambed with high amounts of sediment (Becker and Reining 2009).
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The catastrophic flood of 1955 had major effects on fish habitat, most notably erosion and
subsequent filling of pools used by summer steelhead for holding. The 1964 flood perpetuated
the destruction of habitat, wiping out nearly all summer holding areas due to in-filling of
sediments (Jones 1992). In June 1957, 20 adult steelhead were observed in a large, deep pool
about a third of a mile below the mouth of the North Fork Middle Fork Eel River. This pool was
documented to be at least 30 feet deep at the time (CDFG 1957a). This same area is now
surveyed annually as part of the summer steelhead dive surveys on the Middle Fork Eel River
and pools have averaged only 11 feet in depth over the past 20 years (S. Thompson, CDFW,
pers. comm. 4 August 2020). The Department closed the Middle Fork Eel River to summer
steelhead fishing in response to the detrimental effects of these floods. Prior to the 1955 and
1964 floods, it is likely that summer steelhead refugia extended much further downstream of
the confluence of the Black Butte River. Historical photos and old anecdotal accounts support
this belief (CDFG 1966 – 2018; Becker and Reining 2009). It is also probable that the Black Butte
River historically supported summer steelhead. Jones (1992) states that hunters caught
summer steelhead in the upper drainage during the 1930s. A 2006 USFS report documented
fire crew observations of 18 to 24-inch trout in large, deep pools in the Black Butte River that
may have been summer steelhead (Becker and Reining 2009); however, partial surveys
conducted by the Department in the summers of 2013 and 2019 did not find any summer
steelhead holding in the Black Butte River (S. Thompson, CDFW, pers. comm., 6 August 2020).
Anadromous habitat in the Black Butte is accessible to all steelhead run types, though this may
not have always been the case. Prior to historic flood events there may have been deeper pools
and cascades that provided a greater advantage to summer steelhead over winter steelhead.
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Presently, there are no flow-dependent barriers that would impede winter steelhead migration
except for one near Jumpoff Creek that may act as a barrier only during very low flows (S.
Thompson, CDFW, pers. comm., 6 August 2020). Currently, pools are quite shallow, ranging
from three to six feet in depth (CDFW 2013), which is not ideal habitat for adult summer
holding.
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The difference between present and pre-1955/1964 spawning and rearing habitat availability in
terms of total river miles is considerable. Accounting for mainstem habitat, from the confluence
of the Middle Fork Eel River with the mainstem Eel River to the current upper limits of
anadromy, and counting the Black Butte River as a possible historical summer steelhead
stream, about 62 miles were lost from the historic 85 miles. That leaves only about 23 miles of
spawning and rearing habitat, or approximately 27% of the historical habitat available (CDFG
1966 – 2018).
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Annual summer steelhead snorkel surveys conducted by CDFG and USFS began in 1966 and
continued through 1999. CDFG took sole responsibility for surveys from 2000 to the present.
The only year in which a survey was not conducted was 1969, and in 1972 only a partial survey
was completed. All other years of the survey have consistently covered about 27 river miles
including the mainstem from Bar Creek up to Wrights Valley, the North Fork of the Middle Fork
Eel River up to the confluence with Willow Creek, and Balm of Gilead Creek up to the natural
falls that are considered a barrier to anadromy (S. Thompson, CDFW, pers. comm., 21 February
2020). During the years that the Asa Bean roughs acts as a passage barrier, the survey is
reduced to about 19.4 miles total. In the 1970s, surveyors found steelhead on the mainstem
above Wrights Valley up to Uhl Creek, about five miles upstream. However, following some
shifting of material in a waterfall that was previously passable to fish and seeing zero fish
upstream for multiple years, the survey extent was changed to terminate at Wrights Valley in
the early 1980s (S. Thompson, CDFW, pers. comm., 21 February 2020). Due to this natural shift
in summer steelhead distribution, it is believed that curtailment of the survey to Wrights Valley
has not resulted in underestimating summer steelhead abundance. Subsequently, the falls near
Wrights Valley have been considered the upper extent of anadromy since this time. Three
sequential waterfalls form a complete barrier to anadromy on Balm of Gilead Creek, and a
waterfall at the confluence of Willow Creek is the uppermost extent of anadromy on the North
Fork of the Middle Fork Eel River (S. Thompson, CDFW, pers. comm., 7 April 2020).
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Counts of summer steelhead in the Middle Fork Eel river have ranged from 198 – 1,601 with the
lowest abundances occurring in 1966 and 1967, which were the first two years of the survey.
Following the 1995 survey, the boulders within Asa Bean Roughs rearranged, severely limiting
fish passage upstream of the roughs. Jump pools were filled in and pathways through the
boulders were blocked with sediment. In the following years, there seemed to be a positive
correlation between the number of adults able to pass Asa Bean and the number of adults
returning from that brood in subsequent years. Asa Bean Roughs generally dries out during
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summer months and any fish holding within the reach perish before they can spawn (CDFG
1966 – 2018). In the most recent years of the survey, Asa Bean has been a complete barrier to
summer steelhead. With Asa Bean blocking upstream migration, over 12 miles of prime
spawning habitat are inaccessible and summer steelhead are forced to distribute further
downstream where the habitat is less suitable for spawning and rearing (CDFG 1966 – 2018).
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Presently, the majority of summer steelhead encountered in Department surveys have been
between Asa Bean Roughs and Osborn Roughs below Fly Creek. Summer steelhead are
generally not found downstream of Fly Creek or upstream of Fern Point (CDFG 1966 – 2018). A
small percentage (about 5%) are found from Fly Creek down to Bar Creek (S. Thompson, CDFW,
pers. comm. 15 July 2020). Osborn and Fern Point are the two sites used for juvenile standing
crop electrofishing surveys that have been conducted since the 1980s. Distribution seems to be
shifting lower in the system, especially as a result of the Asa Bean barrier in conjunction with
recent drought conditions that have prevented fish from accessing upstream spawning grounds
during low flows. Tributaries that have supported summer steelhead in the recent past include
Beaver Creek, North Fork of the Middle Fork Eel River, and Balm of Gilead Creek (Becker and
Reining 2009), although there could be more due to a lack of reporting of all possible
tributaries. North Fork of the Middle Fork Eel River and Balm of Gilead Creek are both above
Fern Point, and summer steelhead have not been found in these tributaries since the mid-1990s
(CDFG 1966 – 2018). Summer steelhead were found in the lower 0.3 miles of Beaver Creek in
1995 but could not migrate further upstream due to a barrier fall (Jones 2000). Many tributaries
of the Middle Fork Eel River have natural barrier falls at their confluences with the mainstem
river, thus, summer steelhead generally hold in the main channel (S. Thompson, CDFW, pers.
comm., 8 April 2020).
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Figure 4.4. Reference map locations in the of Middle Fork Eel River watershed.
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4.3.3.3 South Fork Eel River
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The South Fork Eel River is a major tributary to the Eel River encompassing 105 river miles and
drains a watershed of about 689 square miles (CDFG 1997a). The headwaters originate south of
Laytonville and flow through both Mendocino and Humboldt counties, intersecting with the
mainstem Eel River at about river mile 40. Benbow Dam was built about 40 miles upstream of
the confluence with the mainstem Eel River in 1931. Benbow Dam had a fish ladder to allow
upstream passage though the dam was demolished in 2017 (Benbow Dam removal completed,
2017 web article).
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There is little documentation of summer steelhead in the South Fork Eel River. One anecdotal
report was documented from Wayne Calder, who recalled seeing big silver steelhead holding in
deep pools of the South Fork during June and July near Leggett in the 1930s. He claims they also
were in Rattlesnake Creek congregating in pools, though only a few would survive through the
end of summer (Jones 1992). Old CDFG correspondence files document a South Fork Eel River
summer steelhead run through the late 1950s. Staff from Cedar Creek Hatchery fished for
summer steelhead in the late 1950s and early 1960s (Jones 1992). However, Leo Shapovalov
noted that the South Fork Eel River has very little snowfall feeding the river, a characteristic
that is generally conditional to presence of summer steelhead. He explained that due to the
lack of snowmelt and holding pools, at that time there was no summer steelhead run at that
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time in the South Fork Eel River (CDFG 1953). Jones (2000) reports a personal observation from
1982 of possible summer steelhead in pools of the headwaters of the East Branch of the South
Fork Eel River (Jones 2000). Counts of steelhead were made at the Benbow Dam fish ladder
from 1938 to 1976, though these are assumed to only enumerate winter steelhead based upon
time of capture (NMFS 2016b).
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If a summer steelhead run did historically exist in the South Fork Eel River, it probably would
not have been large. Primary summer steelhead holding habitat was thought to be in the
canyon between the Wilderness Lodge and Rattlesnake Creek and there are still occasional
stories of summer steelhead appearing in the canyon (Jones 1992). In their 2016 Multispecies
Recovery Plan, NMFS stated that summer steelhead might be extirpated from the South Fork
Eel River (NMFS 2016b). Future studies could confirm this assertion.
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Figure 4.5. Reference map of locations in the South Fork Eel River watershed.
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4.3.3.4 Upper Mainstem Eel River and Upper Middle Mainstem Eel River
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The upper mainstem Eel River encompasses the area from the confluence of Soda Creek, about
1.3 miles downstream of Scott Dam, up to and including the Lake Pillsbury sub-basin and its
tributaries. Though there is suitable steelhead habitat in the tributaries of the Lake Pillsbury
sub-basin, only resident Rainbow Trout exist in these streams since Scott Dam is a total barrier
to anadromy. Passage of summer steelhead above VAFS is limited due to the closure of the
station at the end of the winter steelhead run. Most summer steelhead, however, were
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probably lost with the construction of Scott Dam in 1921 (NMFS 2016b). Counts of steelhead
have occurred at VAFS since 1933, but only during the winter steelhead run (NMFS 2016b). It is
possible that summer steelhead adults use habitat between VAFS and Scott Dam (S. Thompson,
CDFW, pers. comm. 8 July 2020)
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There is very little documentation of any summer steelhead in the upper middle mainstem Eel
River below Soda Creek, however, some streams that drain the north side of the Eel River basin
are ecologically similar to Larabee Creek and these major sub-basins may have historically
supported populations of steelhead (Bjorkstedt et al. 2005). A few observations of summer
steelhead in the upper mainstem Eel River above Soda Creek were made by local residents.
There are multiple accounts of anglers in the area that is now Lake Pillsbury who caught large
summer steelhead prior to the construction of Scott Dam. In the mid-1920s, anglers caught
large summer steelhead in the pool just below Scott Dam (Jones 1992). CDFG conducted a
snorkel survey in 1985 as a response to anglers catching steelhead in the summer and found 21
summer steelhead between VAFS and Soda Creek, 19 of which were found in the Van Arsdale
reservoir (Jones 1992). There were likely more summer steelhead than could be seen due to
poor visibility. Summer steelhead may sporadically use this area for summer holding (Jones
1992).
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4.3.3.5 Van Duzen River
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The Van Duzen River is an Eel River tributary draining an area of about 429 square miles. The
river originates in Six Rivers National Forest at an elevation of about 4,300 feet and flows
northwesterly for 73 miles, meeting the mainstem Eel around river mile 13.5 near Fortuna, CA
(CDFG 2006c; Becker and Reining 2009). The lower basin mostly consists of redwood forest,
while the upper basin is predominantly oak-conifer woodlands and grasslands. Gravel mining
occurs in the lower basin, as well. The Van Duzen River does not have any manmade dams. A
proposal to install a large dam on the upper Van Duzen River at Eaton Falls was terminated as a
result of the California Wild and Scenic Rivers Act of 1972, which prohibits dam construction on
a number of Northern California river basins (CDFG 2006c).
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There is limited historical information about summer steelhead in the Van Duzen River. The
Department estimated that there used to be 2,000 summer steelhead adults (CDFG 1966 as
cited in Jones 1992), though this was likely an overestimate given that pre-1964 counts in the
Middle Fork Eel River, which contains double the amount of holding and rearing habitat as the
Van Duzen River, numbered around 2,000 fish (CDFG 2006c). The Mad River has similar holding
and rearing habitat availability as the Van Duzen River and had a pre-flood estimate of about
500 summer steelhead (USACOE 1973 as cited in CDFG 2006c). The Van Duzen River summer
steelhead run likely did not exceed 1,000 fish historically and was probably closer to the preflood Mad River estimate of 500 fish (CDFG 2006c).
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An outdoor writer for the Humboldt Standard, Chet Schwarzkopf, wrote in 1941 that
“hundreds” of spring (summer) run steelhead congregated in deep holes of Eaton Roughs in the
Van Duzen River above Bridgeville (Van Kirk 1998b). Eaton Roughs is an 18-mile stretch
between Eaton Falls, at river mile 46 near the town of Dinsmore, and Bridgeville. Additional
articles by Shwarzkopf from 1938 to 1941 documented angler catches of summer steelhead and
observations of summer steelhead in large pools or at tributary confluences. Leo Shapovalov
also documented steelhead resting in the deep pools within Eaton Roughs during the summer
in a letter he wrote from CDFG to the Bureau of Fish Conservation on 6 July 1945 (Jones 1992).
Murphy and De Witt (1951 as cited in Jones 1992) also described “spring-run steelhead” in the
headwaters of the Van Duzen River. Summer steelhead are thought to have occupied the
mainstem from Eaton Falls down to or past Baker Creek during their summer holding period
(Jones 1992).
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The Little Van Duzen River, also known as the South Fork Van Duzen River, historically provided
substantial summer steelhead holding, spawning, and juvenile rearing habitat. The sub-basin
contains over 30 miles of habitat in comparison with about 18 miles within the Eaton Roughs
(CDFG 2006c). Schwarzkopf’s 1938-1941 articles in the Humboldt Standard mention summer
steelhead in the Little Van Duzen River,and also state that summer steelhead are able to get far
upstream in the mainstem but choose not to (Van Kirk 1998b), though they may just not have
been seen. CDFG biologist, Eric Gerstung, reported seeing summer steelhead in the Little Van
Duzen River in 1960 (CDFG 1991) and estimated there to be over 100 there in the early 1960s,
but the 1964 flood drastically changed the channel morphology and created migration barriers
between Bridgeville and the Little Van Duzen River (Roelofs 1983). The flood inflicted much
more damage to the Little Van Duzen River than to the mainstem (CDFG 2006c). Landslides, in
combination with logging activity and forest roads, caused extreme aggradation of the channel
and filled in all summer steelhead holding pools (Jones 1992; CDFG 2006c). During the summers
of 1980 and 1982 CDFG surveyed the Little Van Duzen River and found zero summer steelhead
(Roelofs 1983), however two summer steelhead were found in the Little Van Duzen River in
1987 (CDFG 1987). In 1997, CDFG and USFS looked extensively for summer steelhead in the
Little Van Duzen River and found only one (CDFG 1997b). Over the past decade, personal
observations by the Department’s Shaun Thompson in the Van Duzen watershed indicate that
most adult holding occurs in the mainstem Van Duzen while most spawning likely occurs in the
Little Van Duzen. Juvenile rearing has been observed in both the mainstem and the Little Van
Duzen River (S. Thompson, CDFW, pers. comm., 8 July 2020).
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There is also one historical report of summer steelhead in Yager Creek, another tributary of the
Van Duzen River. In a 1917 article from the Ferndale Enterprise, a local newspaper from
Ferndale, CA, steelhead were documented trying to make their way upstream in Yager Creek
and having difficulty passing a barrier falls (Van Kirk 1998b). “Holdover steelhead” were
observed by CDFG surveyors in Yager Creek during the summer of 1964 (Van Kirk 1998b).
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The Van Duzen River is thought to be accessible to steelhead up to Eaton Falls. The main areas
used by summer steelhead for holding are the 18-mile stretch within Eaton Roughs, and the
Little Van Duzen River, which contains spawning and rearing habitat for summer steelhead,
although as mentioned above, the Little Van Duzen River has had limited summer steelhead use
since the 1964 flood. Eaton Roughs is comprised of unstable topography with 58 active slides
within 11 miles of the roughs. The constant shifting of material may be both a blessing and a
curse to summer steelhead in that boulders and rocks often create barriers to migration, but
they can also provide habitat in the form of deep, scoured out pools with cover provided by
boulder ledges. Since 1974, about 86% of summer steelhead adults have assembled in the 6.8
miles between Eaton Falls and Baker Creek (CDFG 2006c). During the most recent surveys of
the Van Duzen, which cover the majority of holding habitat, over 60% of summer steelhead
have been found in two main pools, Big Hole and Salmon Hole (S. Thompson, CDFW, pers.
comm., 23 March 2020). A cascade at Salmon Hole, about 10 miles downstream, sometimes
impedes steelhead upstream migration (CDFG 2006c). A Department report from 1965 notes a
barrier about 12 miles downstream from Eaton Falls that is only passable to some summer
steelhead at high enough flows (Becker and Reining 2009). This barrier is likely the cascade at
Salmon Hole, which is generally considered to be a migration barrier to salmon and winter
steelhead (S. Thompson, CDFW, pers. comm., 8 July 2020).
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It is possible that Eaton Falls is not a complete barrier to anadromy. In 2018, Shaun Thompson
observed one adult steelhead above Eaton Falls and in 2019 he conducted a series of snorkel
surveys and found 15 fish that may have been anadromous based on their size (14-24 inches).
This is not definitive evidence of anadromous fish surpassing the falls, but resident fish typically
do not grow that large. Additionally, Kannry et al. (2020) found evidence of the anadromous
genotype at the genomic region associated with the migratory life history (OMY05) in fish
sampled above Eaton Falls as well as a lack of population structure between populations above
and below the falls.
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A considerable amount of fish population information has been collected from the mainstem
Van Duzen River since 1967. In 1967, the run was delayed many months in a one-mile reach of
river below the Salmon Hole barrier where 58 adults were counted. The next year (1 April
through 2 July), a weir was operated at Bridgeville about five miles downstream and 82 adults
were captured and counted (CDFG 2006c). A diving survey conducted in August that same year
revealed that at least half of those fish were still present in the river mostly below the Salmon
Hole barrier. Between 1964 and 1973 most steelhead could not ascend this barrier until the
rising waters of winter allowed them to pass. In 1973, the falls were modified by blasting and
most holding fish relocated to the river reach between Baker Creek and the South Fork Van
Duzen River 2.5 to 73 miles upstream (CDFG 2006c).
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Summer steelhead snorkel surveys were first conducted in the Van Duzen River in 1979. Until
recently, most of these surveys were limited in scope and did not enumerate the entire run.
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Completed surveys of the entire 18-mile reach of Eaton Roughs conducted in 1979, 1980, 1982,
1984, 1987, and 1997 produced the most reliable data. Because surveys of the entire Eaton
Roughs showed that few fish were holding below Baker Creek and because most fish above
Baker Creek appeared to be holding in the Big Hole area, surveys in 1988, 1989, 1992, and 1995
were confined to the 1.5-mile stream reach between Big Hole and the South Fork Van Duzen
River with the assumption that Big Hole represented most of the adult distribution in the river.
Unfortunately, this modification of the survey may have produced significant under counts. For
example, a spot survey of Salmon Hole in 1991, which is downstream of Big Hole, produced a
count of 31 adults where concentrations of adults had not been seen since 1972. This anomaly
could have been caused by extremely low spring flows in 1991, but no counts were made
upstream to verify whether the run was held up at Salmon Hole. Big Hole can be up to 20 feet
deep, depending on streamflow, and is heavily shaded, thus it is not always possible to see all
fish holding in this area (CDFG 2006c). This can be a potential concern of all snorkel surveys.
Additionally, adult steelhead do not necessarily hold in the same place throughout the summer.
Bob Wotherspoon, the owner of the river front property at Big Hole saw varying numbers of
summer steelhead between July and September of 1998 and did not believe he was double
counting any of the fish (CDFG 2006c). Though this assumption cannot be confirmed. If the
Department had conducted a single one-day survey, depending on when the survey was
conducted, the run could have either looked decent or poor because of the different numbers
of fish occupying Big Hole throughout the summer.
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In 2011, the Department initiated summer dive surveys on the Van Duzen River that covered a
much broader extent of summer steelhead habitat. These surveys covered the reach between
Little Larabee Creek and Eaton Falls (generally considered the upper extent of anadromy on the
mainstem Van Duzen River), and are thought to encompass the majority of available holding
pools in the river (Williams et al. 2016).
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Figure 4.6. Reference map of locations in the Van Duzen River watershed.
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4.3.3.6 Larabee Creek
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Larabee Creek is a tributary of the Eel River, flowing west and intersecting with the mainstem at
river mile 36.4. Larabee Creek drains an area of 81.5 square miles (CDFG 2000 as cited in Becker
and Reining 2009). All life stages of steelhead have been found in Larabee Creek and highquality spawning habitat has been reported by Department surveys in 1938 and 1950, and a
BLM survey in 1977 (Becker and Reining 2009). There are no documented accounts verifying
the presence of summer steelhead in Larabee Creek historically or currently. NMFS (2016b)
states that given the amount of available habitat historically within Larabee Creek, steelhead
numbers (run unspecified) may have been in the thousands prior to the overfishing and habitat
destruction of the 19th century. Bjorkstedt et al. (2005) mentions anecdotal indications that
Larabee Creek supported historically summer steelhead based off the fact that it drains a
relatively high elevation watershed that is fed by considerable snowmelt. This characteristic is
more typical of summer steelhead streams within the Eel River basin, as opposed to lower
elevation streams with warmer temperatures that only support winter steelhead.
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4.3.4 Mattole River
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The Mattole River is the southernmost summer steelhead stream within the Northern
California steelhead DPS. The headwaters are located in the Chemise Mountains of the King
Range National Conservation Area. The river flows northwesterly and then turns abruptly to the
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west at the town of Petrolia, emptying into the Pacific Ocean near Punta Gorda. The Mattole
River drains an area of about 304 square miles in northern Mendocino and Humboldt counties
(CDFG 2007). Coastal areas of the basin are dominated by redwood forest and much of the
watershed used to be heavily wooded with Douglas fir and hardwoods like tan oak and
madrone. Average annual rainfall is remarkably heavy, though the amount of precipitation can
vary greatly from year to year (Downie et al. 2003). There are significant water diversions in the
lower river for agricultural purposes, which have caused an increasing number of fish kills
(CDFG 2007). Like the Mad River and South Fork Eel River, the Mattole River is unusual as a
summer steelhead stream in that it is not driven by snowmelt (NMFS 2016b). Thus, a
potentially greater spatial overlap exists between summer and winter steelhead habitat, as was
suggested for Mad River steelhead.
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Summer steelhead are known to have occupied the Mattole River historically. The first reported
sighting of summer steelhead in the Mattole River was by Albert Etter, who was a resident of
the watershed beginning in 1894 (Etter 1943 as cited in CDFG 2007). In a letter Etter wrote to
the Department in 1943, he described great numbers of steelhead migrating upstream to
spawn from January through April when he first settled in Ettersburg, including 300 in one pool
alone. It is possible that some of these fish seen in April were early summer steelhead. Etter
also mentions two of his guests observing 100-200 large trout mostly between 16 and 24 inches
long that were holding in one pool near his farm in October 1942. This was similar to a sighting
a few years before about three miles downstream. Etter characterized these fish as deepbodied and healthy in contrast with how a decrepit winter steelhead would appear (Etter 1943
as cited in CDFG 2007).
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Multiple articles from the Ferndale Enterprise in the early to mid-1900s mention fishermen
targeting large steelhead during summer months, though it is not always clear if those fish were
Rainbow Trout or summer steelhead (Van Kirk 1998a). A Ferndale Enterprise article from May
1937 described a run of steelhead that had “the appearance of fish from the sea” and the
Humboldt Standard reported “a good run of spring steelhead” on the Mattole in late April 1939
(Van Kirk 1998a). In May 1949, an article in the Humboldt Times talked of “big trout in from the
sea for the summer” in the pools of the upper Mattole River (Van Kirk 1998a). Articles in these
local newspapers indicate that there were both resident Rainbow Trout and summer steelhead
present in the Mattole at that time.

2101
2102
2103
2104
2105
2106

In 1980, 44 adult summer steelhead were observed by a local game warden close to the town
of Ettersburg, where Albert Etter had lived. Four possible summer steelhead were also seen
during the same year in Honeydew and Bear creeks, two tributaries of the Mattole River (CDFG
2007). The Department surveyed the full length of the Mattole River in 1982 and 1991. Only
three fish large enough (16 inches) to be considered summer steelhead were found near
Ettersburg in 1982 and zero summer steelhead were observed in 1991 (CDFG 2007).
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Consistent annual summer steelhead snorkel surveys began in 1996 and have continued each
year through the present day. Between 1996 and 2000, surveys were conducted by the Mattole
Salmon Group in conjunction with CalTrout, AmeriCorps, the Humboldt Fish Action Council, and
Petrolia School (CDFG 2007). The Department did not participate in the 1996 – 2000 surveys.
Though the 1996 – 2000 surveys extended from the headwaters all the way to the mouth, only
between 40% and 75% of the habitat was surveyed during these five years. Also, no tributaries
of the Mattole River were surveyed. Most adult summer steelhead were found to congregate in
a reach of 11.6 miles between McKee and Woods creeks (CDFG 2007). Half-pounders were also
enumerated and exceeded the number of adults in all but two years (2013 and 2014). It is
important to note, however, that size was the main factor used to identify half-pounders (12 –
16 inches), so it is possible that these numbers include some resident Rainbow Trout (MSG
1999 – 2016). See Appendix D for numbers of adult and half-pounder steelhead from 1996 to
2019.
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Since 2005, the survey has covered almost the entire mainstem Mattole River. The uppermost
five miles have been excluded since 2013 due to the lack of suitable adult holding habitat (N.
Queener, Mattole Salmon Group, pers. comm., 4 February 2020). A large proportion of summer
steelhead have been found to hold in a 19.4-mile stretch of the upper Mattole River from
McKee Creek to about a mile above Grasshopper Hill Creek (MSG 1999 – 2016). However,
summer steelhead are rarely found in the headwaters. The number of river miles surveyed has
varied each year likely due to fluctuations in availability of volunteers. The highest number of
summer steelhead observed since the survey began in 1996 was 56 in 2013.
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Figure 4.7. Reference map of locations in the Mattole River watershed.
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4.4 Abundance and Trends
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The Petitioner requested an evaluation of NC summer steelhead to evaluate potential listing
under CESA; however, it is the Department’s view, in alignment with NMFS (Pearse et al. 2019),
that the two run timing ecotypes in the NC steelhead DPS are not genetically distinct. To
provide the best scientific information in our evaluation of the candidate species as required by
Fish and Game Code Section 2074.6, we have analyzed status and trends for summer steelhead
populations with available annual abundance data. We note, however, that NC summer
steelhead do not constitute a separate subspecies that can be listed under CESA since these
populations are not genetically distinct or completely reproductively isolated from sympatric
winter steelhead populations.
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Five NC steelhead DPS streams with extant summer steelhead population segments are
surveyed annually to enumerate adult summer steelhead. These streams include Redwood
Creek and the Mad, Middle Fork Eel, Van Duzen, and Mattole rivers. It is important to note that
for all Northern California summer steelhead surveys, the method used has been direct
observation of fish holding over summer, which likely underestimates abundance to some
degree, especially when there is poor visibility, substantial cover habitat, and greater pool
depth (Portt et al. 2006). These direct counts are not statistically expanded in any way to
account for fish that are not observed within the survey reaches or were outside of the extent
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of the survey. Thus, the analyses below should be viewed and interpreted with an
understanding of the limitations surrounding thesethe data. These analyses are merely tools to
help assess and contextualize what the available data suggest in terms of general status and
trends of each NC summer steelhead population. Without comprehensive monitoring data, it is
not possible to produce total estimates of abundance of these summer steelhead populations.
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Of the five surveys, the most robust dataset is from the Middle Fork Eel River. Snorkel survey
efforts have been relatively consistent since the first year of the survey in 1966; with the
reaches from Bar Creek up to Wright’s Valley surveyed every year along with the North Fork of
the Middle Fork Eel River and Balm of Gilead Creek (S. Thompson, CDFW, pers. comm., 16
January 2020). There were two years where the survey was not conducted or was incomplete,
1969 and 1972, respectively. Long-term trend analyses of Middle Fork Eel River summer
steelhead in this report have been conducted using data from 1970 onward to account for the
year of missing survey data (1969). Middle Fork Eel River summer steelhead numbers have
exceeded numbers of all other surveys each year on the order of hundreds of fish.
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Summer steelhead snorkel surveys conducted on Redwood Creek, Mad River, Van Duzen River,
and Mattole River have had varying levels of inconsistency in the stream reaches or years
surveyed. These four surveys generally did not cover the entirety of summer steelhead holding
habitat, though most have improved in more recent years and cover the majority of the
mainstem habitat. Most years of the Redwood Creek survey covered only an index reach of
about 24 miles. Mad River surveys spanned anywhere from three and a half to 72 miles with
the most recent years covering about 50 miles of habitat. Until recently, the Van Duzen River
survey was also inconsistent, with only 15 years constituting what would be considered a “full”
survey from the Eaton Falls barrier down to the confluence with the mainstem Eel River (S.
Thompson, CDFW, pers. comm., 23 March 2020). These full survey efforts include the most
recent surveys beginning in 2011.
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We contemplated using index reaches that were surveyed consistently each year in trend
analyses in attempts to standardize these datasets but there are several necessary
considerations regarding this approach. The intent of an index reach is to represent relative
annual summer steelhead abundance by selecting a reach that has consistent use by summer
steelhead and is surveyed every year. Although an index reach would provide a consistent
survey area across years, the index reach selected may not represent the same level of
utilization by summer steelhead each year. The selected reach could be a summer steelhead
hotspot one year but unutilized the next year due to shifts in distribution as a response to
flows, temperature, or other environmental factors that can vary annually. Additionally, an
index reach would not provide an idea of total abundance, unless the reach covered most of
the known habitat. Index reach numbers could only show possible trends in population growth
or decline and would need to be expanded to achieve reliable abundance estimates. Because of
this, we decided to use total counts from most datasets with the caveat that these numbers
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likely do not represent total abundance each year. It was decided to use an index reach only for
the Redwood Creek trend analysis (Section 4.4.2 Trend Analysis), since the annual survey
included a consistent index reach of that stream. For analysis of Redwood Creek data to
determine the trend in population abundance, we eliminated survey efforts by CalTrout and
NCFR from 1993-1998 and 2008 because they were only conducted for six out of the 39 total
years of the survey and could skew the analysis, producing an inaccurate trend value for the
population.
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We also note that the Redwood Creek, Mad River, and Mattole River surveys enumerated halfpounders for some or all years the surveys were conducted. We attempted to remove halfpounder counts from our analyses as we do not feel they are representative of true population
abundance. Half-pounders ultimately return to the ocean where they are exposed to further
threats of mortality. Additionally, the origin of these half-pounders is uncertain as some could
be strays from northern Oregon streams. There were four years (1992, 1995, 1997, and 2004)
where half-pounders were known to be included in summer steelhead counts for the Van
Duzen River. These were removed to the best of our ability by excluding fish less than 16 inches
based off information in original survey reports. During a few years of the Redwood Creek
survey, fish less than 16 inches (the typical length cutoff for adult summer steelhead) were
counted towards adult abundance. These few fish were not removed because they were not
designated as half-pounders and were often grouped in with larger fish as a total count rather
than enumerated separately. Mad River half-pounders have been enumerated separately each
year and, in most years, exceed the number of adults counted. Mad River half-pounders were
not included in analyses.
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We used data from 1966 through 2019 to analyze the status and trend of the five summer
steelhead populations mentioned above. Because annual surveys did not begin until 1966 for
the Middle Fork Eel River, and at least a decade later for all other surveys, we want to
emphasize that these datasets likely begin after the most devastating declines in abundance
had already occurred likely as a result of human land use beginning in the mid-1800s, as well as
effects of the catastrophic floods in 1955 and 1964. Thus, any trends found to be significant in
this current time series of abundance should be taken in the context that historical numbers
were probably higher than the current data suggest. Some of the analyses below were not
possible to conduct for all five populations due to missing years of data. For example, the Mad
River dataset is missing six years between 2006 and 2019 and the Van Duzen River dataset is
missing 11 years over the entire time series of the survey since 1979. Figure 4.8 shows full time
series summer steelhead counts for the five populations. Appendix B provides annual summer
steelhead counts used in Figure 4.8 and identifies data sources.
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Age-specific estimates of returning adults and subsequent cohort reconstructions would be the
best way to analyze population size per generation and population growth rates. Currently, agespecific return estimates are not available for NC summer steelhead, thus, we decided to use a
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proxy of mean generation time to calculate total population size per generation (Section 4.4.1.3
Total Population Size per Generation [Ng]) and cohort replacement rates (Section 4.5.1 Cohort
Replacement Rate, ln[CRR]). For these analyses we used a mean generation length of four
years. Although Puckett (1975) showed the majority of summer steelhead return to the Middle
Fork Eel and Van Duzen rivers at the age-3, a study conducted by Ward (n.d.) in the late 1980’s
showed an almost even split between age-3 and age-4 summer steelhead returning to the
Middle Fork Eel River. Additionally, in an intraoffice correspondence from Leo Shapovalov, a
Senior Fisheries Biologist for the Department, he notes scale age work he conducted that
showed Middle Fork Eel River summer steelhead spending two years in fresh water and two
years at sea (4 years total) before returning for their first spawning event (CDFG 1953). Spence
et al. (2008) states that without population-specific age information, the mean generation time
for steelhead is assumed to be four years; the most common age for steelhead to spawn within
the North-Central California Coast Recovery Domain, which includes the NC steelhead DPS
(Spence et al. 2008). Given the available age information and the guidance from Spence et al.
(2008) we proceeded with a generation time of four years. Using a standard generation time or
age of return does not account for fish returning to the river to spawn multiple times during
their life nor fish that return at multiple ages in any given year. This means that one fish may be
included in multiple annual adult counts and contribute to more than one generation in our
analyses.
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Figure 4.8. Adult abundance for Northern California summer steelhead populations. A)
Redwood Creek. B) Mad River; no data 2006, 2007, 2009-2012. C) Middle Fork Eel River; no data
1969. D) Van Duzen River; no data 1985, 1986, 1990, 1993, 1994, 1996, 1998, 2000-2002. E)
Mattole River. Note different scales on the Y axis.
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4.4.1 Abundance Analysis
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4.4.1.1 Geometric Mean Abundance
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Geometric mean can be an important indicator of status, thus we looked at geometric mean of
annual spawning fish abundance (Na) in the context of three different time frames for the five
available population datasets of Northern California summer steelhead. Geometric mean is a
useful metric for status evaluation because it calculates central tendency of abundance while
minimizing the effect of outliers in the data. It is thought to more effectively characterize the
time series of abundance based on counts than the arithmetic average (Good et al. 2005;
Spence et al. 2008). Spence et al. (2008) recommend using the geometric mean of spawning
fish abundance for the most recent 3–4 generations as an estimator for the mean annual
population abundanceabundance (Spence et al. 2008). We did not use the arithmetic average
because it is known to be overly sensitive to a few large counts and can result in incorrect
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depiction of central tendency with typically highly variable salmon population data. A range of
minimum and maximum abundances are provided for scale (Table 4.2).

2266
2267
2268
2269
2270
2271
2272

In addition to looking at long-term geometric mean abundance using the total available time
series, we also chose to analyze a medium-term geometric mean using 12 years to represent
three generations, and a short-term geometric mean of 5 years, which has been standard in
NMFS reviews to evaluate status (NMFS 2011; NMFS 2016a). There were missing data in some
of the time series noted in the following tables. Only the available data were used in the
calculations, with no effort to interpolate or otherwise fill in missing data. The geometric mean
of spawning fish abundance is defined as:
1/𝑛

2273

̅𝑎(𝑔𝑒𝑜𝑚) = (∏ 𝑁𝑎(𝑖) )
𝑁
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where Na(i) is the total number of spawning fish in year i, and n is the number of years of data
available (Spence et al. 2008).
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Although we evaluated status using the best available long-term data sets, we note that what
amounts to “historical abundance” several decades ago may have limited use for predicting
future abundance as conditions in the past may be less relevant to current and future
abundance. For this reason, we rely on recent 12- and 5-year geometric means as the best
indicators of current abundance status (Table 4.3). We also note that the longest time series we
have for NC summer steelhead (Middle Fork Eel River) extends only back to 1966 and the most
drastic declines in NC summer steelhead likely occurred prior to this time. Pre-1966 declines are
not accounted for in the analysis below.
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Table 4.2. Minimum and maximum abundance for long-term, medium-term, and short-term
time frames for the five Northern California summer steelhead populations.

Long-term
Years
Min
Max
12-year
Years
Min
Max
5-year
Years
Min
Max
2286

Redwood
Creek

Mad River

Middle Fork
Eel River

Van Duzen
River

Mattole
River

1981-2019
0
59

1980-2019
5
569

1966-2019
198
1,601

1979-2019
0
255

1996-2019
7
56

2008-2019
2
59

2008-2019
110
336

2008-2019
323
1,191

2008-2019
54
255

2008-2019
7
56

2015-2019
2
12

2015-2019
117
336

2015-2019
323
493

2015-2019
54
144

2015-2019
7
29
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Table 4.3. Long-term, medium-term, and short-term geometric mean abundance for five
Northern California summer steelhead populations.
Population

Years

Redwood
Creek
Mad River1
Middle Fork
Eel River2
Van Duzen
River3
Mattole
River

1981-2019

Long-term
Geometric
Mean
10

Years

2008-2019

12-year
geometric
mean
8

Years

2015-2019

5-year
geometric
mean
4

1980-2019
1966-2019

99
667

2008-2019
2008-2019

189
559

2015-2019
2015-2019

175
399

1979-2019

36

2008-2019

106

2015-2019

91

1996-2019

20

2008-2019

22

2015-2019

15
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1
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4.4.1.2 Changes in Geometric Mean over time
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We calculated the running 12-year (3-generation) geometric mean abundance for the
populations with at least ten data points available, which include Redwood Creek, the Middle
Fork Eel River, and the Mattole River (Figure 4.9). Both Redwood Creek and the Mattole River,
as stated before, have remained at critically low numbers (under 50 adults per year) across all
years. The 3-generation geometric mean of annual adult abundance in the Middle Fork Eel
River has declined from over 900 to just over 550. Running 12-year geometric mean
abundances could not be calculated for the Mad River or the Van Duzen River due to multiple
years of missing data. It is important to note the different scales of abundance between the
Middle Fork Eel River and the other two populations, with the Middle Fork Eel River in the
hundreds of adults annually and the Mattole River and Redwood Creek in the tens. However,
even though the Middle Fork Eel River population has remained in the hundreds of fish per
year, the long-term decline is cause for concern.

No data long-term 2006, 2007, 2009-2012; 12-year 2009-2012.
No data long-term 1969.
3
No data long-term 1985, 1986, 1990, 1993, 1994, 1996, 1998, 2000-2002, 2010; 12-year 2010.
2

Three populations had lower 5-year geometric mean abundances than their long-term
geometric mean abundances (Redwood Creek, Middle Fork Eel River, and Mattole River). All
geometric mean abundances for NC summer steelhead are below 1,000 and most are below
500 except for the long-term and 12-year Middle Fork Eel River geometric mean abundances.
However, there is a clear decline from the long-term geometric mean abundance of the Middle
Fork Eel River population to the 5-year geometric mean abundance, indicating moderate risk of
extinction based on population size (Spence et al. 2008). Geometric mean abundances for
Redwood Creek and the Mattole River are critically low across all time frames.
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Figure 4.9. Running 12-year (3-generation) geometric mean of NC steelhead abundance for A)
Redwood Creek, B) Middle Fork Eel River, and C) Mattole River. Note different scales on the Y
axis.
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4.4.1.3 Total Population Size per Generation (Ng)
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Table 4.4 shows the harmonic mean of total population size per generation (Ng) over five years
was calculated for five NC summer steelhead populations (Table 4.4). Ng is a criterion used for
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assessing the level of extinction risk for a population as defined by Spence et al. (2008) (Table
4.5). Generation time is the average interval between birth of an individual and the birth of its
progeny. For NC summer steelhead, we do not have age-specific data, so we used a mean
generation time of four years (see Section 4.4 Abundance and Trends for explanation). To
estimate Ng, Spence et al. (2008) suggested using the harmonic mean of the running sum of
returning fish abundance for the mean generation time of the species and population over a
period representing at least four generations (Spence et al. 2008). This can be mathematically
expressed as:
̅𝑔(ℎ𝑎𝑟𝑚) =
𝑁

2331

2332
2333

1
1 𝑛
1
𝑛 ∑𝑡−1 𝑁𝑔(𝑡)

Where 𝑁𝑔(𝑡) is the running sum of adult abundance at time t for a period equal to the mean
generation time k of the population:
𝑡

𝑁𝑔(𝑡) = ∑ 𝑁𝑎(𝑖)

2334

𝑖=𝑡−𝑘
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Where 𝑁𝑎(𝑖) is the total number of spawning fish in year i (Spence et al. 2008). It is
recommended that a period of four generations be used (Spence et al. 2008), however, for two
of our five datasets, we were unable to calculate these values using four generations due to
missing years of data. Because of this discrepancy, we decided to show the recent time frame
of five years to illustrate current population size per generation, using a mean generation time
of four years. For the Mad River, harmonic mean of total population size per generation could
only be calculated for the most recent four generations due to missing years of data.
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Table 4.4. Short-term harmonic mean of total population size per generation for Northern
California summer steelhead populations.
Population
Redwood Creek
Mad River1
Middle Fork Eel River
Van Duzen River
Mattole River

Years
2015-2019
2016-2019
2015-2019
2015-2019
2015-2019

Short-term harmonic mean of total
population size per generation
30
838
2,016
434
96
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Given the risk extinction criteria from Spence et al. (2008) and Allendorf et al. (1997) (Table
4.5), all Northern California summer steelhead populations with available population data are
at least at moderate risk of extinction, with two populations, Redwood Creek and the Mattole
River, at high risk of extinction. The NMFS viability target for all NC summer steelhead

Only calculated for four generations due to missing years of data.

2349
2350
2351
2352
2353
2354

̅𝑔(ℎ𝑎𝑟𝑚) = 2,500 (Williams et al. 2016). The Department has not
populations is defined to be 𝑁
established abundance targets for NC summer steelhead populations. NMFS viability targets
were developed based on what would constitute viable population sizes and do not necessarily
reflect estimates of historical abundance. None of the five surveyed populations are at or
approaching their viability targets. The Middle Fork Eel River population is the closest at around
2,000 spawning fish per generation.
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Table 4.5. Criteria for assessing the level of risk of extinction for populations of Pacific
salmonids. Overall risk is determined by the highest risk score for any category. Ng = total
number of spawning fish per generation; Ne = effective population size; and Na = annual
spawning fish abundance. (Adapted from: Spence et al. 2008)
Population
Characteristic

Extinction Risk

High
Extinction risk from ≥ 20% within 20 yrs
population viability
analysis (PVA)

Moderate
≥ 5% within 100 yrs
but
< 20% within 20 yrs

Low
< 5% within 100 yrs

- or any ONE of the
following Ne ≤ 50
or
Ng ≤ 250

- or any ONE of the
following 50 < Ne < 500
or
250 < Ng < 2500

- or ALL of the following
Ne ≥ 500
or
Ng ≥ 2500

Precipitous declinea

No decline apparent or
probable
Not apparent

Effective
population size per
generation
or
Total population
size per
generation
Population decline
Catastrophic
decline

Order of magnitude
decline within one
generation

Chronic decline or
depressionb
Smaller but
significant
declinec

Spawning fish
density
Hatchery influencef

Na/IPkmd ≤ 1

1 < Na/IPkm < MRDe

Na/IPkm ≥ MRDe

Evidence of adverse
genetic,
demographic, or
ecological effects of
hatcheries on wild
population

Evidence of adverse
genetic,
demographic, or
ecological effects of
hatcheries on wild
population

No evidence of adverse
genetic, demographic, or
ecological effects of
hatchery fish on wild
population
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a
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Population trends were estimated using the methods described by Good et al. (2005) and
Spence et al. (2008). Population trend, T, was estimated as the slope of the number of naturalarea spawning fish (log-transformed) regressed against time. A value of one was added to the
number of natural-area spawning fish before the log-transformation to address any zero values
̅𝑎 + 1)]. The linear regression is expressed as:
if they were present in the dataset [i.e., 𝑙𝑛(𝑁
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̅𝑎 + 1) = 𝛽0 + 𝛽1 𝑋+∈
𝑙𝑛(𝑁

2381
2382
2383

̅𝑎 is annual spawning fish abundance, 𝛽0 is the intercept, 𝛽1 is the slope of the
Where 𝑁
equation, and ∈ represents the random error term (Good et al. 2005). Population trend, T, for
the specified time series was expressed as the exponentiated slope from the regression above:
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exp (𝛽1 )

2385

Population has declined within the last two generations or is projected to decline within the next two
generations (if current trends continue) to annual run size Na ≤ 500 spawning fish (historically small but stable
populations not included) or Na > 500 but declining at a rate of ≥10% per year over the last two-to-four
generations.
b
Annual run size Na has declined to ≤ 500 spawning fish, but is now stable or run size Na > 500 but continued
downward trend is evident.
c
Annual run size decline in one generation < 90% but biologically significant (e.g., loss of year class).
d
IPkm = the estimated aggregate intrinsic habitat potential for a population inhabiting a particular
watershed (i.e., total accessible km weighted by reach-level estimates of intrinsic potential; see Bjorkstedt et al.
[2005] for greater elaboration).
e
MRD = minimum required spawning fish density and is dependent on species and the amount of potential
habitat available.
f
Risk from hatchery interactions depends on multiple factors related to the level of hatchery influence, the origin
of hatchery fish, and the specific hatchery practices employed.

4.4.2 Trend Analysis

with 95% confidence intervals calculated as:
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exp(𝛽1 ) ± 𝑡0.05(2),𝑑𝑓 𝑠𝑏1
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where 𝑏1 is the estimate of the true slope, 𝛽1, 𝑡0.05(2),𝑑𝑓 is the two-sided t-value for a
confidence level of 0.95, df is equal to n-2, n is the number of data points in the time series, and
𝑠𝑏1 is the standard error of the estimate of the slope, 𝑏1 (Good et al. 2005).
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Long-term trends are estimated using all available data in the time series. Spence et al. (2008)
states that a time series of at least two and up to four generations of adult abundance is
necessary to estimate trend (Spence et al. 2008). We evaluated recent trends using what we
consider the minimum amount of data (at least 10 data points within the most recent 12-years;
three summer steelhead generations) likely to give reliable trend estimates (Table 4.6). Trend
values less than one indicate average population component decline, whereas trend values
greater than one indicate average growth. Confidence intervals that range from less than one
to greater than one indicate a lack of statistical support for the calculated trend.
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For Redwood Creek, as discussed in Section 4.4.1, we used only the counts collected by the NPS
to provide a standardized reach for our trend analysis. During the years 1993 – 1998 and 2008,
CalTrout and/or NCFR surveyed upstream portions of Redwood Creek and their counts
exceeded those within the NPS sections of the creek. In order to provide a more reliable
analysis, CalTrout and NCFR data were excluded from calculations of trend for Redwood Creek
and we used only NPS data from approximately 24 miles (37.8 km) of surveyed habitat.
CalTrout and NCFR data are included in all of the abundance analyses above.
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For the Mad River, survey extent varied drastically from year to year until the Mad River
Alliance assumed responsibility in 2012 with the intention of implementing consistent protocols
and a comprehensive survey frame. Since 2012, about 50 miles of the mainstem Mad River is
covered by the summer steelhead snorkel survey between Matthews Dam and Kadle Hole.
Because of the inconsistency in number of miles surveyed until 2012, we did not calculate longterm trend for the Mad River. NMFS’ most recent five-year status review of Pacific Salmon and
steelhead listed under the ESA also did not calculate for summer steelhead abundance in the
Mad River (Williams et al. 2016). We could not complete recent trend analysis for the Mad
River due to missing years of data.
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The number of miles surveyed on the Van Duzen River also varied greatly between 1979 and
2010 with only six of those years representing what would be considered a comprehensive
survey (S. Thompson, CDFW, pers. comm., 28 February 2020). Thus, we did not calculate longterm trend for summer steelhead in the Van Duzen River. In 2011, the Department
implemented consistent annual survey efforts that likely cover most of the holding habitat used
by summer steelhead. Although the recent trend analysis incorporates survey data from 20082009 when only partial surveys were conducted (no survey in 2010), we have reported the
trend value because most surveys were roughly equivalent in extent during the recent time
frame. Data prior to 2011 was not used by Williams et al. (2016) nor did they calculate trend for
Van Duzen River summer steelhead abundance.
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Table 4.6. Long-term and recent trends in adult abundance using slope of ln-transformed time
series counts for four Northern California summer steelhead populations. Missing years of data
were eliminated and not interpolated in any way. Bolded trend values were found to be
significant (p<0.05).

Population
Redwood
Creek2
Mad River3

Longterm
Years
19812019
19802019

Recent
Trend1

Upper
95% CI
1.02

Years

0.99

Lower
95% CI
0.97

2008-2019

Trend1 Lower Upper
95% CI 95% CI
0.87
0.78
0.97

-

-

-

2008-2019

-

-

-

Population
Middle Fork
Eel River
Van Duzen
River4
Mattole River

Longterm
Years
19702019
19792019
19962019

Recent
Trend1

Upper
95% CI
0.99

Years

0.98

Lower
95% CI
0.98

2008-2019

Trend1 Lower Upper
95% CI 95% CI
0.94
0.88
1.01

-

-

-

2008-2019

0.98

0.89

1.08

1.01

0.97

1.04

2008-2019

0.93

0.83

1.04
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In general, based on the available data, NC summer steelhead seem to be experiencing a slight
decline. However, there were only two statistically significant trend values, Redwood Creek
recent and Middle Fork Eel River long-term. Trends that were not statistically significant mostly
indicate slight declines over both long-term and recent time frames.
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4.5 Productivity
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4.5.1 Cohort Replacement Rate, ln(CRR)
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We evaluated productivity of the Northern California summer steelhead populations by
evaluating cohort replacement rate over time. Cohort Replacement Rate (CRR) is:
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"-" indicates no trend analysis available.
Standardized reach used; represents only a partial population estimate.
3
No data long-term 2006, 2007, 2009-2012; recent 2009-2012. Survey frame inconsistent until 2012.
4
No data long-term 1985, 1986, 1990, 1993, 1994, 1996, 1998, 2000-2002, 2010; recent 2010. Survey frame
inconsistent until 2011.
2

Redwood Creek shows a statistically significant recent downward trend (p = 0.016) though no
significant long-term trend (p = 0.451). This population has been and remains at critically low
abundance (Williams et al. 2016). The Middle Fork Eel River population, even though it is the
most stable of all NC summer steelhead populations, has experienced a statistically significant
negative long-term trend (p = 0.0001) and a negative recent trend that is approaching statistical
significance (p = 0.098). The Van Duzen summer steelhead population showed no statistically
significant trend (p = 0.660) for the recent time frame though additional years of data will be
useful for future analyses. The Mattole River has the shortest dataset of NC summer steelhead
populations. Neither the long-term or recent trends are statistically significant (p = 0.707 and p
= 0.166, respectively).

𝐶𝑅𝑅 = ln (

𝑁𝑡+4
)
𝑁𝑡

Natural log-transformed CRRs >0 indicate that the cohort increased in size that year in relation
to the brood year three years earlier, whereas ln CRR <0 indicates that it declined. This analysis
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assumes a generation time for Northern California summer steelhead of four years, which has
been determined to be reasonable based off our best understanding of summer steelhead age
structure (CDFG 1953; Spence et al. 2008; Ward, n.d.). CRRs were calculated for four
populations of NC summer steelhead (Figure 4.10). The Van Duzen River had too many years of
missing data to produce meaningful results.
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Figure 4.10. Ln-Cohort Replacement Rates for four NC summer steelhead populations, A)
Redwood Creek, B) Mad River, C) Middle Fork Eel River, and D) Mattole River. Gaps are due to
years of missing data. Gaps are a result of missing years of data. Note different scales on the Y
axis.
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A cyclical pattern of growth and decline is apparent in looking at CRR’s over the time series
available. A period of a few years of growth followed by a period of a few years of decline is
characteristic of anadromous salmonid populations. CRR’s for all four populations evaluated
were almost evenly divided between positive and negative values. Redwood Creek and the Mad
and Middle Fork Eel rivers had slightly more negative CRR’s than positive, and the Mattole River
had slightly more positive CRR’s than negative. The most recent years have seen declines in
productivity for all populations.
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4.5.2 Middle Fork Eel River Juvenile Density
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Surveys have been conducted to determine juvenile standing crop density at two sites on the
Middle Fork Eel River during the fall since the 1980s. Collection at Fern Point, the upstream site,
began in 1980, and collection at the Osborn site began a few years later in 1984. The Fern Point
and Osborn sites were selected because they generally represent the upper and lower extents,
respectively, of summer steelhead holding distribution. Although neither site likely has
spawning activity due to the majority of the substrate being comprised of boulder and cobble,
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there is suitable spawning habitat about a quarter kilometer away from both (S. Thompson,
CDFW, pers. comm., 19 June 2020). Multi-pass depletion surveys are conducted at each site
with two backpack electrofishing units along a transect about 30 meters in length.
Electrofishing has not been used at Fern Point since 2012 due to the absence of adult steelhead
above Asa Bean Roughs. Instead a snorkel survey has been conducted at Fern Point beginning
in 2013 (CDFG 1966 – 2018). Multiple year classes are encountered on these surveys and length
frequency analysis is used to separate young-of-the-year (YOY) from yearling plus (Y+) fish
(CDFG 1966 – 2018).
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Assemblages of juveniles at the Fern Point and Osborn sites are assumed to mostly consist of
summer steelhead, though it is possible that some winter steelhead are mixed in at the Osborn
site given its location further downstream. There is likely a small contribution from resident
Rainbow Trout at both sites, as well. Juvenile abundance at Fern Point from 2013-2019 provides
an idea of resident trout contribution since there were no summer steelhead in those years
above Asa Bean Roughs. Juvenile densities of about 0.01 fish/m2 as seen at Fern Point in recent
years are typical for habitat above barriers to anadromy throughout Mendocino County (S.
Thompson, CDFW, pers. comm., 19 June 2020).
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McElhany et al. (2000) suggest that estimates of smolt production can provide a measure of
productivity by showing a population’s potential to increase and its ability to sustain in poorer
conditions (McElhany et al. 2000). Although we do not have smolt production estimates,
looking at changes in juvenile density over time can show us a potential general trajectory for
juvenile abundance and by association, summer steelhead productivity. Below are graphs
depicting juvenile density (fish/m2) at the Fern Point and Osborn sites (Figure 4.11). YOY fish
tend to be the dominant age class within juvenile assemblages at the collection sites (S.
Thompson, CDFW, pers. comm., 19 June 2020). We note that densities at these two sites should
not be used as estimates for the entire Middle Fork Eel River. Because only two sites were
sampled, fluctuations in density may be somewhat attributable to fish behavior rather than
abundance. Interannual changes in spawning distribution or carrying capacity of the two
habitats could have a substantial impact on these site-specific juvenile abundances, as well. It is
also important to understand that, although a linear relationship has been found between
number of juvenile outmigrants and number of returning adults (Ward and Staley 1988), smoltto-adult survival is highly dependent on environmental conditions in migration corridors and
even more so in the ocean especially during the early marine life stage (Kendall et al. 2017).
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Figure 4.11. Juvenile (YOY and Y+) summer steelhead densities at A) Fern Point and B) Osborn
sites on the Middle Fork Eel River 1980 – 2019. Osborn site sampling began in 1984.

2518
2519
2520
2521
2522
2523
2524
2525
2526

Fern Point juvenile density is trending negatively across the entire timespan of the survey for
both age classes. Densities in the most recent years when summer steelhead have not been
observed above Asa Bean Roughs likely have a substantial effect on these trends, although even
in years prior there was generally a downward trajectory, especially as compared to densities
during the late 1980s through the mid-1990s. The decline in fish densities at Fern Point after
1996 is likely a result of the rearrangement of boulders within Asa Bean Roughs the year prior,
which has made it more difficult for adult summer steelhead to reach Fern Point in recent
years, and indicates a possible shift in summer steelhead distribution to lower areas of the
watershed.
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In contrast to Fern Point juvenile densities, Osborn juvenile densities seem to be trending in a
slightly positive direction. This trend could be influenced by the downstream shift in summer
steelhead distribution. Prior to 2013, when summer steelhead were still being observed above
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Asa Bean Roughs, the Osborn site had lower juvenile summer steelhead abundance on average
than Fern Point. Compressing spawning and rearing habitat into a smaller area has the potential
to create density-dependence issues such as crowding, increased predation, and competition,
which could have detrimental effects on population size and productivity if carrying capacity of
the smaller habitat area is exceeded.
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4.6 Spatial Structure
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Spatial structure of a population encompasses 1) the geographic distribution of individuals
within the population and 2) the processes that produce this geographic distribution (McElhany
et al. 2000). Salmonid habitat is often inconsistent throughout a river system, so fish will use
distinct habitat “patches” that have varying levels of suitability. Scale used to define the size of
a habitat “patch” is not defined as they are specific to individual populations. Salmonid
population spatial structure is not clearly understood and the configuration of a typical spatial
structure for salmonids is unknown; however, McElhany et al. (2000) defined guidelines that
are thought to contribute positively to sustaining the spatial structure of a viable salmonid
population:
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1. Habitat patches should not be destroyed at a faster rate than they develop naturally.
2. Human activities should not affect natural stray rates between subpopulations.
3. Some suitable habitat patches should be preserved even if they are not currently
used.
4. Source subpopulations should be preserved.
5. Uncertainty and lack of information should be accounted for in analyses of spatial
structure. As a default, Historic spatial processes are assumed to have been
sustainable, thus, they should be preserved as a default.
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Spatial structure within NC summer steelhead populations has changed over time especially as
a result of anthropogenic activities, catastrophic weather events, and cumulative effects.
Reductions in habitat availability and suitability are likely the primary consequences of these
activities. Man-made dams have blocked off substantial summer steelhead habitat on the Mad
River and the mainstem Eel River, which has compressed the summer steelhead range in those
rivers and likely caused more overlap in summer and winter steelhead spawning habitat use.
Although the Matthews Dam likely only removed access to a couple miles of potential habitat
on the Mad River (NMFS 2016b), Scott Dam is estimated to have blocked 198-288 miles of
potential upstream steelhead habitat on the mainstem Eel River and tributaries of the Lake
Pillsbury basin (Cooper 2017). Other human land uses such as timber harvest, agriculture,
mining, and road construction have had a myriad of effects on availability and quality of
summer steelhead habitat. Though we cannot classify the types of population or subpopulation
structures for NC summer steelhead, it is clear they have experienced effects of the changing
environment and their historical spatial processes have been substantially altered. Many
habitat “patches” that were used historically are no longer available or suitable. The loss of
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spatial structure within a population, in addition to habitat homogenization and loss of habitat
connectivity, removes the mechanism by which steelhead persevere through environmental
shifts and catastrophic events (Crozier et al. 2019).
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4.7 Diversity
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Diversity is the fourth criterion to consider when evaluating viability of salmonid populations
(McElhany et al. 2000). Diversity is a key component of viability because it allows a species to
use a wider array of environments than they could without it, protects a species against shortterm spatial and temporal changes in the environment, and provides the raw genetic material
for surviving long-term environmental changes. Waples et al. (2001) emphasize that general
conservation goals should include preserving the diverse assemblage of populations
necessitated to buffer anthropogenic effects on the natural processes of evolution (Waples et
al. 2001).
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Diversity has been shown to be adaptive (Taylor 1991) and severely altering or losing some
aspects of it can have a detrimental effect on population viability (McElhany et al. 2000).
McElhany et al. (2000) also provide guidelines for maximizing diversity in salmonid populations
as follows:
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1. Human-induced habitat changes, harvest pressures, artificial propagation, and exotic
species introduction, or other factors should not considerably modify variation in
traits, e.g. migration timing, age structure, size, fecundity, morphology, behavior,
and molecular genetic characteristics.
2. Human-caused factors should not significantly change the rate of inter-population
gene flow.
3. Natural processes that result in ecological variation should be preserved.
4. Population status evaluations should take uncertainty about requisite levels of
diversity into account. Uncertainty regarding necessary levels of diversity should be
accounted for in evaluations of population status.
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Anthropogenic activities can have a significant impact on straying between populations, and as
a result, change local adaptations and patterns of diversity (Keefer and Caudill 2014).
Alterations of flow regimes and migration pathways, as well as instream contaminants like
pesticides, can inhibit homing of salmonids, causing them to stray from natal spawning grounds
(Keefer and Caudill 2014). In addition to affecting inter-basin straying, anthropogenic impacts
can have a devastating effect on productivity and survival. When populations dip into low
abundances, the risk of genetic bottlenecks is much greater and thus extinction risk becomes
higher. At low densities, populations may experience what is called depensation, where per
capita growth rate decreases with abundance (Spence et al. 2008). This causes numerous
negative effects such as reduced likelihood of finding mates, more detrimental effects of
predation, loss of habituation to the local environment, and loss of effective group dynamics
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(Liermann and Hilborn 2001). Depensation-related consequences can have marked influence on
extinction risk.
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Stream-maturing (summer) steelhead and (spring) Chinook Salmon have experienced more
population losses than the ocean-maturing life history type likely due to significant loss of the
high elevation, over-summer, holding habitat that they require as well as higher vulnerability to
multiple threats during that holding time (Gustafson et al. 2007). Gustafson et al. (2007) argue
that sustaining salmon and steelhead diversity requires conservation of local populations and
their habitat. Summer steelhead in the NC steelhead DPS have already experienced population
losses, which may have resulted in a loss of local adaptations and genetic diversity. Populations
of summer steelhead in the upper mainstem and upper middle mainstem of the Eel River were
already lost with the construction of Scott Dam and additional populations of NC summer
steelhead are near extirpation. Loss of the summer migration life history type in the NC
Steelhead DPS would represent a loss of crucial genetic and phenotypic diversity for the
species.
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4.8 Conclusions
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Our analyses have demonstrated that some NC summer steelhead populations are currently at
critically low abundances and face a high risk of extinction, while others at higher abundance
levels are at moderate risk of extinction. NMFS set viability targets for all NC summer steelhead
populations at 2,500 spawning fish per generation and, at this time, none of the populations
with long-term survey data are near or approaching this target. Redwood Creek and the
Mattole River have rarely seen over 50 summer steelhead each in a given year. Although longterm population trends have been mixed with both positive and negative trajectories, recent
trends for all five summer steelhead populations assessed show slight declines, though most of
these trends were not statistically significant. We would also like to emphasize that, although
survey numbers may be underestimates as explained earlier, it is likely that comprehensive
monitoring data would still show these population segments to be depressed as compared to
speculations of what abundances were in the early to mid-20th century (CDFG 1966 as cited in
Jones 1992; USACOE 1973 as cited in CDFG 2006c; Jones 1992; CDFG 2006a, 2006b, 2006c;).
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Evaluation of the four viability criteria from McElhany et al. (2000) (i.e., abundance,
productivity, spatial structure, diversity) indicate that none of the NC summer steelhead
populations are viable, nor are they at or approaching the viability targets identified for them
by NMFS. Recent trends in abundance, although not statistically significant, are slightly negative
for all populations that were evaluated, indicating that these populations will remain at
critically low numbers. Productivity of NC summer steelhead populations is cyclical in nature,
but there have been a few more negative CRR’s than positive across years that surveys
occurred. Juvenile abundance at two sites in the Middle Fork Eel River, which supports the
largest summer steelhead population in the NC steelhead DPS, shows changes in distribution
and habitat use that could negatively affect productivity. Spatial structure of NC summer
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steelhead has been markedly altered from historical population structure as a result of reduced
habitat availability and suitability in all watersheds. Additionally, select populations have
already been extirpated. These population losses and reductions increase the risk of
depensation, genetic bottlenecks, and lack of diversity.

2647
2648
2649
2650
2651
2652
2653
2654

Spence et al. (2008) considered population viability from two perspectives. The first objective is
to define the minimum viable population size at which a population would likely persist at a
specified probability over a specified amount of time. The second objective of Spence et al.
(2008) looks at viability as it relates to how a population is currently functioning compared to its
historical function. An important part of this second perspective on viability is using historical
conditions of abundance, productivity, spatial structure, and diversity as a baseline for
populations having high probability of long-term persistence. Unfortunately, we do not have
quantitative estimates of historical conditions for NC summer steelhead for this purpose.
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Current population abundances in NC summer steelhead watersheds that were assessed are
likely much lower than what was suggested by historical accounts, which have led to theories of
multiple hundreds to multiple thousands of fish, depending on the drainage (CDFG 1966 as
cited in Jones 1992; USACOE 1973 as cited in CDFG 2006c; Jones 1992; CDFG 2006a, 2006b,
2006c). Generally, small populations are much more likely to respond poorly to environmental
variation, genetic processes, demographic stochasticity, and catastrophic events, and thus are
much higher risk for extinction than large populations (McElhany et al. 2000). Populations with
low densities of spawning fish can be at risk for depensation (McElhany et al. 2000; Spence et
al. 2008). Spence et al. (2008) suggests that depensation can trigger a positive feedback loop
that propels a population towards extinction. Although we do not have evidence of
depensation occurring explicitly in NC summer steelhead populations, their low population
sizes suggest it may be a concern.
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Premature migrating populations are at higher risk of extinction due to their unique life history
patterns (Quinn et al. 2015). Maintaining this unique run type is important in preserving genetic
and life history variation of the species. However, it is important to recognize that summer
steelhead are only a piece of the NC steelhead DPS. Evaluating only summer steelhead
oversimplifies conclusions on the overall status and trend of NC steelhead populations by
omitting an important portion of the DPS. Incorporating NC winter steelhead populations into
an evaluation would provide the Department with a more comprehensive view on the status
and trend of steelhead across the entire DPS.
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5. HABITAT NECESSARY FOR SURVIVAL
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5.1 Adults
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5.1.1 Migration
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Summer steelhead enter freshwater during the spring and migrate to river headwater reaches.
Unlike winter steelhead, summer steelhead enter as immature fish and complete their life cycle
after they migrate. Summer steelhead enter the Mad River between April and July, and the
more southern Mattole River between March and June (Moyle et al. 2017). Upstream migration
and holding areas are contingent upon rainfall and stream discharge because steelhead enter
the rivers during the ascending or receding flows of spring depending on if hydrology is
influenced more by rainfall or snowmelt. Summer steelhead rely on adequate water depths and
velocity to reach the upstream pools they hold in during the summer (Reiser and Bjornn 1979;
Moyle 2002; NMFS 2016b). Holding habitats are typically distributed farther inland than winter
migration holding areas (Busby et al. 1996; Moyle 2002). Ideal velocity for upstream migration
is 40 – 90 cm/s with maximum velocities of 240 cm/s (NMFS 2016b). Upstream migration also
requires water levels to be at a minimum appropriate depth for passage of at least 18 cm
(Bjornn and Reiser 1991) unless the distance where water is less than 18 cm deep is short
enough to pass through (M. Sparkman, CDFW, pers. comm., 8 July 2020). NC steelhead may
require slightly deeper water for passage due to their deeper-bodied, more robust morphology
as compared to other California steelhead (Bajjaliya et al. 2014). Along with high water velocity
and low water levels, upstream migration can be physically blocked in many ways including
dams, plugged or blocked culverts, fish passage facilities that are improperly sized, or extended
sandbar closures (NMFS 2016b). Steelhead are able to jump a maximum of 3.4 m (Reiser and
Peacock 1985 as cited in Spence et al. 1996). Typically, pool depth must be at least 25% greater
than barrier height to achieve the required swimming velocity to pass the barrier (Stuart 1962
as cited in Spence et al. 1996). Adult salmonids are sometimes able to utilize back currents from
a waterfall to propel themselves over obstacles (M. Sparkman, CDFW, pers. comm., 8 July
2020).
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5.1.2 Holding
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Adult summer steelhead hold for many months in cool, deep pools which are often
characterized as thermally stratified and ideally have riparian forest cover (NMFS 2016b).
Preferred holding velocities are around 0.28 m/sec for adults with higher velocities requiring
additional energy expenditure (Moyle and Baltz 1985). In addition to holding velocities, high
temperatures can affect productivity and survival. Temperatures of 23 – 24°C can be lethal for
adult steelhead (Moyle 2002). Deeper pools provide cooler water temperatures often due to
shade from riparian forest cover, ledges, subsurface flow, and thermal stratification (Moyle et
al. 2017). Pool availability varies within each river system; however, depths of pools used by
summer steelhead has been documented as ranging from approximately one meter to over
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three meters, and deeper sections are used when pools are thermally stratified during the
summer when surface temperatures are warmer during the day (Nakamoto 1994; Nielsen et al.
1994; Baigún et al. 2000; Baigún 2003). In the New River, California, adult summer steelhead
occupied areas with less than 35% substrate embeddedness, mean water depths of about 1.0 –
1.4 m, and riparian shade cover (Nakamoto 1994). Department scientist, Michael Sparkman,
notes seeing summer steelhead in even deeper pools in the New River, up to 20 feet in depth
(M. Sparkman, CDFW, pers. comm., 8 July 2020). Data collected by the Department through the
annual census on the Van Duzen and Middle Fork Eel rivers found a higher percentage of adult
summer steelhead were in pools with depths between 4.4 – 5.4 m and 3.5 – 4.4 m, respectively
(Tables 5.1 and 5.2) (CDFW internal data, S. Thompson). In both rivers, there was a higher
percentage of shallow pools than pools with greater depths and the majority of fish used the
deeper pools. In the Van Duzen River, 30% of pools had depths ranging from 1.5 – 2.4 m while
in the Middle Fork Eel River, 32% of pools counted had depths of 2.5 – 3.4 m. This suggests that
pools were selected based on depth preference rather than on availability. Summer steelhead
have been found to use cold pool habitat more so than any other habitat types, despite the fact
that pools often make up a smaller proportion of available habitat (Bisson et al. 1988; Baigún et
al. 2000; Baigún 2003; Moyle et al. 2017).
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Table 5.1. Maximum depth of pools occupied by adult summer steelhead in the Van Duzen
River. Survey years: 2011 – 2019.
Maximum pool
depth (m)
0.9-1.5
1.5-2.4
2.5-3.4
3.5-4.4
4.5-5.4
5.5-6.4
6.5-7.4

Count of pools
at depth

% of pools
at depth

Sum of fish
at depth

% of fish at
depth

5
13
4
5
10
5
1

12%
30%
9%
12%
23%
12%
2%

64
71
60
156
608
5
2

7%
7%
6%
16%
63%
1%
0%
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Table 5.2. Maximum depth of pools occupied by adult summer steelhead in the Middle Fork Eel
River. Survey years: 2000, 2001, 2004 – 2008, 2010 – 2019.
Maximum pool
depth (m)
0.9-1.4
1.5-2.4
2.5-3.4
3.5-4.4
4.5-5.4
5.5-6.4

Count of pools
at depth
13
199
229
136
106
26

% of pools
at depth
2%
28%
32%
19%
15%
4%

Sum of fish
at depth
44
956
2037
2720
2479
701

% of fish
at depth
0.5%
10.3%
21.9%
29.3%
26.7%
7.5%

Maximum pool
depth (m)
6.5-7.4

Count of pools
at depth
9

% of pools
at depth
1%

Sum of fish
at depth
349

% of fish
at depth
3.8%
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Nielsen et al. (1994) found that during the summer in the Middle Fork Eel River, when midday
ambient stream temperatures were between 26 and 29°C, adults were found deep in stratified
pools where cold water pockets averaged 3.5°C cooler than surface temperatures (Nielsen et al.
1994). In several Northern California streams such as Redwood Creek, Rancheria Creek, and
Middle Fork Eel River, cold water sources included tributary inflow seepage from groundwater
source along the channel bed, thermal stratification of deep, still water, and intergravel flow
(Nielsen et al. 1994). Intergravel flow through river bars into pools was 3 – 9°C cooler than
water that entered through the mainstem and accounted for almost all of the cold-water inflow
in pools not associated with a tributary (Nielsen et al. 1994). In the Middle Fork Eel and Van
Duzen rivers, large pools maintain temperature stratification simply by remaining undisturbed
by surface flows, while smaller pools can have temperature stratification due to hyporheic
flows from adjacent gravel bars and tributary inputs (S. Thompson, CDFW, pers. comm., 14 July
2020). Some pools in the Van Duzen River also maintain temperature stratification as a result of
seepage from banks with dense riparian vegetation or springs and seepage from upslope
sources like fens or ponds. These additional processes observed in the Van Duzen River
generally do not occur in the Middle Fork Eel River partly because most of the riparian canopy
has been removed by previous floods (S. Thompson, CDFW, pers. comm., 14 July 2020). Annual
Department surveys on the Van Duzen and Middle Fork Eel rivers generally found fish in pools
with bottom temperatures less than 20°C and surface temperatures ranging up to 23°C (Tables
5.3, 5.4, 5.5, and 5.6) (CDFW unpublished data, S. Thompson). These temperatures align with
studies in other California streams. USFS (1986) suggested that water temperatures should not
exceed 20°C in holding areas within the Klamath, Mendocino, Shasta-Trinity, and Six Rivers
National Forest management areas.
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Table 5.3. Measured bottom temperature of pools occupied by adult summer steelhead in the
Van Duzen River. Survey years: 2011 – 2019.
Temperature
(°C)
< = 17
18
19
20
21
22
23
24
25
26
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Count of pools at
temperature
5
4
10
10
3
9
1
2
0
0

% of pools at
temperature
11%
9%
23%
23%
7%
20%
2%
5%
0%
0%

Sum of fish at
temperature
209
90
340
135
39
65
20
40
0
0

% of fish at
temperature
22%
10%
36%
14%
4%
7%
2%
4%
0%
0%
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Table 5.4. Measured bottom temperature of pools occupied by adult summer steelhead in the
Middle fork Eel River. Survey years: 2000, 2001, 2004 – 2008, 2010 – 2019.
Temperature
(°C)
< = 17
18
19
20
21
22
23
24
25
26
27

Count of pools at
temperature
85
112
176
222
46
111
26
5
1
0
0

% of pools at
temperature
12%
16%
25%
32%
7%
16%
4%
1%
0%
0%
0%

Sum of fish at
temperature
1422
2151
2528
2515
388
468
165
4
1
0
0

% of fish at
temperature
15%
22%
26%
26%
4%
5%
2%
0%
0%
0%
0%
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Table 5.5. Measured surface temperature of pools occupied by adult summer steelhead in the
Van Duzen River. Survey years: 2011 – 2019.
Temperature
(°C)

Count of pools at
temperature

% of pools at
temperature

Sum of fish at
temperature

% of fish at
temperature

18
19
20
21
22
23
24
25
26
27

3
9
3
1
9
7
10
1
1
1

7%
20%
7%
2%
20%
16%
22%
2%
2%
2%

88
88
187
26
134
272
155
1
5
10

9%
9%
19%
3%
14%
28%
16%
0%
1%
1%
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Table 5.6. Measured surface temperature of pools occupied by adult summer steelhead in the
Middle Fork Eel River. Survey years: 2000, 2001, 2004 – 2008, 2010 – 2019.

2769
Temperature
(°C)
17
18
19
20
21
22
23
24
25
26
27

Count of pools at
temperature
38
56
127
182
77
203
83
15
2
1
0

% of pools at
temperature
5%
7%
16%
23%
10%
26%
11%
2%
0%
0%
0%

Sum of fish at
temperature
212
917
1403
2029
1532
2675
803
40
26
5
0

% of fish at
temperature
2%
10%
15%
21%
16%
28%
8%
0%
0%
0%
0%
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5.1.3 Spawning
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Summer steelhead spawning usually occurs during the late winter or early spring in loose gravel
typically at the tail of a pool or in a riffle. Substrate is typically small and medium sized gravel
ranging from 0.6 to 13 cm in diameter with low embeddedness (Moyle 2002; NMFS 2016b;
Moyle et al. 2017). Although steelhead use smaller substrate than other salmonids, fine
sediment or substrate that is more than 20 – 25% material smaller than 6.4 mm in diameter,
can reduce survival of embryos by preventing the flow of oxygenated water into the egg (Reiser
and Bjornn 1979; Barnhart 1986; NMFS 2016b; Moyle et al. 2017) or cause entombment. Water
depth in redds ranges between 10 and 150 cm and velocities are typically 20 to 155 cm/sec
(Moyle et al. 2017).
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5.2 Juveniles
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5.2.1 Egg and Larval Development and Fry Emergence
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Steelhead eggs are smaller than those of salmon and are typically spawned in spring when
water temperatures are increasing (Quinn 2018). Dissolved oxygen (DO) in water is an
important aspect of egg development and insufficient DO can be a source of high mortality. DO
requirements increase as embryos grow and peak just prior to hatching (Quinn 2018). Intragravel oxygen concentration allows for embryo respiration and concentrations of 8 mg/l or
more contribute to high survival of steelhead embryos (Reiser and Bjornn 1979). In addition to
negative impacts from high amounts of sediment, extremely cold water can induce mortality
(Reiser and Bjornn 1979), though this is uncommon for most NC steelhead populations (M.
Sparkman, CDFW, pers. comm., 8 July 2020). Fry emerge in late spring or early summer and
incubation time is dependent on water temperature (Moyle et al. 2017; Quinn 2018).
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Temperatures that are too cold or above 21.1°C, can decrease survival of emerging fry by
restricting their ability to obtain oxygen from the water (McEwan and Jackson 1996).
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5.2.2 Rearing and Emigration
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Juvenile steelhead rely on freshwater for at least their first year, although successful juveniles
may rear in streams for two years or more (Moyle et al. 2017). Most steelhead mortality occurs
in freshwater during the juvenile rearing stage due to lack of good summer rearing habitat;
howeverand , larger smolt size at ocean entry enhances marine survival, and thus, freshwater
and estuarine habitats provide vital resources for the species (NMFS 2016b). Suitable rearing
habitats require adequate water temperature, flow velocity, water depth, DO concentrations,
and prey items. Juveniles generally occupy cool, clear, higher velocity riffles that have cover
from predators (Moyle 2002; NMFS 2016b).
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Higher growth rates and increased survival are observed when rearing occurs in temperatures
between 10°C and 19°C. Less than 15°C is considered optimal (NMFS 2016b; Zedonis and
Newcomb 1997). Juveniles can tolerate temperatures up to 29°C if DO concentrations are high
and there is an abundant food supply (Sloat and Osterback 2013). In Rancheria Creek in
Northern California, 65% of juvenile steelhead moved into nearby stratified pools during times
when ambient stream temperatures reached 23 – 28°C (Nielsen et al. 1994). Sparkman (2007)
documented juvenile steelhead using areas with cooler water from groundwater seeps that
entered mainstem Redwood Creek during summer months when in-river temperatures were
high.
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Higher flows increase food resources and allow for elevated metabolic demands (McCarthy et
al. 2009), although flood flows may disturb or displace prey resources such as larval aquatic
insects (Power et al. 2008). California’s Mediterranean climate can result in low flows during
summer and late fall rearing, making flow a limiting factor for survival (NMFS 2016b); however,
high velocity also increases metabolic demands. The preferred holding velocity for steelhead is
0.19 m/sec, but critical swimming velocity for juvenile steelhead varies with size and is reported
to be 7.7 body lengths/sec (Moyle and Baltz 1985; Hawkins and Quinn 1996). In-river habitat
with physical objects including boulders, large woody debris (LWD), and undercut banks creates
hydraulic heterogeneity and allow for diverse and abundant invertebrate life (Moyle et al. 2017;
NMFS 2016b). During high flow periods, juvenile steelhead choose areas with lower velocities
such as those created by physical objects, side channels and backwater habitats, floodplains,
and pools formed by debris (NMFS 2016b; Moyle et al. 2017). In the Middle Fork Eel River,
yearling-plus and young-of-the-year both sheltered behind large rocks despite some seasonal
variation in chosen habitat (Ward 1989). In early summer, YOY steelhead were found in calm
shallow cobble and gravel areas near currents and as they aged, they moved towards deeper
areas with larger substrates and faster currents (Ward 1989). Y+ steelhead had seasonal shifts
as well, moving from the head of pools during the summer to spread out across the pools by
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later summer, and finally leaving pools during daylight hours in September when the
preference for feeding overrides the preference for cooler water.
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Between March and August, depending upon stream, hydrology, and life history, juvenile
steelhead transition from fresh water to estuaries and lagoons to spend time in areas with
dense food sources before entering the ocean. Lagoons, which are formed when sandbars
create temporary barriers between rivers and the ocean, provide ideal habitat for rearing when
the water column is fresh or slightly brackish (NMFS 2016b). Open estuaries, unlike lagoons,
generally have suitable water quality conditions throughout the year (NMFS 2016b). When
successful formation occurs, sandbar built estuaries may provide diversity of water depths and
pools, secondary channels, and marsh plains that provide productive rearing habitat for juvenile
Steelhead (Clark and O’Connor 2019). These transitional areas allow juveniles to move into salt
water and maintain faster growth than they would achieve in upstream habitats prior to ocean
entry (NMFS 2016b). Sand bars can sometimes prevent ocean entry if they are not breached
soon enough. This has been seen in Redwood Creek where juveniles appear to perish over time
with the formation of a sand bar (M. Sparkman, CDFW, pers. comm., 9 July 2020).
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In some areas, including Scott Creek watershed, it was found that higher percentages of
returning adult steelhead are fish that reared in the lagoon even though they may represent a
small proportion of the overall downstream migrating population (Hayes et al. 2008). Lagoon
formation depends on environmental conditions, water diversions, and sandbar formation. For
example, in Scott Creek (central California) lagoons suitable for rearing are not always present,
which leads to variation in the percentages of juveniles rearing in the lagoon versus in the river
between years. But, in years when lagoons formed, models comparing juvenile growth in Scott
Creek found that growth in the warm (up to 24°C) estuary-lagoon was higher than in the upperwatershed or upper-watershed and estuary-lagoon combined (Hayes et al. 2008). Growth rates
of steelhead reared in this more productive habitat were two to six times higher than growth
rates of fish in cooler, less productive upstream habitat; however, late formation of sandbars
could reduce this productivity. Additionally, streams with estuaries in poor condition may not
support accelerated growth rates. Within the range of the NC steelhead DPS, Redwood Creek,
Mad River, and Mattole River have been classified as lagoonal estuaries (Heady et al. 2014),
however, steady flows from Matthews Dam prevent sand bar formation in the Mad River
estuary (M. Sparkman, CDFW, pers. comm., 9 July 2020). In most of the watersheds in the NC
steelhead DPS, stream flow during the dry season is low and sandbar formation occurs later in
the summer. In these cases, lagoons don’t transition to freshwater or form stratified water
columns, which leads to lower productivity in the lagoon (NMFS 2016b). The Redwood Creek
estuary is also known to be in poor condition and does not provide suitable habitat for juvenile
rearing (M. Sparkman, CDFW, pers. comm., 9 July 2020). The Mattole River, however, where
marshes are successfully flooded for longer periods in the summer, allows for increased
hydraulic connectivity between the main channel and back water environments provides better
habitat for rearing juveniles (NMFS 2016b).
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5.3 Ocean Growth
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Habitat preferences for steelhead during the ocean phase of their life are not as well
understood as those during their freshwater phase, though it is clear that poor ocean
conditions affect survival. Interdecadal climate variability in the northeast Pacific Ocean can
limit biological productivity. Steelhead smolts tend to migrate offshore more rapidly compared
to other salmonids, which spend time along the continental shelf (Daly et al. 2014; Quinn 2018).
Many California steelhead juveniles spend only a few months feeding in the California Current
Large Marine Ecosystem (CCE) near the Klamath-Trinidad area and then move northwest to
cooler waters offshore in the North Pacific Ocean to feed for at least one year (NMFS 2016b).
Steelhead average a travel distance in the ocean of 2,013 km but have been tracked traveling
up to 5,106 km (Quinn 2018). Steelhead are not typically captured in commercial fisheries
possibly as a result of their quick movement offshore, and most catches of steelhead in
research trawls are in the upper 30 m of the water column (Moyle et al. 2017; Quinn 2018).
While in the ocean, steelhead feed on pelagic organisms such as krill, fish, and amphipods
(Moyle et al. 2017). While feeding on the coast, steelhead typically stay in temperatures
ranging from 8 to 14°C. With the exception of half-pounders, steelhead will stay in the ocean
for two to three years before returning to their natal rivers to spawn (Quinn 2018).
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6. FACTORS AFFECTING THE ABILITY TO SURVIVE AND REPRODUCE
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6.1 Changes in Ocean Conditions
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There are various indices that describe the fluctuations in ocean conditions and can help
determine years during which Pacific salmonids will experience a productive ocean and those
during which they will experience a less productive ocean. These indices include the Ocean
Niño Index (ONI), Pacific Decadal Oscillation (PDO), and the North Pacific Gyre Oscillation
(NPGO). The ONI, which tracks average sea surface temperature and describes the El
Niño/Southern Oscillation (ENSO) climate pattern, and the PDO, which describes annual North
Pacific sea surface temperature (SST) anomaly patterns, are closely correlated (Mantua et al.
1997). Positive values of ONI and PDO indicate warmer temperatures in the ocean. The NPGO is
highly correlated with decadal variations in salinity, nutrients, chlorophyll, various types of
zooplankton, and fish species in the Northeastern Pacific Ocean (Di Lorenzo et al. 2008).
Negative NPGO values indicate wind patterns that create conditions unfavorable to upwelling,
which leads to reduced nutrients and chlorophyll, decreasing primary productivity. Over the
past few years, 2014 – 2019, the NPGO has declined to near historic lows (NOAA 2019, 2020),
indicating a recent trend of weak circulation, low influx of nutrient-rich water, and low primary
productivity (Figure 6.1) (NOAA 2019). These trends indicate poorer ocean conditions for
salmonids, including NC summer steelhead, and can negatively influence steelhead growth and
survival to adulthood (Kendall et al. 2017).
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Figure 6.1. Monthly values of the ONI, PDO, and the NPGO from 1981- 2019. Dashed lines
represent the mean over the time series, and solid lines indicate one standard deviation. Arrow
at the right indicates if the trend over the evaluation period (shaded blue) was positive,
negative, or neutral (from NOAA 2020).
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Changes in the thermal regime due to El Niño and La Niña events greatly impact primary and
secondary productivity by limiting upwelling and nutrient replacement on the Pacific coast of
North America (Pearcy 1992 as cited in Brown et al. 1994). El Niño is characterized by warmer
than usual ocean temperatures that affect the central and east central Equatorial Pacific
(National Ocean Service 2020). La Niña has the opposite effect of El Niño, with unusually cold
ocean temperatures in the Equatorial Pacific (National Ocean Service 2020). Changes in surface
currents and upwelling strength will impact temperature, salinity, and nutrient availability,
thereby influencing the availability of food for juvenile salmonids (Roesler and Chelton 1987 as
cited in Spence et al. 1996), predation rates (Holtby et al. 1990), and the transport of smolts
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either along-shore or off-shore upon ocean entry (Francis and Sibley 1991 as cited in Spence et
al. 1996).
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The cyclical nature of changes in ocean condition may mask salmonid population declines due
to an unfavorable freshwater environment. The long-term decline of salmonid populations are
not linear in nature and thus, a negative trend can be obscured by improved escapement as the
result of favorable ocean conditions. Lawson (1993) demonstrated this in a conceptual model
looking at freshwater habitat quality, marine environment, and Coho Salmon escapement
(Figure 6.2).
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Figure 6.2. Conceptual model of effects of declining habitat quality and cyclic changes in ocean
productivity on the abundance of Oregon’s coastal natural Coho Salmon (from Lawson 1993).
Top chart shows trajectory of habitat quality over time, with the dotted line representing
possible effects of habitat restoration projects. Middle chart shows the cyclic nature of ocean
productivity. Bottom chart shows the sum of top two panels where letters represent the
following: A = current situation (at time of publication), B = situation in the future, C = change in
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escapement due to increasing or decreasing harvest, and D = change in time of extinction due to
increasing or decreasing harvest.
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Regional climate indicators are also important when looking at ocean temperatures and
nutrient content in California’s coastal waters. Upwelling is a process that drives the seasonal
primary productivity that supports the CCE food web by bringing nutrients to surface areas
(NOAA 2019). These nutrients promote the production of phytoplankton, which provide food
for zooplankton. A novel way of determining coastal upwelling was developed by Jacox et al.
(2018) using the Coastal Upwelling Transport Index (CUTI) to estimate vertical water transport,
and the Biologically Effective Upwelling Transport Index (BEUTI) to estimate nitrate flux (Jacox
et al. 2018). In conjunction, these indices track the volume and quality (in terms of nutrients) of
water, respectively, moving through the surface layer of the ocean, which have strong
influences on productivity (Jacox et al. 2018). Typically, the peaks in upwelling occur in late July
near Newport, OR, mid-June off of Point Arena, CA, and late April near San Diego, CA. Upwelling
off of Point Arena tends to be greater than in the other two areas by an order of magnitude
(NOAA 2020). In 2019 (Figure 6.3), BEUTI values were generally average or above average
coastwide and during all seasons except for some below-average periods of nitrate flux at Point
Arena, CA during winter and spring. CUTI values were average or above average during winter
and spring in the northern CCE and during the summer in the central and southern areas.
Central and southern CUTI values during the winter and spring, as well as northern CUTI values
during the summer, were around or below average (NOAA 2020).
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Figure 6.3. Daily 2019 values of Biologically Effective Upwelling Transport Index (BEUTI; left)
and Coastal Upwelling Transport Index (CUTI; right) from Jan. 1 – Sept. 1, relative to the 1988 –
2019 climatology average (green dashed line) ±1 standard deviation (shaded area), at latitudes
33°, 39°, and 45°N. Vertical lines mark the end of January, April, July and October. (NOAA 2020)
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Copepod biomass and composition are also indicative of productivity. There are two distinct
groups of copepod taxa present in the CCE: northern copepods and southern copepods.
Northern copepods are found in cold water environments and are high in wax esters and fatty
acids, which are essential to the diet of pelagic fish (NOAA 2019). Northern copepods are
indicative of La Niña conditions and a more productive ocean environment. Southern copepods
are warm water zooplankton that have lower fat content and less nutritional value. Southern
copepods are indicative of El Niño events and positive PDO values when productivity decreases.
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Forage or bait fish, which feed primarily on marine copepods (Osgood et al. 2016), are a
primary source of prey for steelhead at sea, thus copepod biomass and composition have a
significant effect on steelhead prey availability, growth, and survival (LeBrasseur 1966; Quinn
2018). During 2014 – 2016, anomalous warm ocean temperatures resulted in a predominance
of southern copepod species. From 2017 – 2018, northern copepod biomass rebounded from
negative values to neutral and southern copepod biomass decreased to negative values (NOAA
2019). This trend continued in 2019 (Figure 6.4, NOAA 2020), indicating a possible improvement
for foraging conditions for pelagic baitfish.
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Figure 6.4. Monthly northern and southern copepod biomass anomalies from 1996-2019.
Dashed lines represent the mean over the time series, and solid lines indicate one standard
deviation. Arrow at the right indicates if the trend over the evaluation period (shaded blue) was
positive, negative or neutral. (NOAA 2020).
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Over the past few decades there have been greater fluctuations in ocean ecosystem indicators
in relation to salmon survival, putting greater strain on populations experiencing low
abundance and limited habitat (Lindley et al. 2009). A poor ocean environment in 2005 and
2006 resulted in unusually poor survival for brood years 2004 and 2005 of Sacramento River fall
Chinook Salmon and was the proximate cause of the stock collapse in 2008 (Lindley et al. 2009).
Following this collapse, salmon populations rebounded for a few years, but in 2018, five west
coast salmon stocks, including two of California’s most prominent Chinook Salmon stocks,
Sacramento River and Klamath River fall Chinook Salmon, were determined to be in peril due to
a combination of factors in both fresh and saltwater including a warm, unproductive ocean in
2014 through 2016 that compromised marine survival of brood years 2013 – 2015 (PFMC and
NMFS 2019; Fisheries Off West Coast States; West Coast Salmon Fisheries; Rebuilding Chinook
Salmon Stocks, 2020). While 2018 saw improved ocean conditions for salmon, 2019 ocean
ecosystem indicators again ranked warmer. Although northern copepod biomass remained
quite high in 2019, other indicators suggested poorer conditions for juvenile salmon entering
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the ocean (Peterson et al. 2019). It is likely that effects of these more extreme fluctuations in
the marine environment on survival of California’s salmon stocks are similarly affecting
steelhead survival. Kendall et al. (2017) posited, after examining 48 coastal steelhead
populations, that smolt survival rates to adulthood were positively correlated for populations
whose river mouths were geographically proximate, which is an indication that processes
related to steelhead ocean survival occur early in their marine life. Welch et al. (2000) describe
changes in smolt to adult survival that were most likely of result of decreasing marine survival
attributable to changing ocean conditions. Friedland et al. (2014) found the return rate of adult
steelhead to be negatively correlated with SST in areas which were thought to act as postsmolt
rearing habitat, thus, steelhead growth may be directly influenced by ocean warming or indirect
effects of ocean warming such as changes to the marine food web.
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A new study by Thalmann et al. (2020) discovered significant differences in prey items
consumed by Columbia River juvenile steelhead during warm ocean years as compared to
during average or cold ocean years. A higher percentage of unidentified or rare fish composed
the juvenile steelhead diet during warm years as well as juvenile and larval rockfishes and
insects, whereas during cold years polychaete worms and krill were more common. Thalmann
et al. (2020) also found significant interannual variability in stomach fullness with significantly
lower than average stomach fullness associated with warm ocean years. Steelhead sampled
during warmer years were thinner on average than those sampled during cooler years.
Bioenergetics simulations revealed significant differences in growth rate during warm and cold
ocean conditions. Cooler temperatures and higher feeding rates supported the highest juvenile
steelhead growth rates. In 2015 and 2016, when ocean conditions were anomalously warm,
there was limited availability of cold-water prey species with higher energetic and lipid content.
So, although a degree of plasticity was demonstrated in juvenile steelhead diet, consumption of
lower quality prey items likely led to reduced growth and poorer body condition during those
years (Thalmann et al. 2020).
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6.2 Effects of Climate Change
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The Earth’s climate is warming, and the primary causes are greenhouse gas emissions and
deforestation (IPCC 2007; USGCRP 2009; USGCRP 2017). A warming climate is likely to result in
poorer future environmental conditions for salmonids in general, and for NC summer steelhead
specifically. These impacts include average temperature increases, increased precipitation over
a compressed annual time period, increased magnitude and length of drought periods,
decreased snowpack, more frequent and severe wildfires, lower dry season stream flows, and
greater severity of floods (Grantham 2018). Climate change impacts on steelhead in the ocean
may include sea level rise, and more specifically the negative effects of sea level rise on estuary
habitat, and ocean acidification (Crozier et al. 2019). A more detailed description of climate
change impacts can be found below.
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6.2.1 Rising Temperatures
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One of the greatest threats imposed by climate change on NC summer steelhead will likely be
rising stream temperatures and indirect effects associated with this trend. Isaak et al. (2018)
modeled trends in water temperature of rivers in the northwestern United States and found
warming trends of mean annual river temperatures over the last two decades. Although annual
warming trends over the past four decades were generally milder, especially high rates of
warming occurred during the summer and early fall. Isaak et al. (2018) predicted an 8%
decrease in the length of thermally suitable stream reaches resulting from a river temperature
increase of 1.0°C. Decreases of 18 – 31% of suitable habitat could occur if more drastic
temperature increases are realized. The largest decreases in thermally suitable habitat were
forecast for Oregon and Northern California streams. Results of this study suggested increasing
temperatures may contract ranges of resident trout, forcing these species to find limited cold
water refugia further upstream. This range reduction could be exacerbated by a wider
distribution of predators that prefer warmer water (Isaak et al. 2018). Summer steelhead may
experience similar effects. Over several decades Northern California has experienced rising
summer and fall air temperatures resulting in warmer stream temperatures during summer
months. Higher summer water temperatures are more stressful for summer-rearing salmonids
and over-summering adult summer steelhead (Madej 2011) and could contribute to lower
survival and increased mortality of these fish.
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6.2.2 Flooding
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Floods are typically caused by heavy precipitation over a relatively short period of time and can
have detrimental effects on all life stages of salmonids. High flows associated with intense
flooding have the potential to scour or bury redds, causing reduced salmonid egg survival
(Elwood and Waters 1969; Zimmerman et al. 2015; Sparkman 2017). Severe flooding can also
cause high mortality of juvenile life stages of fish (Elwood and Waters 1969; Jowett and
Richardson 1989) and geomorphic changes to river channels results in destruction of suitable
habitat. Floods can also remove invertebrate populations, eliminating vital food resources
(Elwood and Waters 1969). Floods can have long-lasting impacts on watershed conditions and
require decades or longer to recover, especially in systems already impaired by other processes
or activities.

3062
3063
3064
3065
3066
3067
3068
3069

The 1955 and 1964 floods had a devastating effect on watersheds in California’s north coast
leaving them highly degraded. Impacts, especially those of the 1964 flood, were exacerbated by
anthropologic factors, most notably logging operations, road construction, and livestock grazing
on unstable slopes (Moyle 2002). Massive loads of sediment were deposited into the streams,
resulting in the filling of pools, widening of channels, and destruction of riparian vegetation that
mitigated rising water temperatures, provided habitat for insects, and was used by summer
steelhead for shelter. Although this gravel deposited in Northern California streams has been
scoured out over time, it has taken decades to recover and the process is ongoing. These
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streams, especially those in the Eel River system, have the potential to be hit by future flooding
events that could again devastate the landscape by way of mass wasting. Timber harvest
activity is still present in this area and logging of steep forested hillsides along with impacts
associated with wildfires will further impair the stability of the terrain (Moyle et al. 1995).
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Predictions for annual precipitation in California’s north coast show a slight increasing trend by
the end of this century (Grantham 2018). This region in California is already the location of the
highest intensity storms in the state (Grantham 2018). It has also been hypothesized that the
duration of California’s wet season will be shortened but have greater intensity and total
precipitation (Swain et al. 2018). Changes to the natural hydrograph can cause complications
for salmonids in all life stages. Rainfall that occurs less spread out over the season and of higher
intensity has the potential to result in more catastrophic flooding, which will further damage
stream geomorphology and negatively impact aquatic species survival in north coast streams.

3082

6.2.3 Drought
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Drought is not a new climate feature in California. Tree ring chronologies show that multi-year
droughts have plagued California over the last millennium (Griffin and Anchukaitis 2014).
During periods of drought, stream flows may drop, constricting or fragmenting available habitat
(Spence et al. 1996). Reduced flows can cause water temperature increases which can result in
heat stress to fish, direct mortality to juvenile steelhead (Sparkman 2007), and changes in adult
migration behavior (Robards and Quinn 2002; High et al. 2006).
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The most recent 2012 – 2016 drought was one of the warmest and driest on record, affecting
both aquatic and terrestrial environments across the state (Figure 6.5; CDFW 2018). In the
Northern Region of California, which includes Del Norte, Humboldt, Mendocino, Lassen, Modoc,
Shasta, Siskiyou, Tehama, and Trinity counties, average water temperatures were found to be
much more extreme as compared to climate change projections. The year 2015 was particularly
bad. Water temperatures during the drought exceeded survival thresholds of salmon and
steelhead in coastal watersheds, likely leading to higher mortality rates of returning adults as
well as their offspring (Sparkman 2007; CDFW 2018). Primary impacts in north coast streams
were high water temperatures, at or approaching lethal levels for salmonids, and low instream
flows (CDFW 2018). Statewide effects of the 2012 – 2016 drought included early drying out of
streams, poorer water quality of estuaries and bar-built lagoons, critically high water
temperatures, and low streamflow leading to poor water quality and stranding of fish (CDFW
2018).
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Several patterns during this most recent extreme drought were documented throughout the
state. These patterns included: 1) streams drying earlier in the season and for longer amounts
of time, 2) estuaries and bar-built lagoons experiencing poorer water quality, 3) water
temperatures often rising to levels detrimental to salmon and steelhead survival, 4)
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development of winter anchor ice threatening high elevation populations of wild trout, and 5)
low streamflow leading to stranding of fish as well as poor water quality (CDFW 2018).
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Studies have shown that drought conditions are likely to become more frequent and more
intense as a result of rising temperatures (Wang et al. 2014; Diffenbaugh et al. 2015; Wehner et
al. 2017). It is likely that NC summer steelhead populations will suffer with more frequent and
severe droughts.
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Figure 6.5. The distribution and progression of drought conditions in California from 2011 to
2016, depicting the level of drought at the beginning of each Water Year (October 1). Dark Red
indicates exceptional drought (CDFW 2018 based on U.S. Drought Monitor).
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6.2.4 Reduced Snowpack
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Decreased snowpack has been forecast for northern coastal California (Grantham 2018). Battin
et al. (2007) investigated the implications of global climate change projections on Snohomish
River Chinook Salmon population dynamics. They found that the highest elevation basins that
are fed substantially by snowmelt will experience the greatest impacts to their hydrography,
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and declines of salmon in those areas will be more pronounced than in lower elevation subbasins (Battin et al. 2007). This finding has implications for summer steelhead, which are
generally found in higher elevation streams driven by snowmelt hydrology. Department
biologists working in the Eel River system generally agree that the gradual decline of the natural
hydrograph during the late spring driven by snowmelt is the key factor that allows summer
steelhead to ascend into upstream reaches of the Middle Fork Eel and Van Duzen rivers with
adequate temperatures for summer holding. Without this gradual decline, summer steelhead
likely would not be able to pass barriers at Osborn Roughs on the Middle Fork Eel River or the
cascade at Salmon Hole on the Van Duzen River, forcing them to withstand temperatures that
may not be cold enough to sustain them through the summer (S. Thompson, CDFW, pers.
comm., 14 July 2020).
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6.2.5 Wildfires
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With the prospect of reduced snowpack, increasing temperatures, and growing human
populations, consensus is that wildfire seasons on the north coast will lengthen and fires will
become more frequent (Westerling et al. 2006; Micheli et al. 2018). Wildfires remove riparian
vegetation, reduce LWD availability, and increase erosion and soil instability leading to more
sedimentation, all of which reduce habitat suitability for steelhead. In August 2020, a fire
spread through portions of Mendocino, Six Rivers, and Shasta-Trinity National Forests, including
areas of upper Middle Fork Eel River adult summer steelhead holding habitat. Effects on
habitat, water quality, and summer steelhead survival are currently unknown (A. Renger,
CDFW, pers. comm., 17 September 2020).
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6.2.6 Reduced Stream Flows
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Regardless of the predicted increase in annual precipitation, summer baseflows in some
Northern California streams are decreasing likely as a result of higher rates of
evapotranspiration due to climate change (Sawaske and Freyberg 2014 as cited in Grantham
2018). Models developed by Grantham et al. (2018) predicted increases of stream flow during
wet seasons and decreases during dry seasons over the next few decades in California.
Reductions in streamflow during the dry months can lead to increased water temperatures,
drying of streambeds, increased primary production and algal blooms, off-channel pond
disconnection and subsequent fish stranding, and the inability of migrating adults to pass flowdependent barriers. Consequences could be severe for adult NC summer steelhead, which rely
on deep, temperature stratified pools to hold during the summer prior to spawning.
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6.2.7 Ocean Acidification
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Ocean acidification is a result of increased carbon dioxide absorption from the atmosphere,
which lowers pH of the water. Global ocean pH is projected to increase due to current and
future carbon emissions (Caldeira and Wickett 2005). Ocean acidification could alter marine
food webs and impact steelhead food resources. Forage fish, which are a primary prey source
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for steelhead in the ocean (LeBrasseur 1966; Quinn 2018), may suffer declines in abundance
due to reduced biomass of copepods and other small crustaceans resulting from ocean
acidification (Busch et al. 2013). Reduced seawater pH has also been shown to adversely affect
olfactory discrimination in marine fish (Munday et al. 2009), which could result in impaired
homing of steelhead. Increased carbon dioxide in freshwater may also have detrimental effects
on growth, olfaction, and predator avoidance in juvenile Pink Salmon (O. gorbuscha)(Ou et al.
2015). Similarly, higher levels of carbon dioxide dull olfactory-mediated behavioral responses of
Coho Salmon due to changes in neural signaling (Williams et al. 2019).
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6.2.8 Sea Level Rise
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Sea level rise is predicted to change the dynamics of estuaries and near shore environments.
Rising sea levels may also affect estuary hydrodynamics with saltwater intrusion, and as a
result, increased salinity in estuaries is likely to become more of an issue (Glick et al. 2007). Loss
of estuary habitat due to sea level rise may affect salmonid survival and productivity, as
estuaries serve as important nursery habitat for juveniles (Glick et al. 2007; Crozier et al. 2019).
Rates of sea level rise for Humboldt Bay are projected to be the highest in California according
to recent estimates (Patton et al. 2017). This means that the Humboldt Bay area will likely be
affected by sea level rise sooner than other areas of the California coast (Anderson 2018). Sea
level rise may increase the area of estuarine habitats, which would increase habitat availability
for rearing in some places.
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6.2.9 Conclusions
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Climate change impacts have many implications for salmonids including NC summer steelhead
and are likely to exacerbate other threats that are already present. The cumulative effects of
both natural and anthropogenic factors that contribute to severe sedimentation, altered flow
regimes, pollution, changes to stream morphology, decreased habitat suitability, and habitat
destruction, will be amplified by the consequences of a changing global climate. As a result, NC
summer steelhead will likely experience accelerated habitat loss and degradation, reducing the
availability of suitable habitat and limiting their ability survive and reproduce throughout their
range.
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6.3 Disease
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A myriad of diseases caused by bacterial, protozoan, viral, and parasitic organisms can infect
steelhead in both the juvenile and adult life stages. These diseases include bacterial kidney
disease (BKD), Ceratonova shasta, columnaris, furunculosis, infectious hematopoietic necrosis
virus (IHNV), redmouth and black spot disease, erythrocytic inclusion body syndrome, and
whirling disease (NMFS 2011). Though steelhead have coevolved with some of these
microorganisms, the introduction of non-native hatchery stocks has exposed native populations
to foreign pathogens not historically found in the watershed (NMFS 2011). Natural-origin
steelhead have been shown to be less vulnerable to infection by pathogens than hatchery-
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propagated steelhead (Buchanan et al. 1983 as cited in NMFS 2011), thus reducing the
likelihood of disease outbreaks in wild steelhead populations (NMFS 2016b). C. shasta, a
myxosporean protozoan, has posed substantial issues in the Klamath River basin particularly for
Chinook Salmon (Fujiwara et al. 2011); however, steelhead have been shown to have an innate
resistance to C. shasta and are generally not infected by the parasite (Stone et al. 2008).
Warming stream temperatures can also increase infection rates as a result of several factors
(Crozier et al. 2008).
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Although Department pathologists have observed several types of endemic bacterial infections
and external parasites in MRH steelhead, treatment of water entering the hatchery with
ultraviolet light has significantly diminished disease and pathogen issues (CDFW 2016). Yearling
fish are also inspected prior to their release to ensure they are healthy before entering the
natural environment. (CDFW 2016). Given the limited hatchery production of steelhead in
Northern California, disease attributed to hatcheries likely has a negligible effect on summer
steelhead populations and is not thought to be a major threat to steelhead in the Northern
California DPS (NMFS 2016b).
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6.4 Hatcheries
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6.4.1 Mad River Hatchery Winter Steelhead
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The Mad River Hatchery winter steelhead program has been in operation since 1971 and using
broodstock collected from the South Fork Eel River through 1973. The hatchery also introduced
37,000 and 20,000 Russian River steelhead fry in 1984 and 1985, respectively (CDFW 2016).
Given how few fish were planted, it is doubtful these more recent events affected the Mad
River steelhead population structure in the long term (Spence et al. 2008). By 1974, returns to
MRH were enough to supply the hatchery’s production needs and all subsequent broods have
been produced from steelhead returning to the hatchery (Cramer et al. 1995). However,
beginning in 2017, the Department integrates natural-origin winter run steelhead into the
breeding program at a 1:1 ratio with adipose marked hatchery fish (CDFW 2016).
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In addition to releases into the Mad River, MRH steelhead were outplanted as part of a “Coastal
Steelhead Planting and Release Program” in the mid-1970s (Will 1976 – 1978 as cited in Cramer
et al. 1995). This program included plantings in the Smith, Eel, Garcia, Gualala, Trinity, Klamath,
and Van Duzen rivers and Lagunitas Creek (Will 1976 – 1978, Kelley et al. 1987 as cited in
Cramer et al. 1995; Yoshiyama and Moyle 2010). Steelhead from the Eel River and Redwood
Creek were also planted in Lagunitas Creek (CDFG 1983 as cited in Cramer et al. 1995). Plantings
after broodyear 1980 were only allowed in the basin where the hatchery was located (Cramer
et al. 1995). The discontinuation of outplanting should have curtailed impacts of out-of-basin
hatchery fish on wild populations. McEwan and Jackson (1996) noted that steelhead eggs have
been collected at VAFS, reared at MRH, and released as yearlings back into the upper Eel River.
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According to Steiner Environmental Consulting (1998) as quoted in Yoshiyama and Moyle
(2010), planting of VAFS steelhead stock raised at MRH continued from 1965 through 1995.

3234
3235
3236
3237
3238
3239
3240
3241
3242
3243
3244
3245
3246
3247
3248
3249
3250
3251
3252
3253
3254

Mad River Hatchery has released about 150,000 winter steelhead smolts annually since 2009
(Moyle et al. 2017). MRH steelhead could have detrimental genetic effects on natural-origin NC
steelhead DPS range as a result of inbreeding (NMFS 2008 as cited in CDFW 2016).
Interbreeding of hatchery- and natural-origin stocks can reduce fitness and productivity of the
natural stock. Hatchery fish are not exposed to the same natural selection pressures that
control fitness in the wild and are subjected to a different selective environment in the
hatchery setting (CDFW 2016). Altered genetic composition and phenotype, affecting
characteristics such as adult size, smolt age, emigration timing and size, fecundity, and egg size,
are consequences of hybridization of hatchery fish with natural-origin salmonids, especially
when they are genetically dissimilar (Spence et al. 2008). These effects can eliminate local
adaptation of a wild population, which is key to the viability of that population (Spence et al.
2008). As reviewed and analyzed by Christie et al. (2014), multiple studies have found that
hatchery-produced salmon and steelhead have lower reproductive success and reduced fitness
due to hatchery rearing even when predominantly wild-origin broodstock was used (Araki,
Ardren, Olsen, Cooper, Blouin 2007; Araki, Cooper, and Blouin 2007; Berntson et al. 2011;
Thériault et al. 2011; Hess et al. 2012; Ford et al. 2013; Milot et al. 2013). Araki et al. (2009)
found that wild-born Hood River steelhead with two hatchery-origin parents had lower
reproductive fitness than steelhead with two wild parents and fish with one hatchery-origin and
one wild parent had intermediate reproductive fitness. These results suggest that hatchery
supplementation could have cumulative negative effects on wild population abundance and
fitness that are not only environmental but also genetic (Christie et al. 2014).
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Recent genetic analysis shows that historical Mad River winter steelhead collections from the
1970s clustered with Eel River steelhead due to the use of Eel River broodstock in early
hatchery operations (Fong 2020). It seems; however, that the Eel River steelhead were never
permanently established since contemporary Mad River steelhead populations are more closely
related to steelhead from Redwood Creek than those from the Eel River, following the isolation
by distance model. Contemporary MRH broodstock are somewhat diverged from historical Mad
River collections possibly as a result of hatchery management practices like having few effective
breeders and, until recently, not incorporating natural-origin broodstock (Fong 2020).
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Through the new Hatchery and Genetic Management Plan (HGMP), MRH has implemented
measures to counteract potential negative genetic effects. The hatchery now aims to
incorporate natural-origin winter steelhead in their broodstock at a 1:1 ratio with marked
hatchery fish to achieve a proportionate natural influence (PNI) of at least 0.5 (CDFW 2016).
Implementing a requirement of 0.5 PNI for hatchery broodstock is a significant improvement to
hatchery operations, however, it does not immediately reverse genetic impacts already accrued
through previous hatchery propagation.
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Hatchery winter steelhead likely do not interact frequently with summer steelhead on the Mad
River. The MRH HGMP states that because yearlings are planted directly in the river during flow
surges, it is unlikely that the fish travel back upstream, rather, they rapidly make their way to
the ocean in large schools (Flagg et al. 2000; CDFW 2016). They concluded that any mixed-stock
interactions likely only occur downstream of the hatchery; however, the possibility of
interbreeding between summer steelhead and MRH-produced fish remains. Leider et al. (1984)
suggests that although observed reproductive overlap was low between wild summer and
winter steelhead in the Kalama River basin, Washington, there was likely a small amount of
gene flow due to spatial and temporal overlap of distribution of spawning fish (Leider et al.
1984). Evidence of heterozygosity at the GREB1L locus associated with salmonid migration
timing, as discussed in Section 3.6, Genetics and Genomics suggests that winter and summer
steelhead within the same river basin do interbreed frequently enough to be reflected in their
genotypes (Prince et al. 2017; Pearse et al. 2019; Kannry et al. 2020).
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MRH steelhead likely have a greater impact on natural-origin winter steelhead than they do on
summer steelhead in the Mad River given their spatial and temporal overlap during spawning.
The same is likely to be the case in other NC Steelhead DPS streams that may receive MRH
steelhead strays. The concept of adult salmonid straying has become a widespread concern of
salmonid biologists and managers. The magnitude of the effects of hatchery-origin strays on
natural populations depend on the number of donor strays and the size of the natural-origin
recipient population (Grant 2012; Bett et al. 2017). Straying of hatchery fish into non-natal
streams, especially those with small populations, can have the potential to significantly affect
the genetic composition of recipient populations and loss of local adaptations (Grant 2012).
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Direct genetic effects of hatchery production on wild fish can include: 1) reduction in betweenpopulation genetic variance, and 2) outbreeding depression (Waples 1991a). Hybridization,
though it can increase average genetic diversity within the hybridizing populations, decreases
genetic diversity between those populations. Maintaining genetic and phenotypic diversity
between different populations is essential in buffering the effects of unexpected or periodic
changes in the environment on steelhead productivity and survival (Riggs 1990 as cited in
Waples 1991a). In addition to the risk of homogenization and domestication, outbreeding
depression can also be a consequence of hybridization between populations. Outbreeding
depression is a decrease in fitness within a population as generations of offspring become more
genetically distant from the parental stocks in the initial hybridization event (Waples 1991a).
This occurs when a locally adapted wild gene pool becomes swamped by genes from divergent
hatchery fish. NMFS (2016b) had classified the MRH program as a high threat to both winter
and summer steelhead due to concerns over outbreeding depression and reduced productivity
(NMFS 2016b). The recently issued HGMP attempts to mitigate negative impacts from the
hatchery.
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Indirect genetic effects of hatchery production on wild fish can include: 1) reduced population
size, and 2) altered selection regimes (Waples 1991a). Artificial propagation can lead to
decreases in natural-origin population sizes as a result of increased competition, predation, and
disease (Steward and Bjornn 1990), although sometimes direct negative effects of hatchery
propagation on natural-origin population size may be difficult to prove (Courter et al. 2019).
Significant reductions in population size over a short period of time can pose a high risk of
extinction from serious environmental changes. Long-term effects of reduced population size
can include genetic bottlenecks, although these must last for multiple generations for
significant inbreeding to transpire (Waples 1991a). Factors affecting abundance can also modify
selective pressures causing direction genetic changes in natural-origin populations. These can
include both ecological and management-induced pressures, i.e., selective predation on specific
sizes or phenotypes or flow allocations that are based on timing of hatchery juvenile releases
(Waples 1991a). The recent HGMP attempts to minimize any adverse consequences to natural
origin fish in streams where hatcheries are present.
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Even without significant genetic effects incurred by interbreeding, other ecological effects of
MRH-produced fish should be considered when assessing the impact on NC summer steelhead.
As mentioned above, hatchery releases of juvenile fish can increase competition for food or
space within shared habitat and when there are limited resources. Based on where smolts are
released from the hatchery as compared to where natural-origin summer steelhead smolts
begin their migration, it is unlikely there is competition between the two. If any competition
does exist, it would occur downstream of MRH. There are conflicting studies regarding whether
hatchery juvenile salmonids following release are more successful than wild fish or less, though
generally wild fish have been found to have higher survival rates during outmigration
(Jokikokko et al. 2006; Melnychuk et al. 2009; Johnson et al. 2010). Hatchery release strategies,
such as fish size and release date, can have a significant effect on success of hatchery-origin
juveniles (Irvine et al. 2013) and the degree to which they may compete with natural-origin
juveniles in the system (McCubbing et al. 2008), though success of these release strategies
differ between streams and are dependent on local conditions.
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The new HGMP offers a number of risk aversion measures aimed at reducing the ecological and
genetic impacts of hatchery fish on wild stocks throughout the propagation process. As a means
of maintaining the natural run timing, a representative proportion of all returning steelhead will
be selected for spawning based on arrival time and sexual maturity. The HGMP proposes using
a minimum of 50% natural-origin broodstock annually to minimize genetic drift, inbreeding, and
domestication. Also proposed is a 1:1 natural-origin to hatchery-origin spawning ratio to avoid
hatchery stock divergence. Parentage of each egg lot will be tracked by separately incubating
each family group. This also allows culling of eggs to equalize the contribution of each mated
pair to the brood. The HGMP proposes reduced production numbers as well as release of
yearling steelhead in turbid, high flows to promote rapid downstream migration (CDFW 2016).
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6.4.2 Mad River Hatchery Summer Steelhead
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It is unknown what affects, if any, linger from the past summer steelhead propagation program,
which ended a quarter century ago with the release of broodyear 1995 summer steelhead. Eggs
from Skamania Hatchery on the Washougal River in Washington were used to start the
propagation program in 1971. In 1972 and 1973, 100,000 summer steelhead fingerlings were
instead obtained from Trinity River Hatchery due to broodstock shortages at Washington State
hatcheries. The Mad River Hatchery collected and spawned its own broodstock for the years
1974 – 1977 and then in 1978 augmented with Washougal strain yearlings from Silverado Fish
Station in Yountville, CA. In 1976 a total of 222 summer steelhead returned as adults to MRH,
though returns ultimately decreased over time (CDFW 2016). Table 6.1 shows total summer
steelhead releases from MRH from 1972 through 1996.
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Hybridization of Washougal strain summer steelhead with native Mad River summer steelhead
could have resulted in decreased fitness of the native stock due to the genetic and ecological
effects mentioned previously in this section; however, there is little evidence to support or
refute definitive interbreeding between these two stocks. Cramer et al. (1995) deduced that
the introduced Washougal strain summer steelhead were spawning naturally in the Mad River
given the returns of summer steelhead after 1988 when there had been no smolt releases for
three years. Following the termination of the summer steelhead artificial propagation program,
it is unknown whether the introduced Washougal summer steelhead persisted in the system.
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Table 6.1. Total summer steelhead releases from MRH during the period of 1972 through 1996
(CDFW 2016).
Year
1972
1972
1976
1976
1978
1979
1979
1979
1980
1980
1981
1981
1982
1983
1983
1986

Number
Planted
67,030
10,400
17,897
59,893
35,034
56,335
96,000
14,200
21,000
128,500
52,355
33,750
60,000
30,015
28,060
102,384

Size
(fish/lb)
64.8-67.7
87.2
11.0
32.2-32.4
13.4
6.5
10.0
7.1
8.0
10.0
10.0-11.4
12.5
15.0
6.0
4.0
4.8

Year
1987
1987
1987
1987
1987
1989
1990
1990
1991
1992
1992
1993
1994
1994
1995
1996
1996

Number
Planted
21,655
20,075
37,260
24,790
21,760
79,205
147,395
2,205
79,002
74,500
40,380
96,000
75,000
96,990
51,600
54,900
72,600

Size
(fish/lb)
6.1
5.5
6.9
6.7
3.4
7.3
8.2
3.0
6.3
5.0
12.0
6.0
100.0
5.3
4.3
6.1
4.4
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6.4.3 Eel River Steelhead Planting
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There were also significant steelhead planting efforts in the Eel River system throughout the
1900s. Steelhead egg collection began on Price Creek in 1902. Another egg collecting station
was constructed on Howe Creek for steelhead propagation (CFC 1902 as cited in Yoshiyama and
Moyle 2010). Over nine million steelhead (run unspecified) have been planted in the Eel River
since 1900 (SEC 1998 as cited in Yoshiyama and Moyle 2010). Many steelhead were planted in
the South Fork Eel River between 1956 and 1965, though plantings continued through 1995.
Most plantings on the mainstem Eel River were released at VAFS between 1965 and 1995 and
were predominantly Eel River stock, though some Mad River stock was used for the 1974 and
1978 plantings (SEC 1998 as cited in Yoshiyama and Moyle 2010). Steelhead egg collection at
VAFS, which was established by Snow Mountain Light and Power Company, occurred from 1907
to 1997 (NMFS 2002). Rearing of Eel River steelhead eggs was integrated into other hatchery
programs, MRH and Don Clausen Hatchery on the Russian River, by 1975 (NMFS 2002).
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Steelhead egg collection has also occurred on Yager Creek, a tributary of the Van Duzen River,
since 1972. The Yager Creek Hatchery facility, owned by Pacific Lumber Company (PALCO), was
constructed in 1976 to collect Chinook salmon and steelhead eggs mainly for release on PALCO
property. In 1993, satellite facilities on the South Fork Yager Creek and Corner Creek were
constructed (CDFG 1999 as cited in NMFS 2002). The hatchery on Yager Creek was operated
from 1977 through 2000 (HRC 2009).
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6.5 Predation
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6.5.1 Freshwater Predation
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Predation is not thought to be a major threat to summer steelhead or a primary cause for their
decline, with the exception of predation by Sacramento pikeminnow in the Eel River system.
Steelhead have coevolved with natural, native predators and have been subject to natural rates
of predation in all life stages. Predators in the freshwater environment can be both native and
non-native and include aquatic, terrestrial, and avian species. Avian predators can be American
Dippers (Cinclus mexicanis), gulls (Larus spp.), Belted Kingfishers (Megaceryle alcyon), herons
(Ardea spp.), Common Mergansers (Mergus merganser), and Osprey (Pandion haliaetus)
(Spence et al. 1996). As the quality of river and estuary habitat decreases, avian predation likely
will increase. River otters are also salmonid predators and have been documented to consume
steelhead in Northern California streams (Moyle et al. 1995). Otter predation may fluctuate
year to year but has been documented to be most substantial when their preferred prey
sources are less available (Moyle et al. 1995). Although otter predation has not been studied or
quantified, it may be intensified in areas that have experienced decreased pool depths, loss of
pools due to sedimentation, lack of LWD, and increased stream temperatures (M. Sparkman,
CDFW, pers. comm., 10 July 2020). River otter predation was mentioned in 1980 as a potential
problem on the Middle Fork Eel River that may need to be addressed (Jones and Ekman 1980).
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The predator species mentioned above that has caused special concern over its effects on
steelhead populations in the Northern California DPS is the Sacramento Pikeminnow, which is
native to California’s Central Valley, but was illegally introduced into the Eel River Basin around
1979 or 1980 (Moyle 2002; Yoshiyama and Moyle 2010). Sacramento Pikeminnow currently
inhabit all sub-basins of the Eel River system (Moyle 2002). Warmer water temperatures have
made the Eel River more suitable for Sacramento Pikeminnow than native salmonids, allowing
the non-native species to spread throughout the system within about a decade of introduction
(Higgins et al. 1992). Although salmonids are not a typical prey item under normal conditions,
Sacramento Pikeminnow can consume large numbers of juveniles especially in higher
temperatures when their metabolic rate increases (Moyle 2002).
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Nakamoto and Harvey (2003) found that in the mainstem Eel and South Fork Eel rivers,
Sacramento Pikeminnow exhibited non-selective feeding behavior, though they became
increasingly piscivorous at larger sizes (Nakamoto and Harvey 2003). Salmonids only accounted
for a small proportion of their diet overall, especially for small Sacramento Pikeminnow.
However, steelhead made up 23% of the diet of large Sacramento Pikeminnow (>250 mm
standard length) in the South Fork Eel River from late season sampling in August. One sample
site on the South Fork Eel River showed particularly high rates of late season predation on
steelhead and was thought to have a high concentration of steelhead in the presence of large
Sacramento Pikeminnow (Nakamoto and Harvey 2003). Results from this study suggest that
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Sacramento Pikeminnow will consume steelhead if they are present and areas where relative
abundance of steelhead is high compared to other prey items may be hotspots for predation.

3425
3426
3427
3428
3429
3430
3431
3432

Steelhead declines between Scott and Cape Horn dams have been documented and attributed
to the widespread presence of Sacramento Pikeminnow (SEC 1998). The species tends to
congregate in main channels as well as near tributary confluences during the spring presumably
feeding on young salmonids that are emigrating to the ocean during that time of year (SEC
1998). In lower water years, Sacramento Pikeminnow likely pose a more severe threat to
juvenile salmonids due to higher, more suitable temperatures for the non-native fish and lower
abundances of salmonids (SEC 1998). Further study of Sacramento Pikeminnow foraging could
elucidate predation threats to NC summer steelhead throughout the Eel River drainage.
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6.5.2 Marine Predation
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Marine predation specifically targeting steelhead is not well documented or understood.
Primary predators of salmonids in the marine environment are pinnipeds such as harbor seals
(Phoca vitulina), California sea lions (Zalophus californianus), and Stellar sea lions (Eumetopia
jubatus) (Spence et al. 1996). Seals and sea lions are known to hunt mostly in the saltwater
environment and estuary but can also travel into rivers to pursue migrating fish (M. Sparkman,
CDFW, pers. comm. 10 July 2020; Spence et al. 1996). Though steelhead have been found to
compose less than 20% of the pinniped diet (Jameson and Kenyon 1977; Roffe and Mate 1984),
the recent increases in pinniped populations in Oregon and California (most notably harbor
seals and California sea lions) have caused concern in regards to declining numbers of
salmonids (NMFS 2011). Hanson (1993 as cited in NMFS 2011; NMFS 2016b) specifically
mentioned Humboldt Bay and the Mad River as areas where sea lions may feed on salmon and
steelhead. Pinniped predation has not been considered to be a factor contributing to the
declines of NC steelhead populations (NMFS 2011; NMFS 2016b). However, predatory wounds
from otters, seals, and sea lions have been documented on up to 50% of first time returning
adult steelhead at MRH (M. Sparkman, CDFW, pers. comm., 10 July 2020).
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6.6 Competition
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Steelhead generally do not compete with non-salmonid species. One exception may be
competition between juvenile steelhead and juvenile Sacramento pikeminnow in the Eel River
system (Reese and Harvey 2002). When it comes to interaction with other salmonids, O. mykiss
tend to be very aggressive and defend their freshwater feeding territories (Moyle 2002).
Juvenile steelhead are also more equipped to occupy fast water habitats than other salmonids
due to their more cylindrical body type, smaller median fin size, and larger paired fins (Bisson et
al. 1988). These physical characteristics are ideal for holding in faster moving water (Bisson et
al. 1988).
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Segregation of steelhead from other salmonids cooccurring in streams into different
microhabitats has been observed during spring and summer due to competition for space
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(Hartman 1965; Everest and Chapman 1972). Hartman (1965) showed habitat segregation was
most pronounced between Coho Salmon and steelhead during the spring and summer with
steelhead occupying and defending riffle habitat, whereas Coho Salmon occupied and defended
pool habitat. Hartman (1965) observed no habitat segregation between Coho Salmon and
steelhead during the winter when they were found coexisting in pools. This is likely because fish
exhibited less aggressive behavior and environmental demands were different between the
species (Hartman 1965). Nilsson (1956) postulated that spatial segregation occurs in sympatric
populations of species that are closely related due to the tendency of a species to compete
under conditions to which it is best adapted, giving them an advantage over the other species
(Nilsson 1956 as cited in Hartman 1965). However, O. mykiss have been observed to experience
competitive pressures from other salmonid species, including from non-native Brown Trout.
When adult Brown Trout have been found in streams with steelhead, they tend to edge
steelhead into faster moving water lacking cover, exposing steelhead to greater predation and
angling threats (Moyle 2002). Juvenile Brown Trout have been found to displace juvenile
Rainbow Trout into deeper, faster water than they would otherwise prefer when Brown Trout
are absent (Gatz et al. 1987). A similar pattern was observed by Young (2004) who reported
that juvenile Coho Salmon with a natural size advantage pushed steelhead into riffle habitat.
This asymmetric competition, therefore, was found to reduce niche overlap between Coho
Salmon and steelhead. Young (2004) also determined that steelhead tended to be more
generalist in terms of habitat preference, using riffle habitat even in the absence of Coho
Salmon.
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Intraspecific competition among steelhead can also occur, especially in shallow, degraded
waterways. Abundant smaller steelhead in these environments may outcompete and stunt the
growth of larger steelhead; however, Everest and Chapman (1972) observed inter- and
intraspecific size groupings that minimized interaction of different sized pre-smolts of steelhead
and Chinook Salmon (Everest and Chapman 1972). As they increased in size, juvenile fish were
shown to move into microhabitats with deeper, faster-moving water (Everest and Chapman
1972).
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6.7 Genetic Diversity
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Genetic diversity provides a species with the raw materials that allow flexibility in responding to
and surviving long-term environmental changes and short-term random events (Waples et al.
1990; Allendorf et al. 1997; McElhany et al. 2000). Genetic variation of a species is
characterized at two levels: 1) the quantity and type of variability within populations, and 2) the
degree of differences among populations (Waples 1990). Within population diversity includes
measures such as heterozygosity and number of alleles per locus. Diversity among different
wild populations is mainly a result of the effects of reproductive isolation, genetic drift, gene
flow, and local adaptation through selection.
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Loss of genetic variation can translate to loss of alleles, loss of heterozygosity, or changes in
allele frequencies. All potential genetic variation has a chance of being adaptive, non-adaptive,
or maladaptive, and can positively or negatively impact the nature and persistence of breeding
populations. Risks correlated with loss of genetic diversity have been investigated in several
published papers including Waples (1991a), Currens and Busack (1995), Utter (1998), and
McElhany et al. (2000).
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Biodiversity and its genetic foundations should be preserved for three main reasons (McElhany
et al. 2000):
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1. It provides the flexibility to make use of a wider variety of environments, i.e.,
differential run and spawn timing allowing for the use of a greater range of spawning
habitat than would otherwise be possible without this variation.
2. It shields a species from short-term environmental changes that would otherwise
wipe out or severely diminish abundance; the more diverse a population is, the
more likely that some individuals would survive and reproduce even if others
perished.
3. Genetic diversity provides species with the raw material for persisting through longterm ecological variations allowing them to adapt to changes in the freshwater,
estuarine, and ocean environments caused by natural processes or human-induced
effects.
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Loss of genetic diversity can be a consequence of inbreeding depression, which is the same as
outbreeding depression, except that it involves individuals of the same population breeding
with each other rather than hybridization of a wild stock with an outplanted hatchery stock.
Inbreeding depression can result in a greater proportion of homozygotes with deleterious,
recessive alleles, which reduces the fitness of a population and increases local extinction risk
(Waples 1991a).
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Decrease in population size, and associated reductions in effective population size, is one of the
main causes of genetic diversity loss. Loss of genetic diversity per generation is related to the
effective population size (Ne), which is the number of effective breeders (Allendorf et al. 1997)
and is generally much smaller than the total population size (Nt). The ratio of Ne/ Nt was
estimated by Allendorf et al. (1997) to be around 0.2 for natural populations of salmonids.
Effective population size is often used to estimate population size targets for conservation
(McElhany et al. 2000), but the minimum effective population size necessary to maintain
enough genetic variation and avoid inbreeding depression has been debated among scientists.
Waples (1990) suggested that, based on the probability of losing rare alleles, 100 effective
breeders would be enough to maintain genetic variation in salmon over the short term. Franklin
(1980) and Soulé (1980) proposed that at least 500 effective breeders is necessary to avoid
long-term loss of genetic variation (Franklin 1980, Soulé 1980 as cited in Lande 1995). Lande
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(1995) suggested that an effective population size of 5,000 may be necessary to maintain
adaptive genetic variation in a population.
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Applying the Ne/Nt estimate from Allendorf et al. (1997) to the minimum effective population
size from the literature cited above (500), the target minimum population size per generation
sufficient to maintain long-term genetic variation is 2,500. Assuming an average generation
time of four years for NC summer steelhead, the rough number of NC summer steelhead
breeders per year needed to maintain acceptable amounts of genetic diversity is 625. Given
that most NC summer steelhead total population sizes, except that of the Middle Fork Eel River,
fall below this number (Table 4.2), none of their effective population sizes would be close to
625 breeders using the Ne/Nt ratio from Allendorf et al. (1997). Thus, all NC summer steelhead
populations likely have a high potential for the loss of genetic variation. Summer steelhead
possess important genetic variation that contributes to overall diversity of steelhead in the NC
DPS and should be conserved.
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6.8 Habitat Condition
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Habitat condition is a major factor in the persistence of NC summer steelhead and has been
affected by many anthropogenic factors. These activities in conjunction with natural processes
and catastrophic events have impaired habitat quality and availability in all NC summer
steelhead streams. One of the biggest issues that is common among all watersheds that
support summer steelhead in the NC steelhead DPS is sedimentation. Timber harvest activities
and road building, in particular, have contributed greatly to this problem. The combination of
inherently unstable terrain with road construction and deforestation has caused severe erosion
and sediment loading. Turbidity levels are high in these systems and much of the pool habitat
has been eliminated (NMFS 2016b). Loss of habitat complexity from removal of riparian flora,
lack of instream wood, filling of pools, and channel aggradation and widening impairs these
watersheds as well. Low flow conditions are common to all NC summer steelhead streams and
seasonal low flows are further reduced by water diversions including major dams on the Eel
Rivers (NMFS 2016b). In contrast, Matthews Dam on the Mad River supplies water during
summer months, which would not otherwise occur (M. Sparkman, CDFW, pers. comm., 10 July
2020). Though temperature can be an issue in areas of all NC summer steelhead watersheds, it
affects some streams more than others (NMFS 2016b). Redwood Creek specifically is highly
temperature-impaired especially in the middle and upper mainstem (Sparkman 2017) while in
the Mad River, water temperature is only problematic in some areas of the watershed with
some tributaries and mainstem areas having temperatures that likely sustain steelhead rearing
all year (NMFS 2016b).
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General impacts on NC summer steelhead streams are listed below with primary causal factors
in parentheses:
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•
•
•

•
•
•
•
•
•

Obstruction and sedimentation of spawning and rearing habitat (dams, artificial
barriers, road construction, and landslides)
Alterations to natural flow regimes (dams, water diversions, artificial barriers, and
road construction)
Altered sediment transport and increased gravel embeddedness, and reduction of
gravel particle sizes suitable for spawning (dams, artificial barriers, and road
construction)
Destabilization of inherently unstable topography (timber harvest and road
construction)
Reductions of riparian cover habitat (timber harvest, road construction, and
livestock grazing)
Increased erosion and mass wasting resulting in sediment loading (timber harvest,
road construction, gravel mining, and livestock grazing)
Reduced water quality from nutrient loading and suspended fines (livestock grazing
and marijuana grows)
Higher stream temperatures (timber harvest and water diversions)
Reduced habitat complexity (timber harvest and road construction)
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6.8.1 Timber Harvest
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Timber harvest began in the northwestern region of California in the mid-nineteenth century.
Large-scale harvest ramped up in the mid-twentieth century and continues today in watersheds
both historically and currently inhabited by NC summer steelhead. Lands used for timber
harvest, both public and private, make up a large proportion of the NC summer steelhead
range. In Humboldt County, Timber Production Zones, which are areas devoted solely to
growing and harvesting timber, make up almost half of the total land area, or about 1,009,000
acres (Humboldt County 2012). In Mendocino County, there are over 850,000 acres of Timber
Production Zone lands, making up 38% of the total land area (Mendocino County 2009).
Consequences of logging that directly affect steelhead are sedimentation, increased water
temperatures, removal of canopy cover, instream habitat destruction, reduced woody debris
instream, and changes in flow regimes (Moyle et al. 2017). For example, the Eel River and its
tributaries experienced widespread channel aggradation and braiding, which degraded
steelhead spawning and rearing habitat, created more obstructions to juveniles migrating
downstream, and reduced productivity of aquatic invertebrates, which are a primary prey
source for juvenile steelhead (Moyle et al. 2017).
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Much of the summer steelhead range in California is characterized by severely unstable
geology, which, in conjunction with significant seasonal precipitation in these areas, has caused
massive sediment loads to be flushed into the stream channels (Roelofs 1983; Madej and Ozaki
1996). Sedimentation typically occurs as a result of mass wasting processes (Swantson and
Swanson 1976). Although these mass wasting events sometimes occur naturally, often they are
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triggered or worsened by timber harvest activity. Sediment loading can fill pool habitat used by
summer steelhead for holding and rearing, embed spawning habitat with fines, and raise the
streambed creating shallower runs and riffles (Madej and Ozaki 1996; Moyle et al. 2017).
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Deforestation can also substantially reduce slope stability and soil strength, as well as alter
rainfall and snowmelt hydrology and increase debris in stream channels (Swantson and
Swanson 1976). Canopy cover regulates the amount of precipitation that reaches the forest
floor through interception and evapotranspiration. Controlling moisture absorption helps
maintain resistance of the land to mass sliding, which can occur via mobilization of clay or
surface soil movement when highly saturated. Tree canopy also controls the rate at which
precipitation infiltrates the soil and mitigates severe rain-on-snow runoff (Swantson and
Swanson 1976). Peak winter flows enhanced by vegetation removal have higher potential to
scour redds or suffocate them in sediment (Lisle 1989 as cited in Nakamoto 1998). Root
systems of trees also stabilize hillslopes through vertical anchoring and, especially in areas of
highly unstable terrain, root structures can be key in sustaining slope stability (Swantson and
Swanson 1976). Removal of riparian vegetation can also have a substantial impact on stream
temperatures. Riparian canopy serves as shade and helps mitigate rising stream temperatures
during the summer. It also provides cover habitat for fish and can act as thermal refugia. Timber
harvest also results in less available LWD, a key habitat feature for salmonids.
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In addition to the logging activity itself, methods used to transport harvested timber have had a
significant effect on salmonid habitat. Historically, log driving was the main method for lumber
transportation. Log driving uses stream flow to float logs downstream in loose aggregations
(Sedell et al. 1991). As timber adjacent to streams was logged and timber harvesters had to
haul wood from farther distances, instream alterations became more extensive including
construction of splash dams and sluiceways as well as dredging of canals (Sedell et al. 1991).
Other alterations to “improve” streams for better log transportation included blocking off of
sloughs, swamps, low meadows, and wide banks to keep wood in the main channel, and
blasting of instream obstacles like large boulders or accumulations of LWD (Sedell et al. 1991).
Alterations of this nature disrupt the normal flow patterns of a stream and pose threats to
salmonid spawning and egg incubation (Sedell et al. 1991).
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Modern log transportation now relies on trucks and log driving via streams is no longer used in
California; however, construction of forest roads for use in the harvest of timber can also be
severely damaging most notably due to erosion or failure and subsequent sediment loading in
streams (Yee and Roelofs 1980; Reid 1998). A 1973 comprehensive review of literature on the
impacts of timber harvest on streams concluded that forest roads are the largest human cause
of erosion (Gibbons and Salo 1973). Sediment transport from roads into streams most often
occurs through mass soil movement and surface erosion (Yee and Roelofs 1980), though even
small amounts of erosion can have cumulative impacts. Construction of roads over steep
terrain can also cause or aggravate slope failure (Yee and Roelofs 1980). In addition to erosion,
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road culverts can also be barriers to anadromous migration (Yee and Roelofs 1980). There are
numerous culverts within the NC summer steelhead range that do not provide suitable access
for adult and juvenile salmonids (M. Sparkman, CDFW, pers. comm., 10 July 2020). Culvert
failure can also add sediment to streams and rivers.
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Other effects of logging can be indirect, such as reduced resistance to wildfires. In coastal areas
of Northern California, forest management focused on tree production has led to more
frequent fires with increased severity (Moyle et al. 2017). A practice called “salvage logging,”
which is the removal of dead trees following a fire, can increase erosion and reduce the amount
of LWD available for salmonid habitat (Moyle et al. 2017). Timber harvest activity can also
increase access to characteristically remote summer steelhead habitat and increase the
potential for poaching via the construction of logging roads (Roelofs 1983).
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During the last century of timber harvest in coastal Northern California, harvest practices have
evolved dramatically, primarily due to changes in technology, decreasing availability of larger or
higher quality logs, and state and federal legislation. There are also many more restrictions in
place to help maintain aquatic habitat and water quality. Current forest practices in California,
in fact, have been shown to sometimes result in favorable habitat modification, such as
increased water yield (Keppeler 1998 as cited in CDFG 2002), increased insect productivity
(Hicks et al. 1991), and increased salmonid productivity (Graves and Burns 1970; Nakamato
1998). However, increased smolt yield observed by Graves and Burns (1970) may have been a
result of premature emigration due to decreased favorable rearing habitat after forest road
construction, and Nakamoto (1998) states that benefits of logging activity to steelhead in the
short-term may not last. Burns (1972) found that if proper measures were implemented to
protect stream habitat and the watershed, logging practices could enhance anadromous fish
production. See Table 6.2 for an overview of potential positive and negative effects of forest
practices on the stream environment and salmonid habitat and biology.
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Regardless of improved techniques and regulation, legacy effects from a long history of timber
harvest remain in the coastal watersheds of Northern California. Legacy effects such as
sedimentation and slope instability continue to impact salmonid habitat long after logging
activity has ended since recovery from these issues can take many decades if not longer
(Murphy 1995).
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Table 6.2. Forestry activities and potential changes to stream environment, salmonid habitat, and salmonid biology (CDFG 2002
adapted from Hicks et al. 1991).
Forest Practice
timber harvest in the
riparian zone

Potential effects to
stream environment
Increased incident solar
radiation

Potential effects to salmonid
habitat
Increased temperature, light
levels, and primary production

decreased supply of
LWD

decreased cover, storage of
gravel and organic debris, and
protection from high flows; loss
of pool habitat and hydraulic
and overall habitat complexity
increase in number of pools and
habitat complexity; creation of
debris jams
increased oxygen demand,
organic matter, food, and cover
reduced cover and stream
depth

increased, short-term
input of LWD
increased influx of slash
stream bank erosion

timber harvest on upslope
areas

altered stream flow

Increased erosion and
mass wasting

increased in-stream fine
sediment; reduced food supply
temporary increase in summer
stream flow
increased severity of peak flows
during storm season; bedload
shifting
Increased in-stream fine
sediment; reduced food supply

Potential effects to salmonid biology
increased susceptibility to disease;
increased food productivity; changes in
growth rate and age at smolting
decreased carrying capacity, spawning
gravel, food production, and winter
survival; increased susceptibility to
predation; loss of species diversity
increased carrying capacity for juveniles
and winter survival; barrier to migration
and spawning and rearing habitat
decreased spawning success; shortterm increase in growth
increased carrying capacity for fry;
decreased carrying capacity for older
juveniles; increased predation
reduced spawning success; slower
growth rates for juveniles
temporary increase in survival of
juveniles
increased egg mortality

Reduced spawning success, growth and
carrying capacity; increased mortality of
eggs and alevins; decreased winter
hiding space and side-stream habitat

Forest Practice

Potential effects to
stream environment

timber harvest on upslope
areas and road construction
and use

increased nutrient
runoff
stream crossings

Scarification and slash
burning
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Potential effects to salmonid
habitat
increased in-stream coarse
sediment

Potential effects to salmonid biology

increased debris torrents;
decreased cover in torrent
tracks; increased debris jams
increased primary and
secondary production
barrier in stream channel;
increased sediment input

blockage to migration of juveniles and
spawning adults; decreased survival in
torrent tracks
increased growth rate and summer
carrying capacity
blockage or restriction to migration;
reduced spawning success, carrying
capacity and growth; increased winter
mortality
temporary increased growth rate and
summer carrying capacity

increased nutrient
runoff

increased primary and
secondary production

increased input of fine
organic and inorganic
sediment

increased sedimentation in
spawning gravels and
production areas; temporary
increase in oxygen demand

increased or decreased carrying
capacity

decreased spawning success; increased
mortality of eggs and alevins
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6.8.2 Roads
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Road networks are components of various land-use activities and are widespread throughout
California’s watersheds. The process of road building can damage stream habitat and riparian
corridors as a result of channelization from roads built on top of stream banks. Continued use
of roads that meander through riparian habitats increase runoff and deposit contaminants (e.g.
engine oil, gasoline) into adjacent streams. Increased watershed imperviousness as a result of
roads with impermeable surfaces such as compacted dirt, gravel, or pavement, has been found
to alter natural flow regimes, stream morphology, natural erosion processes, and water
chemistry of lowland streams used for salmonid spawning and rearing in the Puget Sound area
of Washington (May et al. 1997). This assuredly occurs elsewhere where logging roads parallel
the stream channel.
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Roads, especially poorly maintained rural or forest roads, can contribute large volumes of
inorganic sediment into streams and rivers from mass wasting or landslides. Culverts can
change channel morphology and alter natural sediment transport. Culverts and road crossings
can cause habitat fragmentation, acting as barriers to the movement of aquatic organisms
including fish (Warren and Pardew 1998; O’Hanley and Tomberlin 2005; Bouska and Paukert
2009). Negative effects from road construction and use are exacerbated by the unstable
geology of many NC summer steelhead watersheds. In the Van Duzen River, Shaun Thompson
(CDFW) has observed pools up to 14 feet completely filling with sediment over the course of
one winter season. Given there are only about six pools used by summer steelhead for holding
in any given year, poor land use could quickly eliminate this adult holding habitat (S. Thompson,
CDFW, pers. comm., 14 July 2020).

3701

6.8.3 Dams
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Large dams were primarily built for flood protection and sources of water supply, and power
generation in California. Dams that blocked runs of salmon and steelhead mitigated the loss
with hatcheries. Dams have the potential for major ecological and hydrographic impacts on
streams and interrupt the natural cycle of a river over time. Dams impede the transport of
gravels from upstream as well as alter the natural hydrograph, often reducing the volume of
flow necessary for sediment transport and scour. By disrupting natural sediment transport,
water downstream of a dam can possess higher kinetic energy due to lack of sediment load.
This clear, sediment-deprived water may erode and incise the channel as well as coarsen
streambed material (Kondolf 1997). Dams can also reduce natural peak flows downstream.
Without adequate flows to dislodge sediment, fines may accumulate and have the potential to
embed spawning gravels downstream of the dam (Kondolf 1997). Reduced peak flows may
have negative effects on juvenile steelhead, which rely on these flows to emigrate to the ocean.
Adult summer steelhead migrating to their summer holding grounds also depend on these peak
flows, especially to reach areas above flow-dependent barriers. Base flows can be altered, as
well, with consequences stemming from both increases or decreases such as redd scouring or
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dewatering and juvenile stranding. However, in some cases like Matthews Dam on the Mad
River, dam releases of water during summer months ensure water is present and can be
considered beneficial to salmonids, especially summer steelhead (HBMWD 2004). Historically,
summer flows became subsurface and the river channel would go dry during the late summer
and fall, but releases from Ruth Lake now augment downstream flows year-round even in
drought conditions (HBMWD 2004). Additionally, Matthews Dam has relatively little impact
once the reservoir is full and spilling during the winter months (M. Sparkman, CDFW, pers.
comm., 10 July 2020). Changes to normal flow regimes can also increase or decrease water
temperatures downstream by releasing reservoir water that is epilimnetic or hypolimnetic,
respectively (Sylvester 1963 as cited in Kubicek 1977; Moore 1967). Reductions of normal
streamflow below an impoundment can cause increased water temperatures in downstream
areas (Sylvester 1963 as cited in Kubicek 1977). There are three major dams within the NC
summer steelhead range, two of which are complete barriers to anadromy.
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Mad River: Robert W. Matthews Dam (previously known as Ruth Dam) was constructed about
80 miles upstream from the mouth of the Mad River in southern Trinity County in 1961 (CDFG
2002). The intended purpose of the dam was to supply water for industrial and domestic use as
well as provide hydroelectricity. R.W. Matthews Dam is a complete barrier to upstream
migration and influences streamflow downstream of the dam. However, as mentioned above,
Matthews Dam maintains summer flows at 40-60 cfs as measured by the Highway 299 USGS
flow gage (#11481000) on the Mad River. According to the NMFS Multispecies Recovery Plan
(2016b), Matthews Dam is only considered to block about two miles of historical spawning and
rearing habitat, and these two miles likely are made up of low quality habitat, a portion of
which was intermittently dry during the summer (NMFS 2016b).
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Eel River: Scott Dam was built in 1922 and is one of two dams that make up the PVP, along with
Cape Horn Dam. The PVP is owned by PG&E and operates to store seasonal runoff from the
upper Eel River drainage and divert about 90,000 acre-feet of water to the Russian River on an
annual basis (PVP 2019). Scott Dam forms Lake Pillsbury and Cape Horn Dam forms Van Arsdale
Reservoir. A 9,258-foot diversion tunnel moves water from the Eel River to the East Fork
Russian River for municipal and agricultural uses (CDFG 1997a).
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The 12-mile stretch between Scott and Cape Horn dams has high quality spawning and rearing
habitat for salmonids with cool water temperatures, ideal spawning substrate, and decent
riparian cover (CDFG 1997a). Water temperatures are optimal due to releases from Lake
Pillsbury. However, high temperatures downstream of the dam are often lethal to salmonids
and low flows as well as sparsity of riparian cover contribute to the low quality of habitat (CDFG
1997a).
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Construction of Scott Dam and formation of Lake Pillsbury was likely the main cause for the loss
of summer steelhead in the upper Eel River (NMFS 2016b). According to a 1982 fisheries study
on the PVP by VTN Oregon, Inc., Scott Dam blocks over 35 miles of major channels, including 8
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miles of the mainstem Eel River, and 25 miles of minor channels that contained habitat
accessible to steelhead (VTN Oregon, Inc. 1982). More recent estimates are much higher with a
range of 198 – 288 miles of potential steelhead habitat existing above Scott Dam (Cooper
2017). Lake Pillsbury, formed by Scott Dam, and Van Arsdale Reservoir, formed by Cape Horn
Dam, were both found to have significant effects on downstream water temperature (Kubicek
1977). Lake Pillsbury has substantial thermal stratification from late spring through early fall.
With reservoir water being drawn down throughout the summer, hypolimnetic water can be
depleted, leaving only warm water (24°C or higher) from the epilimnion by the late summer or
early fall. Temperature of water releases, thus, is dependent on how much water remains
stored in the lake. In years when the cool hypolimnion has been depleted, water release
temperatures during the late summer and early fall have exceeded 22°C and in some years
water temperatures have exceeded 20°C for over a month. DO in the hypolimnion decreases
through the early summer and is ultimately depleted by late July. However, as water is released
through the discharge structure of the dam it is aerated and DO concentration increases (PG&E
2017).
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Minimum flow requirements are in place year-round for the Eel River below Scott Dam and
below Cape Horn Dam in attempt to mimic the natural hydrograph of the system (PG&E 2017).
As a result of PVP operations, flows have regularly been lower and less annually variable than
unimpaired flow conditions (NMFS 2002). Middle and upper reaches of the Eel River have
experienced accelerated flow attenuation and increased temperatures, which have occurred
during the spring and early summer, and may decrease the window when conditions are
suitable for juvenile steelhead emigration (VTN 1982; NMFS 2002). Low summer flows also
have the potential to inhibit upstream migration of summer steelhead through the mainstem
Eel River (NMFS 2002).
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New evidence shows that the GREB1L allele found to be associated with the premature
migration phenotype is still present in resident Rainbow Trout residing above the dam (Kannry
et al. 2020). This discovery is evidence of the potential for a summer steelhead population to
re-establish if Scott Dam were to be removed. The Federal Energy Regulatory Commission
(FERC) regulates the PVP and the 50-year license expires in 2022. After providing FERC with a
Notice of Intent (NOI) to renew their license, PG&E later withdrew their NOI in 2019 along with
their pre-application document (PVP 2019). A Planning Agreement was initiated by the
Mendocino County Inland Water and Power Commission, Sonoma County Water Agency,
California Trout, Inc., and Humboldt County in May 2019 to look into obtaining a new license
for the PVP. These parties filed a Notice of Intent (NOI) with FERC to obtain a new license for
the PVP, and the Round Valley Indian Tribes were included in an amended version of the
Planning Agreement shortly thereafter. The NOI parties submitted a Feasibility Study Report of
their potential licensing proposal in May 2020 to FERC. Included in their potential licensing
proposal is a plan for the complete removal of Scott Dam with the intent to restore access of
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anadromous fish to the watershed areas upstream of Scott Dam and Lake Pillsbury (Feasibility
Study Report 2020).
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6.8.4 Water Diversions
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Diversion of water for domestic, industrial, and municipal uses is typically continuous by nature
while agricultural diversions tend to have seasonal fluctuations, drawing more water during the
summer and fall. More recently, illegal marijuana cultivation has been shown to have significant
effects on streamflow, as well. Diversion structures can have similar, albeit smaller scale,
impacts to salmonids as those of large dams. Water temperatures can increase in
impoundments or slow-moving backwaters that result from diversion structures (Axness and
Clarkin 2013), which may pose a risk to young salmonids. Decreases in flows from water
diversions can increase downstream temperatures, reduce the amount and quality of available
habitat for salmonids (Axness and Clarkin 2013), and potentially increase exposure to
predation. These conditions may be exacerbated in low water conditions during dry seasons.
Reductions of flow from water diversions may dewater the channel downstream (Axness and
Clarkin 2013), which could reduce or eliminate critical habitat for rearing and outmigration, and
in some cases stream drying may result in mortality of juvenile salmonids. Aquatic organisms,
such as juvenile steelhead, may also become trapped in diversion ditches and be unable to
escape due to lack of habitat connectivity (Axness and Clarkin 2013). Unscreened diversions
may transport juvenile steelhead into unsuitable areas (Moyle et al. 1995), increasing mortality
and opportunity for predation. Diversions containing fish screens present alternative problems
with fish becoming impinged on some types of screens when water velocity is too high. Another
potential impact of these diversions is impeded upstream passage of adults (Axness and Clarkin
2013). See Sections 6.8.9 and 6.8.10 for more on water diversions specific to agriculture and
cannabis cultivation.
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According to the California Fish Passage Assessment Database (PAD), there are upwards of
thirty unscreened water diversions in the upper extent of the Mad River. There are even more
unscreened diversions on the Mattole River, most of which are around or upstream of
Whitehorn, CA, indicating that many could be municipal or domestic. There are likely diversions
in other NC summer steelhead watersheds that may not be reported and thus are currently not
included in the PAD. The number of diversions for illegal marijuana grows is unknown.
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6.8.5 Artificial Barriers
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Artificial barriers or structures that have the potential to prevent or reduce fish passage include
dams, road crossings, concrete channels for flood control, energy dissipators for erosion
control, gravel mining pits, pipeline crossings, and potentially others. These structures can have
surface or subsurface effects and eliminate or fragment aquatic ecosystems by blocking or
impeding migration and altering nutrient cycling patterns, flow regimes, sediment movement,
channel morphology, and species composition (Poff et al. 1997; Ward 1998; Bunn and
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Arthington 2002). Alterations of this nature reduce habitat availability and quality as well as
native biodiversity.
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There were two known artificial gravel dams constructed annually on Redwood Creek to create
swimming holes during the summer. These structures likely impeded summer steelhead access
upstream during the latter part of their migration, but neither have been built for many years.
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6.8.6 Gravel Mining and Extraction
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Gravel mining has been present in Northern California’s coastal watersheds for close to a
century and is particularly problematic in streams south of Humboldt Bay, which include sectors
of the Eel River system (McEwan and Jackson 1996). Other NC summer steelhead streams
affected by gravel extraction include the Mad River and, to a minor degree, Redwood Creek and
the Mattole River. There are three methods used to mine gravel: dry-pit mining, wet-pit mining,
and bar skimming (Kondolf 1993). Wet-pit mining, or in-channel extraction of gravel within a
perennial stream (Kondolf 1993), was the most common method used in the Mad River
(Stillwater Sciences 2010), though currently bar skimming is used most frequently (M.
Sparkman, CDFW, pers. comm., 13 July 2020). Dry-pit mining is the excavation of gravel from
dry streambeds and bar skimming is removing the top layer of a gravel bar above water level at
low flows (Kondolf 1993).
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While all forms of mining can greatly impact the aquatic ecosystem, geomorphology, and flow
hydraulics of the stream, instream wet-pit mining is likely the most detrimental to salmonid
productivity and survival. Removing coarse sediment from an active channel results in channel
incision by trapping bedload sediment (coarse sediment, sand, and gravel) in the excavated pit
and starving the water moving downstream of sediment. The sediment-deprived water has
higher kinetic energy and erodes the stream bed to replenish its bedload. The resulting stream
bed is dominated by larger substrate as smaller particles get washed downstream, leaving poor
spawning habitat for salmonids (Kondolf 1993, 1997). Highly charged flows also have the
potential for downstream redd scouring (Kondolf 1997).

3856
3857
3858
3859
3860
3861
3862
3863
3864
3865
3866

Bar skimming has been the main method used throughout the Eel River and Mad River
drainages, though in recent years improved methods, such as trenching, have begun to be used
(NMFS 2015). Bar skimming often greatly reduces habitat complexity by scraping off the
multifaceted topography, leaving the channel flat and lacking structure. This method of gravel
extraction also reduces stability of the stream in areas surrounding the removal site (Kondolf
1993). Wet trenching removes sediment from dry areas of a channel adjacent to the wetted
perimeter and is typically used only when there is a need to protect salmonid habitat or
mitigate impacts on the depth and width of the channel (NMFS 2015). Dry trenching takes a
similar approach removing material from dry gravel bars. Berms that are created during the
gravel extraction process are ultimately breached or constructed to allow breaching to prevent
stranding of fish once the main channel connects with the trench (NMFS 2015).
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Impacts of gravel mining can also include altered geomorphology, changes in turbidity, and
decreased biomass and biodiversity of aquatic invertebrates and fish (Brown et al. 1998).
Impacts on salmonid habitat, specifically, have also been studied and documented. The major
effects of gravel mining on salmonid habitat include reduced channel complexity and habitat
diversity, floodplain disconnection, removal of spawning gravel, damaging of existing spawning
habitat, disturbances to redds that lead to egg mortality, disturbances to fish in the stream,
increased turbidity, changes in composition of aquatic organisms that can accumulate through
multiple trophic levels (Oregon Water Resources Research Institute 1995).
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6.8.7 Estuarine Habitat
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Estuaries of Redwood Creek and the Mad and Eel rivers have been substantially altered by
levees, hard structure armoring, tide gates, and modifications for agricultural and rural
development (Moyle et al. 2017). Habitat that does remain for juvenile salmonid rearing is
affected by turbidity, and water quality issues from runoff and sediment (Moyle et al. 2017).
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The Eel River estuary is the largest estuary within the NC summer steelhead range. Use of the
Eel River estuary by multiple steelhead life stages is extensive year-round, but quality of the
estuary habitat is very poor (NMFS 2016b). In the past, the estuary and tidal wetlands of the Eel
River were diked and filled for agricultural uses and flood protection (NMFS 2016b). Only about
40% of the estuarine habitat remains due to diking and construction of levees. Use of the Eel
River estuary by juvenile salmonids is particularly critical due to predation and competition
pressures from the Sacramento Pikeminnow in the mainstem river (NMFS 2016b). Restoration
efforts through the Salt River Ecosystem Restoration Project, The Wildland’s Conservancy Eel
River Estuary Preserve, and the Department’s Ocean Ranch Unit of the Eel River Wildlife Area
are expected to increase habitat quality and availability in the Eel River estuary (NMFS 2016b).
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The Redwood Creek estuary has also been rated as poor quality for juvenile steelhead (NMFS
2016b). Flood control levees have blocked off sloughs, wetlands, tributaries, and have
eliminated about 50% of the available space. The estuary has been subject to simplification
including removal of cover and velocity refugia of off-channel habitat and loss of LWD. High
water temperatures and low DO contribute to poor water quality that is further exacerbated by
diversion culvert operations (NMFS 2016b).
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The Mad River estuary alterations have led to reduced habitat complexity and loss of offchannel rearing habitat. Natural sloughs were blocked off and the mainstem channel was
straightened and channelized to reduce flooding. Construction of gravel berms, riprap, and
planting of riparian foliage caused a 32% reduction of active channel area since the mid-1900s
(NMFS 2016b). Unfortunately, estuaries of the Mad River and Redwood Creek are not currently
being restored.
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6.8.8 Livestock Grazing
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Grazing of livestock on riparian land has occurred for hundreds of years in California, damaging
thousands of miles of stream habitat. Livestock in the riparian zone have many direct effects on
fish, including salmonids, and on the aquatic ecosystem as a whole. Ungulates remove foliage
that provides cover for fish, acts as a stabilizing mechanism for stream banks, and mitigates
high water temperatures (Moyle 2002). Streamside plants also serve as food and habitat for
insects, which are a large component of fish diet (Platts 1981). Livestock also consume aquatic
plants that provide cover for fish and aquatic insects while simultaneously stirring up sediment,
which increases turbidity. Trampling of stream banks by livestock can cause bank collapse,
removing undercuts that act as cover for fish (Moyle 2002). Bank collapse is thought to be the
most widespread effect of livestock grazing on fish abundance since livestock typically
congregate next to streams for shade, forage, and drinking water (Platts 1981). Bank collapse
also contributes to erosion and filling of essential pool habitat, which can ultimately lead to
more simplified channels with less usable habitat. Livestock compress soil of streamside
meadows, which reduces its capacity to hold water and exacerbates runoff. This excess volume
of water causes downcutting of the channel and formation of a gully where a meandering
stream used to exist (Moyle 2002). Lastly, livestock pollute the aquatic environment with
excrement, which primarily contributes to bacterial contamination of the water (Platts 1981)
and may cause nutrient loading. Bacteria in streams does not directly affect fish or suitability of
their habitat but is an indicator of water quality (Platts 1981).
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Cattle grazing has been noted as a problem in select areas of the Middle Fork Eel River
drainage, impacting water quality through removal of riparian vegetation, siltation, and
deposition of waste (Jones and Ekman 1980). Cattle have been observed grazing streamside in
the North Fork of the Middle Fork Eel River and other tributaries more so than in the mainstem
Middle Fork Eel due to less availability of forage (Roelofs 1983). In the past five years cattle
grazing has been observed streamside in the upper Middle Fork Eel River and in the North Fork
Eel River (S. Thompson, CDFW, pers. comm., 14 July 2020). Private lands in the Van Duzen and
Mad river basins have also been noted to support livestock grazing (Roelofs 1983). The Mattole
River basin has experienced low levels of livestock grazing on forestland areas. Ranching in this
basin, like in the Middle Fork Eel River, was mostly focused on cattle (Downie et al. 2003).
Redwood Creek has also sustained heavy grazing in the lower basin, though sedimentation from
livestock activity is mild compared to the effects of road building and use (Redwood Creek
Watershed Analysis 1997). Throughout Humboldt County, cattle ranching uses about 470,000
acres of land, accounting for just over 20% of the total land area (Humboldt County 2012).
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6.8.9 Agricultural Impacts
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Some areas within the NC summer steelhead range are subject to agriculture and vineyards
(Moyle et al. 2017). Removal of natural landscape features like wetlands, forests, and
grasslands, to plant annual crops requiring repetitious tilling, fertilization, and harvest can
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permanently decrease soil infiltration capacity and result in increased agricultural runoff. These
seasonal patterns can alter the natural hydrograph of a stream, increasing peak flows,
decreasing summer baseflows, and lowering the level of the water table. Channelization of the
stream and removal of riparian vegetation and LWD decreases habitat complexity, increases
water temperatures, and decreases bank stability. Agricultural runoff, in addition to being
warm in temperature, has high nutrient levels and contains chemical insecticides and/or
herbicides, which contribute to poorer water quality (Spence et al. 1996). Agriculture accounts
for a small proportion of land use in NC summer steelhead watersheds (Humboldt County
2012).
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6.8.10 Cannabis Cultivation
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One of the more recent threats to salmonids in coastal watersheds of Northern California in the
past few decades is the cultivation of marijuana. Coastal Northern California is a prime location
for this activity due to its remote, forested landscape and lack of human development.
Although cannabis cultivation falls within the parameters of agriculture, much of the industry is
unregulated due to illegal operations. Illicit use of pesticides, barrier construction and diversion
of water for irrigation, and destruction of habitat to create space for the marijuana grows have
become grave threats to salmonids, particularly in remotely located first and second order
streams (NMFS 2016b).
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The largest impact of marijuana cultivation on wildlife comes from water use for irrigation. The
primary growing season for cannabis is during the summer, at which time there is very little
rainfall because of California’s Mediterranean climate. Alternative methods for obtaining water
are required to sustain growing operations and growers turn to streams for their irrigation
needs. Bauer et al. (2015) studied impacts of cannabis water diversions in four Northern
California watersheds and showed that cannabis cultivation may remove up to 23% of the
annual seven-day low flow in upper Redwood Creek, which was the least affected watershed in
the study.
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Dillis et al. (2019) looked at irrigation sources of 901 cannabis grow sites in Humboldt, Trinity,
Mendocino, and Sonoma counties in 2017. They found that wells were the primary source of
water extraction, especially during the summer months, but surface and spring water diversions
were also heavily relied on year-round (Dillis et al. 2019). Humboldt County sites reported less
well use than other counties, relying more on surface and spring water diversions, likely due to
the availability of these water sources throughout the growing season as a result of greater
amounts of annual precipitation. Dillis et al. (2019) also determined that there were differences
in water use between compliant and noncompliant sites across the four counties studied.
Noncompliant sites relied more heavily on surface and spring water diversions than compliant
sites, for which well extraction was a primary water source (Dillis et al. 2019). Subsurface
pumping has the potential to decrease instream flows, especially when wells are shallow and
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hydrologically connected to the stream. These effects are lessened with greater distance of
wells from the stream.
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Severely decreased flows, as a result of direct surface or spring water diversion, or from well
extraction, can have detrimental consequences especially for streams that already suffer from
low flow conditions. Without sufficient flow to transport and remove sediment, streams can
become embedded, decreasing salmonid spawning and rearing habitat suitability. Floodplains
can also become disconnected, cutting off essential fish nursery habitat, which decreases
productivity (Poff et al. 1997). Loss of this essential habitat has the potential to increase
predation and competition within and among species (CDFG 2004). Reducing instream flows
can increase water temperatures to harmful or lethal levels for over-summering fish and result
in stagnant water conditions that promote the growth of cyanobacteria, which can be lethal to
salmonids and other aquatic species (Power et al. 2015). Maintaining enough flow to sustain
cool water temperatures is crucial to the survival of over-summering adult summer steelhead
(Moyle et al. 2017). Grantham et al. (2012) showed a positive correlation between juvenile
steelhead survival and summer streamflow. Those authors speculate that this is likely due to
the increase in area and suitability of habitat, water quality, and the availability of food
resources (Grantham et al. 2012).
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Most, if not all, streams in the NC summer steelhead range are likely affected by legal or illegal
cannabis cultivation. The lower Van Duzen River, lower South Fork Eel River, middle South Fork
Eel River, and the Mattole River have been identified as cannabis priority watersheds. This
designation is for areas with a high concentration of cannabis cultivation and where noncompliant cannabis activities could be detrimental to the local environment. These watersheds
also may contain or support essential habitat for aquatic or terrestrial species, have flow
conditions that are lethal or close to lethal for aquatic organisms, suffer from high water usage
and diversions, have restoration projects underway, are listed as an impaired body of water
under the Clean Water Act Section 303(d), are designated as fully appropriated streams, or are
a “Wild and Scenic River” as determined by the California Public Resources Code section 5093
(CASWRCB 2018). A significant portion of the cold water refugia in the Van Duzen River used by
adult summer steelhead for over-summer holding is maintained by seeps, springs, and
tributaries that could be altered by upslope land use. Extensive cannabis cultivation is occurring
in an area called McClellan Mountain, which will probably have an increasing impact on cold
water inputs that are critical to maintaining suitable instream temperatures. Rare peat fens
exist on McClellan Mountain that are likely responsible for water temperatures staying cool
enough for steelhead holding through the summer. Some of these fens have been previously
damaged and dewatered at least in part by cannabis development (S. Thompson, CDFW, pers.
comm., 14 July 2020). A 2016 study on cannabis agriculture within Humboldt County
watersheds identified 4,428 grow sites within the study area (60 watersheds out of 112 total),
of which 19% and 4% were located within 500 m and 100 m, respectively, of steelhead habitat
(Butsic and Brenner 2016).
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6.8.11 Water Quality and Temperature
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Due to the impacts of watershed uses described previously, most NC summer steelhead
streams are listed under Section 303(d) of the 1972 Clean Water Act (CWA). The CWA requires
states, territories, and federally recognized tribes to keep a list of water bodies that do not
meet prescribed water quality standards. Governing bodies must also establish total maximum
daily load (TMDL) parameters for each affecting pollutant (CalEPA 2018). CWA Section 303(d)
impaired NC summer steelhead watersheds include multiple hydrologic sub-areas of the Middle
Fork Eel and North Fork Eel rivers, the South Fork Eel River, Upper Mainstem Eel River, Van
Duzen River, Mad River, Mattole River, and Redwood Creek (CASWRCB 2020a). North Coast
streams supporting NC summer steelhead that are listed under the CWA (listed above) are
polluted by a variety of dissolved metals, including aluminum, among other substances, and
they are all listed as temperature-impaired systems. Temperature impairment is primarily a
result of industrialized logging on large scales, flooding in 1955 and 1964, and cumulative
impacts. The Redwood Creek Hydrologic Unit listing is being updated to reflect that four of its
tributaries are no longer temperature impaired, although the rest of the hydrologic area
continues to fall short of temperature standards (CASWRCB 2020a). Many are also impacted by
pesticide runoff (CASWRCB 2020b). Sedimentation and siltation have been determined to be
issues in the Mad River, Mattole River, Redwood Creek, South Fork Eel River, Van Duzen River,
and areas of the Middle Fork, North Fork, and Upper Mainstem Eel rivers (CASWRCB 2020b).
Likely the entire mainstem Eel River is affected by sediment.
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6.8.12 Conclusions on Habitat Condition
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An important consideration in the case of NC summer steelhead is how future habitat and
climate conditions will affect population trajectory (Spence et al. 2008). Northern California
streams inhabited by NC summer steelhead, although using much of their historical habitat
extent, have been severely affected by a combination of natural conditions and anthropogenic
activities in the region. Although methods used in timber harvest and gravel mining have
improved in recent decades, legacy effects of these activities remain. Livestock grazing and
agriculture, to a smaller extent, persist within the lower areas of Northern California
watersheds, as well. Cannabis cultivation is a relatively new, although potentially serious, threat
to the region. Major impacts from this industry come from unregulated, illicit grow operations
that illegally remove and sequester water from streams. Additionally, with R.W. Matthews and
Scott dams still in place, historical steelhead habitat in the Mad and Eel rivers remains
inaccessible to steelhead, though with respect to the Mad River, the percentage is small
compared to the total habitat in the river. Given the factors contributing to habitat loss and
degradation within NC summer steelhead watersheds, it is likely that survival and productivity
will continue to be significantly impacted as these threats persist into the future, particularly in
light of climate change impacts.
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6.9 Fishing and Illegal Harvest
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There are no freshwater fisheries that allow harvest of natural-origin NC summer or winter
steelhead. The only harvestable steelhead in Northern California streams are those of hatcheryorigin. Even though harvest of wild steelhead is not legal, catch and release impacts are still
pertinent. There are restrictions on types of gear anglers can use during certain times of year.
Barbless hooks are required and only artificial lures may be used during certain times (California
Freshwater Sport Fishing Regulations 2020 – 2021). As of 2015, California Code of Regulations,
Title 14, Section 8.00 enforces seasonal closures on the Eel River, Mad River, Mattole River,
Redwood Creek, Smith River, and Van Duzen River to protect wild steelhead during times of
reduced habitat accessibility due to low flow conditions.
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NC summer steelhead suffer primarily from poaching rather than legal recreational fishing.
Summer steelhead are especially vulnerable to poaching due to the nature of their summer
holding conditions and in many cases these habitats are on remote private property. They are
highly susceptible to netting, spearing, and trapping by hand as they are highly visible and easily
approachable in the holding pools (Roelofs 1983). In a study by Taylor and Barnhart (1996) on
summer steelhead hooking mortality on the Mad and North Fork Trinity rivers, avoidance
behavior was observed when summer steelhead were approached by divers, though the fish
were still visible and approachable up to one meter (Taylor and Barnhart 1996). It was
presumed that avoidance behavior and the resulting exposed positioning would render summer
steelhead vulnerable to predation via spearfishing. Additionally, summer steelhead were
observed to rarely leave their holding pools even when disturbed by diver observation (Taylor
and Barnhart 1996). Taylor and Barnhart also found that temperature and hooking mortality
had a positive relationship with temperatures over 20°C associated with most of the mortalities
observed in the study. This correlation of temperature with hooking mortality rate is significant
to summer steelhead adults that hold in-river during the hottest months of the year and thus,
are even more vulnerable to fishing pressure.
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Due to the remoteness of adult summer steelhead holding habitat, law enforcement of illegal
fishing activity is difficult (Moyle et al. 2008). Evidence of poaching, mostly in the form of fishing
tackle, has been apparent in areas of summer steelhead refugia on the Middle Fork Eel River
that are closed to fishing (CDFG 1966 – 2018). Gillnets and weirs made of fencing have also
been used to poach adult summer steelhead migrating upstream as recently as within the past
decade (S. Thompson, CDFW, pers. comm., 14 July 2020). The Van Duzen River, Mad River, and
Mattole River also experience unknown rates of poaching (Moyle et al. 2008). On the Van
Duzen River, gear used for poaching has been found in areas closed to fishing while conducting
annual adult summer steelhead surveys in three of the past nine years (S. Thompson, CDFW,
pers. comm., 14 July 2020). Roads built to support timber harvest in more remote areas of
these watersheds may contribute to poaching pressures due to increased accessibility (Roelofs
1983). Much of the NC summer steelhead watersheds are comprised of private land ownership,
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where poaching may be more likely due to greater privacy and less accessibility for law
enforcement.
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There are no ocean fisheries for steelhead in California and few are ever caught by ocean
salmon anglers. Effects of other ocean fisheries on steelhead are essentially unknown;
however, it is possible that bycatch in the high seas gillnet fishery for squid or other pelagic
species may contribute to ocean mortality (Moyle et al. 1995).
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7. INFLUENCE OF EXISTING MANAGEMENT MEASURES
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Several state and federal environmental laws apply to activities undertaken in California that
may provide some level of protection for NC summer steelhead and their habitat. There are
also restoration, recovery, and management plans along with management measures specific
to hatchery operations, disease mitigation, gravel extraction practices, habitat restoration,
recreational fishing, and research and monitoring that may benefit NC summer steelhead. The
following list of existing management measures is not exhaustive.
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7.1 Statewide Laws
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7.1.1 National Environmental Policy Act
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The National Environmental Policy Act was enacted in 1970 to evaluate environmental impacts
of proposed federal actions. Major federal actions such as the adoption of official policy,
guidance documents for use of federal resources, or new federal programs or projects (40
C.F.R. §1508.18) will trigger the NEPA process. This process involves three levels of analysis: 1)
Categorical Exclusion determination (CATEX), 2) Environmental Assessment (EA) / Finding of No
Significant Impact (FONSI), and 3) Environmental Impact Statement (EIS). A CATEX applies when
the proposed federal action is categorically excluded from an environmental analysis because it
is not deemed to have a significant impact on the environment. If a CATEX does not apply, the
lead federal agency behind the proposed action will prepare an EA, which concludes whether
the action will result in significant environmental impacts. If no significant impact is expected
the agency will issue a FONSI document. Alternatively, if the action is determined to have a
potentially significant effect on the environment, an EIS will need to be prepared that includes
an explanation of the purpose and need for the proposed action, a reasonable range of
alternatives that can achieve the same purpose and need, a description of the affected
environment, and a discussion of environmental consequences of the proposed action (EPA
2017). The United States Environmental Protection Agency is responsible for reviewing all EIS
documents from other federal agencies and must provide NEPA documentation for its own
proposed actions. Because the NC steelhead DPS is listed as threatened under the federal ESA,
NC summer steelhead may receive some protections from NEPA.
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7.1.2 Clean Water Act and Porter-Cologne Water Quality Act
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The Federal Water Pollution Control Act was established in 1948 and was the original version of
the Clean Water Act. After being heavily amended in 1972, the Federal Water Pollution Control
Act became known as the Clean Water Act (CWA). The CWA was enacted to establish
regulations for the discharge of pollutants into waters of the United States and create surface
water quality standards. Section 401 of the CWA requires any party applying for a permit or
license for a project that may result in discharge of pollutants into waters of the United States
to obtain a state water quality certification. This certification affirms that the project adheres to
all applicable water quality standards and other appropriate requirements of state law. Section
404 of the CWA forbids the discharge of dredged or fill material into waters of the United
States, including wetlands, without a permit from the United States Army Corps of Engineers
(USACOE). The USACOE is directed to issue their permit for the least environmentally damaging
practicable alternative.
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The Porter-Cologne Water Quality Act was established by the State of California in 1969 and has
goals that align with those of the CWA such as establishing water quality standards and
regulating the discharge of pollutants into state waters. The California State Water Resources
Control Board (CASWRCB) and nine Regional Water Boards share responsibility for
implementation and enforcement of the Porter-Cologne Act. These entities are required to
formulate and adopt water quality control plans that describe how water quality standards will
be attained.
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In accordance with Section 303(d) of the CWA the USEPA, CASWRCB, and the Regional Water
Boards are responsible for identifying “impaired” or polluted waters within the state. The listing
leads to the development a TMDL program, which determines the “allowable” amount of
sediment and temperature for the watershed. The primary purpose of the program is to assure
that beneficial uses of water, such as steelhead habitat, are protected from detrimental
increases in sediment and temperature and other pollutants defined in Section 502. The
development and implementation of the TMDL is the responsibility of the State of California.
The USEPA is required to review and approve the list of impaired waters and each TMDL. If
USEPA cannot approve the list or a TMDL it is required to develop its own.
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Waters within the boundaries of the NC steelhead DPS fall under the jurisdiction of the North
Coast Regional Water Quality Control Board (NCRWQCB). In 2004, the NCRWQCB adopted the
Total Maximum Daily Load Implementation Policy Statement for Sediment Impaired Receiving
Waters in the North Coast Region in an effort to control sediment waste discharges and restore
sediment impaired water bodies in the region (Resolution R1-2004-0087). The Sediment TMDL
Implementation Policy states that Regional Water Board staff shall control sediment pollution
by using existing permitting and enforcement tools. Redwood Creek, Mad River, Mattole River,
Van Duzen River, Eel River (Upper, Middle, and Lower), as well as the North, Middle, and South
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Forks of the Eel are all listed as impaired by sediment and water temperature, and TMDLs have
been developed.
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7.1.3 Federal and California Wild and Scenic Rivers Act
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The United States Congress enacted the federal Wild and Scenic Rivers Act (WSRA) in 1968
thereby creating the National Wild and Scenic River System (16 U.S.C. § 1271, et seq.). The
WSRA is intended to preserve select rivers with outstanding natural, cultural, and recreational
values as free flowing for the enjoyment of present and future generations. The WSRA prevents
the federal government from licensing, funding, or otherwise assisting in dam construction or
other projects on designated rivers or river segments. The WSRA does not give jurisdiction to
the federal government over development projects on private property with designated rivers.
The California Wild and Scenic Rivers Act was passed by the California Legislature in 1972. The
State Act mandates that “certain rivers which possess extraordinary scenic, recreational,
fishery, or wildlife values shall be preserved in their free-flowing state, together with their
immediate environments, for the benefit and enjoyment of the people of the state.” (Pub. Res.
Code, § 5093.50). Designated waterways are codified in Public Resources Code Sections
5093.50-5093.70.
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Within the range of NC steelhead, only sections of the Eel River mainstem and some of its
tributaries have been designated by the State (1972) and the federal government (1981) as wild
and scenic. The following sections have been designated: from the river mouth to 100 yards
below Cape Horn Dam; the Middle Fork from its confluence with the mainstem to the southern
boundary of the Yolla Bolly Wilderness Area; the South Fork from its confluence with the
mainstem to the Section Four Creek confluence; the North Fork from its confluence with the
mainstem to Old Gilman Ranch; and the Van Duzen River from the confluence with the Eel River
to Dinsmore Bridge. These sections encompass a total of 398 miles (National Wild and Scenic
Rivers System 2020).
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7.1.4 Lake and Streambed Alteration Agreements
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Fish and Game Code Section 1602 requires entities to notify the Department of activities that
“divert or obstruct the natural flow of, or substantially change or use any material from the
bed, channel, or bank of any river, stream, or lake, or deposit or dispose of debris, waste, or
other material containing crumbled, flaked, or ground pavement where it may pass into any
river, stream, or lake.” If the activity will substantially adversely affect an existing fish and
wildlife resource, the Department shall issue a lake and streambed alteration agreement to the
entity that includes reasonable measures necessary to protect the fish and wildlife resources
(Fish and Game Code, §1602, subd. (a)(4)(B)). Authorization as provided under CESA or another
appropriate mechanism in the Fish and Game Code is required to authorize take of species
listed as candidates, threatened, or endangered under CESA.
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7.1.5 Medicinal and Adult-Use Cannabis Regulation and Safety Act
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Regulation of the commercial cannabis cultivation industry under the Medicinal and Adult-Use
Cannabis Regulation and Safety Act requires that any entity applying for an annual cannabis
cultivation license from the California Department of Food and Agriculture (CDFA) include “a
copy of any final lake or streambed alteration agreement…or written verification from the
California Department of Fish and Wildlife that a lake or streambed alteration agreement is not
required” with their license application (California Code of Regulations., Title 3, § 8102,
subdivision (w)). Waste discharge and water diversions associated with cannabis cultivation are
regulated by the CASWRCB (California Code of Regulations., Title 3, § 8102, subdivision (p)).
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7.1.6 Forest Practice Act

4208
4209
4210
4211
4212
4213
4214
4215
4216
4217
4218

The Forest Practice Act was originally enacted in 1973 to ensure that logging operations in
California are conducted in ways that aim to preserve and protect the State’s fish, wildlife,
forests, and streams. This law and the associated regulations adopted by the California Board of
Forestry and Fire Protection are collectively known as the Forest Practice Rules (California Code
of Regulations., Title 14, Chapter 4). The Forest Practice Rules implement the provisions of the
Forest Practice Act in conjunction with other pertinent laws, including the California
Environmental Quality Act (CEQA), Porter-Cologne, CESA, and the Timberland Productivity Act
of 1982. The California Department of Forestry and Fire Protection (CalFire) enforces these laws
and regulations as they pertain to logging on private land. Current forest practices are much
improved as compared to before this act, particularly with regards to limiting the acreage of
clear-cuts.
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To further protect listed anadromous salmonids and their habitats, the Anadromous Salmonid
Protection (ASP) rules were approved by the State Board of Forestry and Fire Protection (BOF)
at their September 2009 meeting held in Sacramento, California. In October 2013, the BOF
approved a revision to the rules under the “Class II-L Identification and Protection
Amendments, 2013” rule package. The Final Statement of Reasons of the ASP rules adopted by
the BOF explained that the rules are intended to protect, maintain, and improve riparian
habitats for state and federally listed anadromous salmonid species. These rules are permanent
regulations that replace the temporary Threatened or Impaired Watershed Rules which were
originally adopted in July 2000 and readopted six times thereafter (CalFire and CDFW 2014).
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The BOF’s primary objectives in adopting the ASP rules were: (1) to ensure the rules adequately
protect listed anadromous salmonid species and their habitat, (2) to expand opportunities for
restoring the species’ habitat, (3) to ensure the rules are based on sound science, and (4) to
meet Public Resources Code Section 4553 for review and periodic revisions to Forest Practice
Rules. The main goals of the BOF for the rule revisions were to update the rules based on new
science; provide a high level of protection for listed species; contribute to anadromous
salmonid habitat restoration; be consistent with partner agency mandates; and promote
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landowner equity, flexibility, and relief opportunities (CalFire and CDFW 2014). However,
logging of large trees within the riparian zone can still occur.
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7.1.7 Federal Power Act
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The Federal Power Act and its major amendments are implemented and enforced by FERC,
requiring licenses for specified dams that generate hydropower. One of the major amendments
of the Federal Power Act mandates that FERC shall give consideration to the protection,
mitigation, and enhancement of fish and wildlife and related spawning grounds and habitat (16
U.S.C. § 797, 803). The term for a hydropower license granted by FERC is typically 30-50 years.
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As a federal agency, FERC must comply with federal environmental laws prior to issuing a new
license or relicensing an existing hydropower project, which includes NEPA and ESA. When FERC
considers whether to re-license a hydropower project, it must review the project to ensure it is
consistent with federal and state comprehensive plans for improvement, development, or
conservation of a waterway. Section 10(a) of the Federal Power Act instructs FERC to solicit
recommendations from resource agencies and tribes (when applicable) on ways to make a
project more consistent with federal or state comprehensive plans. Section 10(j) allows NMFS,
USFWS, and the Department to submit recommendations to protect, mitigate damage to, and
enhance fish and wildlife resources (including associated habitat) affected by the proposed
project. FERC is not required to implement these recommendations into a hydropower license
if they are considered to be outside the scope of Section 10(j) or inconsistent with the Federal
Power Act or any other applicable law.
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In addition to following the Federal Power Act and other applicable federal laws, the PorterCologne Water Quality Act requires a Water Quality Certification (WQC) from the CASWRCB for
all non-federal dam operators. The CASWRCB must consult with the Department regarding the
needs of fish and wildlife prior to issuing the WQC. Consequently, CASWRCB includes conditions
in the WQC that seek to minimize adverse effects to native species, such as NC steelhead.
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R.W. Matthews Dam
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Humboldt Bay Municipal Water District (HBMWD) owns and operates Robert Matthews Dam in
the upper watershed of the Mad River. Ruth Reservoir holds approximately 48,000 acre-feet of
water primarily for industrial and municipal supply. HBMWD also diverts directly from the Mad
River near Essex. In 1981, FERC granted an exemption for a hydroelectric plant at Matthews
Dam. Power production is incidental to water released for the HBMWD’s water supply function.
There are also Ranney wells in the Mad River associated with HBMWD water usage.
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Section 404 of the CWA requires that the HBMWD must secure a USACOE permit every five
years. Since ESA species, including NC steelhead, are present, USACOE must consult with NMFS
and USFWS prior to issuing any permit. NMFS must issue a Biological Opinion to the USACOE,
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determining if the HBMWD actions pose jeopardy to the continued existence of these species,
or if the actions pose a significant adverse effect on critical habitat.
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The HBMWD prepared a Habitat Conservation Plan (HCP) in support of an Incidental Take
Permit under Section 10 of ESA. The HCP describes conservation measures to minimize and
mitigate adverse impact to the listed species. Discharge below Matthews Dam is also regulated
by the State of California Water Rights Board and the Department for the protection and
preservation of fish.
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Potter Valley Project
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The PVP is operated by PG&E and consists of Scott Dam and Lake Pillsbury, Cape Horn Dam and
Van Arsdale Reservoir, and a diversion tunnel and powerhouse located on the East Branch
Russian River. Within the current FERC license set to expire in April of 2022, a flow schedule
was prescribed based on recommendations from a Fisheries Review Group (consisting of
scientists from PG&E, USFWS, NMFS, and the Department) convened to determine a flow
schedule that minimizes the impact of the project on salmon and steelhead.
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In January 2019, PG&E withdrew from the license application process. FERC subsequently
issued a solicitation for new applicants and a consortium including the Mendocino County
Inland Water and Power Commission, Sonoma County Water Agency, CalTrout, Humboldt
County, and The Round Valley Indian Tribes notified FERC of their intent to prepare a Feasibility
Study Report. The report was filed in May 2020 and describes a licensing proposal for the PVP
that includes shifting the timing and magnitude of diversions to improve and protect
downstream fishery resources, and the removal of Scott Dam to restore volitional anadromous
fish access to the upper Eel River.
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7.2 Species Recovery Plans and Regional Management Plans
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7.2.1 Forest Plans
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Northwest Forest Plan
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In 1994, BLM and the Forest Service adopted the Northwest Forest Plan (NWFP) to guide the
management of over 37,500 square miles of federal lands in portions of northwestern
California, Oregon, and Washington. The NWFP includes an Aquatic Conservation Strategy that
aims to maintain and restore distribution, diversity, and complexity of features and processes
of watersheds that support aquatic and riparian species (Reeves et al. 2018). The NWFP’s
Aquatic Conservation Strategy is comprised of riparian reserves, key watersheds crucial to atrisk fish species, watershed analysis, and watershed restoration. Guidelines for riparian
reserves prohibit timber harvest and manage roads, grazing, mining, and recreation to achieve
the objectives of the Aquatic Conservation Strategy. Timber harvest is not allowed in key
watersheds prior to completing a watershed analysis, although harvest can still occur in the
riparian zone on private property. Tier 1 watersheds were selected based on presence of at-risk
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anadromous salmonids, bull trout, and resident fish species as well as having a high potential
for being restored as part of a watershed restoration project. Tier 2 watersheds are important
sources of high-quality water though they may not support at-risk fish species (USDA and USDI
1994).
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National Forest Land and Resource Management Plans
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Forest plans have been developed for Mendocino National Forest and Six Rivers National Forest
to provide a framework for guiding ongoing land and resource management operations. The
goal of these documents is to provide a management program that balances use and protection
of forest resources. Forest plans provide guidance by way of general management direction and
goals but do not include project-level recommendations. The plans also establish monitoring
and evaluation requirements to ensure management actions are being implemented and verify
estimates of outputs and effects of these actions.
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Mendocino National Forest Land and Resource Management Plan
https://www.fs.usda.gov/detailfull/mendocino/landmanagement/planning/?cid=fsbdev3_0045
18&width=full
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Six Rivers National Forest Land and Resource Management Plan
https://www.fs.usda.gov/detailfull/srnf/landmanagement/planning/?cid=stelprdb5084033&wi
dth=full
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Six Rivers National Forest Watershed and Fisheries Restoration Program
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The Six Rivers National Forest’s Watershed and Fisheries Restoration Program goals are to
implement the Aquatic Conservation Strategy which was developed to restore and maintain the
ecological health of watersheds and aquatic ecosystems on federal lands (FEMAT 1993). In
meeting the objectives of the Aquatic Conservation Strategy, the program implements
restoration activities identified in the Department’s Recovery Strategy for California Coho
Salmon (CDFG 2004), and NMFS’ Final Recovery Plan for Southern Oregon/Northern California
Coast Coho Salmon (NMFS 2014).
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7.2.2 Habitat Conservation Plans and Natural Community Conservation Plans
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Several timber companies in California own lands with important aquatic habitat for listed
salmonids. In Humboldt County alone there are over one million acres of timber production
land, accounting for about 44% of county land (Humboldt County 2012). Developing a Habitat
Conservation Plan, including aquatic habitat, is a regulatory condition of harvesting timber on
these lands. A primary goal of an aquatic conservation plan is to conserve aquatic habitat for
and mitigate impacts on listed species such as Chinook Salmon, Coho Salmon, and steelhead.
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Humboldt Redwood (formerly Pacific Lumber) Company

4340
4341
4342
4343
4344
4345
4346
4347
4348
4349
4350

The Humboldt Redwood Company HCP covers 211,700 acres of private coast redwood and
Douglas fir forest in Humboldt County (HRC 2015). It has a 50-year HCP/incidental take permit
that was executed in 1999, revised in 2015 as part of its adaptive management strategy, and
expires on 1 March 2049. The HCP includes an Aquatics Conservation Plan with measures
designed to maintain or achieve, over time, a properly functioning aquatic habitat condition for
salmonids. These conservation measures include assessing the potential risk of soil erosion
from roads and from exposed forest soils; stream flows and potential changes to flows; shade
cover; stream channel conditions including large wood in streams, distribution of deep pools
and spawning gravels; and habitat and distribution of fish. The plan also includes periodically
analyzing the data to adaptively manage prescriptions based on the watershed’s progress
toward properly functioning conditions.
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Green Diamond Aquatic Habitat Conservation Plan
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GDRCO owns timber lands in three watersheds inhabited by NC summer steelhead—Redwood
Creek, Mad River, and Eel River. They prepared an Aquatic Habitat Conservation Plan (AHCP)
and Candidate Conservation Agreement with Assurances and subsequently received a Biological
Opinion from NMFS in 2007 (GDRCO 2006). The plan identifies conservation measures that are
expected to minimize and mitigate the impacts from take of anadromous species and includes a
variety of protection measures designed to restore and maintain riparian and upslope
processes that create, restore, and maintain aquatic habitat. Conservation measures focus on
LWD recruitment, shade retention, and control of the delivery of coarse and fine sediments to
aquatic habitat from forest management activities.
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7.2.3 Other Restoration and Management Plans
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Coastal Multispecies Recovery Plan for California Coastal Chinook Salmon, Northern California
Steelhead, and Central California Coast Steelhead (NMFS 2016) – A recovery plan developed by
NMFS in 2016 providing a framework for conservation and survival of three ESA-threatened
species of salmon and steelhead. https://www.fisheries.noaa.gov/resource/document/finalcoastal-multispecies-recovery-plan-california-coastal-chinook-salmon
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Eel River Action Plan – A compilation of information and recommendations prepared by the Eel
River Forum in 2016. https://caltrout.org/wpcontent/uploads/2016/06/2016.03.FINAL_.EelRiverActionPlan.ERF_.pdf
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Eel River Salmon and Steelhead Restoration Action Plan (CDFG 1997a) – A 1997 CDFG plan with
restoration actions to address known problems in the Eel River watershed that have caused
declines in Salmon and steelhead populations.
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Mad River Total Maximum Daily Loads for Sediment and Turbidity – Document by the U.S.
Environmental Protection Agency establishing TMDLs for sediment and turbidity in the Mad
River in accordance with Section 303(d) of the CWA.
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https://www.waterboards.ca.gov/northcoast/water_issues/programs/tmdls/mad_river/pdf/M
ad-TMDL-122107-signed.pdf
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Management Plan for the Summer Steelhead Rainbow Trout (Salmo gardneri) in the Middle
Fork of the Eel River (Jones and Ekman 1980) – A 5-year Middle Fork Eel River summer
steelhead management plan from 1980 jointly prepared by CDFG and USFS and adopted as
interim resource management direction prior to the Mendocino National Forest management
plan.
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Mattole Headwaters Groundwater Management Plan – A plan developed by Sanctuary Forest’s
Mattole Flow Program to manage, protect, and enhance groundwater and surface water in
compliance with California Water Code section 10750 et. sec. http://sanctuaryforest.org/wpcontent/uploads/2014/12/Mattole-Headwaters-Groundwater-Management-Plan.pdf

4387
4388
4389
4390

Mattole Integrated Coastal Watershed Management Plan – A 2009 report by the Mattole River
and Range Partnership detailing a plan for watershed restoration and water quality
management with a series of strategies for each specified management area.
http://www.mattole.org/wp-content/uploads/2014/08/WatershedPlan_Final_w_Cover.pdf
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Mattole River Total Maximum Daily Loads for Sediment and Temperature – Document by the
U.S. Environmental Protection Agency establishing TMDLs for sediment and temperature in the
Mattole River in accordance with Section 303(d) of the CWA.
https://www.waterboards.ca.gov/northcoast/water_issues/programs/tmdls/mattole_river/110
707/mattole.pdf
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Middle Fork Eel River Total Maximum Daily Loads for Temperature and Sediment – Document
by the U.S. Environmental Protection Agency establishing TMDLs for temperature and sediment
in the Middle Fork Eel River in accordance with Section 303(d) of the CWA.
https://19january2017snapshot.epa.gov/www3/region9/water/tmdl/middleeel/tmdl.pdf
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North Fork Eel River Total Maximum Daily Loads for Sediment and Temperature – Document by
the U.S. Environmental Protection Agency establishing TMDLs for sediment and temperature in
the North Fork Eel River in accordance with Section 303(d) of the CWA.
https://www.waterboards.ca.gov/northcoast/water_issues/programs/tmdls/eel_river_north_f
ork/pdf/final.pdf
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Redwood Creek Integrated Watershed Strategy – A 2006 report prepared by the Redwood
Creek Watershed Group with the goal of improving and protecting water quality and supply and
aquatic and riparian habitat in the Redwood Creek watershed.
https://www.nps.gov/redw/learn/management/upload/RWC%20IWS%20Final.pdf
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Redwood Creek Sediment Total Maximum Daily Load – Document by the U.S. Environmental
Protection Agency establishing a TMDL for sediment in Redwood Creek in accordance with
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Section 303(d) of the CWA.
https://archive.epa.gov/region09/water/archive/tmdl/redwood/rwctmdl.pdf
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South Fork Eel River Total Maximum Daily Loads for Sediment and Temperature – Document by
the U.S. Environmental Protection Agency establishing TMDLs for temperature and sediment in
the South Fork Eel River in accordance with Section 303(d) of the CWA.
https://19january2017snapshot.epa.gov/www3/region9/water/tmdl/eel/eel.pdf
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Steelhead Restoration and Management Plan for California (McEwan and Jackson 1996) – A
1996 CDFG statewide steelhead management plan providing guidelines for steelhead
restoration and management that can be incorporated in stream-specific project planning.
https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=3490
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Strategic Plan for Management of Northern California Steelhead Trout – A 1998 CDFG
document listing management actions proposed to continue, expand, or be implemented in
response to NMFS’ proposal to list the Northern California steelhead ESU as threatened under
ESA.
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Upper Main Eel River and Tributaries Total Maximum Daily Loads for Temperature and
Sediment – Document by the U.S. Environmental Protection Agency establishing TMDLs for
temperature and sediment in the upper mainstem Eel River and tributaries in accordance with
Section 303(d) of the CWA. The upper mainstem Eel River was added to California’s 303(d)
impaired water list in 1992.
https://www.waterboards.ca.gov/northcoast/water_issues/programs/tmdls/eel_river_upper_
main/pdf/uer-tmdl-final-12-28.pdf
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Van Duzen River and Yager Creek Total Maximum Daily Load for Sediment – Document by the
U.S. Environmental Protection Agency establishing TMDLs for sediment in the Van Duzen River
and Yager Creek in accordance with Section 303(d) of the CWA. The Van Duzen River was added
to California’s 303(d) impaired water list in 1992.
https://www.waterboards.ca.gov/northcoast/water_issues/programs/tmdls/vanduzen_river/p
df/vanduzen.pdfhttps://www.waterboards.ca.gov/northcoast/water_issues/programs/tmdls/v
anduzen_river/pdf/vanduzen.pdf
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Van Duzen Watershed Project: Watershed Management Plan – A 2010 document compiled as
part of the Van Duzen Watershed Project providing critical information on the state of the Van
Duzen watershed and goals and strategies for improved management.
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7.3 Hatchery Operations
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In November 2014, the Department submitted a final HGMP for the MRH winter steelhead
program in the Mad River. The HGMP provides a framework for operating the program while
minimizing potential impacts on ESA listed salmonids within the project area. The Department
has implemented measures to reduce the impacts of the MRH steelhead program on natural-
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origin steelhead. These include: (1) marking 100% of the hatchery steelhead with an adipose fin
clip to allow the identification of hatchery fish in the fishery, at the hatchery, and on the
spawning grounds; (2) reducing steelhead production from 250,000 smolts released to 150,000;
(3) increasing the effective population size of the hatchery broodstock to reduce the risk of
inbreeding depression, if not enough natural-origin fish available, by splitting the eggs from
each female into two lots and fertilizing each lot with a different male; (4) increasing the time
of broodstock selection and spawning based on a bell-shaped curve that distributes the
spawning throughout the complete run, and (5) increasing the number of natural fish used for
broodstock by spawning natural-origin fish at a 1:1 ratio with hatchery-origin fish. Natural
broodstock are now mainly collected offsite by the Mad River Steelhead Stewards Volunteer
Program. The Department critically examines each fish prior to use for broodstock.
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7.4 Disease
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Hatchery-origin steelhead may have an increased risk of contracting and spreading fish diseases
than wild fish due to relatively high rearing densities and stress from rearing conditions
(Saunders 1991). These diseases could potentially be transmitted from hatchery-raised fish to
wild populations post-release (Hastein and Lindstad 1991). Wild fish have the potential to
transmit disease to hatchery stocks as well, though disease infection in wild populations is not
well documented (Olivier 2002). Several bacterial infections have been identified in MRH
steelhead that are caused by Flavobacterium psychrophilum (coldwater disease bacteria),
Flavobacterium columnare (columnaris), Flavobacterium branchiophilum (bacterial gill disease),
and motile Aeromonas/Pseudomonas spp. bacteria. A number of external parasites have also
been identified, including Gyrodactylus spp., Ambiphrya spp., Ichthyobodo necator (costia),
Tetrahymena sp., and Ichthyophthirius multifilis (ich). The parasite, Tetracapsuloides
bryosalmonae, which is the causative agent of proliferative kidney disease and endemic to the
Mad River watershed, has been observed in MRH production fish, as well (CDFW 2016).

4472
4473
4474
4475
4476
4477
4478
4479

The MRH is operated in compliance with all applicable fish health guidelines from the American
Fisheries Society’s Blue Book: Suggested Procedures for the Detection and Identification of
Certain Finfish and Shellfish Pathogens, 2012 edition). These fish health guidelines ensure that
fish health is monitored, sanitation practices are followed, and hatchery-origin fish are reared
and released in good health. Department fish pathologists monitor hatchery programs regularly
and conduct fish examinations at each life stage including tests for viruses, bacteria, parasites,
or pathological changes. MRH also uses ultraviolet treatment to remove pathogens from the
water that is used for fish culture purposes (CDFW 2016).
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7.5 Gravel Extraction
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The State Surface Mining and Reclamation Act (SMARA) of 1975 requires that all gravel mining
operations include a Reclamation Plan describing the operation in detail, the environmental
setting, and measures that will minimize adverse environmental effects caused by the
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operation. In 1991, the California Department of Conservation’s Division of Mine Reclamation
was created to provide a measure of oversight for local governments required to administer
SMARA throughout California. Reclamation plans are further subject to the California
Environmental Quality Act and local land use code; CWA Section 401 (State Certification of
Water Quality) and Section 404 (USACOE) that regulate the discharge of dredged or fill material
into the waters of the United States. Operators may be required to obtain permits from the
USACOE for dredge and fill operations, or other gravel extraction activities under Sections 401
and 404 of the CWA and/or Section 10 of the 1899 Rivers and Harbors Act. Instream gravel
mining is subject to, and projects could be authorized by, a Lake or Streambed Alteration
Agreement (Fish & G. Code § 1600 et seq.). Consultation with the NMFS and/or the Department
pursuant to CESA and ESA may also be warranted.
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NMFS compiled a National Gravel Extraction Guidance document in 2005 to replace their 1996
National Gravel Extraction Policy. The objectives of the guidance document are to 1) assist
NMFS staff in determining if proposed gravel extraction operations comply with federal law,
while 2) avoiding, minimizing, and mitigating any negative impacts on anadromous fishes and
their habitats. The document is primarily focused on instream gravel mining rather than gravel
extraction in marine environments. NMFS recommends that gravel mining operations should
not affect migration, spawning, or rearing of anadromous fish. They also should not adversely
impact existing or historical anadromous habitat. The 2005 National Gravel Extraction Guidance
document applies nationwide but is flexible in that recommendations are made on a projectspecific basis (Packer et al. 2005).
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In 1992, the Humboldt County Board of Supervisors created the County of Humboldt Extraction
Review Team (CHERT) to provide scientific oversight for gravel extraction projects. CHERT
provides site specific recommendations on extraction designs submitted by the operators and
their consultants, in addition to the previously mentioned state and federal agencies. There are
currently several active gravel mining sites administered by CHERT including sites on the Mad
River, the Eel River (and tributaries) and the Mattole River. One additional project on the Mad
River, operated by the Blue Lake Rancheria, was not required to obtain permits from the State
of California or Humboldt County, and thus, operates outside of the CHERT program. Their
mining plans are reviewed by the USACOE and NMFS (CHERT 2019) since they have sovereign
rights.
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7.6 Habitat Restoration and Watershed Management
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Federal, state, and local agencies involved in substantial habitat restoration projects in the NC
summer steelhead range include NMFS, USFWS, USFS, The Department, the California State
Wildlife Conservation Board, and NCRWQCB. These agencies administer restoration grant
programs (e.g., Fisheries Restoration Grant Program). Fisheries Restoration Grant Program has
funded many projects statewide and throughout the NC summer steelhead range. Restoration
work in the region falls into the following categories: instream bank stabilization, improving fish
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passage, screeningscreening, instream habitat restoration, riparian habitat restoration, upslope
watershed restoration, and water conservation measures. Certain projects targeting steelhead
habitat have been completed in the Redwood Creek, Mad River, Van Duzen River, and Mattole
River watersheds over the past 20 years and may have improved summer steelhead habitat.
There are also potentially a few projects conducted in Humboldt and Mendocino counties
funded through Propositions 1 and 68 that may have directly or indirectly benefitted NC
summer steelhead.
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The California Steelhead Report and Restoration Card program has funded various types of
restoration and, to a lesser degree, monitoring projects since 1993, including instream habitat
improvement, species monitoring, outreach and education, and watershed assessment and
planning. A number of these projects have been implemented in NC summer steelhead
watersheds including Redwood Creek, Mad River, South Fork Eel River, and Mattole River. On
Redwood Creek a NCFR project specifically focused on summer steelhead recovery was funded
for fiscal year 1997 – 1998 to identify cold water habitat that could be improved by
reintroduction of woody debris with the goal of increasing the abundance of summer steelhead
and other salmonids.
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7.7 Commercial and Recreational Fishing
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There are no commercial fishing operations for NC steelhead, however many waters within
their distribution are popular destinations for recreational fishing. Sport fishing regulations do
not allow harvest of naturally produced NC steelhead — all natural-origin fish must be
immediately released. The fishery targets hatchery winter steelhead, which may be harvested.
Through seasonal closures and gear restrictions, the regulations limit the potential impact on
NC summer steelhead.
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Low-flow trout and salmon angling restrictions are implemented by way of fishery closures
when flows in Northern California rivers dip below their specified minimums (California Code of
Regulations., Title 14, § 8.00, subdivision. (a)). These conditional stream closures are in place
from September 1 through January 31 on the Mad River and October 1 through January 31 on
the Eel River, Mattole River, Redwood Creek, and Van Duzen River. Barbless hooks are required
in all anadromous waters. Artificial lures are also required during certain times of the year to
decrease hook and release mortality. Some sections of these rivers known to harbor summer
steelhead during holding and spawning are closed to fishing year-round. For example, the area
from Cowan Creek to Deer Creek on the Mad River, the reach below Eaton Falls on the Van
Duzen River, and the reach from Bar Creek up to Uhl Creek on the Middle Fork Eel River are
closed all year. Seasonal closures in other reaches are in place to decrease angler interactions
with steelhead during times coinciding with upstream migration when they are more
physiologically vulnerable due to higher temperatures. These closures are typically during April
and May for summer steelhead and October or November through December for winter
steelhead.
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7.8 Research and Monitoring Programs

4561

7.8.1 Summer Steelhead Monitoring
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Summer steelhead monitoring efforts in the form of snorkel surveys occur on Redwood Creek,
Mad River, Middle Fork Eel River, Van Duzen River, and Mattole River. These surveys are not
part of a comprehensive monitoring plan, but most are conducted annually when adequate
funding and personnel are available. The Department conducts summer steelhead monitoring
on the Middle Fork Eel and Van Duzen rivers, which is funded by a grant through the Sport Fish
Restoration Act which also includes a number of other projects including adult salmonid
monitoring at VAFS and outmigrant trapping of juvenile salmon and steelhead in the upper Eel
River. Middle Fork Eel and Van Duzen surveys currently cover the full extent of summer
steelhead habitat in both mainstems. The Mad River Alliance currently conducts summer
steelhead surveys on the Mad River in collaboration with the Department, Blue Lake Rancheria,
Bureau of Land Management, GDRCO, Hollie Hall and Associates, Stillwater Sciences,
Timberland Resources Company, and the Wiyot Tribe (Mad River Alliance 2020). Surveys on the
Mad River also focus on mainstem summer steelhead habitat. Redwood Creek summer
steelhead surveys are conducted by the National Park Service and currently cover about 40
miles of the mainstem. Mattole River summer steelhead are monitored by the Mattole Salmon
Group with surveys that generally cover the entirety of the mainstem and some portions of
Bear and Honeydew creeks (N. Queener, Mattole Salmon Group, pers. comm., 4 February
2020). In all five streams there is some amount of tributary habitat that is not surveyed but may
support summer steelhead.
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7.8.2 California Monitoring Program
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The California Monitoring Program (CMP), formerly the California Coastal Monitoring Program,
was developed to monitor California’s coastal Salmon and steelhead populations using
statistically rigorous modeling combined with a variety of sampling and survey methods. The
Department and NMFS have begun implementing the CMP in coastal watersheds in California
for about a decade. The CMP is currently being conducted in the following watersheds within
the NC steelhead DPS:
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•
•
•
•
•
•

Redwood Creek
Humboldt Bay
Mattole River
South Fork Eel River
Mendocino Coast
Gualala River

The sampling framework for species monitoring is established using Generalized Random
Tessellation Stratification (GRTS) to select stream sample units. GRTS is a widely used method
for selecting random, spatially balanced samples and compromises between even distribution
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of samples and randomization. Generally, adult monitoring of Chinook Salmon includes counts
of live fish, carcasses, and redds. Coho Salmon and steelhead adults are enumerated through
redd surveys (CDFG 2011). The CMP sample frame in Northern California is currently designed
around Coho and Chinook Salmon. Adult winter steelhead population estimates are generated
but they generally do not account for the entire run due to spatial and temporal limitations of
the Salmon-based sample frame. Summer steelhead are not enumerated through CMP, though
ancillary information on summer steelhead may be collected.
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7.8.3 Adult Salmonid Sonar Monitoring
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The Department’s Anadromous Fisheries Resource Assessment and Monitoring Program
initiated a sonar monitoring program on the Mad River in 2013 to enumerate California coastal
Chinook Salmon, Southern California/Northern Oregon Coho Salmon, and NC steelhead. The
ARIS sonar detection coupled with methods for species apportionment have allowed the
Department to develop annual population estimates for these three species. Sonar
deployment, however, only extends from late August through March at the latest, so it does
not enumerate summer steelhead.
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A dual frequency identification sonar (DIDSON) device was deployed seasonally by the United
States Geological Survey on Redwood Creek starting in 2009 to enumerate Chinook Salmon,
Coho Salmon, and steelhead. This study was funded by the Department’s Fisheries Restoration
Grant Program through the 2016-2017 monitoring season. As is the case with the sonar device
on the Mad River, the DIDSON was removed from Redwood Creek each season prior to
upstream migration of the summer steelhead run (Metheny and Duffy 2014).
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.8.4 Habitat Conservation Plan Monitoring
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Both the Humboldt Redwood Company HCP and the GDRCO AHCP have elements of monitoring
included. These monitoring operations can benefit NC summer steelhead by evaluating effects
of land use operations on essential habitat. The Green Diamond AHCP incorporates
effectiveness monitoring across the plan area in four categories: 1) rapid response monitoring,
2) response monitoring, 3) long-term trend monitoring/research, and 4) an experimental
watersheds program. Projects in these categories include water temperature monitoring,
spawning substrate permeability monitoring, sediment delivery and mass wasting monitoring,
channel response monitoring, LWD monitoring, summer juvenile salmonid population
estimation, out-migrant trapping, streamside slope assessments, long-term habitat
assessments, BACI studies of harvest vs. non-harvest areas, and more (GDRCO 2006).
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The Humboldt Redwood Company HCP, as part of the Aquatics Conservation Plan, includes
aquatic monitoring mainly consisting of compliance and effectiveness monitoring. Compliance
monitoring includes third-party monitoring, a timber harvest plan (THP) checklist ensuring THPs
incorporate all relevant elements from the Aquatics Conservation Plan, a best management
practice evaluation program, and application of findings. Effectiveness monitoring encompasses
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monitoring instream and upslope conditions including but not limited to LWD, riparian buffers,
water temperature, sediment, and hillslope to evaluate the effectiveness of the Aquatic
Conservation Plan (HRC 2015).
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8. SUMMARY OF LISTING FACTORS
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CESA’s implementing regulations identify key factors relevant to the Department’s analyses and
the Commission’s decision on whether to list a species as threatened or endangered. A species
will be listed as endangered or threatened if the Commission determines that the species’
continued existence is in serious danger or is threatened by any one or any combination of the
following factors: (1) present or threatened modification or destruction of its habitat; (2)
overexploitation; (3) predation; (4) competition; (5) disease; or (6) other natural occurrences or
human-related activities (California Code of Regulations., Title 14, § 670.1, subdivision (i)).
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This section provides summaries of information from the foregoing sections of this status
review, arranged under each of the factors to be considered by the Commission in determining
whether listing is warranted.
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1. Present or threatened modification or destruction of its habitat: A multitude of human
activities in combination with natural events and unstable topography of the region
have led to extensive habitat degradation and fragmentation (see Section 6.8 Habitat
Condition). Although management practices have been improved, legacy effects of
these disturbances persist within NC summer steelhead watersheds. Timber harvest,
gravel mining, livestock grazing, and agriculture are continued land uses in these
watersheds today and pose habitat threats to summer steelhead including sediment
loading, turbidity, decreased flow, and increased water temperatures. Timber harvest is
the most widespread land use in Humboldt County (Humboldt County 2012).
Agriculture, including cattle ranching, is also a primary land use in the county. Together,
timberland and agriculture make up about 60% of Humboldt County’s unincorporated
rural land use (Humboldt County 2012). Gravel mining occurs in NC summer steelhead
watersheds, but to a much smaller degree than timber production and ranching
(Humboldt County 2012). Cannabis cultivation is also an increasing threat, especially
illicit grow operations, which destroy habitat to make space for the grows and use
unregulated water diversions and pesticides (NMFS 2016b).
Dams in the NC summer steelhead range have also curtailed habitat use and affected
habitat suitability. R.W. Matthews Dam on the Mad River and Scott Dam on the upper
mainstem Eel River are both complete barriers to migration and eliminate all upstream
habitat. Construction of Scott Dam likely caused the loss of most summer steelhead in
the upper Eel River (NMFS 2016b). Matthews Dam and the PVP have also altered natural
flow regimes in their respective river systems. Flows seem to be positively affected by
releases from Matthews Dam on the Mad River (HBMWD 2004), but releases from Lake
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Pillsbury have been observed to increase water temperatures in the Eel River during the
late summer and early fall of some years (PG&E 2017).
The Department considers present or threatened modification or destruction of habitat
to be a significant threat to the continued existence of NC summer steelhead.
2. Overexploitation: There are no fisheries that target NC summer steelhead for harvest.
Quantitative accounting of the effects of freshwater steelhead fisheries in coastal
streams is not available; however, hooking mortality from catch-and-release fishing on
hatchery steelhead likely impacts NC summer steelhead (Taylor and Barnhart 1996).
Anecdotal evidence of poaching also exists, especially in remote areas of NC summer
steelhead watersheds (CDFG 1966 – 2018; S. Thompson, CDFW, pers. comm., 14 July
2020), but there are no directed studies that quantify illegal take or identify poaching to
be at a level that would affect NC summer steelhead abundance. Overexploitation has
not been identified as a primary threat to summer steelhead; however, we note that
with populations at low abundances even small amounts of fishing pressure can have
significant impacts on these populations. The Department considers overexploitation to
be a low to moderate threat to the continued existence of NC summer steelhead, but
further directed study is warranted to confirm this threat level.
3. Predation: NC summer steelhead experience natural predation in both the freshwater
and marine environments (see Section 6.5 Predation). Steelhead have coevolved with
many natural native aquatic and terrestrial predators including birds, pinnipeds, otters,
and other fish species, though natural predation rates can increase when conditions are
poor or population abundances are low. A predation threat that has been of particular
concern since its introduction into the Eel River system is the non-native Sacramento
Pikeminnow, which has spread throughout the drainage. These fish may consume
juvenile steelhead as they emigrate to the ocean or when steelhead abundance is high
in areas where they co-occur with large Sacramento Pikeminnow. Sacramento
Pikeminnow likely pose greater threats in lower water years when water temperatures
are higher and more suitable for the species. A study conducted in the mainstem Eel
and South Fork Eel rivers showed that Sacramento Pikeminnow can consume steelhead
but are generally opportunistic predators (Nakamoto and Harvey 2003). Comprehensive
evaluation of Sacramento Pikeminnow predation throughout the Eel River drainage
could help determine the level of impact these fish are having on salmonids including
NC summer steelhead. Otters and pinnipeds have also been observed to prey upon
steelhead in the Mad River and otters likely have easy access to summer steelhead
during their holding period (M. Sparkman, CDFW, pers. comm., 10 July 2020). The
Department considers predation to be a low to moderate threat to the continued
existence of NC summer steelhead based off the available data on Sacramento
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Pikeminnow foraging and anecdotal accounts of pinniped and otter predation. Further
directed study is warranted to confirm the level of impact of these predation threats on
NC summer steelhead.
4. Competition: Steelhead competition occurs mostly with other salmonids but can occur
when Sacramento pikeminnow are present as well. Competition tends to be more
pronounced between sympatric populations of species that are closely related as they
occupy similar habitat and ecological niches. Although Coho Salmon and non-native
Brown Trout have been observed as competitors, steelhead are more generalist in their
habitat selection, which increases their resilience to the pressures of competition (see
Section 6.6 Competition). Effects of natural inter- and intraspecies competition are not
considered by the Department to be a major threat to the continued existence of NC
summer steelhead.
5. Disease: There are no documented disease issues in NC summer steelhead streams. The
Klamath-Trinity drainage has experienced extensive outbreaks of C. shasta, particularly
in Chinook Salmon, but this parasite has not been found to infect steelhead. Hatcheries
tend to perpetuate disease transmission and hatchery-origin steelhead are generally
more susceptible to pathogen infection than natural-origin steelhead; however, MRH,
the only hatchery within the NC summer steelhead range, has not experienced any
serious disease outbreaks. Furthermore, MRH has specific protocols including fish health
monitoring and ultraviolet water treatment to help prevent disease issues (CDFW 2016).
The Department does not consider disease to be a threat to the continued existence of
NC summer steelhead.
6. Other natural occurrences or human-related activities: With the impending effects of
climate change, the limited amount of NC summer steelhead habitat will likely continue
to decline in quality and extent. California’s north coast may experience pronounced
climate change impacts including rising water temperatures, intensified flooding, more
frequent and persistent drought conditions, lower summer baseflows, altered
hydrography especially in watersheds impacted by snowmelt and large-scale historical
logging, ocean acidification, and sea level rise (see Section 6.2 Effects of Climate
Change). These climate change impacts may have detrimental effects on steelhead
habitat quality and availability. Water temperatures could become lethal more
frequently and reduce thermal stratification of essential pool habitat, catastrophic
floods have the potential to cause mass wasting and fill remaining pool habitat, drought
conditions may cause streams to dry out earlier and to a greater extent, low flow
conditions will impede fish passage, and estuary environments might be inundated by
saltwater intrusion due to sea level rise.
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The winter steelhead propagation program at MRH may have some genetic and
ecological impacts on natural steelhead populations (see Section 6.4.1), though these
impacts have not been directly studied in Mad River steelhead populations. Although
there is likely a high degree of separation between summer steelhead adults and
hatchery winter steelhead adults on the spawning grounds, a small amount of
interbreeding may still occur. Genetic consequences of hybridization between hatchery
and natural fish can have negative impacts on fitness of natural populations (Araki et al.
2009). Hatchery steelhead can also increase competition and predation in wild
populations (Steward and Bjornn 1990) and increases the risk of spreading disease
(Hastein and Lindstad 1991), though there is no documentation of these issues specific
to MRH on the Mad River.
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Natural occurrences and human-related activities are considered by the Department to
be significant threats to the continued existence of NC summer steelhead.
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9. PROTECTIONS AFFORDED BY CESA LISTING
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It is the policy of the State to conserve, protect, restore, and enhance any endangered or
threatened species and its habitat (Fish and Game Code § 2052). The conservation, protection,
and enhancement of listed species and their habitat is of statewide concern (Fish and Game
Code § 2051(c)). If listed, NC summer steelhead would receive the protections of CESA,
including the prohibition against unauthorized take. Under CESA, “take” is defined as to hunt,
pursue, catch, capture, or kill, or attempt to hunt, pursue, catch, capture, or kill (Fish and Game
Code § 86). Any person violating the take prohibition would be punishable under state law. The
California Fish and Game Code provides the Department with related authority to authorize
“take” of species listed as threatened or endangered under certain circumstances (see, e.g.,
Fish and Game Code §§ 2081, 2081.1, 2086, & 2835).
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When take is authorized pursuant to an incidental take permit under CESA, impacts of the
taking caused by the activity must be minimized and fully mitigated according to state
standards (Fish and Game Code § 2081, subdivision (b)). Additionally, the Department would be
prohibited from approving incidental take permits which could jeopardize the continued
existence of the species in the state (Fish and Game Code § 2081, subdivision (b)).
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In addition to restrictions on take of CESA-listed species, public agencies should not approve
any proposed projects that could jeopardize the persistence of an endangered or threatened
species, or that would adversely modify or destroy essential habitat of the species, if there are
reasonable and prudent alternatives to the project that would be consistent with conservation
of the species or its habitat (Fish and Game Code § 2053). If economic, social, or other
conditions make such alternatives infeasible, mitigation and enhancement measures must be
included to offset negative effects from project implementation (Fish and Game Code § 2054).
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The CEQA review process may also result in protections for NC summer steelhead. Any project
as defined under CESA that is proposed to be implemented or approved by a California public
agency requires an evaluation of environmental impacts associated with the project including
those affecting rare, threatened, and endangered species unless an exemption applies.
Significant impacts generally must be mitigated to below a level of significance through
avoidance, minimization, and/or mitigation measures for the species affected. Thus,
environmental review of projects under CEQA could benefit NC summer steelhead particularly
if it is CESA-listed.

4795
4796
4797
4798
4799
4800
4801

Listing NC summer steelhead under CESA could prompt changes to regulations on coastal
steelhead fisheries that may have indirect positive impacts on NC summer steelhead incidental
catch. Listing NC summer steelhead under CESA could also increase the chances that federal
and state resource management agencies will allot funding for protection and recovery efforts
that benefit NC summer steelhead. However, implementation of any recovery actions or other
management would be complicated by the inability to differentiate summer from winter
steelhead in most life stages.
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10. DEGREE AND IMMEDIACY OF THREAT
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Premature migration phenotypes are often at a higher risk of extinction than their mature
migration alternates. Their life history provides less time feeding and growing in the nutrientrich ocean and requires extended periods of time surviving in freshwater prior to spawning,
which can result in thermal stress and exposure to extreme flows, disease, and predation
(Quinn et al. 2016). Watersheds in the NC steelhead DPS are impacted by a combination of
natural and human-induced threats that have resulted in substantial habitat degradation and
destruction. Impacts of climate change are likely to increase these threats, further limiting
available suitable habitat and habitats that could become suitable over time.

4811
4812
4813
4814
4815
4816
4817

The proposed removal of Scott Dam could help revive Eel River steelhead populations, opening
hundreds of miles of potential steelhead habitat (Cooper 2020). It is possible that summer
steelhead could repopulate the mainstem Eel River should the right habitat conditions exist,
which could result in the reemergence of two extirpated NC summer steelhead populations
(Upper Middle Mainstem and Upper Mainstem Eel River populations). However, these areas
are known to have very hot air temperatures in summer months and may have elevated stream
temperatures as well.
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Although they exhibit life history differences, summer and winter steelhead in the NC steelhead
DPS are extremely similar genetically, especially when looking at the two ecotypes within a
basin. Summer steelhead represent an important diversity component of steelhead in Northern
California that contributes additional genetic variation and thus, increases the species’ ability to
persist in the face of short- or long-term environmental changes; however, they do not
constitute a subspecies separate from winter steelhead in the NC steelhead DPS. Given the
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evidence of genetic exchange among winter and summer steelhead within the NC steelhead
DPS, winter steelhead populations may act as a reservoir for the summer migrating ecotype to
some degree. Though environmental conditions that support summer migration timing are
necessary for the continued existence of the ecotype.
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Given the low abundances of all NC summer steelhead populations, with the exception of the
Middle Fork Eel River population, which is still depressed compared to suspected historical
numbers, there is a potential for these populations to be extirpated within a relatively short
time frame. We suspect that this may be the case for many populations of NC winter steelhead
as well given their exposure to similar conditions and threats, though this was not expressly
investigated. Both life history types are essential components to the continued existence of
populations in the NC steelhead DPS.
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11. LISTING RECOMMENDATION
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In response to the listing petition received by the California Fish and Game Commission, CESA
directs the Department to prepare a status review report for NC summer steelhead using the
best scientific information available (Fish and Game Code, § 2074.6). CESA also directs the
Department to recommend whether the petitioned action is warranted (Fish and Game Code, §
2074.6; California Code of Regulations, Title 14, § 670.1, subdivision (f)).
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Under CESA, an endangered species is defined as “a native species or subspecies…which is in
serious danger of becoming extinct throughout all, or a significant portion, of its range due to
one or more causes, including loss of habitat, change in habitat, overexploitation, predation,
competition, or disease” (Fish and Game Code, § 2062). A threatened species is defined as “a
native species or subspecies… that, although not presently threatened with extinction, is likely
to become an endangered species in the foreseeable future in the absence of the special
protection and management efforts required by [CESA]” (Fish and Game Code, § 2067). To be
listed under CESA, a candidate species must be determined to be a separate species or
subspecies (Fish and Game Code, § 2062). Courts have held that the term “species or
subspecies” includes ESUs (Central Coast Forest Assn. v. Fish & Game Com. (2018) 18 Cal. App.
5th 1191, 1236, citing Cal. Forestry Assn., supra, 156 Cal. App. 4th at pp. 1542 and 1549).
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The Department has recognized that similar populations of a species can be grouped for
efficient protection of bio- and genetic diversity (Cal. Forestry Assn. v. Cal. Fish and G. Com.,
supra, 156 Cal.App.4th at 1546-47). Further, genetic structure and biodiversity in California
populations are important because they foster enhanced long-term stability (Id. at p. 1547).
Diversity spreads risk and supports redundancy in the case of catastrophes, provides a range of
raw materials that allow adaptation and persistence in the face of long-term environmental
change, and leads to greater abundance (Ibid.).
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The summer steelhead ecotype represents an important diversity element of the steelhead
species and provides genetic variation within NC steelhead populations that will help them

4861
4862
4863
4864
4865
4866

persist through short-term and long-term changes in the environment. For this status review,
NC summer steelhead were evaluated as if they constituted a distinct subspecies as was
requested by the Petition. However, given the available information on the biological and
ecological relationship between NC summer steelhead and other population components of
California steelhead, the Department concludes that the NC summer steelhead ecotype should
not be listed as a distinct species or subspecies under CESA,.
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The Department’s status review recommendation is submitted to the Commission in an
advisory capacity based on the best available science. In consideration of the best available
scientific information contained herein, the Department recommendation is that NC summer
steelhead should not be listed as a threatened or endangered species under CESA. This
recommendation was based on the following considerations:
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➢ NC summer and winter steelhead are partially, but not fully, reproductively isolated.
Although summer steelhead are sometimes able to pass flow-dependent barriers that
are not always passable by winter steelhead, spawning grounds likely overlap to some
degree, especially in low-flow years. Spawning distribution is somewhat unclear in the
NC steelhead DPS and varies between watersheds and spawning tributaries, but it is
likely that the two ecotypes overlap both temporally and spatially during spawning.
There is genetic evidence, in the form of heterozygosity at the GREB1L locus, that
suggests interbreeding of summer and winter steelhead and an interconnected genetic
legacy between the two ecotypes (Prince et al. 2017; Pearse et al. 2019; Kannry et al.
2020).This suggests that interbreeding occurs, at least occasionally, between the two
ecotypes. Interbreeding of the two runs likely also occurred historically, though
quantifying natural levels of interbreeding is difficult. Additionally, salmonid habitat is
dynamic, so levels of interbreeding have probably fluctuated over multiple time scales
and spatial scales (Ford et al. 2020).
➢ Summer and winter steelhead ecotypes within the NC steelhead DPS are not
genetically distinct!.. Genetic exchange exists between summer and winter steelhead
on contemporary and evolutionary time scales. There is substantial scientific literature
and consensus within the scientific community that summer steelhead are more closely
related to sympatric winter steelhead than to their life history equivalents in other
watersheds (Chilcote et al. 1980; Thorgaard 1983; Nielsen and Fountain 1999; Arciniega
et al. 2016; Prince et al. 2017). The genomic region consisting of GREB1L, ROCK1, and
the intergenic region, although strongly associated with migration timing (Prince et al.
2017; Micheletti et al. 2018; Narum et al. 2018; Pearse et al. 2019), only accounts for a
small amount of genetic variation between the two ecotypes. This concept is supported
by recent studies that have looked across much larger portions of the genome
(Micheletti et al. 2018; Ford et al. 2020). Offspring from parents with alternate
migration timing genotypes can be a mix of early, late, and intermediate migratory
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genotypes (Pearse et al. 2019) and heterozygotes may act as a reservoir for early
migration alleles (Ford et al. 2020), though this is likely dependent on habitat conditions
and patterns of dominance at the GREB1L/ROCK1 genomic region, which are not fully
understood.
➢ The ESU and DPS constitute the best available management framework for defining
salmonid population units. While CESA does not mandate listing of species or
subspecies within the confines of the ESU or DPS delineations, the Department, at this
time, considers these conservation units as the best structure for management of
salmonids below the species level in California. Pacific salmonid ESUs and DPSs are
generally defined by geography as guided by patterns of genetic variation driven by
geographic proximity rather than phenotype. Management units based solely on a
phenotypic characteristic such as migration timing would not accurately reflect
evolutionary lineages (Waples and Lindley 2018). There are still areas of uncertainty
surrounding the genetics behind run timing expression. Although there is a strong
correlation of the GREB1L/ROCK1 genomic region with adult run timing, we do not fully
understand the mechanisms underlying expression of migration phenotypes (Ford et al.
2020). Ford et al. (2020) advise that conservation units should continue to be defined by
patterns of genetic diversity across the genome rather than by variation in small
genomic regions associated with specific life history traits. At this time, the NMFSdefined DPS is the best available conservation unit for managing California’s steelhead
populations.
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Summer steelhead are not present in all NC steelhead DPS streams; however, given the genetic
connectivity within the DPS, summer steelhead should not be considered alone when assessing
extinction risk of this segment of the steelhead species. Migration timing is a major difference
between these ecotypes, but winter steelhead share many characteristics of summer steelhead
and are similar in more ways than they are different. Given the significant overlap in the
biological and ecological needs of summer and winter steelhead, factors threatening the
survival of summer steelhead most likely impact winter steelhead to a similar degree. While we
did not expressly investigate the status of winter steelhead populations in this review, based on
their genetic, biological, and ecological similarities we anticipate that winter steelhead
populations within the NC steelhead DPS are also depressed.
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12. ALTERNATIVES TO LISTING
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If the Commission determines that listing under CESA is not warranted, NC summer steelhead
will revert to the unlisted status under state law that it was under prior to candidacy. State
incidental take permits will not be required for projects with the potential to take NC summer
steelhead unless it is listed under CESA. Because NC steelhead are listed as threatened under
ESA, projects with the potential to take NC summer and winter steelhead will be required to
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obtain federal and state permits currently in place pursuant to Section 4(d), 10(a), and 7(a)(2)
of ESA and Sections 1002, 1002.5, and 1003 of the Fish and Game Code. The state will continue
to negotiate lake and streambed alteration agreements, and comment on THPs, federal
incidental take permits and recovery planning, and petitions and applications to the CASWRCB.
Also, the Department will continue to act as the trustee agency for the state’s fish, wildlife, and
plant resources and responsible agency when it is in the role of issuing discretionary approvals
within its regulatory authority for projects as defined under CEQA. In this role, the Department
will review and comment on impacts to NC summer steelhead and recommend mitigation
measures for these impacts as part of the CEQA review process.
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If the Commission decides not to list NC summer steelhead, the Department will continue to
participate in and support current or future programs designed to benefit NC summer
steelhead and other anadromous fish. These programs include:
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•

•
•
•
•
•
•
•

coordination with other agencies on the removal of Scott Dam if FERC issues a new
license for the PVP that includes a plan for dam removal, coordination with state
agencies to decrease impacts from timber related projects,
identifying and removing or retrofitting existing barriers to fish passage,
working with gravel extractors and other mining interests to avoid, minimize, or
mitigate for impacts to fisheries resources,
continuing to restore and enhance salmon and steelhead habitat throughout the state
through the Fisheries Restoration Grant Program and other granting programs,
participation in federal and state conservation and restoration programs operating in
the petitioned area,
regulation of steelhead sport fishing in Northern California streams,
conducting research and monitoring programs,
and coordinating with other agency research and monitoring efforts.
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13. RECOVERY CONSIDERATIONS
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The Department's recovery objective for NC summer steelhead is to protect and expand
existing natural-origin spawning populations and reestablish enough additional native
populations in restored and protected streams to ensure persistence over a 100-year minimum
time frame. Increased numbers, expanded distribution, and maintenance of genetic diversity
will improve their probability of long-term survival within their native range. Recovery actions
would focus on restoring, rehabilitating, and protecting habitat in natural holding, spawning,
and juvenile rearing areas.
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Recovery also requires effective monitoring of long-term status and trend of NC summer
steelhead abundance and distribution throughout the petitioned area is necessarynecessary.
Recovery goals must ensure that individual populations are sufficiently abundant to avoid
genetic risks of small population size; therefore, these goals need to address abundance levels
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(adult spawning escapements), population stability criteria, distribution, and length of time for
determining sustainability.
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If listed under CESA, the Department will develop appropriate downlisting or delisting criteria
for NC summer steelhead, based on the best scientific information available. The Department
will periodically reexamine the status of NC summer steelhead. When, in the Department's
judgment, recovery goals and downlisting or delisting criteria have been met, the Department
will make recommendations to the Commission regarding changing the status of this species.
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Recovery of viable NC summer steelhead populations will require vigorous efforts by the
Department, other government agencies, and the private sector to improve and expand habitat
and support population expansion. Habitat conditions must be improved to provide the
necessary spawning and rearing habitat to allow the NC summer steelhead populations to
survive, diversify, and increase to levels sufficient to withstand droughts, unfavorable climatic
and oceanic conditions, and other uncontrollable natural phenomenon.
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14. MANAGEMENT RECOMMENDATIONS
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Although the Department recommends that NC summer steelhead not be listed under CESA,
the summer steelhead ecotype represents an important diversity element that should be
maintained within the NC steelhead DPS. The Department recommends the following measures
be taken to effectively manage and preserve NC summer steelhead:
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1. Implement comprehensive monitoring in all streams with extant NC summer steelhead
populations and produce statistically robust population estimates.
2. Support and participate in the development of watershed specific efforts to effectively
maintain and restore NC summer steelhead habitat by focusing on the combination of
factors currently limiting the distribution and abundance of NC summer steelhead such
as timber harvest, livestock grazing, gravel mining, and water extraction.
3. Improve and expand suitable and preferred habitat used by NC summer steelhead for
summer holding, spawning, and juvenile rearing. Prioritize habitat restoration,
protection, and enhancement in summer steelhead holding, spawning, and rearing
areas. Habitat projects should focus on improving habitat complexity, riparian cover,
instream wood, fish passage, and sediment transport. Restoration should also be
implemented in potential summer steelhead habitat not currently occupied by summer
steelhead.
4. Continue research on GREB1L, ROCK1, and other relevant genomic regions to better
understand the mechanism for run timing expression.
5. Investigate the effects of MRH winter steelhead on natural-origin steelhead populations.
6. Continue to operate MRH under its recently developed Hatchery and Genetic
Management Plan.
7. Strengthen law enforcement in remote areas occupied by NC summer steelhead to
reduce threats of poaching and illegal water diversions used for cannabis cultivation.
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8. Evaluate current fishing regulations to determine any potential changes that could be
implemented for further protection of NC summer steelhead.
9. Support efforts to evaluate effects of potential removal of Scott Dam on the upper Eel
River.
10. If plans to remove Scott Dam are not approved by FERC, explore the potential for
reintroduction of summer steelhead above Scott Dam.
11. Develop individual watershed management plans for watersheds with summer
steelhead populations or the potential for reintroduction.
12. Investigate effects of hooking mortality and potential predation activity on NC summer
steelhead.

5025

Formatted: Heading 2

5026

Commented [MBH(55]: The landscape of habitats
inhabited by NC summer steelhead have been simplified
and domesticated for anthropogenic use, leading to a loss of
habitat diversity. The potential loss of diversity in steelhead,
exemplified by the potential loss of the premature run
timing variant, represents a partial domestication of the
species, and is a consequence of this landscape
domestication.

5027

REFERENCES

5028
5029

American Fisheries Society-Fish Health Section (AFS-FHS). FHS blue book: suggested procedures
for the detection and identification of certain finfish and shellfish pathogens, 2012 edition.

5030
5031
5032

Allendorf, F.W., D. Bayles, D.L. Bottom, K.P. Currens, C.A. Frissell, D. Hankin, J.A. Lichatowich,
W. Nehlsen, P.C. Trotter, and T.H. Williams. 1997. Prioritizing Pacific salmon stocks for
conservation. Conservation Biology 11:140–152.

5033
5034

Allendorf, F.W., P.A. Hohenlohe, and G. Luikart. 2010. Genomics and the future of conservation
genetics. Nature Reviews Genetics, 11(10), 697–709. https://doi.org/10.1038/nrg2844

5035
5036
5037
5038

Anderson, J.K. 2018. Sea-level rise in the Humboldt Bay region. Local Report. Northern
Hydrology and Engineering, McKinleyville, CA.
https://digitalcommons.humboldt.edu/cgi/viewcontent.cgi?article=1006&context=hsuslri_l
ocal

5039
5040
5041

Araki, H., W.R. Ardren, E. Olsen, B. Cooper, and M.S. Blouin. 2007. Reproductive success of
captive-bred steelhead trout in the wild: evaluation of three hatchery programs in the Hood
River. Conservation Biology 21:181–190.

5042
5043

Araki, H., B. Cooper, and M.S. Blouin 2007. Genetic effects of captive breeding cause a rapid,
cumulative fitness decline in the wild. Science 318:100–103.

5044
5045

Araki, H., B. Cooper, and M.S. Blouin 2009. Carry-over effect of captive breeding reduces
reproductive fitness of wild-born descendants in the wild. Biology Letters 5:621–624.

It is conceivable, based on the current limited
understanding we now have of the genomics of this issue,
that the premature run time variant could be resurrected
from the mature run time population if sufficient habitat
complexity allowed its expression.
It could be if………………
I hope your right

5046
5047
5048

Arciniega, M., A.J. Clemento, M.R. Miller, M. Peterson, J.C. Garza, and D.E Pearse. 2016. Parallel
evolution of the summer steelhead ecotype in multiple populations from Oregon and
Northern California. Conservation Genetics 17:165–175.

5049
5050
5051
5052

Axness, D.S. and K. Clarkin. 2013. Planning and Layout of Small-Stream Diversions. United States
Department of Agriculture, Forest Service, National Technology & Development Program,
March 2013. https://www.fs.fed.us/td/pubs/pdfpubs/pdf13251801/pdf13251801dpi100.pdf

5053
5054

Bachman, R.A. 1984. Foraging behavior of free-ranging wild and hatchery brown trout in a
stream. Transactions of the American Fisheries Society 113:1–32.

5055
5056
5057

Baigún, C.R.M. 2003. Characteristics of deep pools used by adult summer steelhead in
Steamboat Creek, Oregon. North American Journal of Fisheries Management 23(4):1167–
74.

5058
5059
5060

Baigún, C.R., J. Sedell, and G. Reeves. 2000. Influence of water temperature in use of deep pools
by summer steelhead in Steamboat Creek, Oregon (USA). Journal of Freshwater Ecology
15(2):269–79.

5061
5062
5063

Bailey, E.D. 1952. First progress report on the experimental program for the Mad River,
Humboldt County, CA Bureau of Fish Conservation, California Department of Fish and
Game, Inland Fisheries Administrative Report. Number 52-5.

5064
5065
5066

Bajjaliya, F.S., R.G. Titus, J.R. Ferreira, and R.M. Coleman. 2014. Morphometric variation among
four distinct population segments of California steelhead trout. California Fish and Game
100:703–726.

5067
5068
5069

Barnhart, R.A. 1986. Species Profiles: Life histories and environmental requirements of coastal
fishes and invertebrates (Pacific Southwest): Steelhead. U.S. Department of the Interior,
Fish and Wildlife Service, Biological Report 82.

5070
5071

Battin, J., M.W. Wiley, M.H. Ruckelshaus, R.N. Palmer, E. Korb, K.K. Bartz, and H. Imaki. 2007.
Projected impacts of climate change on salmon habitat restoration. PNAS 104:6720–6725.

5072
5073
5074
5075

Bauer, S., J. Olson, A. Cockrill, M. van Hattem, L. Miller, M. Tauzer, and G. Leppig. 2015. Impacts
of surface water diversions for marijuana cultivation on aquatic habitat in four
northwestern California watersheds. PLoS ONE 10:e0120016.
DOI:10.1371/journal.pone.0120016

5076
5077
5078

Becker, G.S. and I.J. Reining. 2009. Steelhead/Rainbow Trout (Oncorhynchus mykiss) resources
of the Eel River watershed, California. Center for Ecosystem Management and Restoration.
Oakland, CA.

5079
5080

Behnke, R.J. 1972. The systematics of salmonid fishes of recently glaciated lakes. Journal of the
Fisheries Research Board of Canada 29:639–671.

5081
5082
5083

Behnke, R.J. 1993. Status of biodiversity of taxa and nontaxa of salmonid fishes: Contemporary
problems of classification and conservation. Pages 43 – 48 in J.G. Cloud and G.H. Thorgaard,
editors. Genetic conservation of salmonid fishes. Plenum Press, New York.

5084
5085

Behnke, R.J. 2002. Trout and salmon of North America (1st ed.; G. Scott, editor). New York, NY:
The Free Press.

5086
5087
5088

Benbow Dam removal completed. 2017, December 24. The Times-Standard. Retrieved 8 April,
2020 from https://www.times-standard.com/2017/12/24/benbow-dam-removalcompleted/

5089
5090
5091

Berntson, E A., R.W. Carmichael, M.W. Flesher, E.J. Ward, and P. Moran 2011. Diminished
reproductive success of steelhead from a hatchery supplementation program (Little Sheep
Creek, Imnaha Basin, Oregon). Transactions of the American Fisheries Society 140:685–698.

5092
5093

Bett, N.N., S.G. Hinch, N.J. Burnett, M.R. Donaldson, and S.M. Naman. 2017. Causes and
Consequences of Straying into Small Populations of Pacific Salmon. Fisheries 42:220–230.

5094
5095
5096

Bisson, P.A., K. Sullivan, and J.L. Nielsen. 1988. Channel hydraulics, habitat use and body form of
juvenile Coho Salmon, steelhead, and Cutthroat Trout in streams. Transactions of the
American Fisheries Society 117:262–273.

5097
5098
5099
5100

Bjorkstedt, E.P., B.C. Spence, J.C. Garza, D.G. Hankin, D. Fuller, W.E. Jones, J.J. Smith, and R.
Macedo. 2005. An analysis of historical population structure for evolutionarily significant
units of Chinook Salmon, Coho Salmon, and steelhead in the North-Central California Coast
Recovery Domain. NOAA Technical Memorandum NMFS-SWFSC-382. Santa Cruz, CA.

5101
5102
5103
5104

Bjornn, T.C. and D.W. Reiser. 1991. Chapter 4: Habitat Requirements of Salmonids in Streams.
Chapter 4 In W.R. Meehan, editor. Influences of forest and rangeland management on
salmonid fishes and their habitats. American Fisheries Society Special Publication 19:83–
138.

5105

Blackwell, E.C. 1920. Man-eating steelheads. American Angler. Vol. 4 No. 4, September.

5106
5107
5108

Bouska, W.W. and C.P. Paukert. 2009. Road Crossing Designs and Their Impact on Fish
Assemblages of Great Plains Streams. Transactions of the American Fisheries Society
139:214–222.

5109
5110

Bowen, B.W. 1998. What is wrong with ESUs? The gap between evolutionary theory and
conservation principles. Journal of Shellfish Research 17:1355–1358.

5111
5112

Brown, R.A. 1988. Physical rearing habitat for anadromous salmonids in the Redwood Creek
basin, Humboldt County, California. Thesis. Humboldt State University.

5113
5114

Brown, A.V., M.M. Lyttle, and K.B. Brown. 1998. Impacts of gravel mining on gravel bed
streams. Transactions of the American Fisheries Society 127:979–994.

5115
5116

Brown, L., P.B. Moyle, and R.M. Yoshiyama. 1994. Historical decline and current status of Coho
Salmon in California. North American Journal of Fisheries Management 14:237–261.

5117
5118
5119

Buchanan, D.V., J.E. Sanders, J.L. Zinn, and J.L. Fryer. 1983. Relative susceptibility of four strains
of summer steelhead to infection by Ceratomyxa shasta. Transactions of the American
Fisheries Society 112:541–543.

5120
5121

Bunn, S.E. and A.H. Arthington. 2002. Basic Principles and Ecological Consequences of Altered
Flow Regimes for Aquatic Biodiversity. Environmental Management 30:492–507.

5122
5123

Bureau of Land Management (BLM). 2002. North Fork Eel River Spring Snorkel Survey 2002.
Task Order Number BCA022000. Submitted by Joseph D. Scriven, Ukiah, CA. Unpublished.

5124
5125

Bureau of Land Management (BLM). 2019. North Fork Eel River Fisheries Study – Summer 2019.
Report by Zane Ruddy, Arcata, California. Unpublished.

5126
5127

Burns, J.W. 1972. Some effects of logging and associated road construction on Northern
California streams. Transactions of the American Fisheries Society 101:1–17.

5128
5129
5130
5131

Busby, P.J, T.C. Wainwright, G.J. Bryant, L.J. Lierheimer, R.S. Waples, F.W. Waknitz, and I.V.
Lagomarsino. 1996. Status review of West Coast steelhead from Washington, Idaho,
Oregon, and California. U.S. Department of Commerce, NOAA Technical Memorandum
NMFS-NWFSC-27.

5132
5133
5134

Busby, P.J., T.C. Wainwright, and R.S. Waples. 1994. Status review for Klamath Mountains
Province steelhead. U.S. Department of Commerce, NOAA Technical Memorandum NMFSNWFSC-19.

5135
5136

Busch, D.S., C.J. Harvey, and P. McElhany. 2013. Potential impacts of ocean acidification on the
Puget Sound food web. ICES Journal of Marine Science 70:823–833.

5137
5138
5139

Butsic, V. and J.C. Brenner. 2016. Cannabis (Cannabis sativa or C. indica) agriculture and the
environment: a systematic, spatially-explicit survey and potential impacts. Environmental
Research Letters 11:044023.

5140
5141
5142

Caldeira, K. and M.E. Wickett. 2005. Ocean model predictions of chemistry changes from
carbon dioxide emissions to the atmosphere and ocean. Journal of Geophysical Research
110:C09S04. https://doi.org/10.1029/2004JC002671

5143
5144

California Department of Fish and Game (CDFG). 1920. Steelhead trout in the California
National Forest. California Fish and Game 6:134.

5145
5146
5147
5148

California Department of Fish and Game (CDFG). 1953. Summer steelhead fishery, Middle Fork
of Eel River, Mendocino County. State of California, Department of Fish and Game, Inland
Fisheries Branch, 3 September 1953. Internal CDFG intraoffice correspondence from L.
Shapovalov, Inland Fisheries Branch, to W.A. Evans, Region III.

5149
5150

California Department of Fish and Game (CDFG). 1957a. Middle Fork Eel River Preliminary
Survey. Memorandum by J.L. Heckman. Internal CDFG memorandum.

5151
5152
5153

California Department of Fish and Game (CDFG). 1957b. Middle Fork Eel River Stream Survey,
September 9 – 12. Report by R.F. Elwell and N. Randolph. Internal CDFG report.
Unpublished.

5154
5155
5156

California Department of Fish and Game (CDFG). 1966. Fish and wildlife problems and study
requirements in relation to north coast water development. Water Projects Branch Report
No. 5.

5157
5158

California Department of Fish and Game (CDFG). Multiple: 1966 – 2018. Middle Fork Eel River
summer steelhead survey annual report. Internal CDFG reports. Unpublished.

5159
5160
5161
5162

California Department of Fish and Game (CDFG). 1967. Biology and Management of Steelhead
Trout in California. The Resources Agency of California, Department of Fish and Game,
Inland Fisheries Branch Administrative Report 67-7. Report by L. Shapovalov. Internal CDFG
report. Unpublished.

5163
5164
5165

California Department of Fish and Game (CDFG). 1968. Stream Survey North Fork Eel River,
February 2. Report by J. Horton, D. Rogers, and L. Puckett. Internal CDFG report.
Unpublished.

5166
5167
5168

California Department of Fish and Game (CDFG). Multiple: 1976, 1978, 1979, and 1980. Annual
Report: Mad River Salmon and Steelhead Hatchery. Anadromous Fisheries Branch,
Administrative Report. Internal CDFG reports.

5169
5170

California Department of Fish and Game (CDFG). 1977. Lower Eel River summer fishery resource
evaluation. Memorandum written by D.P. Lee, Eureka, CA. Internal CDFG memorandum.

5171
5172

California Department of Fish and Game (CDFG). 1981. Woodman Creek Stream Survey, 4 May
and June 19. Report by W.E. Jones and N. Swirhun. Internal CDFG report. Unpublished.

5173
5174

California Department of Fish and Game (CDFG). 1983. Memorandum reporting salmon and
steelhead stocking of Lagunitas and Nicasio Creeks from 1955-83. Internal CDFG report.

5175
5176

California Department of Fish and Game (CDFG). 1987. Van Duzen River, Humboldt County,
field note. Written by L. Preston. Internal CDFG report. Unpublished.

5177
5178
5179

California Department of Fish and Wildlife (CDFG). 1991. Memorandum: South Fork Van Duzen
River, some notes on summer steelhead fishery. Department of Fish and Game, Region 1,
Redding, CA, 4 December. Written by E. Gerstung. Internal CDFG memorandum.

5180
5181

California Department of Fish and Wildlife (CDFG). 1994. Mainstem Eel River Snorkel Survey,
July 17 & 30, 1994. Report by S. Downie. Internal CDFG report. Unpublished.

5182
5183

California Department of Fish and Game (CDFG). 1997a. Eel River salmon and steelhead
Restoration Action Plan. Inland Fisheries Division. Internal CDFG document. Unpublished.

5184
5185
5186

California Department of Fish and Game (CDFG). 1997b. Subject: 1997 Van Duzen River Summer
Steelhead Survey. The Resources Agency, Department of Fish and Game Memorandum, 10
October. Written by L. Preston. Internal CDFG memorandum.

5187
5188

California Department of Fish and Game (CDFG). 1998. Summer steelhead Management Plan:
Middle Fork Eel River. Internal CDFG document. Unpublished.

5189
5190
5191

California Department of Fish and Game (CDFG). 1999. California Department of Fish and Game
Cooperative Fish Rearing Program. Status Report, December 2. California Department of
Fish and Game, Fortuna, California. Internal CDFG report. Unpublished.

5192
5193
5194

California Department of Fish and Game (CDFG). 2000. Stream Inventory Report, Larabee Creek,
Mainstem Eel River. Report by S.T. Downie, D. Kintz, D. Libel, J. Schussler, G. Johnson, C.
Danely, J. Jenkins, and G.S. Yoshioka. Internal CDFG report. Unpublished.

5195
5196

California Department of Fish and Game (CDFG). 2002. Status Review of California Coho Salmon
north of San Francisco. Candidate Species Status Review Report 2002 – 2003.

5197
5198

California Department of Fish and Game (CDFG). 2004. Recovery strategy for California Coho
Salmon. Report to the California Fish and Game Commission, Sacramento, CA, USA.

5199
5200

California Department of Fish and Game (CDFG). 2006a. Mad River. Report by E. Gerstung and
K. Perry. Internal CDFG Report. Unpublished.

5201
5202

California Department of Fish and Game (CDFG). 2006b. Redwood Creek. Report by E. Gerstung
and K. Perry. Internal CDFG Report. Unpublished.

5203
5204

California Department of Fish and Game (CDFG). 2006c. Van Duzen River. Report by E. Gerstung
and K. Perry. Internal CDFG Report. Unpublished.

5205
5206

California Department of Fish and Game (CDFG). 2007. Mattole River. Report by E. Gerstung
and K. Perry. Internal CDFG Report. Unpublished.

5207
5208
5209

California Department of Fish and Game (CDFG). 2011. Fish Bulletin 180: California Coastal
Salmonid Population Monitoring: Strategy, Design, and Methods. State of California, Natural
Resources Agency, Department of Fish and Game.

5210
5211

https://www.calfish.org/ProgramsData/ConservationandManagement/CaliforniaCoastalMo
nitoring.aspx

5212
5213
5214

California Department of Fish and Wildlife (CDFW). 2013. Stream Survey: Black Butte River.
Resource Agency of California, Department of Fish and Wildlife. Observations by S.
Thompson and S. Kannry. Internal CDFW report. Unpublished.

5215
5216
5217

California Department of Fish and Wildlife (CDFW). 2016. Hatchery and Genetic Management
Plan for Mad River Hatchery Winter-run Steelhead. Prepared for National Marine Fisheries
Service, Arcata, CA.

5218
5219
5220

California Department of Fish and Wildlife (CDFW). 2018. Statewide drought response: Stressor
monitoring summary 2014 – 2017. California Department of Fish and Wildlife, Fisheries
Branch, West Sacramento.

5221
5222

California Department of Fish and Wildlife (CDFW). 2019. Mad River Fisheries Management and
Evaluation Plan. Pre-publication draft.

5223
5224
5225
5226
5227

California Department of Forestry and Fire Protection (CalFire) and California Department of
Fish and Wildlife (CDFW). 2014. Anadromous Salmonid Protection Rules: Revised
Interpretive Questions and Answers for RPFs and Landowners.
https://www.fire.ca.gov/media/8277/asp-qa-doc-with-revised-language-06_16_14-finalrevision.pdf

5228

California Endangered Species Act. 1970. California Fish and Game Code § 2050–2069.

5229
5230
5231
5232

California Environmental Protection Agency (CalEPA). 2018 (10 September). Statute and
Regulations addressing Impaired Waters and TMDLs: Section 303(d) of the Clean Water Act.
Retrieved 11 May 2020 from https://www.epa.gov/tmdl/statute-and-regulationsaddressing-impaired-waters-and-tmdls

5233
5234

California Fish Commission (CFC). 1902. Seventeenth Biennial Report of the State Board of Fish
Commissioners of the State of California, for the years 1901 – 1902. Sacramento, CA.

5235
5236

California Forestry Association v. California Fish and Game Commission. 2007. 156 Cal.App. 4th
1535, 68 Cal.Rptr.3d 391.

5237
5238

California Freshwater Sport Fishing Regulations 2020-2021. California Department of Fish and
Wildlife. https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=177572&inline

5239
5240
5241
5242

California State Water Resources Control Board (CASWRCB). 2018 (1 November). California
Priority Watersheds. Retrieved 20 April 2020, from
https://www.waterboards.ca.gov/water_issues/programs/cannabis/california_priority_wat
ersheds.html

5243
5244
5245

California State Water Resources Control Board (CASWRCB). 2020a. 2018 Integrated Report for
Clean Water Act Sections (305(b) and 303(d). California Environmental Protection Agency,
Surface Water Quality Assessment.

5246
5247
5248
5249
5250

California State Water Resources Control Board (CASWRCB). 2020b. 2018 Integrated Report for
Clean Water Act Sections (305(b) and 303(d): Supporting Information. Regional Board 1 –
North Coast Region.
https://www.waterboards.ca.gov/water_issues/programs/tmdl/2018state_ir_reports_draft
/apx_c_state_factsheets/table_of_contents.shtml#r1_revised

5251
5252

Chevassus, B. 1979. Hybridization in salmonids: results and perspectives. Aquaculture 17:113–
128.

5253
5254
5255

Chilcote, M.W., B.A. Crawford, and S.A. Leider. 1980. A genetic comparison of sympatric
populations of summer and winter steelheads. Transactions of the American Fisheries
Society, 109:203–206.

5256
5257

Christie, M.R., M.J. Ford, and M.S. Blouin. 2014. On the reproductive success of earlygeneration hatchery fish in the wild. Evolutionary Applications 7:883–896.

5258
5259
5260

Clark, R., and K. O’Connor. 2019. A systematic survey of bar-built estuaries along the California
coast. Estuarine, Coastal and Shelf Science 226:1–14.
https://doi.org/10.1016/j.ecss.2019.106285

5261
5262
5263

Clemento, A. 2006. Subpopulation structure of steelhead trout (Oncorhynchus mykiss) in the
Middle Fork Eel River as determined by microsatellite DNA polymorphism. Thesis. Humboldt
State University, Arcata, California.

5264
5265
5266

Collins, E., J. Hargrove, T. Delmoas, and S. Narum. 2020. Distribution of genetic variation
underlying adult migration timing in steelhead of the Columbia River basin. Pre-print.
DOI:10.22541/au.158817808.80002805/v3

5267
5268
5269

Conley, K.R., J.D. Ebel, J.S. Hargrove, W. Petersen, and L.P. Denny. 2019. In-Stream Egg
Incubators Produce Hatchery Chinook Salmon with Similarities to and Differences from
Natural Juveniles. North American Journal of Fisheries Management 40:256–277.

5270
5271

Cooper, E.G. 2017. An estimation of potential salmonid habitat capacity in the Upper Mainstem
Eel River, California. Thesis. Humboldt State University, Arcata, California.

5272
5273
5274

County of Humboldt Extraction Review Team (CHERT). 2019. 2018 Post-Extraction Report:
Discussion Draft. Prepared for the Humboldt County Board of Supervisors, February 20.
https://humboldtgov.org/Archive/ViewFile/Item/1334

5275
5276

Cramer, S.P., D.W. Alley, J.E. Bladrige, K. Barnard, D.B. Demko, D.H. Dettman, B. Farrell, J.
Hagar, T.P. Keegan, A. Laird, W.T. Mitchell, R.C. Nuzum, R. Orton, J.J. Smith, T.L. Taylor, P.A.

5277
5278
5279
5280

Unger, and E.S. Van Dyke. 1995. The status of steelhead populations in California in regards
to the Endangered Species Act. (Special Report submitted to National Marine Fisheries
Service on behalf of Association of the California Water Agencies). Gresham, Oregon: S.P.
Cramer and Associates, Inc.

5281
5282
5283

Crandall, K.A., O.R.P. Bininda-Emonds, G.M. Mace, and R.K. Wayne. 2000. Considering
evolutionary processes in conservation biology. Trends in Ecology and Evolution 15:290–
295.

5284
5285
5286

Crozier, L.G., A.P. Hendry, P.W. Lawson, T.P. Quinn, N.J. Mantua, J. Battin, R.G. Shaw, and R.B.
Huey. 2008. Potential responses to climate change in organisms with complex life histories:
evolution and plasticity in Pacific salmon. Evolutionary Applications 1:252–270.

5287
5288
5289
5290
5291
5292

Crozier L.G., M.M. McClure, T. Beechie, S.J. Bograd, D.A. Boughton, M. Carr, T.D. Cooney, J.B.
Dunham, C.M. Greene, M.A. Haltuch, E.L. Hazen, D.M. Holzer, D.D. Huff, R.C. Johnson, C.E.
Jordan, I.C. Kaplan, S.T. Lindley, N.J. Mantua, P.B. Moyle, J.M. Myers, M.W. Nelson, B.C.
Spence, L.A. Weitkamp, T.H. Williams, and E. Willis-Norton. 2019. Climate vulnerability
assessment for Pacific salmon and steelhead in the California Current Large Marine
Ecosystem. PLoS ONE 14:e0217711. https://doi.org/10.1371/journal.pone.0217711

5293
5294

Currens, K.P., and C.A. Busack. 1995. A framework for assessing genetic vulnerability. Fisheries
20:24–31.

5295
5296
5297

Daly, E.A., J.A. Scheurer, R.D. Brodeur, L.A. Weitkamp, B.R. Beckman, and J.A. Miller. 2014.
Juvenile Steelhead Distribution, Migration, Feeding, and Growth in the Columbia River
Estuary, Plume, and Coastal Waters. Marine and Coastal Fisheries 6:62–80.

5298
5299
5300

de Guia, P., and T. Saitoh. 2007. The gap between the concept and definitions in the
Evolutionarily Significant Unit: The need to integrate neutral genetic variation and adaptive
variation. Ecological Research 22:604–612.

5301
5302

Diffenbaugh, N.S., D.L. Swain, and D. Touma. 2015. Anthropogenic warming has increased
drought risk in California. Proceedings of the National Academy of Sciences 112:3931–3936.

5303
5304
5305
5306

Di Lorenzo, E., N. Schneider, K.M. Cobb, P.J.S. Franks, K Chhak, A.J. Miller, J.C. McWilliams, S.J.
Bograd, H. Arango, E. Curchitser, T.M. Powell, and P. Rivière. 2008. North Pacific Gyre
Oscillation links ocean climate and ecosystem change. Geophysical Research
Letters 35:L08607. DOI:10.1029/2007GL032838

5307
5308
5309

Dillis, C., T.E. Grantham, C. McIntee, B. McFadin, and K. Grady. 2019. Watering the Emerald
Triangle: Irrigation sources used by cannabis cultivators in Northern California. California
Agriculture 73:146–153.

5310
5311

Dizon, A.E., C. Lockyer, W.F. Perrin, D.P. Demaster, and J. Sisson. 1992. Rethinking the Stock
Concept – a phylogeographic approach. Conservation Biology 6:24–36.

5312
5313
5314

Docker, M.F., and D.D. Heath. 2003. Genetic comparison between sympatric anadromous
steelhead and freshwater resident rainbow trout in British Columbia, Canada. Conservation
Genetics 4:227-231. https://doi.org/10.1023/A:1023355114612

5315
5316
5317

Downie, S.T., C.W. Davenport, E. Dudik, F. Yee, and J. Clements. 2003. Mattole River Watershed
Assessment Report. North Coast Watershed Assessment Program, California Resources
Agency, and California Environmental Protection Agency, Sacramento, California.

5318
5319
5320

Elwood, J.W. and T.F. Waters. 1969. Effects of Floods on Food Consumption and Production
Rates of a Stream Brook Trout Population. Transactions of the American Fisheries Society
98:253–262.

5321
5322
5323

Endangered and Threatened Species: Proposed Endangered Status for Five ESUs of Steelhead
and Proposed Threatened Status for Five ESUs of Steelhead in Washington, Oregon, Idaho,
and California. 1996 (9 August). 61 Fed. Reg. 41541 – 41561.

5324
5325

Endangered and Threatened Species: Threatened Status for One Steelhead Evolutionary
Significant Unit (ESU) in California. 2000 (7 June). 65 Fed. Reg. 36074 – 36094.

5326
5327
5328

Endangered and Threatened Wildlife; 90-Day Finding on a Petition to List Summer-Run
Steelhead in Northern California as Threatened or Endangered Under the Endangered
Species Act. 2019 (22 April). 84 Fed. Reg. 16632 – 16636.

5329
5330

Endangered and threatened species; winter-run chinook salmon. 1990 (5 November). 55 Fed.
Reg. 46515–46523.

5331
5332

Esteve M., and D.A. McLennan. 2007. The phylogeny of Oncorhynchus (Euteleostei:
Salmonidae) based on behavioral and life history characters. Copeia 2007:520–533.

5333
5334
5335

Etter, A. F. 1943. Report 1894 to 1943 on Mattole River for California Fish and Game
Commission from Ettersburg Experimental Place, with comments from E. Gerstung,
California Department of Fish and Game.

5336
5337

Everest, F.H. 1973. Ecology and management of summer steelhead in the Rogue River. Corvallis,
Oregon: Oregon State University.

5338
5339
5340

Everest, F.H., and D.W. Chapman. 1972. Habitat selection and spatial interaction by juvenile
Chinook Salmon and steelhead trout in two Idaho streams. Journal Fisheries Research Board
of Canada 29:91–100.

5341
5342
5343
5344

Feasibility Study Report on potential licensing proposal for Potter Valley Project (FERC p. 77285). 2020. Report submitted to the Federal Energy Regulatory Commission by Mendocino
County Inland Water and Power Commission, Sonoma County Water Agency, California
Trout, Inc., Humboldt County, and The Round Valley Indian Tribes. 13 May 2020.

5345
5346

https://www.twobasinsolution.org/wp/wp-content/uploads/Feasibility-Study-05-132020.pdf

5347
5348

Fisheries Off West Coast States; West Coast Salmon Fisheries; Rebuilding Chinook Salmon
Stocks. 2020 (5 March). 85 Fed. Reg. 6135-6140.

5349
5350
5351

Fisk, L. , E. Gerstung, R. Hansen, and J. Thomas. 1966. Stream damage surveys – 1966. California
Department of Fish and Game, Sacramento, CA. Inland Fisheries Administrative Report No.
66-10.

5352
5353
5354
5355

Flagg T.A., B.A. Berejikian, J.E. Colt, W.W. Dickhoff, L.W. Harrell, D.J. Maynard, C.E. Nash, M.S.
Strom, R.N. Iwamoto, and C.V.W. Mahnken. 2000. Ecological and behavioral impacts of
artificial production strategies on the abundance of wild salmon populations. U.S.
Department of Commerce, NOAA Tech. Memo. NMFS-NWFSC- 41.

5356
5357
5358

Fong, S.R. Spatial and Temporal Genetic Structure of Winter-Run Steelhead (Oncorhynchus
mykiss) Returning to the Mad River, California. Thesis. Humboldt State University, Arcata,
California.

5359
5360
5361
5362

Ford, M. J., S. Howard, A. R. Murdoch, and M. S. Hughes 2013. Monitoring the reproductive
success of naturally spawning hatchery and natural spring Chinook salmon in the
Wenatchee River. Report to the Bonneville Power Administration on project 2003-039-00.
May 2013. https://www.cbfish.org/Document.mvc/Viewer/P132194

5363
5364
5365
5366
5367
5368
5369

Ford, M., K. Nichols, R. Waples, E. C. Anderson, M. Kardos, I. Koch, G. McKinney, M. R. Miller,
J. Myers, K. Naish, S. Narum, K. G. O'Malley, D. Pearse, T. Seamons, A. Spidle, P. Swanson,
T. Q. Thompson, K. Warheit, and S. Willis. 2020. Reviewing and Synthesizing the State of the
Science Regarding Associations between Adult Run Timing and Specific Genotypes in
Chinook Salmon and Steelhead: Report of a workshop held in Seattle, Washington, 27–28
February 2020. U.S. Department of Commerce, NOAA Processed Report NMFS-NWFSC-PR2020-06.

5370
5371
5372
5373
5374

Forest Ecosystem Management Assessment Team (FEMAT). 1993. Forest Ecosystem
Management: An Ecological, Economic, and Social Assessment. U.S Forest Service, National
Marine Fisheries Service, Bureau of Land Management, U.S. Fish and Wildlife Service,
National Park Service, and Environmental Protection Agency.
https://www.blm.gov/or/plans/nwfpnepa/FEMAT-1993/1993_%20FEMAT_Report.pdf

5375
5376

Francis, R.C. and T.H. Sibley. 1991. Climate change and fisheries: what are the real issues? The
Northwest Environmental Journal 7:295–307.

5377
5378
5379

Franklin, I.R. 1980. Evolutionary changes in small populations. Pages 135-149 in M. Soule,
editor. Conservation Biology: An evolutionary-ecological perspective. Sinauer Associates,
Sunderland, MA.

5380
5381

Fraser, D.J., and L. Bernatchez. 2001. Adaptive evolutionary conservation: towards a unified
concept for defining conservation units. Molecular Ecology 10:2741–2752.

5382
5383

Fry, D.H. 1973. Anadromous Fishes of California. California Department of Fish and Game, 111
pp.

5384
5385
5386

Fujiwara, M., M.S. Mohr, A. Greenberg, J.S. Foott, and J.L. Bartholomew. 2011. Effects of
Ceratomyxosis on Population Dynamics of Klamath Fall-run Chinook Salmon. Transactions of
the American Fisheries Society 140:1380–1391.

5387
5388
5389
5390
5391
5392

Garza, J.C., L. Gilbert-Horvath, J. Anderson, T. Williams, B. Spence, and H. Fish. 2004. Population
structure and history of steelhead trout in California. In J. Irvine, L. Seeb, S. Urawa, N.
Varnavskaya, and R. Wilmot, editors. North Pacific Anadromous Fish Commission Technical
Report 5: Workshop on application of stock identification in defining marine distribution
and migration of salmon. North Pacific Anadromous Fish Commission, Vancouver, BC,
Canada.

5393
5394
5395

Garza, J.C., E.A. Gilbert-Horvath, B.C. Spence, T.H. Williams, H. Fish, S.A. Gough, J.H. Anderson,
D. Hamm, and E.C. Anderson. 2014. Population structure of steelhead in coastal California.
Transactions of the American Fisheries Society 143:134–152.

5396
5397

Gatz, A.J., M.J. Sale, and J.M. Loar. 1987. Habitat shifts in rainbow trout: competitive influences
of brown trout. Oecologia 74:7–19.

5398
5399
5400

Gibbons, D.R., and E.O. Salo. 1973. An annotated bibliography of the effects of logging on fish of
the Western United States and Canada. USDA Forest Service General Technical Report
PNW-10. https://www.fs.usda.gov/treesearch/pubs/22556

5401
5402
5403
5404

Glick, P., J. Clough, and B. Nunley. 2007. Sea-level rise and coastal habitat in the Pacific
Northwest: An analysis for Puget Sound, southwestern Washington, and northwestern
Oregon. Washington, D.C.: National Wildlife Federation, 2007.
https://www.nwf.org/~/media/PDFs/Water/200707_PacificNWSeaLevelRise_Report.ashx

5405
5406
5407

Good, T.P., R.S. Waples, and P. Adams. 2005. Updated status of federally listed ESUs of West
Coast salmon and steelhead. NOAA Technical Memorandum NMFS-NWFSC-66.
https://swfsc.noaa.gov/publications/fed/00749.pdf

5408
5409

Grant, W.S. 2012. Understanding the adaptive consequences of hatchery-wild interactions in
Alaska salmon. Environmental Biology of Fishes 75:325–342.

5410
5411

Grantham, T. 2018. North Coast Summary Report. California’s Fourth Climate Change
Assessment. University of California, Berkeley. Publication number:SUM-CCC4A-2018-001.

5412
5413
5414

Grantham, T.E.W., D.M. Carlisle, G.J. McCabe, and J.K. Howard. 2018. Sensitivity of streamflow
to climate change in California. Climatic Change. https://doi.org/10.1007/s10584-018-22449

5415
5416
5417

Grantham, T., D.A. Newburn, M.A. McCarthy, and A.M. Merenlender. 2012. The role of
streamflow and land use in limiting oversummer survival of juvenile steelhead in California
streams. Transactions of the American Fisheries Society 141:585–598.

5418
5419
5420
5421

Graves, D.S., and J.W. Burns. 1970. Comparison of the yields of downstream migrant salmonids
before and after logging road construction on the South Fork Caspar Creek, Mendocino
County. California Department of Fish and Game, Inland Fisheries Administrative Report No.
70-3.

5422
5423
5424
5425
5426

Green Diamond Resource Company. 2006. Aquatic Habitat Conservation Plan and Candidate
Conservation Agreement with Assurances. Final report prepared for National Marine
Fisheries Service and U.S. Fish and Wildlife Service.
https://www.fws.gov/arcata/es/HCP/4_2007%20AHCP_CCAA/4a1_2007%20AHCP_CCAA.pd
f

5427
5428

Griffin, D. and K.J. Anchukaitis. 2014. How unusual is the 2012-2014 California drought?
Geophysical Research Letters 41:9017–9023.

5429
5430
5431

Gustafson, R.G., R.S. Waples, J.M. Myers, L.A. Weitkamp, G.J. Bryant, O.W. Johnson, and J.J.
Hard. 2007. Pacific Salmon extinctions: quantifying lost and remaining diversity.
Conservation Biology 21:1009–1020.

5432
5433
5434
5435

Haig, S.M.; E.A. Beever, S.M. Chambers, H.M. Draheim, B.D. Dugger, S. Dunham, E. Elliott-Smith,
J.B. Fontaine, D.C. Kesler, B.J. Knaus, I.F. Lopes, P. Loschl, T.D. Mullins, and L.M. Sheffield.
2006. Taxonomic considerations in listing subspecies under the U.S. Endangered Species
Act. Conservation Biology 20:1584–1594.

5436
5437
5438

Hanson, L.C. 1993. The foraging ecology of harbor seals, Phoca vitulina, and California sea lions,
Zalophus californianus, at the mouth of the Russian River, California. M.S. Thesis. Sonoma
State University, Sonoma, California.

5439
5440
5441

Hartman, G.F. 1965. The role of behavior in the ecology and interaction of underyearling Coho
Salmon (Oncorhynchus kisutch) and steelhead trout (Oncorhynchus mykiss). Journal
Fisheries Research Board Canada 22:1035–1081.

5442
5443

Hastein, T., and T. Lindstad. 1991. Diseases in wild and cultured salmon: possible interaction.
Aquaculture 98:277–288.

5444
5445

Hatch, K.M. 1990. Phenotypic comparison of thirty-eight steelhead (Oncorhynchus mykiss)
populations from coastal Oregon. Thesis. Oregon State University, Corvallis, OR.

5446
5447
5448
5449

Hawkins, D.K., and T.P. Quinn. 1996. Critical swimming velocity and associated morphology of
juvenile coastal Cutthroat Trout (Oncorhynchus clarki clarki), steelhead trout (Oncorhynchus
mykiss), and their hybrids. Canadian Journal of Fisheries and Aquatic Sciences 53:1487–
1496. https://doi.org/10.1139/f96-085

5450
5451
5452
5453
5454

Hayes, S.A., A.J. Ammann, J.A. Harding, J.L. Hassrick, L. deWitt, and C.A. Morgan. 2016.
Observations of steelhead in the California Current lead to a marine-based hypothesis for
the “half-pounder” life history, with climate change implications for anadromy. North
Pacific Anadromous Fish Commission, Bulletin No. 6:97–105.
DOI:10.23849/npafcb6/97.105.

5455
5456
5457
5458

Hayes, S.A., M.H. Bond, C.V. Hanson, E.V. Freund, J.J. Smith, E.C. Anderson, A.J. Ammann, and
R.B. MacFarlane. 2008. Steelhead growth in a small central California watershed: upstream
and estuarine rearing patterns. Transactions of the American Fisheries Society 137:114–128.
https://doi.org/10.1577/t07-043.1

5459
5460
5461

Heady, W.N., K. O’Connor, J. Kassakian, K. Doiron, C. Endris, D. Hudgens, R.P. Clark, J. Carter,
and M.G. Gleason. 2014. An inventory and classification of U.S. West Coast estuaries.
Arlington, VA.

5462
5463
5464

Hess, M.A., C.D. Rabe, J.L. Vogel, J.J. Stephenson, D.D. Nelson, and S.R. Narum 2012. Supportive
breeding boosts natural population abundance with minimal negative impacts on fitness of
a wild population of Chinook salmon. Molecular Ecology 21: 5236–5250.

5465
5466
5467

Hess, J.E., J.S. Zendt, A.R. Matala, and S.R. Narum. 2016. Genetic basis of adult migration timing
in anadromous steelhead discovered through multivariate association testing. Proceedings
of the Royal Society B, 283(20153064). https://doi.org/10.1098/rspb.2015.3064

5468
5469
5470
5471

Hicks, B.J., J.D. Hall, P.A. Bisson, and J.R. Sedell. 1991. Chapter 14: Responses of salmonids to
habitat changes. In W.R. Meehan, editor. Influences of forest and rangeland management
on salmonid fishes and their habitats. American Fisheries Society Special Publication
19:483–518.

5472
5473

Higgins, P., S. Dobush, and D. Fuller. 1992. Factors in Northern California threatening stocks
with extinction. American Fisheries Society, Humboldt Chapter, Arcata, CA.

5474
5475
5476

High, B., C.A. Peery, and D.H. Bennett. 2006. Temporary Staging of Columbia River Summer
Steelhead in Coolwater Areas and Its Effect on Migration Rates. Transactions of the
American Fisheries Society 135:519–528.

5477
5478
5479

Hodge, B.W., M.A. Wilzbach, and W.G. Duffy. 2014. potential fitness benefits of the halfpounder life history in Klamath River steelhead. Transactions of the American Fisheries
Society 143:864–875.

5480
5481
5482

Holtby, L.B., B.C. Andersen, and R.K. Kadowaki. 1990. Importance of Smolt Size and Early Ocean
Growth to Interannual Variability in Marine Survival of Coho Salmon (Oncorhynchus
kisutch). Canadian Journal of Fisheries and Aquatic Science 47:2181–2194.

5483
5484

Hull, M. and B.J. Allee. n.d. Development of summer run steelhead at Skamania Hatchery.
Washington Department of Game, Washougal, Washington. Unpublished.

5485
5486
5487

Humboldt Bay Municipal Water District (HBMWD). 2004. Habitat Conservation Plan for its Mad
River Activities. Final Approved HCP – April 2004.
https://www.hbmwd.com/files/4713e57d6/hcp.pdf

5488
5489
5490
5491

Humboldt County. 2012. Humboldt County General Plan Update: Draft Environmental Impact
Report. SCH# 2007012089, 2 April 2012.
https://humboldtgov.org/DocumentCenter/View/1348/Draft-Environmental-ImpactReport-EIR-Complete-Document-PDF?bidId=

5492
5493
5494

Humboldt Redwood Company (HRC). 2009. Yager-Lawrence Watershed Analysis: Cumulative
Watershed Effects. https://www.hrcllc.com/wp-content/uploads/2012/01/YagerLawrence_CWE_Dec2009_web.pdf

5495
5496
5497
5498

Humboldt Redwood Company (HRC). 2015. Habitat Conservation Plan for the Properties of the
Pacific Lumber Company, Scotia Pacific Holding Company, and Salmon Creek Corporation
under the Ownership and Management of Humboldt Redwood Company, LLC, as of July
2008. Established February 1999, Revised 12 August 2015.

5499
5500
5501
5502

Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Change 2007: Synthesis
Report. Contribution of Working Groups I, II, and III to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. R. K. Pacharui and A. Reisinger, editors. IPCC,
Geneva, Switzerland.

5503
5504
5505

Irvine, J.R., M. O’Neill, L. Godbout, and J. Schnute. 2013. Effects of smolt release timing and size
on the survival of hatchery-origin coho salmon in the Strait of Georgia. Progress in
Oceanography 115:111–118.

5506
5507
5508

Isaak, D.J., C.H. Luce, D.L. Horan, G.L. Chandler, S.P. Wollrab, and D.E. Nagel. 2018. Global
warming of salmon and trout rivers in the Northwestern U.S.: Road to ruin or path through
purgatory? Transactions of the American Fisheries Society 147:566–587.

5509
5510
5511

Jacox, M. G., C.A. Edwards, E.L. Hazen, and S.J. Bograd. 2018. Coastal upwelling revisited:
Ekman, Bakun, and improved upwelling indices for the U.S. west coast. Journal of
Geophysical Research: Oceans 123:7332–7350.

5512
5513

Jameson, R.J., and K.W. Kenyon. 1977. Prey of sea lions in the Rogue River, Oregon. Journal of
Mammalogy 58:672.

5514
5515
5516
5517

Johnson, S.L, J.A. Power, D.R. Wilson, and J. Ray. 2010. A Comparison of the Survival and
Migratory Behavior of Hatchery-Reared and Naturally Reared Steelhead Smolts in the Alsea
River and Estuary, Oregon, using Acoustic Telemetry. North American Journal of Fisheries
Management 30:55–71.

5518
5519
5520

Jokikokko, E., I. Kallio-Nyberg, I. Saloniemi, and E. Jutila. 2006. The survival of semi-wild, wild
and hatchery-reared Atlantic salmon smolts of the Simojoki River in the Baltic Sea. Journal
of Fisheries Biology 68:430–442.

5521
5522
5523

Jones, W.E. 1980. Summer steelhead (Salmo gairdneri) in the Middle Fork Eel River and their
relationship to environmental changes 1966 through 1978. State of California Department
of Fish and Game, Anadromous Fisheries Brach Administrative Report No. 80-2.

5524
5525

Jones, W.E. 1992. Historical distribution and recent trends of summer steelhead in the Eel River.
California Department of Fish and Game, Region 3.

5526
5527

Jones, W.E. 2000. California coastal salmon and steelhead current stream habitat distribution
table. NMFS California Anadromous Fish Distributions.

5528
5529
5530

Jones, W.E. and E. Ekman. 1980. Summer steelhead management plan, Middle Fork of the Eel
River. California Department of Fish and Game and Mendocino National Forest, Yountville
and the Willows, California.

5531
5532
5533

Jowett, I.G. and J. Richardson. 1989. Effects of a severe flood on instream habitat and trout
populations in seven New Zealand rivers. New Zealand Journal of Marine and Freshwater
Research 23:11–17.

5534
5535
5536

Kannry, S.H., S.A. Thompson, S.M. O’Rourke, S.L. Harris, S.J. Kelson, and M.R. Miller. 2020. On
the ecology and distribution of steelhead (Oncorhynchus mykiss) in California’s Eel River.
Pre-print. https://doi.org/10.1101/2020.03.18.996934

5537
5538
5539

Keeley, E.R., E.A. Parkinson, and E.B. Taylor. 2007. The origins of ecotypic variation of Rainbow
Trout: a test of environmental vs. genetically based differences in morphology. Journal of
Evolutionary Biology 20:725–736.

5540
5541
5542

Kelley, D.W., D.H. Dettman, and J.E. Reuter. 1987. Preservation of the carmel river steelhead
run with b-1 fish passage facilities over San Clemente Dam or with a hatchery near its base.
Report prepared for the Monterey Peninsula Water Management District.

5543
5544
5545

Kendall, N.W., G.W. Marston, and M.M. Klungle. 2017. Declining patterns of Pacific Northwest
steelhead trout (Oncorhynchus mykiss) adult abundance and smolt survival in the ocean.
Canadian Journal of Fisheries and Aquatic Science 74:1275–1290.

5546
5547

Keppeler, E.T. 1998. The summer flow and water yield response to timber harvest. In R.R.
Ziemer, technical coordinator. Proceedings of the Conference on Coastal Watersheds: the

5548
5549
5550

Caspar Creek Story; Map 6, 1998, Ukiah, California. General Tech. Rep. PSW GTR-168.
Albany, California: Pacific Southwest Research Station, Forest Service, U.S. Department of
Agriculture.

5551
5552
5553

Kinziger, A.P., M. Hellmair, D.G. Hankin, and J.C. Garza. 2013. Contemporary Population
Structure in Klamath River Basin Chinook Salmon Revealed by Analysis of Microsatellite
Genetic Data. Transactions of the American Fisheries Society 142:1347–1357.

5554
5555

Knutson, A.C. 1975. Biology of summer steelhead (Salmo gairdneri gairdneri) in Mad River,
California. Thesis. Humboldt State University.

5556
5557

Kondolf, G.M. 1993. The reclamation concept in regulation of gravel mining. Journal of
Environmental Planning and Management 36:397–409.

5558
5559

Kondolf, G.M. 1997. Hungry Water: Effects of Dams and Gravel Mining on River Channels.
Environmental Management 21:533–551.

5560
5561
5562
5563

Kubicek, P.F. 1977. Summer water temperature conditions in the Eel River System, with
reference to trout and salmon. Thesis. Humboldt State University. http://humboldtdspace.calstate.edu/bitstream/handle/2148/1011/Kubicek_Paul_thesis_ot_fr.pdf?sequenc
e=1

5564

Lande, R. 1995. Mutation and conservation. Conservation Biology 9:782–791.

5565
5566

Lawson, P.W. 1993. Cycles in ocean productivity, trends in habitat quality, and the restoration
of salmon runs in Oregon. Fisheries 18:6–10.

5567
5568

LeBrasseur, R.J. 1966. Stomach contents of salmon and steelhead trout in the Northeastern
Pacific Ocean. Fisheries Research Board of Canada 23:85–100.

5569
5570

Lee, D.P. 1977. Memorandum: Lower Eel River summer fishery resource evaluation.
Department of Fish and Game, Region 1, Eureka, CA, 24 August.

5571
5572

Lee, D.P. 2015. The half-pounder, a steelhead trout: life history and fly fishing. Gardull Graphics,
Folsom, CA.

5573
5574
5575
5576

Leider, S.A., M.W. Chilcote, and J.J. Loch. 1984. Spawning characteristics of sympatric
populations of steelhead trout (Salmo gairdneri): evidence for partial reproductive isolation.
Canadian Journal of Fisheries and Aquatic Sciences 41:1454–1462.
https://doi.org/10.1139/f84-179

5577
5578

Liermann, M., and R. Hilborn. 2001. Depensation: evidence, models and implications. Fish and
Fisheries 2:33–58.

5579
5580

Light, J.T., C.K. Harris, and R.L. Burgner. 1989. Ocean distribution and migration of steelhead
(Oncorhynchus mykiss, formerly Salmo gairdneri). Document submitted to the International

5581
5582

North Pacific Fisheries Commission. Seattle, Washington: University of Washington,
Fisheries Research Institute.

5583
5584
5585
5586

Light, J.T., S. Fowler, and M.L. Dahlberg. 1988. High seas distribution of North American
steelhead as evidenced by recoveries of marked or tagged fish. (Document submitted to the
International North Pacific Fisheries Commission). Seattle, Washington: University of
Washington, Fisheries Research Institute.

5587
5588
5589
5590
5591
5592

Lindley, S.T., C.B. Grimes, M.S. Mohr, W. Peterson, J. Stein, J.T. Anderson, L.W. Botsford, D.L.
Bottom, C.A. Busack, T.K. Collier, J. Ferguson, J.C. Garza, A.M. Grover, D.G. Hankin, R.G.
Kope, P.W. Lawson, A. Low, R.B. MacFarlane, K. Moore, M. Palmer-Zwahlen, F.B. Schwing, J.
Smith, C. Tracy, R. Webb, B.K. Wells, and T.H. Williams. 2009. What caused the Sacramento
River fall Chinook stock collapse? Pre-publication report to the Pacific Fishery Management
Council.

5593
5594

Lisle, T.E. 1989. Sediment transport and resulting deposition in spawning gravels, north coastal
California. Water Resources Research 25:1303–1319.

5595

Listing of Endangered Species. 1984. California Fish and Game Code § 2070–2079.

5596
5597

MacLean, J.A., and D.O. Evans. 1981. The stock concept, discreetness of fish stocks and fisheries
management. Canadian Journal of Fisheries and Aquatic Sciences 38:1889–1898.

5598

Mad River Alliance. 2020. Mad River summer steelhead dive summary 2019. Unpublished.

5599
5600
5601

Madej, M.A. 2011. Analysis of trends in climate, streamflow, and stream temperature in north
coastal California. The Fourth Interagency Conference on Research in the Watersheds, 26 –
30 September 2011, Fairbanks, AK.

5602
5603
5604

Madej, M.A. and V. Ozaki. 1996. Channel Response to Sediment Wave Propagation and
Movement, Redwood Creek, California, USA. Earth Surface Processes and Landforms
21:911–927.

5605
5606
5607

Mantua, N.J., S.R. Hare, Y. Zhang, J.M. Wallace, and R.C. Francis. 1997. A Pacific interdecadal
climate oscillation with impacts on salmon production. Bulletin of the American
Meteorological Society 78:1069–1079.

5608

Mattole Salmon Group (MSG). Multiple: 1999 – 2016. Summer Steelhead Survey Report.

5609
5610
5611
5612

May, C.W., E.B. Welch, R.R. Horner, J.R. Kar, and B.W. Mar. 1997. Quality indices for
urbanization effects in Puget Sound lowland streams. University of Washington Department of Civil Engineering, Water Resources Series Technical Report No. 154, Seattle,
WA.

5613
5614

McCarthy, S.G., J.J. Duda, J.M. Emlen, G.R. Hodgson, and D.A. Beauchamp. 2009. Linking habitat
quality with trophic performance of steelhead along forest gradients in the South Fork

5615
5616

Trinity River watershed, California. Transactions of the American Fisheries Society 138:506–
21. https://doi.org/10.1577/t08-053.1.

5617
5618

McCubbing, D.J.F. 2008. Smolt Release Strategy for Cheakamus River Steelhead (Oncorhynchus
mykiss): Spring 2008. InStream Fisheries Research, Inc., North Vancouver, British Columbia.

5619
5620
5621
5622

McCusker, M.R., E. Parkinson, and E.B. Taylor. 2000. Mitochondrial DNA variation in Rainbow
Trout (Oncorhynchus mykiss) across its native range: Testing biogeographical hypotheses
and their relevance to conservation. Molecular Ecology 9:2089–2108.
https://doi.org/10.1046/j.1365-294X.2000.01121.x

5623
5624
5625

McElhany, P., M.H. Ruckelshaus, M.J. Ford, T.C. Wainwright, and E.P. Bjorkstedt. 2000. Viable
salmonid populations and the recovery of evolutionarily significant units. U.S. Department
of Commerce, NOAA Tech. Memo. NMFS-NWFSC-42.

5626
5627

McEwan, D. and T.A. Jackson. 1996. Steelhead restoration and management plan for California.
State of California, The Resources Agency, Department of Fish and Game. Sacramento, CA.

5628
5629
5630
5631

Melnychuk, M.C., Hausch, S., McCubbing, D., and Welch, D. 2009. Acoustic tracking of hatcheryreared and wild Cheakamus River steelhead smolts to address residualisation and early
ocean survival. Report submitted to Canadian National Railway Company, Monitor 2,
Project F.

5632
5633
5634

Mendocino County. 2009. Mendocino County General Plan. Submitted by PMC. August 2009.
https://www.mendocinocounty.org/government/planning-buildingservices/plans/mendocino-county-general-plan

5635
5636
5637
5638
5639
5640

Metheny, M. and W. Duffy. 2014. Sonar estimation of adult salmonid abundance in Redwood
Creek, Humboldt County, California 2012-2013. U.S. Geological Survey and California
Cooperative Fish and Wildlife Research Unit, Humboldt State University. Report to California
Department of Fish and Wildlife. Fisheries Restoration Grant Program (Project Number:
P1010301). https://cuca.humboldt.edu/sites/default/files/cuca/reports/20122013%20DIDSON%20cutthroat%20added.pdf

5641
5642
5643

Micheletti, S.J., J.E. Hess, J.S. Zendt, and S.R. Narum. 2018. Selection at a genomic region of
major effect is responsible for evolution of complex life histories in anadromous steelhead.
BMC Evolutionary Biology 18:1–11. https://doi.org/10.1186/s12862-018-1255-5

5644
5645
5646

Micheli, E., C. Dodge, L. Flint, and T. Comendant. 2018. Climate and natural resource analyses
and planning for the North Coast Resource Partnership: a technical memorandum
summarizing data products.

5647
5648
5649

Milot, E., C. Perrier, L. Papillon, J.J. Dodson, and L. Bernatchez 2013. Reduced fitness of Atlantic
salmon released in the wild after one generation of captive breeding. Evolutionary
Applications 6: 472–485.

5650
5651

Moore, A.M. 1967. Correlation and analysis of water-temperature data for Oregon streams.
U.S. Geological Survey, Water-Supply Paper 1819-k.

5652
5653

Moritz, C. 1994. Applications of mitochondrial DNA analysis in conservation: A critical review.
Molecular Ecology 3:401–411.

5654
5655

Moyle, P. 2002. Inland Fishes of California. D. Kretschmer and P. Strupp, editors. 2nd Edition.
Berkeley, California: University of California Press.

5656
5657
5658

Moyle, P.B., and D.M. Baltz. 1985. Microhabitat use by an assemblage of California stream
fishes: developing criteria for instream flow determinations. Transactions of the American
Fisheries Society 114:695–704.

5659
5660

Moyle, P.B., J.A. Israel, S.E. Purdy. 2008. State of the salmonids: status of California’s
emblematic fishes. Davis, California: University of California, Davis.

5661
5662
5663

Moyle, P.B., R.A. Lusardi, P.J. Samuel, and J.V.E. Katz. 2017. State of the salmonids: status of
California’s emblematic fishes. Davis, CA: University of California, Davis and California Trout.
579 pp.

5664
5665
5666

Moyle, P.B., R.M. Yoshiyama, J.E. Williams, and E.D. Wikramanayake. 1995. Fish Species of
Special Concern in California, Second Edition. Davis, California: University of California,
Davis.

5667
5668
5669

Munday, P.L., D.L. Dixson, J.M. Donelson, G.P. Jones, M.S. Pratchett, G.V. Devitsina, and K.B.
Døving. 2009. Ocean acidification impairs olfactory discrimination and homing ability of a
marine fish. PNAS 106:1848–1852.

5670
5671
5672

Murphy, G.I. 1950. Falls, Mad River Humboldt County. Field correspondence to Bureau of Fish
Conservation, 26 December 1950. Department of Natural Resources, Division of Fish and
Game, Arcata, CA. Unpublished.

5673
5674
5675

Murphy, G.I. and J.W. De Witt Jr. 1951. Notes on the fishes and fishery of the Lower Eel River,
Humboldt County, California. California Department of Fish and Game, Bureau of
Conservation Administrative Report No. 51-9. Unpublished.

5676
5677
5678
5679

Murphy, M.L. 1995. Forestry impacts on freshwater habitat of anadromous salmonids in the
Pacific Northwest and Alaska – Requirements for protection and restoration. National
Oceanic and Atmospheric Administration, NOAA Coastal Ocean Program, Decision Analysis
Series No. 7 Silver Spring, MD.

5680
5681
5682

Nakamoto, R.J. 1994. Characteristics of pools used by adult summer steelhead oversummering
in the New River, California. Transactions of the American Fisheries Society 123:757–65.
https://doi.org/10.1577/1548-8659(1994)123<0757:copuba>2.3.co;2

5683
5684
5685
5686
5687

Nakamoto, R.J. 1998. Effects of timber harvest on aquatic vertebrates and habitat in the North
Fork Caspar Creek. Pages 87 – 94 in R.R. Ziemer, technical coordinator. Proceedings of the
Conference on Coastal Watersheds: the Caspar Creek Story; 6 May 1998, Ukiah, CA. General
Tech. Rep. PSW GTR-168. Albany, California: Pacific Southwest Research Station, Forest
Service, U.S. Department of Agriculture.

5688
5689
5690

Nakamoto, R.J. and B.C. Harvey. 2003. Spatial, seasonal, and size-dependent variation in the
diet of Sacramento Pikeminnow in the Eel River, northwestern California. California Fish and
Game 89:30–45.

5691
5692
5693
5694

Narum, S.R., A. Di Genova, S.J. Micheletti, and A. Maass. 2018. Genomic variation underlying
complex life history traits revealed by genome sequencing in Chinook Salmon. Proceedings
of the Royal Society B: Biological Sciences, 285(1883).
https://doi.org/10.1098/rspb.2018.0935

5695
5696
5697

National Marine Fisheries Service (NMFS). 2000. Endangered and Threatened Species:
Threatened Status for One Steelhead Evolutionary Significant Unit (ESU) in California.
Federal Register, 65:36074–36094.

5698
5699
5700

National Marine Fisheries Service (NMFS). 2002. Endangered Species Act Section 7
Consultation, Biological Opinion for the proposed license amendment for the Potter Valley
Project. Federal Energy Regulatory Commission Project Number 77-110.

5701
5702
5703

National Marine Fisheries Service (NMFS). 2006. Endangered and threatened species: Final
listing determinations for 10 distinct population segments of west coast steelhead. Federal
Register, 71(3):1–30.

5704
5705
5706

National Marine Fisheries Service (NMFS). 2008. Review of California Department of
Fish and Game’s Hatchery and Genetic Management Plan for Mad River winter run
steelhead. Memorandum from F/SWRS S. Witalis to I. Lagomarsino F/SWR3.

5707
5708
5709

National Marine Fisheries Service (NMFS). 2011. North-Central California Coast Recovery
Domain, 5-Year Review: summary and evaluation of Central California coastal steelhead DPS
and Northern California steelhead DPS. Southwest Region. Long Beach, CA.

5710
5711
5712

National Marine Fisheries Service (NMFS). 2014. Final Recovery Plan for the Southern
Oregon/Northern California Coast Evolutionary Significant Unit of Coho Salmon
(Oncorhynchus kisutch). National Marine Fisheries Service. Arcata, CA.

5713
5714
5715
5716
5717

National Marine Fisheries Service (NMFS). 2015. Endangered Species Act Section 7(a)(2)
Biological Opinion, and Magnuson-Stevens Fishery Conservation and Management Act
essential fish habitat response for the letters of permission for gravel extraction in
Humboldt County (LOP 2015-1) and the Hoopa Valley Tribe’s individual permit for gravel
extraction (2015 – 2025). West Coast Region. Report No. WCR-2015-2716.

5718
5719
5720

National Marine Fisheries Service (NMFS). 2016a. 2016 5-Year Review: Summary and evaluation
of California coastal Chinook Salmon and Northern California steelhead. National Marine
Fisheries Service, West Coast Region.

5721
5722

National Marine Fisheries Service (NMFS). 2016b. Coastal Multispecies Recovery Plan. National
Marine Fisheries Service, West Coast Region, Santa Rosa, California.

5723
5724
5725

National Ocean Service. 2020, February 10. What are El Niño and La Niña? National Oceanic and
Atmospheric Administration. Retrieved 27 April 2020 from
https://oceanservice.noaa.gov/facts/ninonina.html

5726
5727
5728
5729
5730
5731

National Oceanic and Atmospheric Administration (NOAA). 2019. California Current Integrated
Ecosystem Assessment (CCIEA) California Current Ecosystem Status Report, 2019. Report to
the Pacific Fishery Management Council, 7 March.
https://www.pcouncil.org/documents/2019/02/agenda-item-e-1-a-iea-team-report-1california-current-integrated-ecosystem-assessment-cciea-california-current-ecosystemstatus-report-2019.pdf/

5732
5733
5734
5735

National Oceanic and Atmospheric Administration (NOAA). 2020. California Current Integrated
Ecosystem Assessment (CCIEA) California Current Ecosystem Status Report, 2020. Report to
the Pacific Fishery Management Council, 5 March.
https://www.pcouncil.org/documents/2020/02/g-1-a-iea-team-report-1.pdf/

5736
5737

National Park Service (NPS). Multiple: 1981-2018. Redwood Creek Summer Steelhead Survey.
Redwood National Park, Humboldt County, California. Internal NPS reports. Unpublished.

5738
5739

National Wild and Scenic Rivers System. Eel River, California. National Wild and Scenic Rivers
System. Retrieved 31 July 31 2020 from https://www.rivers.gov/rivers/eel.php

5740
5741
5742

The National Wildlife Federation (NWF). 2020. Rainbow Trout and steelhead. The National
Wildlife Federation. Accessed 12 May 2020 from https://www.nwf.org/EducationalResources/Wildlife-Guide/Fish/Rainbow-Trout-Steelhead

5743
5744

Nehlsen, W., J.E. Williams, and J.A. Lichatowich. 1991. Pacific salmon at the crossroads: stocks
at risk from California, Oregon, Idaho and Washington. Fisheries 16:4–21.

5745
5746

Nei, M. 1978. Estimation of average heterozygosity and genetic distance from a small number
of individuals. Genetics 89:583–590.

5747
5748

Nielsen, J.L. 1994. Molecular genetics and stock identification in Pacific salmon (Oncorhynchus
spp.). PhD. Dissertation. University of California, Berkeley.

5749
5750
5751

Nielsen, J.L. 1999. The evolutionary history of steelhead (Oncorhynchus mykiss) along the US
Pacific Coast: Developing a conservation strategy using genetic diversity. ICES Journal of
Marine Science 56:449–458. https://doi.org/10.1006/jmsc.1999.0452

5752
5753
5754

Nielsen, J.L. and M.C. Fountain. 1999. Microsatellite diversity in sympatric reproductive
ecotypes of Pacific steelhead (Oncorhynchus mykiss) from the Middle Fork Eel River,
California. Ecology of Freshwater Fish 8:159-168.

5755
5756

Nielsen, J.L., T.E. Lisle, and V. Ozaki. 1994. thermally stratified pools and their use by steelhead
in Northern California streams. Transactions of the American Fisheries Society 123:613–626.

5757

Nilsson, N.A., 1956. Om konkurrensen i naturen. Zoologisk Revy 1956: 40 –47.

5758
5759

Notice of policy: Policy on applying the definition of species under the Endangered Species Act
to Pacific salmon. 1991. 56 Fed. Reg. 58612–58618. (20 November).

5760
5761

O’Hanley, J.R. and D. Tomberlin. 2005. Optimizing the removal of small fish passage barriers.
Environmental Modeling and Assessment 10:85–98.

5762
5763

Okazaki, T. 1983. Distribution and seasonal abundance of Salmo gairdneri and Salmo mykiss in
the North Pacific Ocean. Japanese Journal of Ichthyology 30:235–246.

5764
5765
5766

Olivier, G. 2002. Disease interactions between wild and cultured fish- Perspectives from the
American Northeast (Atlantic Provinces). Bulletin of the European Association of Fish
Pathologists 22: 103–109.

5767
5768
5769

Olsen, J.B., K. Wuttig, D. Fleming, E.J. Kretschmer, and J.K. Wenburg. 2006. Evidence of partial
anadromy and resident-form dispersal bias on a fine scale in populations of Oncorhynchus
mykiss. Conservation Genetics 7:613–619. https://doi.org/10.1007/s10592-005-9099-0

5770
5771
5772

Oregon Water Resources Research Institute. 1995. Gravel disturbance impacts on salmon
habitat and stream health. Report for the Oregon Division of State Lands.
https://andrewsforest.oregonstate.edu/sites/default/files/lter/pubs/pdf/pub2207.pdf

5773
5774
5775

Osgood, G.J, L.A. Kennedy, J.J. Holden, E. Hertz, S. McKinnell, and F. Juanes. 2016. Historical
diets of forage fish and juvenile Pacific salmon in the Strait of Georgia, 1966–1968. Marine
and Coastal Fisheries, 8:580–594.

5776
5777
5778

Ou, M., T.J. Hamilton, J. Eom, E.M. Lyall, J. Gallup, A. Jiang, J. Lee, D.A. Close, S. Yun, and C.J.
Brauner. 2015. Responses of Pink Salmon to CO2-induced aquatic acidification. Nature
Climate Change 5. DOI:10.1038/nclimate2694.

5779
5780
5781

Pacific Fishery Management Council (PFMC) and National Marine Fisheries Service (NMFS).
2019. Draft environmental assessment: salmon rebuilding plan for Klamath River fall-run
Chinook Salmon.

5782
5783
5784
5785

Pacific Gas and Electric Company (PG&E). 2017. Relicensing Pre-Application Document (PAD)
Volume 1: Public Information Section 1-7. Potter Valley Hydroelectric Project, FERC Project
No. 77. https://www.pge.com/pge_global/common/pdfs/safety/electrical-safety/safetyinitiatives/potter-valley/PAD-Sections-1-7.pdf

5786
5787
5788

Packer, D.B., K. Griffin, and K.E. McGlynn. 2005. National Marine Fisheries Service national
gravel extraction guidance. U.S. Department of Commerce, NOAA Tech. Memo. NMFSF/SPO-70.

5789
5790
5791
5792

Papa, R., J.A. Israel, F.N. Marzano, and B. May. 2007. Assessment of genetic variation between
reproductive ecotypes of Klamath River steelhead reveals differentiation associated with
different run-timings. Journal of Applied Ichthyology 23:142–146.
https://doi.org/10.1111/j.1439-0426.2006.00825.x

5793
5794
5795

Patton, J.R., T.B. Williams, J. Anderson, R. Burgette, and T. Leroy. 2017. Tectonic land level
changes and their contribution to sea-level rise, Humboldt Bay region, Northern California:
2017 Final Report. Cascadia GeoSciences, McKinleyville, CA.

5796
5797

Pearcy, W.G. 1992. Ocean ecology of North Pacific salmonids. University of Washington Press,
Seattle.

5798
5799
5800

Pearse, D.E. 2016. Saving the spandrels? Adaptive genomic variation in conservation and
fisheries management. Journal of Fish Biology 89:2697–2716.
https://doi.org/10.1111/jfb.13168

5801
5802
5803

Pearse, D.E., C.J. Donohoe, and J.C. Garza. 2007. Population genetics of steelhead
(Oncorhynchus mykiss) in the Klamath River. Environmental Biology of Fishes 80:377–387.
https://doi.org/10.1007/s10641-006-9135-z

5804
5805

Pearse, D.E., J.C. Garza, J. Myers, and B. Spence. 2019. Northern California steelhead DPSconfiguration review-panel report. Santa Cruz, CA, and Seattle, WA.

5806
5807
5808

Pearse, D.E., S.A. Hayes, M.H. Bond, C.V. Hanson, E.C. Anderson, R.B. Macfarlane, and J.C.
Garza. 2009. Over the Falls? Rapid evolution of ecotypic differentiation in
steelhead/Rainbow Trout (Oncorhynchus mykiss). Journal of Heredity 100:515-525.

5809
5810
5811

Pennock, D.S., and W.W. Dimmick. 1997. Critique of the Evolutionarily Significant Unit as a
definition for “Distinct Population Segments” under the U.S. Endangered Species Act.
Conservation Biology 11:611-619.

5812
5813
5814
5815

Peterson, W.T., J.L. Fisher, C.A. Morgan, S.M. Zeman, B.J. Burke, and K.C. Jacobson. 2019. Ocean
ecosystem indicators of salmon marine survival in the Northern California Current.
Northwest Fisheries Science Center (NMFS) and Cooperative Institute for Marine Resources
Studies (Oregon State University). Annual Report.

5816
5817
5818
5819

Platts, W.S. 1981. Influence of forest and rangeland management on anadromous fish habitat in
western North America: Effects of livestock grazing. Gen. Tech. Rep. PNW-124. U.S.
Department of Agriculture, Forest Service, Pacific Northwest Forest and Range Experiment
Station, Portland, OR.

5820
5821
5822

Poff, N.L., J.D. Allan, M.B. Bain, J.R. Karr, K.L. Prestegarrd, B.D. Richter, R.E. Sparks, and J.C.
Stromberg. 1997. The natural flow regime: a paradigm for river conservation and
restoration. BioScience 47:769–784.

5823
5824

Policy on applying the definition of species under the Endangered Species Act to Pacific salmon.
1991. 56 Fed. Reg. 58612-58618 (20 November).

5825
5826

Policy regarding the recognition of distinct vertebrate population segments under the
Endangered Species Act. 1996. 61 Fed. Reg. 4722-4725 (7 February).

5827
5828
5829

Portt, C.B., G.A. Coker, D.L. Ming, and R.G. Randall. 2006. A review of fish sampling methods
commonly used in Canadian freshwater habitats. Canada Technical Report of Fisheries and
Aquatic Sciences No. 2604.

5830
5831

Potter Valley Project. 2019. Overview (9 October). Retrieved 16 April 2020, from
http://pottervalleyproject.org/overview/

5832
5833
5834
5835

Pounds, J., P. Righter, S. Gough, M. Gilroy, S. Naman, and D. Feral. 2015. Mad River Summer
Steelhead Report 2014. Mad River Alliance.
https://drive.google.com/file/d/0B5zx3Tll2lbmZDl4TFNKUm5VNGZVdFhhWW9XblhCSlhVaX
Yw/view

5836
5837

Power, M.E., M.S. Parker,and W.E. Deitrich. 2008. Seasonal Reassembly of a River Food Web:
Floods, Droughts, and Impacts of Fish. Ecological Monographs 78:263–282.

5838
5839
5840

Power, M.E., K. Bouma-Gregson, P. Higgins, and S.M. Carlson. 2015. The thirsty Eel: Summer
and winter flow thresholds that tilt the Eel River of Northwestern California from salmonsupporting to cyanobacterially degraded states. Copeia 103:200–211.

5841
5842
5843
5844

Prince, D.J., S.M. O’Rourke, T.Q. Thompson, O.A. Ali, H.S. Lyman, I.K. Saglam, T.J. Hotaling, A.P.
Spidle, and M.R. Miller. 2017. The evolutionary basis of premature migration in Pacific
salmon highlights the utility of genomics for informing conservation. Science Advances
3:e1603198. https://doi.org/10.1126/sciadv.1603198

5845
5846
5847

Puckett, L.K. 1975. The status of spring-run steelhead (Salmo gairdneri) of the Eel River system.
State of California, The Resources Agency, Department of Fish and Game Memorandum
Report.

5848
5849

Quinn, T.P. 2018. The behavior and ecology of Pacific salmon and trout, second edition.
University of Washington Press, Seattle, WA.

5850
5851
5852

Quinn, T.P., McGinnity, P., and Reed, T.E. 2015. The paradox of “premature migration" by adult
anadromous salmonid fishes: patterns and hypotheses. Canadian Journal of Fisheries and
Aquatic Sciences 73:1015–1030.

5853
5854

Redwood Creek Landowners Association. 2000. A study in change: Redwood Creek and salmon.
http://www.krisweb.com/biblio/redwood_spi_xxxx_2001.pdf

5855
5856

Redwood Creek Watershed Analysis. 1997. Redwood National and State Parks, Division of
Resource Management and Science, Arcata, California.

5857
5858
5859
5860
5861
5862

Reeves, G.H., D.H. Olson, S.M. Wondzell, P.A. Bisson, S. Gordon, S.A. Miller, J.W. Long, and M.J.
Furniss. 2018. Chapter 7: The aquatic conservation strategy of the northwest forest plan – A
review of the relevant science after 23 years. Pages 461–624 in Spies, T.A., P.A. Stine, R.
Gravenmier, J.W. Long, M.J. Reilly, tech. coords. Synthesis of science to inform land
management within the Northwest Forest Plan area. Gen. Tech. Rep. PNW-GTR-966. U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station, Portland, OR.

5863
5864

Reid, L.M. 1998. Cumulative Watershed Effects: Caspar Creek and Beyond. USDA Forest Service
Gen. Tech. Rep. PSW-GTR-168.

5865
5866
5867

Reisenbichler, R.R., J.D. McIntyre, M.F. Solazzi, and S.W. Landino. 1992. Genetic variation in
steelhead of Oregon and Northern California. Transactions of the American Fisheries Society
121:158–169. https://doi.org/10.1577/1548-8659(1992)121<0158:gvisoo>2.3.co;2

5868
5869
5870
5871

Reiser, D.W., and T.C. Bjornn. 1979. Influence of forest and rangeland management on
anadromous fish habitat in Western North America: Habitat requirements of anadromous
salmonids. Gen. Tech. Rep. PNW-96. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station.

5872
5873
5874
5875

Reiser D.W. and R.T. Peacock. 1985. A technique for assessing upstream fish passage problems
at small-scale hydropower developments. Pages 423–432 in F.W. Olson, R.G. White, and
R.H. Hamre, editors. Symposium on small hydropower and fisheries. American Fisheries
Society, Bethesda, Maryland.

5876
5877
5878

Robards, M.D. and T.P. Quinn. 2002. The Migratory Timing of Adult Summer-Run Steelhead in
the Columbia River over Six Decades of Environmental Change. Transactions of the
American Fisheries Society 131:523–536.

5879
5880

Roelofs, T.D. 1983. Current status of California summer steelhead (Salmo gairdneri) stocks and
habitat, and recommendations for their management. Report to U.S. Forest Service.

5881
5882

Roesler, C. and D.B. Chelton. 1987. Zooplankton variability in the California Current. 1951-1982.
California Cooperative Oceanic Fisheries Investigation Report 28:59–96.

5883
5884

Roffe, T.J., and B.R. Mate. 1984. Abundance and feeding habits of pinnipeds in the Rogue River,
Oregon. Journal of Wildlife Management 48:1262–1274.

5885
5886

Ryder, O.A. 1986. Species Conservation and Systematics: the Dilemma of Subspecies. Trends in
Ecology and Evolution 1:9–10.

5887
5888

San Bernardino Valley Audubon Society v. City of Moreno Valley. 1996. 44 Cal.App.4th 593, 601,
51 Cal.Rptr.2d 897.

5889
5890

Satterthwaite, T.D. 1988. Influence of maturity on straying rates of summer steelhead in the
Rogue River, Oregon. California Fish and Game 74:203–207.

5891
5892

Saunders, R.L., 1991. Potential interactions between cultured and wild Atlantic salmon.
Aquaculture 98: 51-60.

5893
5894
5895

Sawaske, S.R., and D.L. Freyberg. 2014. An analysis of trends in baseflow recession and lowflows in rain-dominated coastal streams of the Pacific coast. Journal of Hydrology 519:599–
610.

5896
5897
5898

Sedell, J.R., F.N. Leone, and W.S. Duval. 1991. Chapter 9: Water transportation and storage of
logs. In W.R. Meehan, editor. Influences of forest and rangeland management on salmonid
fishes and their habitats. American Fisheries Society Special Publication 19:325–368.

5899
5900
5901
5902
5903
5904
5905
5906

Shafer, A.B.A., J.B.W. Wolf, P.C. Alves, L. Bergström, M.W. Bruford, I. Brännström, G. Colling, L.
Dalén, Luc De Meester, R. Ekblom, K.D. Fawcett, S. Fior, M. Hajibabaei, J.A. Hill, A.R. Hoezel,
J. Höglund, E.L. Jensen, J. Krause, T.N. Kristensen, M. Krützen, J.K. McKay, A.J. Norman, R.
Ogden, E.M. Österling, N.J. Ouborg, J. Piccolo, D. Popović, C.R. Primmer, F.A. Reed, M.
Roumet, J. Salmona, T. Schenekar, M.K. Schwartz, G. Segelbacher, H. Senn, J. Thaulow, M.
Valtonen, A. Veale, P. Vergeer, N. Vijay, C. Vilà, M. Weissensteiner, L. Wennerström, C.W.
Wheat, and P. Zieliński. 2015. Genomics and the challenging translation into conservation
practice. Trends in Ecology and Evolution 30:78–87.

5907
5908
5909
5910

Shapovalov, L., and A.C. Taft. 1954. The life histories of the steelhead Rainbow Trout (Salmo
gairdneri gairdneri) and Silver Salmon (Oncorhynchus kisutch) with special reference to
Waddell Creek, California, and recommendations regarding their management. State of
California, Department of Fish and Game, Fish Bulletin No. 98.

5911
5912
5913

Sloat, M.R., and A.K. Osterback. 2013. Maximum stream temperature and the occurrence,
abundance, and behavior of steelhead trout (Oncorhynchus mykiss) in a Southern California
stream. Canadian Journal of Fisheries and Aquatic Sciences 70:64–73.

5914
5915

Smith, G.R., and R.F. Stearley. 1989. The classification and scientific names of Rainbow and
Cutthroat trouts. Fisheries 14:4–10.

5916
5917

Smith, S. 1960. A note on two stocks of steelhead trout (Salmo gairdneri) in Capilano River,
British Columbia. Journal of the Fisheries Research Board of Canada 17:739–742.

5918
5919
5920

Smith, S.B. 1969. Reproductive isolation in summer and winter races of steelhead trout. Pages
21-38 in T.G. Northcote, editor. Symposium on salmon and trout in streams. H.R. MacMillan
Lectures in Fisheries, University of British Columbia, Vancouver, Canada.

5921
5922
5923

Soulé, M.E. 1980. Thresholds for survival: maintaining fitness and evolutionary potential. Pages
151-170 in M.E. Soulé and B.A. Wilcox, editors. Conservation biology: An evolutionaryecological perspective. Sunderland, Massachusetts, Sinauer Associates.

5924
5925
5926

Sparkman, M.D. 2002. Juvenile Steelhead Downstream Migration Study in the Mad river,
Humboldt County, California. California Department of Fish and Wildlife, S-RAMP. Arcata,
CA.

5927
5928
5929
5930

Sparkman, M.D. 2007. 2006 Annual Report: Upper Redwood Creek Juvenile Salmonid (Smolt)
Downstream Migration Study 2000-2006 Seasons. California Department of Fish and
Wildlife, Northern Region, Anadromous Fisheries Resource Assessment and Monitoring
Program, study 2a5.

5931
5932
5933
5934

Sparkman, M.D. and S.C. Holt. 2017. Mid-Upper Redwood Creek Juvenile Salmonid (Smolt)
Abundance Project 2000-2016 Seasons. California Department of Fish and Wildlife,
Northern Region, Anadromous Fisheries Resource Assessment and Monitoring Program,
study 2a5.

5935
5936
5937
5938

Sparkman, M.D., R. Park, M. Gordon, and M.A. Wilzbach. 2017. Lower Redwood Creek juvenile
salmonid (smolt) abundance project, study years 2014-2016: a report to the Fisheries
Restoration Grants Program (Project No. P1210322). California Department of Fish and
Wildlife, Anadromous Fisheries Resource Assessment and Monitoring Program, study 2a7.

5939
5940
5941
5942
5943

Sparkman, M.D. and S.C. Holt. 2020. ARIS sonar estimates of abundance and migration patterns
of Chinook Salmon, late summer/fall-run Steelhead Trout, Coho Salmon, and Pink Salmon in
the Mad River, Humboldt County, California, August 2017 – January 2018. California
Department of Fish and Wildlife, Anadromous Fisheries Resource Assessment and
Monitoring Program.

5944
5945
5946
5947

Spence, B.C., E.P. Bjorkstedt, J.C. Garza, J.J. Smith, D.G. Hankin, D. Fuller, W.E. Jones, R. Macedo,
T.H. Williams, and E. Mora. 2008. A framework for assessing the viability of threatened and
endangered salmon and steelhead in the North-Central California Coast recovery domain.
U.S. Department of Commerce, NOAA Technical Memorandum NMFS-SWFSC-423.

5948
5949
5950

Spence, B.C., G.A. Lomnicky, R.M. Hughes, and R.P. Novitzki. 1996. An Ecosystem Approach to
Salmonid Conservation. National Marine Fisheries Service, U.S. Environmental Protection
Agency, and U.S. Fish and Wildlife Service report TR-4501-96-6057.

5951
5952
5953

Stearley, R.F. and G.R. Smith. 1993. Phylogeny of the Pacific trouts and salmons (Oncorhynchus)
and genera of the family Salmonidae. Transactions of the American Fisheries Society 122:1–
33.

5954
5955

Steiner Environmental Consulting (SEC). 1998. Potter Valley Project Monitoring Program (FERC
No. 77, Article 39). Effects of operations on upper Eel River anadromous salmonids. Final

5956
5957

Report. March 1998. Prepared for Pacific Gas and Electric Company, Technical and
Ecological Services, San Ramon, CA.

5958
5959
5960

Steward, C.R. and T.C. Bjornn. 1990. Supplementation of salmon and steelhead stocks with
hatchery fish: A synthesis of published literature. U.S. Fish and Wildlife Service Technical
report 90-1.

5961
5962

Stillwater Sciences. 2010. Mad River Watershed Assessment. Report prepared for Redwood
Community Action Agency, Eureka, California.

5963
5964
5965
5966

Stone, J., J.S. Foott, and R. Fogerty. 2008. Comparative susceptibility to infection and disease
from Ceratomyxa shasta and Parvicapsula minibicornis in Klamath River basin juvenile
Chinook, Coho and steelhead populations. U.S. Fish and Wildlife Service, California-Nevada
Fish Health Center FY2006 Investigational Report.

5967
5968
5969

Stuart, T.A. 1962. The leaping behavior of salmon and trout at falls and obstructions. Freshwater
and Salmon Fisheries Research Report 28. Department of Agriculture and Fisheries for
Scotland, Edinburgh.

5970
5971

Swain D.L., B. Langenbrunner, J.D. Neelin, and A. Hall. 2018. Increasing precipitation volatility in
twenty-first century California. Nature Climate Change 8:427–433.

5972
5973
5974

Swantson, D.N., and F.J. Swanson. 1976. Timber harvesting, mass erosion, and steepland forest
geomorphology in the Pacific Northwest. Pages 199–221 in D.R. Coates, editor.
Geomorphology and Engineering. Dowden, Hutchinson and Ross.

5975
5976
5977

Sylvester, R.O. 1963. Effects of water uses and impoundments on water temperature. Pages 6–
27 in E.F. Eldridge, editor. Proceedings of the twelfth Pacific Northwest symposium on
water pollution research. U.S. Public Health Service. Pacific Northwest Water Lab.

5978
5979

Taylor, E.B. 1991. A review of local adaptation in Salmonidae, with particular reference to Pacific
and Atlantic salmon. Aquaculture 98:185–207.

5980
5981
5982
5983

Taylor, G., and R.A. Barnhart. 1996. Mortality of angler caught and released summer steelhead.
California Cooperative Fishery Research Unit and Humboldt State University Foundation.
Contract No. FG 5018. California Department of Fish and Game Steelhead Trout Catch
Report – Restoration Card.

5984
5985
5986

Thalmann, H.L, E.A. Daly, and R.D. Brodeur. 2020. Two Anomalously Warm Years in the Northern
California Current: Impacts on Early Marine Steelhead Diet Composition, Morphology, and
Potential Survival. Transactions of the American Fisheries Society 149:369–382.

5987
5988
5989

Theriault, V., G.R. Moyer, L.S. Jackson, M.S. Blouin, and M.A. Banks 2011. Reduced reproductive
success of hatchery coho salmon in the wild: insights into most likely mechanisms.
Molecular Ecology 20:1860–1869.

5990
5991

Thomas, W.K., R.E. Withler, and A.T. Beckenbach. 1986. Mitochondrial DNA analysis of Pacific
salmonid evolution. Canada Journal of Zoology 64:1058–1064.

5992
5993
5994
5995
5996

Thompson, T.Q., M. Renee Bellinger, S.M. O’Rourke, D.J. Prince, A.E. Stevenson, A.T. Rodrigues,
M.R. Sloat, C.F. Speller, D.Y. Yang, V.L. Butler, M.A. Banks, and M.R. Miller. 2019.
Anthropogenic habitat alteration leads to rapid loss of adaptive variation and restoration
potential in wild salmon populations. Proceedings of the National Academy of Sciences of
the United States of America 116:177–186. https://doi.org/10.1073/pnas.1811559115

5997
5998

Thorgaard, G.H. 1983. Chromosomal differences among Rainbow Trout populations. Copeia
1983:650–662. https://doi.org/10.2307/1444329

5999
6000

Turesson G. 1922. The genotypical response of the plant species to the habitat. Hereditas 3:211–
350.

6001
6002

United States Army Corps of Engineers (USACOE). 1973. Draft Environmental Impact Statement,
Butler Valley and Blue Lake Project. San Francisco District, California.

6003
6004
6005
6006
6007
6008

United States Department of Agriculture, Forest Service; United States Department of the
Interior, Bureau of Land Management (USDA and USDI). 1994. Record of Decision for
Amendments to Forest Service and Bureau of Land Management Planning Documents
Within the Range of the Northern Spotted Owl. Attachment A: Standards and Guidelines for
Management of Habitat for Late-Successional and Old-Growth Forest Related Species
Within the Range of the Northern Spotted Owl.

6009
6010
6011

United States Department of Agriculture, Forest Service; United States Department of the
Interior, Bureau of Land Management (USDA and USDI). 1996. North Fork Eel River
Watershed Analysis, Version 1.0.

6012
6013
6014

United States Environmental Protection Agency (EPA). 2017, January 24. National Environmental
Policy Act Review Process. Retrieved 10 July 2020 from
https://www.epa.gov/nepa/national-environmental-policy-act-review-process

6015
6016

United States Fish and Wildlife Service (USFWS). 1960. A preliminary survey of fish and wildlife
resources: Northwestern California. USDA, Fish and Wildlife Service, Arcata, CA.

6017
6018

United States Fish and Wildlife Service (USFWS). 2020. Steelhead trout. Accessed 12 May 2020
from https://www.fws.gov/fisheries/freshwater-fish-of-america/steelhead_trout.html

6019
6020
6021

United States Forest Service (USFS). 1986. Summer steelhead management direction: Klamath,
Mendocino, Shasta-Trinity, and Six Rivers National Forests. United States Forest Service
(USFS), Pacific Southwest Region, San Francisco, CA. Unpublished.

6022
6023
6024

United States Global Change Research Program (USGCRP). 2009. Global climate change impacts
in the United States. T.R. Karl, J.M. Melillo, and T.C. Peterson, editors. Cambridge, New
York, Cambridge University Press.

6025
6026
6027
6028

United States Global Change Research Program (USGCRP). 2017. Climate science special report:
fourth national climate assessment, Volume I. Wuebbles, D.J., D.W. Fahey, K.A. Hibbard, D.J.
Dokken, B.C. Stewart, and T.K. Maycock editors. U.S. Global Change Research Program,
Washington, DC, USA. DOI:10.7930/J0J964J6.

6029
6030

Utter, F. 1998. Genetic problems of hatchery-reared progeny released into the wild, and how to
deal with them. Bulletin of Marine Science 62:623–640.

6031
6032

Van Kirk, S. 1994. Historical information on Redwood Creek. U.S. Department of Interior,
National Park Service, Redwood National Park, Arcata, CA.

6033
6034

Van Kirk, S. 1998a. The fisheries of the Mattole River. Compiled April, 1998.
http://www.krisweb.com/biblio/mattole_xxxx_vankirk_1998_matfish2.htm

6035
6036

Van Kirk, S. 1998b. Historical newspaper accounts of Van Duzen River fisheries: 1877 – 1949.
Klamath Resource System, Coho Database, Version 10, July 1999.

6037
6038

Vogler, A.P., and R. Desalle. 1994. Diagnosing units of conservation management. Conservation
Biology 8:354–363.

6039
6040

VTN Oregon, Inc. 1982. Potter Valley Project (FERC No. 77) Fisheries Study. Report prepared for
Pacific Gas and Electric Company.

6041
6042
6043

Wang, S.-Y., L. Hipps, R.R. Gillies, and J.-H. Yoon. Probably causes of the abnormal ridge
accompanying the 2013-2014 California drought: ENSO precursor and anthropogenic
warming footprint. Geophysical Research Letters 41: 3220-3226.

6044
6045

Waples R.S. 1991a. Genetic interactions between hatchery and wild salmonids: Lessons from the
Pacific Northwest. Canadian Journal of Fisheries and Aquatic Sciences 48:124–133.

6046
6047

Waples R.S. 1991b. Pacific salmon, Oncorhynchus spp., and the definition of “species” under the
Endangered Species Act. Application to Pacific Salmon. Marine Fisheries Review 53:11–22.

6048
6049

Waples, R.S. 1995. Evolutionarily Significant Units and the conservation of biological diversity
under the Endangered Species Act. American Fisheries Society Symposium 17:8–27.

6050
6051

Waples, R.S. 1998. Evolutionarily Significant Units, Distinct Populations Segments, and the
Endangered Species Act: reply to Pennock and Dimmick. Conservation Biology 12:718–721.

6052
6053

Waples, R.S., and S.T. Lindley. 2018. Genomics and conservation units: The genetic basis of adult
migration timing in Pacific salmonids. Evolutionary Applications 11:1518–1526.

6054
6055

Waples, R.S., G.R. Pess, and T. Beechie. 2008. Evolutionary history of Pacific salmon in dynamic
environments. Evolutionary Applications 1:189-206.

6056
6057

Waples, R.S., D.J. Teel, J.M. Myers, and A.R. Marshall. 2004. Life history divergence in Chinook
Salmon: historic contingency and parallel evolution. Evolution 58:386–403.

6058
6059

Waples, R.S., G.A. Winans, F.M. Utter, and C. Mahnken. 1990. Genetic approaches to the
management of Pacific salmon. Fisheries 15:19–25.

6060
6061

Ward, J.V. 1998. Riverine Landscapes: Biodiversity Patterns, Disturbance Regimes, and Aquatic
Conservation. Biological Conservation 83:269–278.

6062
6063
6064

Ward, M.B. 1989. Habitat preferences and distribution of adult and juvenile steelhead trout,
Oncorhynchus mykiss, within holding areas in the Middle Fork Eel River, California. Arcata,
California. CDFG study report. Unpublished.

6065
6066
6067

Ward, M.B. (n.d.). Migratory behavior, morphometric characteristics, and life history patterns of
summer steelhead trout, Oncorhynchus mykiss, in the Middle Fork Eel River, California.
CDFG study report. Unpublished.

6068
6069
6070

Ward, B.R. and P.A. Slaney. 1988. Life History and Smolt-to-Adult Survival of Keogh River
Steelhead Trout (Salmo gairdneri) and the Relationship to Smolt Size. Canadian Journal of
Fisheries and Aquatic Science 45: 1110-1122.

6071
6072

Warren, M.L. and M.G. Pardew. 1998. Road Crossings as Barriers to Small-Stream Fish
Movement. Transactions of the American Fisheries Society 127:637–644.

6073
6074
6075
6076
6077

Wehner, M.F., J.R. Arnold, T. Knutson, K.E. Kunkel, and A.N. LeGrande. 2017. Droughts, floods,
and wildfires. Pages 231-256 in D.J. Wuebbles, D.W. Fahey, K.A. Hibbard, D.J. Dokken, B.C.
Stewart, and T.K. Maycock, editors. Climate Science Special Report: Fourth National Climate
Assessment, Volume I. U.S. Global Change Research Program, Washington, DC, USA.
DOI:10.7930/J0J964J6.

6078
6079

Westerling, A.L., H.G. Hidalgo, D.R. Cayan, and T.W. Swetnam. 2006. Warming and earlier spring
increase western U.S. forest wildfire activity. Science 313:940–943.

6080
6081
6082

Will, R. D. 1976 – 1978. Mad River salmon and steelhead hatchery annual report(s) 1975-76
through 1977-78 operation years. CDFG, Anadromous Fisheries Branch, Sacramento.
Unpublished.

6083
6084
6085
6086

Williams, C.R., A.H. Dittman, P. McElhany, D.S. Busch, M. Maher, T.K. Bammler, J.W. MacDonald,
and E.P. Gallagher. 2019. Elevated CO2 impairs olfactory-mediated neural and behavioral
responses and gene expression in ocean-phase Coho Salmon (Oncorhynchus kisutch). Global
Change Biology 25:963–977.

6087
6088
6089
6090

Williams, T.H., B.C. Spence, D.A. Boughton, R.C. Johnson, L.G. Crozier, N.J. Mantua,
M.R. O'Farrell, and S.T. Lindley. 2016. Viability assessment for Pacific salmon and
steelhead listed under the Endangered Species Act: Southwest. U.S. Department of
Commerce, NOAA Technical Memorandum NMFS-SWFSC-564.

6091
6092
6093

Wilson, G.M., W.K. Thomas, and A.T. Beckenbach. 1985. Intra- and inter-specific
mitochondrial DNA sequence divergence in Salmo: Rainbow, steelhead, and Cutthroat
trouts. Canadian Journal of Zoology 63:2088–2094.

6094
6095
6096

Withler, I.L. Variability in history characteristics of steelhead trout (Salmo gairdneri) along the
Pacific coast of North America. 1966. Journal of the Fisheries Research Board of Canada
23:365–393.

6097
6098
6099

Wollebaek, J., J. Heggenes, and K.H. Roed. 2018. Life histories and ecotype conservation in an
adaptive vertebrate: Genetic constitution of piscivorous Brown Trout covaries with habitat
stability. Ecology and Evolution 8:2729–2745.

6100
6101
6102
6103

Yee, C.S., and T.D. Roelofs. 1980. Influence of forest and rangeland management on anadromous
fish habitat in Western North America: Planning forest roads to protect salmonid habitat.
Gen. Tech. Rep. PNW-GTR-109. Portland, OR: U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station.

6104
6105
6106

Yoshiyama, R.M, and P.B. Moyle. 2010. Historical review of Eel River anadromous salmonids,
with emphasis on Chinook Salmon, Coho Salmon, and steelhead. University of California,
Davis: Center for Watershed Sciences, Davis, CA.

6107
6108

Young, K.A. 2004. Asymmetric competition, habitat selection, and niche overlap in juvenile
salmonids. Ecology 85:134–149.

6109
6110
6111

Zedonis, P.A., and T.J. Newcomb. 1997. An evaluation of flow and water temperature during the
spring for protection of salmon and steelhead smolts in the Trinity River, California. Arcata,
California.

6112
6113
6114

Zimmerman, M.S., C. Kinsel, E. Beamer, E.J. Connor, and D.E. Pfug. Abundance, Survival, and Life
History Strategies of Juvenile Chinook Salmon in the Skagit River, Washington. Transactions
of the American Fisheries Society 144: 627-641.

6115

APPENDICES

6116
6117
6118
6119

Appendix A. Summary of Ford et al. (2020): Reviewing and Synthesizing the State of the
Science Regarding Associations between Adult Run Timing and Specific Genotypes in Chinook
Salmon and Steelhead: Report of a workshop held in Seattle, Washington, 27–28 February
2020

6120
6121
6122
6123
6124
6125
6126
6127

NOAA Fisheries’ Northwest Fisheries Science Center convened a panel of fisheries geneticists in
February 2020 to address the multitude of recently completed and active genetic studies on
specific genomic associations with migration timing in salmonids. These studies have important
conservation implications, especially in relation to CESA and ESA listings. The intent of the
workshop was to discuss the current state of the science and identify areas of agreement, areas
of uncertainty, conservation implications, and future research needs. The workshop was
attended by federal, state, and academic geneticists and conservation planners. The
proceedings became publicly available in June 2020 (Ford et al. 2020).

6128
6129
6130
6131
6132

This appendix summarizes the main points presented in Ford et al. (2020) for reference in this
California Endangered Species Act status review. Many of these points, which are summarized
and reproduced below, refer to highly technical genetic and genomic research results and
conclusions. Readers who require more information should refer to the original report
referenced below.

6133

Current State of Research

6134
6135
6136
6137
6138
6139

Summarizing the findings and recommendations presented in Ford et al. (2020), it is apparent
that deconvoluting the genetic and genomic basis of run-timing is complex. It is generally
accepted that run-timing phenotypic variation is strongly correlated with genetic sequence
variation in a relatively small (~200 Kb) region of the GREB1L/ROCK1 region of chromosome 28
in Chinook Salmon and steelhead. Run-timing variation is also affected to a lesser degree by
other genes and environmental factors.

6140
6141
6142
6143
6144
6145
6146

There are two alleles in this region: an “early migrating” allele (E) and a “late migrating” allele
(L). Fish with homozygous genotypes, EE and LL, exhibit early and late return timing,
respectively. Heterozygotes (EL) generally exhibit an intermediate return timing, though,
depending on the population, return can be skewed either early or late. The extent and
importance of heterozygotes that possess both early and late arriving alleles is an active topic
of debate. Results have been confounded by inconsistencies in sampling strategies between
studies and effects due to habitat alterations over several decades.

6147
6148
6149
6150

It is unknown how genetic variation in the GREB1L/ROCK1 region actually causes variations in
life history strategy – all of the studies to date have successfully established correlations, but
not the actual biochemical pathways by which such variation functions in individual fish.
Applying the current state of knowledge to conservation decisions is also a subject of debate.

6151
6152
6153
6154
6155

There were a few areas of agreement and many areas of disagreement – the issue is far from
settled. A key conservation point where participants were in agreement is that conservation
units should continue to be defined by patterns of genetic diversity across the genome (e.g.
microsatellite and SNP loci), not by variation in small genomic regions correlated with specific
traits of interest, such as run-timing.

6156

Areas of Agreement and Uncertainty

6157
6158
6159
6160

The following are verbatim points of agreement and uncertainty listed in Ford et al. (2020, 31–
37). The authors note that they did not attempt to come to consensus on these points. Rather,
these were statements generally agreed upon by the meeting participants. Readers should
refer to the original report for expanded discussions of each point below.

6161
6162

Is the GREB1L/ROCK1 region responsible for adult migration timing, and if so by what
mechanism?

6163

Areas of agreement:

6164
6165
6166
6167
6168
6169

•
•
•

A single region in the genome has a strong statistical association with adult run timing.
The migration phenotype measured across prior studies is not standardized, and efforts
should be made to do so.
Marker development, validation, and standardization is extremely important.

Areas of uncertainty:
•

The causal variant(s) for adult run timing remain to be identified.

6170
6171
6172

What is the distribution of genetic variation for adult migration timing in space and time? Do
the genes associated with migration timing have the same effect in populations inhabiting
different environments and with different genetic backgrounds?

6173

Areas of agreement:

6174
6175
6176
6177
6178
6179
6180
6181
6182
6183

•

The GREB1L/ROCK1 association with run timing is best characterized in US West coastal
populations for both Chinook salmon and steelhead, and to some degree in the
Columbia River basin.

Areas of uncertainty:
•

Our current understanding of both the contemporary and historical distribution of
genetic variation in GREB1L/ROCK1, in association with run timing, is confounded by
issues with phenotyping, influence of hatchery populations, and anthropogenic activities
influencing access to habitat across space and time.

What is the pattern of dominance among haplotypes in the GREB1L/ROCK1 genomic region?
What phenotype do heterozygotes express, and what is their fitness?

6184

compared to homozygotes?

6185

Areas of agreement:

6186
6187
6188
6189
6190
6191

•

Heterozygotes are likely an important mechanism for the spread and maintenance of
the early migration alleles over long time scales.

Areas of uncertainty:
•

It may be too simplistic to focus on dominance of migration timing alone since genetic
variation at the GREB1L/ROCK1 region also could influence other traits that are more
difficult to study.

6192
6193
6194

In what circumstances is it reasonable to conclude that the current distribution of GREB1L
genes accurately reflects historical (pre-European contact) patterns? When/where is that not
a good assumption?

6195

Areas of agreement:

6196
6197
6198
6199
6200
6201

•

Interaction between individuals with variable run timing has occurred historically, is
expected, and likely varies depending on historical environmental conditions. However,
anthropogenic impacts have also likely changed these interactions in many locations.

Areas of uncertainty:
•

It is unclear how much demographic isolation from fall run is required for spring
Chinook salmon to persist.

6202
6203

How common are large-effect genes? Is it likely that strong associations will be found
between specific alleles and many other phenotypic/life-history traits in salmon?

6204

Areas of agreement:

6205
6206
6207
6208
6209

•

Loci of large effect have been identified for other salmonid life-history traits.

Areas of uncertainty:
•

More data are needed from whole genome sequencing to know the extent to which
complex traits are controlled by single genes of large effect, or many loci of smaller
effect and how this various among populations.

6210
6211
6212

Prince et al. (2017) concluded that the haplotypes associated with early migration timing
evolved only once within each species. Is that the case, or are the genetic variants more
evolutionarily labile?

6213

Areas of agreement:

6214
6215
6216
6217
6218
6219

•

The evolutionary history of the GREB1L/ROCK1 region is complex and has not been well
characterized throughout each species’ entire range. But it is clear that the early and
late haplotypes that have been well characterized evolved long ago in each species’
evolutionary history. It is also clear, based on available data, that the allelic variants for
early migration have not arisen independently via new mutations from the genomic
background of late migration individuals in each watershed.

6220

Needed Future Research

6221
6222

The participants outlined areas for future research, which are directly excerpted below (Ford et
al. 2020, 37–38):

6223
6224
6225
6226

1. Better standardization and characterization of adult migration phenotypes in multiple
populations and lineages, including when the ‘decision’ to migrate is made, how it
relates to the timing of sexual maturity and the relationship(s) between the date of
freshwater entry and subsequent upstream movements.

6227
6228
6229

2. More thorough marker development and validation (see next section). Ideally,
identification of the functional variant(s) in the GREB1L/ROCK1 region that cause
alternative migration phenotypes.

6230
6231

3. Greater understanding of the physiological mechanisms leading to alternative migration
phenotypes.

6232
6233

4. Tests for association of GREB1L/ROCK1 variation on phenotypes other than adult run
timing, such as timing of sexual maturity or other life-history traits.

6234
6235
6236
6237
6238
6239
6240

5. More thorough evaluations of the genetics of run timing variation, throughout the
geographic range of Chinook salmon and steelhead, as well as studies in other salmon
species in order to develop broad baseline data on the historical and current
distribution of alleles at this locus. Current studies have been primarily focused on a
limited number of West Coast and Columbia River populations. These investigations
should include characterization of the full suite of genetic variants (and their effect
sizes) contributing to run timing,

6241
6242
6243

6. More thorough characterization of GRE1L/ROCK1 haplotype diversity and the
phenotype and dominance pattern of each identified haplotype in multiple populations
of both species, across their range.

6244
6245
6246
6247

7. Perform comparative analyses on systems with early-run and late-run populations that
have been differentially impacted by human activities resulting in differing levels of
interbreeding between life-history types, to determine how interbreeding might affect
persistence of run type alleles.

6248

Conservation Implications

6249
6250
6251
6252

Subsequent to the technical discussions, the participants discussed how the current state of
knowledge should be applied to conservation decisions such as defining units for conservation,
listing, and recovery. Their individual points are excerpted directly and presented here (Ford et
al. 2020, 38–42):

6253

Areas of agreement:

6254
6255
6256
6257
6258

1. After discussion on whether conservation strategies might need to change based on
the GREB1L/ROCK1 findings, the participants generally agreed that using patterns of
genetic variation throughout the genome remains important for identifying
conservation units, rather than identifying units based solely on small genomic
regions associated with specific traits.

6259
6260
6261
6262

2. The workshop participants agreed that spring Chinook salmon and summer
steelhead occupy a specialized ecological niche—upstream areas accessible
primarily during spring flow events—that has made them particularly vulnerable to
extirpation or decline due to habitat degradation.

6263
6264
6265

3. The participants generally agreed that the evaluation of risk to early returning
population groups (spring Chinook, summer steelhead) needs to consider what we
now know about the genetic basis of adult return time.

6266
6267
6268

4. The participants generally agreed that the finding that the early run trait has a
simple genetic basis implies that it is at greater risk of loss than if it were highly
polygenic because loss of the “early” allele(s) equates to the loss of the phenotype.

6269

Areas of uncertainty:

6270
6271
6272

1. One area of uncertainty and potential disagreement at the workshop was the degree
to which run timing diversity in spring Chinook salmon is partitioned among
populations versus among individuals within a population.

6273
6274
6275

2. The extent to which observed contemporary levels of interbreeding between
individuals with early and late run timing would be typical under historical
environmental conditions is unknown

6276
6277
6278
6279

3. Understanding the conservation implications of dominance patterns at the
GREB1L/ROCK region is also important and is complicated because of tradeoffs
between the probability of persistence of the early-run allele and the feasibility of
starting new early-run populations.

6280
6281

4. The dominance-recessive relationships might influence the success of colonization
events.

6282
6283
6284
6285

5. Regardless to what extent current levels of interbreeding are a consequence of
human mediated habitat alterations, such interbreeding and the common
occurrence of heterozygotes at the GREB1L/ROCK1 region presents challenges for
status monitoring, recovery planning, and other management actions.

6286
6287

6. Improved strategies are needed for monitoring run timing and associated genetic
variation.

6288
6289
6290
6291
6292
6293
6294
6295
6296
6297
6298
6299
6300

7. What conservation measures can be put into place now with existing knowledge?
Conservation measures for spring run that were discussed included potentially
shaping fisheries to focus disproportionately on fish with fall run timing, restoring
access to spring-run habitat that has been blocked, considering restoring natural
barriers that have been modified to increase fall-run access to historically spring-run
habitats, and restoring more natural flow regimes (e.g., low summer flows that
prevent mature migrating individuals from encroaching on premature habitat).
Workshop participants agreed that the presence of heterozygotes does not in itself
indicate a threat to the viability of spring run as these heterozygotes contain alleles
that may be important to spring-run restoration. Some workshop participants also
noted, however, that in some cases the presence of high proportions of
heterozygotes might represent a departure from the historical conditions and a
warning sign that the spring-run phenotype is at risk.

6301

Issues specifically associated with steelhead

6302
6303
6304
6305

1. One major factor to consider regarding the conservation implications of the genetics
of run timing diversity in steelhead is the existence of conspecific resident rainbow
trout populations that may effectively act as reservoirs for the ‘early’ GREB1L/ROCK1
alleles.

6306
6307

2. Another factor to consider for steelhead compared to Chinook is the generally
greater amount of life-history diversity found in O. mykiss.

6308

Appendix B. Annual summer steelhead counts and data sources for five extant populations
Year
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

Redwood
Creeka
16
2
7
44
44
19
15
8
0
14
15
7
8
36
18
23
37
25
10
3
1
3
6
16

Mad
Riverb
10
6
181
37
f
f

111
52

f

5

f

18
60
20
33

f
f

66

34
48
305
569
515

297
191
85

170
194
185
483
209

Middle Fork Eel
Riverc
198
241
335
865
997
502
1,422
1,522
1,149
792
654
377
1,298
1,052
1,601
1,054
666
1,524
1,490
1,000
1,550
711
727
449
691
516
622
701
1,148
771
513
527
451
306
422
418
657
731

Van Duzen
Riverd
31
25
6
8
13
58
52
40
4
31
0
2
4
4
80
26

g

g

g

g

Mattole
Rivere
44
14
16
44
16
17
17
15
9
16

Year
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
6309
6310
6311
6312
6313
6314
6315
6316

Redwood
Creeka
22
21
13
59
9
7
8
8
15
15
5
12
2
3
3

Mad
Riverb
211
110
282

322
336
187
151
147
117

Middle Fork Eel
Riverc
626
817
534
721
396
523
837
1,191
872
702
445
493
323
330
434

Van Duzen
Riverd
40
50
100
122
65
110
255
162
81
54
140
86
144
67

Mattole
Rivere
20
19
16
36
33
14
18
22
56
55
19
14
14
29
7

"-" indicates no survey conducted. a Source: National Park Service (2019 Redwood Creek Summer Steelhead
Survey, pre-print report)
b
Source: Data collated from USFS, GDRCO, CalTrout, and CDFW original survey reports c Source: CDFW internal
data (S. Harris, CDFW, pers. comm., 2 January 2020)d Source: CDFW internal data (S. Thompson, CDFW, pers.
comm., 23 March 2020)e Source: Mattole Salmon Group (N. Queener, Mattole Salmon Group, pers. comm., 4
February 2020)
f
Some fish less than 16 inches included.
g
Half pounders removed.

6317
6318

Appendix C. Numbers of summer steelhead observed, survey start and end points, and survey dates for Redwood Creek annual
surveys conducted 1981 – 2019.

6319
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Original Index Reach: Lacks Creek to Tom McDonald Creek. (M. Sparkman, CDFW, pers. comm., 30 January 2020 [original file from D.
Anderson, Redwood National Park])
Year
1981
1982a
1983
1984

Index Reach
Total Reach
Number of
Number of summer
summer steelhead steelhead
16
16
2
2
5
7
44+
44+

1985
1986

44+
19

1987

14

1988

8

1989b
1990
1991
1992
1993

0
14
15
4 live, 1 dead
2

Total Reach Surveyed
Start to End Points and Distance (km)

Survey Dates

Beaver Cr to Orick (51.5)
Stover Cr to Emerald Cr (22.5)
HWY 299 to Tom McDonald Cr (44.4)
Index Reach (25.9)

10 – 13 Aug
12, 14 Oct
22 – 25 Aug
8 – 10 Aug

44+ Index Reach (25.9)
19 Index Reach (25.9)
15 1 mile downstream of Snow Camp Cr to Tom
McDonald Cr (72.7)
8 (6 spring Chinook Index Reach (25.9)
Salmon)
0 Lacks Cr to Bridge Cr (17.9)
14 Index Reach (25.9)
15 Index Reach (25.9)
6 live, 1 dead Lacks Cr to Hayes Cr (37.8)
3 Lacks Cr to Hayes Cr (37.8)
2c Chezem Rd to Stover Cr (24.75)
3d Ayres Cabin to Chezem Rd (14.3)
Total: 8 76.9 km

20 – 22 Aug, 4 Sep
25 – 27 Aug
14 – 16 Jul
26 – 28 Jul
31 Jul, 1 – 2 Aug
31 Jul, 1 – 3 Aug
5 – 8 Aug
3 – 6, 10 Aug
2 – 5, 9 Aug
18, 20, 27 Aug
28, 30 Aug

Year
1994

1995

1996

1997

1998

1999
2000

Index Reach
Total Reach
Number of
Number of summer
summer steelhead steelhead
5
8
16c
3e
9d
Total: 36
5 live, 1 dead
7 live, 1 dead
8c
2d
Total: 18
1
1
21c
1d
Total: 23
6
6
16c
15d
Total: 37
4
4

5
3

Total Reach Surveyed
Start to End Points and Distance (km)
Lacks Cr to Hayes Cr (37.8)
Chezem Rd to Stover Cr (24.8)
HWY299 to Chezem Rd (2.0)
Bradford Cr to HWY 299 (20.1)
84.7 km
Lacks Cr to Hayes Cr (37.8)
Chezem Rd to Bair Rd (7.6)
Bradford Cr to Ayres Cabin (7.9)
53.25 km
Lacks Cr to Hayes Cr (37.8)
Chezem Rd to Stover Cr (24.8)
Bradford Cr to Chezem Rd (22.1)
84.7 km
Lacks Cr to Hayes Cr (37.8)
Chezem Rd to Stover Cr (24.8)
Bradford Cr to Chezem Rd (22.1)
84.7 km
Lacks Cr to Hayes Cr (37.8)

Survey Dates
1 – 4 Aug
4 – 6 Aug
15 Aug
13 – 14 Aug
24 – 27 Jul
28 Aug
2 Sep
5 – 8 Aug
31 Jul, 1, 22 Aug
10 – 12 Aug
4 – 7 Aug
6 – 8 Aug
17, 24, 30 Aug
27 – 30 Aug

21d Bradford Cr to Stover Cr (46.9)
Total: 25 84.7 km

24 – 27, 31 Aug

10 Lacks Cr to Hayes Cr (38)
3 Lacks Cr to Hayes Cr (38)

2 – 5, 9 – 10 Aug
1 – 3, 7 – 9 Aug

Year
2001
2002
2003
2004
2005
2006
2007
2008

2009
2010
2011
2012
2013
2014

Index Reach
Total Reach
Number of
Number of summer
summer steelhead steelhead
0
1
3
3
4
6
8 live, 1 dead
15 live, 1 dead
19 22 (1 Sockeye Salmon)
19 live, 1 dead
20 live, 1 dead
11 13 (1 Sockeye Salmon)
19
21
9f
6f
23f
Total: 59
7
9
6
7
8
8
7 live, 1 dead
7 live, 1 dead
5
15
13
15

2015
2016

4
8

2017

1g

2018

2

Total Reach Surveyed
Start to End Points and Distance (km)
Lacks Cr to Hayes Cr (38.1)
Lacks Cr to Hayes Cr (38.1)
Lacks Cr to Downstream of Hayes Cr (38.8)
Lacks Cr to Downstream of Hayes Cr (39.0)
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks to Downstream of Hayes (38.9)
Chezem Rd Bridge to Bair Rd Bridge (7.65)
Bair Rd Bridge to Beaver Cr (7.4)
Beaver Cr to Stover Cr (8.8)
62.75 km
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (38.9)
Lacks Cr to Downstream of Hayes Cr (38.9)

5 Lacks Cr to Downstream of Hayes Cr (38.9)
12 Lacks Cr to Downstream of Hayes Cr (41.6)g
2 Lacks Cr to Downstream of Coyote Cr and
Bridge Cr to Downstream of Hayes Cr (28.6)h
3 Lacks Cr to Downstream of Hayes Cr (41.6)g

Survey Dates
31 Jul, 1 – 2, 7 Aug
29 – 31 Jul, 1, 5, 7 Aug
29 – 31 Jul, 4 – 6 Aug
27 – 29 Jul, 3 – 5 Aug
26 – 28 Jul, 3 – 5 Aug
25 – 26, 31 Jul, 1 – 2 Aug
24 – 26, 30 – 31 Jul, 1 Aug
28 – 31 Jul, 4 – 6 Aug
28 Jul
29 Jul
30 Jul
27 – 30 Jul, 3 – 5 Aug
26 – 29 Jul, 2 – 4 Aug
26, 27 Jul, 1 – 4, 8 Aug
23 – 26, 30 – 31 Jul, 1 Aug
29 – 31 Jul, 1, 5 – 7 Aug
28 – 31 Jul, 4 – 6 Aug
28 – 30 Jul, 3 – 5 Aug
25 – 28 Jul, 1 – 3 Aug
24, 31 Jul, 1 – 2, 16 Aug
23 – 26, 30 – 31 Jul, 1 Aug

Year
2019
6321
6322
6323
6324
6325
6326
6327
6328
6329

a

Index Reach
Total Reach
Total Reach Surveyed
Number of
Number of summer
Start to End Points and Distance (km)
summer steelhead steelhead
3
3 Lacks Cr to Downstream of Hayes Cr (41.6)g

Survey Dates
22 – 25, 29 – 31 Jul

Survey from Stover Creek to Emerald Creek, 14 miles, covering most of index section and best pool habitat.
b
Survey from Lacks to Bridge Creek, minus Garret to Panther Creek, a total of 11.1 miles. Covered best pool habitat
c
Tom Weseloh – California Trout
d
Matt Smith – North Coast Fisheries Restoration
e
Kirk Cohune
f
Tom Weseloh – California Trout; Tom Shaw – USFWS-Arcata Office
g
2016 – 2019: total distance derived from LiDAR data to route creek and determine distances. Higher resolution LiDAR data changed distance values but the
starting and ending endpoints remain the same.
h
Incomplete Survey: 12.8 km reach between downstream of Coyote Creek and Bridge Creek not snorkeled. 69% of normal reach surveyed.

6330

Appendix D. Mattole Salmon Group Summer Steelhead Data

6331

(N. Queener, MSG, pers. comm., 4 February 2020)
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Year

Adults
(>16")

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

14
16
44
16
17
17
15
9
16
20
19
16
36
33
14
18
22
56
55
19
14
14
29
7

HalfMiles
pounders Surveyed
(12"-16")
36
25.3
19
39.3
85
44.9
88
39.3
96
32.55
40
31.35
22
29.45
21
46.25
44
46.75
34
60.85
38
64.85
79
65.55
73
65.55
49
65.55
43
67.25
37
70.95
38
66.65
54
66.1
33
58.4
38
65.9
36
65.9
44
65.9
45
60.5
36
57.1

Mainstem Trib.
Miles
Miles

Adults/
Mile

23.6
38
44.6
37.4
32.4
31.2
29.3
40
40.5
54.6
58.6
59.3
59.3
59.3
60.4
64.3
60.4
60
55.9
59.7
59.7
59.7
55
54.5

0.55
0.41
0.98
0.41
0.52
0.54
0.51
0.19
0.34
0.33
0.29
0.24
0.55
0.50
0.21
0.25
0.33
0.85
0.94
0.29
0.21
0.21
0.48
0.12

1.7
1.3
0.3
1.9
0.15
0.15
0.15
6.25
6.25
6.25
6.25
6.25
6.25
6.25
6.85
6.65
6.25
6.1
2.5
6.2
6.2
6.2
5.5
2.6

Halfpounders/
Mile
1.42
0.48
1.89
2.24
2.95
1.28
0.75
0.45
0.94
0.56
0.59
1.21
1.11
0.75
0.64
0.52
0.57
0.82
0.57
0.58
0.55
0.67
0.74
0.63

Appendix F. Solicitation of Information and Public Comments
Solicitation of Information and Public Comments

424

CDFW Seeks Information Related to Listing of Northern California Summer Steelhead

August 22, 2019, by ptirawildlife, posted in Uncategorized
The California Department of Fish and Wildlife (CDFW) is seeking information relevant to the
proposed listing of Northern California Summer Steelhead as an endangered species.
Northern California Summer Steelhead occupy a relatively small geographic range in Humboldt
and Mendocino counties that includes Redwood Creek and the Mad, Eel, Van Duzen and
Mattole rivers. They fill a unique ecological niche, entering freshwater in the spring and early
summer and then holding for many months in deep pools high up in the stream systems while
waiting to spawn.
In September 2018, the Friends of the Eel River submitted a petition to the California Fish and
Game Commission requesting to list Northern California Summer Steelhead as an endangered
species under the California Endangered Species Act (CESA). The petition described threats
impacting the survival of the fish, specifically emphasizing habitat loss, alteration and
degradation as a result of human impacts.
CDFW recommended that Northern California Summer Steelhead be advanced to candidacy for
CESA listing and the Commission voted in favor of this recommendation on June 12, 2019. The
official findings of this decision were published on June 28, 2019, which triggered the start of a
12-month period during which CDFW will conduct a status review intended to inform the
Commission’s ultimate decision on whether to list the species.
As part of the status review process, CDFW is soliciting information from the public regarding
Northern California Summer Steelhead ecology, genetics, life history, distribution, abundance,
habitat, degree and immediacy of threats to reproduction or survival, adequacy of existing
management measures, and recommendations for management of the species. Comments,
data and other information can be submitted in writing to:
California Department of Fish and Wildlife
Attn: Vanessa Gusman
830 S St.
Sacramento, CA 95811
Comments may also be submitted by e-mail to Vanessa.Gusman@wildlife.ca.gov. If submitting
comments by e-mail, please include “NC Summer Steelhead” in the subject heading.
All comments received by Sept. 22, 2019, will be evaluated prior to the submittal of CDFW’s
final status review report to the Commission. Once CDFW submits the final status review report
to the Commission, it will be placed on the agenda for discussion at the next available
Commission meeting. Comments will also be made available to the public at that time.

Following receipt of CDFW’s status review report, the Commission will allow a 30-day public
comment period prior to taking any action on CDFW’s recommendations.
The listing petition and CDFW’s petition evaluation for Northern California Summer Steelhead is
available at https://fgc.ca.gov/cesa#ncss.
Media Contacts:
Vanessa Gusman, CDFW Fisheries Branch, (916) 445-1921
Peter Tira, CDFW Communications, (916) 322-8908

Public Comment Number 1
-----Original Message----From: Bill Karr
Sent: Thursday, August 22, 2019 12:53 PM
To: Wildlife Management
Subject: NC Summer Steelhead
How thorough have the studies on numbers of summer steelhead been? Do we know the number of fish
and spawning success of each of the watersheds? I don’t believe any listing of any species should be
done until thorough studies have been done, with numbers of fish, spawning success and return rates. If
those studies have been done, and they show that the specific run is threatened or endangered, than of
course, list it! If those studies have NOT been done, they need to be finalized before any listing. Thank
you for your attention.
Bill Karr,
Editor Western Outdoor News,
NorCal California Guns & Hunting

Public Comment Number 2
From: Erika Morlan
Sent: Friday, August 23, 2019 9:54 AM
To: Wildlife Management
Subject: NC Summer Steelhead
To whom it may concern,
I am writing in response to your call for evidence, comments, etc. regarding the loss, alteration and/or
degradation of the Northern California Summer Steelhead habitat.
I am attaching photos of large scale, industrial cannabis farms in my neighborhood in Honeydew,
California, along the banks of the Mattole River. The County of Humboldt, specifically the Board of
Supervisors and the Planning Department, has approved and encouraged grows of this size in the
Mattole Valley, specifically in the flatlands along the river.
These operations employ dozens of workers who commute from town and to and from various farms
throughout the Mattole Valley. On our roads, Applewood Road and Old Hindley Ranch Road, there is a
constant stream of high speed traffic, which has caused a large buildup of dust and sediment, all of
which flows straight into the Mattole with the first rains.
Further, many of these large industrial cannabis farms do not observe the Surface Water Forbearance
period. In fact, Cody King, the owner of the cannabis farm, Xotic Flavorz, personally bragged to me about

not observing the Forbearance period because his friend, County Supervisor Rex Bohn, told him it was
okay to fill his tanks with surface water, as long as he did so after 5:00 pm, when Fish and Wildlife
officers were off duty.
These massive industrial cannabis grows that are supported by County government are causing untold
damage to the entire Mattole watershed. The Northern California Summer Steelhead are especially
suffering, as their creeks and the Mattole River itself are clouded with sediment, choking on fertilizer
and being drained by acres upon acres of industrial cannabis grows.
Please note, these massive grows are permitted by the County, but are rarely inspected, which allows
these grows to violate all manner of rules and regulations regarding commercial cannabis production
without fear of enforcement. These violations include, but are not limited to: noise pollution, surface
water use, erosion control and runoff containment, hazardous materials storage, construction of
unpermitted greenhouses, and participation in Track and Trace programs.
All of this damage is being done right under our noses but nobody seems to see it when it is caused by
so-called “legal” cannabis operations. The County of Humboldt has been eradicating small cannabis
gardens in the hills around Honeydew and Petrolia, while allowing massive industrial cannabis
operations to line the banks of the Mattole River. I have been told that this is official County policy,
which means that the salmon will not be enjoying cleaner, deeper, colder water for a long time to come.
They should definitely be put on the endangered species list.
Thank you for your consideration,
Erika Morlan

Public Comment Number 3
From: James Haufler
Sent: Friday, August 23, 2019 11:15 AM
To: Wildlife Management
Subject: NC Summer Steelhead - Smith River ??
Greetings:
Why is the Smith River in Del Norte County not on the list of rivers shown below? Please advise.
Thank you,
Jim
James Haufler
.
-

-

From:
Sent: Thursday, August 22, 2019 5:57 PM
To:
Subject: California Fish and Wildlife News
CDFW Seeks Information Related to Listing of Northern California Summer Steelhead Posted: 22 Aug
2019 12:31 PM PDT
The California Department of Fish and Wildlife (CDFW) is seeking information relevant to the proposed
listing of Northern California Summer Steelhead as an endangered species.
Northern California Summer Steelhead occupy a relatively small geographic range in Humboldt and
Mendocino counties that includes Redwood Creek and the Mad, Eel, Van Duzen and Mattole rivers.
They fill a unique ecological niche, entering freshwater in the spring and early summer and then holding
for many months in deep pools high up in the stream systems while waiting to spawn.
In September 2018, the Friends of the Eel River submitted a petition to the California Fish and Game
Commission requesting to list Northern California Summer Steelhead as an endangered species under
the California Endangered Species Act (CESA).
The petition described threats impacting the survival of the fish, specifically emphasizing habitat loss,
alteration and degradation as a result of human impacts.
CDFW recommended that Northern California Summer Steelhead be advanced to candidacy for CESA
listing and the Commission voted in favor of this recommendation on June 12, 2019. The official findings
of this decision were published on June 28, 2019, which triggered the start of a 12-month period during
which CDFW will conduct a status review intended to inform the Commission’s ultimate decision on
whether to list the species.
As part of the status review process, CDFW is soliciting information from the public regarding Northern
California Summer Steelhead ecology, genetics, life history, distribution, abundance, habitat, degree and
immediacy of threats to reproduction or survival, adequacy of existing management measures, and
recommendations for management of the species. Comments, data and other information can be
submitted in writing to:
California Department of Fish and Wildlife
Attn: Vanessa Gusman 830 S St. Sacramento, CA 95811
Comments may also be submitted by e-mail to wildlifemgt@wildlife.ca.gov. If submitting comments by
e-mail, please include “NC Summer Steelhead” in the subject heading.
All comments received by Sept. 22, 2019, will be evaluated prior to the submittal of CDFW’s final status
review report to the Commission. Once CDFW submits the final status review report to the Commission,
it will be placed on the agenda for discussion at the next available Commission meeting. Comments will
also be made available to the public at that time.
Following receipt of CDFW’s status review report, the Commission will allow a 30-day public comment
period prior to taking any action on CDFW’s recommendations.

The listing petition and CDFW’s petition evaluation for Northern California Summer Steelhead is
available at https://fgc.ca.gov/cesa#ncss.
Media Contacts: Vanessa Gusman, CDFW Fisheries Branch
Peter Tira, CDFW Communications,

Public Comment Number 4
From: Jess O'Brien
Sent: Thursday, August 29, 2019 11:21 AM
To: Wildlife Management
Subject: NC Summer Steelhead are an endangered species
Dear California Fish and Game Commission,
As a part-time resident of Humboldt County I strongly support the the Friends of the Eel River’s petition
to list Northern California Summer Steelhead as an endangered species under the California Endangered
Species Act (CESA).
These magnificent resources, owned by the public, are under threat from habitat loss, over logging, and
dams.
We MUST preserve the summer steelhead run in the Eel River and all other north coast rivers. This is
the ESSENCE of your job, and we citizens expect you to do it.
Thanks for all that you do to protect our fish, more important now than ever.
Sincerely,

Jess O’Brien
Public Comment Number 5
From: Ruddy, Joseph (Zane)
Sent: Thursday, August 29, 2019 10:58 AM
To: Wildlife Management
Subject: NC Summer Steelhead - NF Eel River
The BLM Arcata Field Office confirmed the presence of two adult summer steelhead (each ~24'' long) in
the North Fork Eel River in July and August 2019. One fish was seen near the confluence with Kettenpom
Creek, and the other fish was seen near the confluence with Willow Creek. My understanding is that
these are the first confirmed sightings of North Fork Eel River summer steelhead in decades.
The survey effort started at the confluence of the East and West forks of the North Fork Eel River and
continued downstream to the feature known as Split Rock, approximately one mile downstream of
Asbill Creek. In total, approximately 30 miles of the mainstem North Fork Eel River were surveyed.

Thanks,
Zane Ruddy
-- Zane Ruddy
Fish Biologist
BLM Arcata

Public Comment Number 6
From: Microsoft account team
Sent: Saturday, August 24, 2019 10:54 AM
To: Wildlife Management
Subject: California steelhead conservation comment
Hello there My go I'd is 1022563009. I am writing to you since the Northern California steelhead is being
considered for protection, and so I feel that the Steelhead in the San Mateo Creek watershed in
Southern California should also be considered. Their Location is in between The Orange and San Diego
counties. Please consider to expand projection to all isolated populations of this beautiful species. Thank
you for your time – Justin

Public Comment Number 7
From: Mary Masten
Sent: Friday, August 23, 2019 4:28 PM
To: Wildlife Management
Subject: We need to fish!
Why is it that the extreme environmentalists can still cause havoc in California’s? They have ruled
California for many years. They care little for our families while supporting the large number of illegal
aliens that enter our country. Time for our people to just say no more! We are tired of seeing our
families, friends, and communities suffer while people keep coming and destroying our way of life. How
many of our people have died because of this California government? Too many!

Public Comment Number 8
To: Gusman, Vanessa@Wildlife
Subject: Press Inquiry re: Listing of Steelhead Salmon
Hey there!

I assist with KMUD News radio broadcast out of Redway, in Humboldt.
Would you be available to answer questions for our radio listeners about the importance of Steelhead
Salmon to Fish and Wildlife, and any other relevant news releases you can speak about?
I will be in the office the next two days.
Wishing you all the best in your endeavors,
Tanya Horlick
KMUD News

Public Comment Number 9
California Department of Fish and Wildlife
Attn: Vanessa Gusman
830 S. St.
Sacramento, CA 95811
Vanessa,
Enclosed is a DVD of Redwood Creek (Redwood National Park, Humboldt County) Summer Stealhead
surveys from 1981 to 2018 for your call of information relevant to the proposed listing of Northern
California Summer Stealhead as an endangered species.
National Park Service biologists and biological technicians at the park have been annually conducting
snorkel surveys of mainstem Redwood Creek since 1981. The first were 16.1 miles long, and later
expanded to 24.1 miles in 1992. The reports also include surveys conducted by others upstream of the
park monitored reach.
If you have any questions, please contact me at
fishery biologist now volunteering at Redwood National Park.

I am a retired

David Anderson
Volunteer

Public Comment Number 10
Good evening Ms. Gusman:
Please find attached a joint CalTrout - Friends of the Eel River comment letter on the Department's
review of current scientific information on the status of NC summer steelhead for the purpose of
determining if they should be listed as endangered under the California Endangered Species Act.

I am also attaching for reference the Friends of the Eel River's June 21 letter to NOAA Fisheries on the
same subject, and the State of the Salmonids full chapter on NC summer steelhead that I helped author
with Drs. Peter Moyle and Rob Lusardi at UC Davis: http://caltrout.org/wpcontent/uploads/2017/05/NC-summersteelhead-final.pdf. Scott Greacen will share the references from
that chapter with you electronically, per your request.
Thank you for your careful consideration of this information. Please reach out with any questions.
Respectfully, Patrick Samuel
Patrick Samuel,
M.A. Bay Area Program Manager

FRIENDS OF THE EEL RIVER

19 September 2019
California Department of Fish and Wildlife
Attn: Vanessa Gusman
830 S Street
Sacramento, CA 95811
RE:

Call for Information Relevant to the Proposed Listing of Northern California Summer
Steelhead as an Endangered Species under the California Endangered Species Act

Dear Ms. Gusman:
California Trout and Friends of the Eel River are writing to voice their support and offer
information for the California Department of Fish & Wildlife’s (Department) solicitation of
information from the public regarding Northern California (NC) Summer Steelhead
(Oncorhynchus mykiss irideus) ecology, genetics, life history, distribution, abundance, habitat,
degree and immediacy of threats to reproduction or survival, adequacy of existing management
measures, and recommendations for management of the species.
Friends of the Eel River submitted a letter to NOAA Fisheries on June 21, 2019 to introduce
additional data and data sources for its status review of NC summer steelhead and management
measures that could be undertaken to further their conservation and recovery.
California Trout worked with researchers at the UC Davis Center for Watershed Sciences and
biologists at the Department and NOAA Fisheries to conduct a thorough review of the best
available science to inform the status of NC summer steelhead, which was released in May 2017
as the State of the Salmonids report1:

Moyle, P., R. Lusardi, P. Samuel, and J. Katz. 2017. State of the Salmonids: Status of California’s Emblematic
Fishes. Center for Watershed Sciences, University of California, Davis and California Trout, San Francisco, CA.
579 pp.
1

http://caltrout.org/wp-content/uploads/2017/05/NC-summer-steelhead-final.pdf. This peerreviewed analysis concluded that NC summer steelhead are particularly susceptible to impacts
from climate change, increasingly water-intensive land use patterns, habitat degradation, and
other threats, leading to the judgment that they are highly likely to become extirpated in the next
50 years. We include the full chapter here as Appendix A for reference and have provided you
with electronic copies of the full references section therein to assist in your effort to collect the
best available information.
We provide the following comments and suggestions to inform the Department’s review of best
available science and solicitation of management actions that can be taken to monitor NC
summer steelhead more effectively.

New Information since 2017 State of the Salmonids Assessment
The latest information from Dr. Mike Miller’s lab at UC Davis and his student Samantha Kannry
indicates that there is a very small remnant population in the Van Duzen River, and habitat
surveys from others have indicated a few individuals still present in the North Fork Eel River.
Survey crews with the federal Bureau of Land Management documented sightings of two adult
summer steelhead in the North Fork Eel River during the 2019 field season (Zane Ruddy, pers.
comm.). Follow-up surveys should be conducted to help corroborate these and other sightings in
an expanded review of current NC summer steelhead habitat occupancy within their range.
Conservation and Management Recommendations
Greater Monitoring and Enforcement
- The Coastal Monitoring Program has been inadequately funded and incompletely
implemented across California but is an essential component of managing our
anadromous salmonids. This program must be re-examined and we encourage CDFW
and NOAA Fisheries to work through their monitoring priorities and a reliable funding
mechanism as soon as possible to ensure precious long-term data sets and programs
remain and that coverage for new monitoring programs is adequate to provide the
information necessary to conduct informative five year status review updates. We look
forward to continuing to work with you and our partners at The Nature Conservancy and
Trout Unlimited to develop a potential path forward in this regard.
- Continue and expand summer snorkeling surveys into habitats that have previously not
been surveyed. These surveys represent the only long-term data sets we have for summer
steelhead distribution and abundance in the state, such as the CDFW-led summer
steelhead snorkel surveys in the Mad River;
- Fund a warden position with specific summertime duties to patrol and enforce antipoaching law in NC summer steelhead habitat; and
- Work with local non-profits to fund a Riverkeeper position in areas where there is year
after year holding pool habitat that is occupied by summer steelhead.
Hatchery and Genetic Management
- Implementation of the Mad River Hatchery Genetic Management Plan and other genetic
management plans and monitoring of their effectiveness at reducing potential negative

impacts of hatchery stocks on wild summer steelhead should be conducted adaptively.
Better Alignment of Conservation Actions with Life History Diversity
- The current Distinct Population Segment of NC summer steelhead is based upon lifehistory traits and genetic characteristics, yet these distinctions are not guiding
conservation of steelhead life history diversity at the watershed scale. This is essential
for maintaining populations of summer steelhead in the future. We recommend working
with NOAA Fisheries and other partners to develop Action Plans, similar to the Salmonid
Habitat and Restoration Priorities (SHaRP) process being developed in tributaries of the
South Fork Eel River to prioritize habitat restoration from the recovery plan at the reach
scale. A similar process and concepts could be followed to engage landowners, agencies,
restoration practitioners, and others to develop fine-scale habitat restoration priorities to
benefit summer steelhead based upon their known habitat usage and life history needs.
Watershed Land Use Policies
- Explore expansion of outreach and education to landowners about the presence and plight
of summer steelhead throughout their range, and encourage adoption of voluntary water
rights forbearance agreements with landowners in key watersheds to benefit summer
steelhead over-summering habitat.
- Where illegal, unregulated, or unreported stream diversions exist in NC summer
steelhead habitat that may threaten their habitat, we encourage CDFW to work with
county, regional, and local government agencies and other partners to strengthen and
enforce existing land use permit requirements.
Fishing Regulation Review
- Examine current fishing regulations to reduce potential negative impacts on nonanadromous O. mykiss in watersheds that contain or may contain NC summer steelhead.
For example, current regulations allow the retention of five rainbow trout per day from
the Upper Eel River above Scott Dam and the Lake Pillsbury reservoir. In light of the
recent determination by UC Davis researchers that the allele associated with the summer
steelhead life history has been identified in the O. mykiss population in Upper Eel River
tributaries, it is likely important to the conservation and recovery of Northern California
summer steelhead to protect the viability of those populations. We encourage CDFW to
discuss with NOAA Fisheries the potential need for additional restrictions on fishing in
all such areas where anadromous and resident O. mykiss populations may be interacting
or may have the potential to interact in the foreseeable future via fish passage projects.
Potential options could include shrinking the allowable fishing season, limiting it in
geographic scope to areas where NC summer steelhead are not known to occur, and/or
subjecting such a fishery to closures based upon prevailing environmental conditions.
Delaying the opening of the O. mykiss season by a month or two could potentially reduce
negative impacts of mistaken harvest and/or incidental hook and line mortality during the
peak of their spawning migration in April and May.
- Consider loosening or eliminating bag limits on Northern Pikeminnow (Ptychocheilus
oregonensis) populations where they are not native, such as the Eel River. Pikeminnow
have been expanding into watersheds within the range of NC summer steelhead in recent

years and may compete with salmonids for food and prey on steelhead eggs or juveniles.
Low Flow/High Temperature Closures
- Explore use of the same low-flow fishing closures that have been utilized on the coastal
streams to reduce negative impacts on migratory and spawning steelhead and salmon in
areas where fishing is still allowed that may contain NC summer steelhead.
- Consider development and implementation of provisions that would allow CDFW to
utilize emergency fishing closures based on a combination of low flows and high water
temperatures in rivers that support or may support NC summer steelhead more quickly
and flexibly than working through the Fish & Game Commission process, which is not
nimble enough to respond to changing environmental conditions in rivers.

We appreciate your careful consideration of these comments and the Department’s effort to
undertake a review of the best available science and monitoring information to determine
whether Northern California summer steelhead should be listed as endangered under the
California Endangered Species Act. We are happy to provide you any additional information to
assist this review, and look forward to working with you to better understand and manage this
increasingly rare steelhead life history in California.
Thank you for your consideration.
Respectfully,

Scott Greacen
Friends of the Eel River
Conservation Director

Patrick Samuel
Bay Area Program Manager
California Trout

FRIENDS OF THE EEL RIVER
Working for the recovery of our Wild & Scenic River, its fisheries and communities.
Friday, June 21, 2019
Attn: Gary Rule
Protected Resources Division, West Coast Region
National Marine Fisheries Service

Submitted electronically via regulations.gov portal
Re: Additional Scientific and Commercial Information Relevant to the Proposed Listing of
Summer-Run Steelhead in Northern California under the Endangered Species Act.
Dear Mr. Rule,
The following comments are offered on behalf of Friends of the Eel River.
We appreciate and applaud NMFS’ decision to undertake a status review of Northern California
summer steelhead in response to our petition to list summer steelhead separately from winter-run
steelhead in the Northern California DPS.
In this letter, we seek to call to the agency’s attention additional data and data sources that may be
of use in the status review. We would also like to suggest additional measures which could be
undertaken to further the conservation and recovery of Northern California summer steelhead.
We especially wish to underscore the need for more and better monitoring of both summer
steelhead and potentially associated rainbow ‘trout’ populations and for more detailed analysis of
interactions between the anadromous and freshwater forms of O. mykiss. We would also like to
emphasize the opportunity, and need for, additional conservation measures across the largely nonfederal landscape affecting Northern California summer steelhead habitat.
In addition, we note that the California Fish and Game Commission voted unanimously at its June
12, 2019 meeting to accept Friends of the Eel River’s petition to list Northern California summer
steelhead as endangered under the California Endangered Species Act. We attach a letter from the
Commission’s acting Executive Director noting that “(a) notice of findings will be published in the
California Regulatory Notice Register on June 28, 2019 that the petition to list northern California
summer steelhead as an endangered species is accepted for consideration and that northern
California summer steelhead is a candidate species.” The letter notes that the California Department
of Fish and Wildlife (DFW) “shall submit a peer-reviewed status report to the Commission,” and
that the Commission anticipates receiving that report at its August 2020 meeting.
We strongly encourage NMFS staff to communicate in detail with DFW staff to the extent
appropriate. We believe both the federal and state status reviews would benefit from the exchange
of relevant expertise, data, and perspective. As well, we are certain that coordination between your
HUMBOLDT OFFICE
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agencies is a necessary, if not sufficient, condition for the articulation and implementation of
successful recovery efforts for Northern California summer steelhead.
Northern California summer steelhead population monitoring and data
FOER’s petition relied heavily on the 2017 review prepared by Moyle et al.1 While Moyle et al
reference the sources of data about individual Northern California summer steelhead populations
discussed below, it may be useful to NMFS to directly reference the information these entities have
gathered, including of course data collected since the Moyle review was prepared. In every case, it
is helpful to better understand the history and context of the information that is available about
summer steelhead across the region. We urge NMFS staff to engage each of the entities identified
below in the course of the status review to insure that your analysis reflects the best available
information.
The significant gaps that do remain in our understanding of summer steelhead biology, behavior,
and populations underscore the fragmentary and limited nature of summer steelhead monitoring
and assessment efforts over recent decades. We urge NMFS to consider and address the need for
renewed, better funded, more focused and more comprehensive monitoring efforts directed at
Northern California summer steelhead as a critical element in an effective conservation and
recovery strategy.
We have identified a number of areas where NMFS can help to define and conduct more effective
monitoring of Northern California summer steelhead populations. These include: (1) annual
surveys of all accessible reaches w summer steelhead presence and/or potential; (2) standardized
survey protocols; (3) monitoring and sampling as appropriate of half-pounders, juveniles, and
resident rainbow; (4) efforts to characterize iteroparity in anadromous O. mykiss populations; (5)
mapping of key Northern California summer steelhead habitat areas; (6) surveys and reviews of
upslope land uses to identify and prioritize potential conservation measures.
Redwood Creek
Redwood National Park continues to survey summer steelhead in Redwood Creek, but only the
lower portion that lies within the boundaries of the park. The attached 2014 report from RNP’s
David Anderson shows that in the years when surveys have been conducted above the park, a
significantly larger number of fish have been found in those upstream reaches than in the lower
ones. (See chart page 15, titled “Redwood Creek Summer Steelhead Surveys 1981-2014.”) These
data strongly suggest that additional monitoring of the entire anadromous reach of Redwood Creek
should be undertaken to better estimate the status of these populations. As well, we encourage
NMFS to continue to clarify the relationship between the Northern Coastal and Northern Mountain
Interior diversity strata outlined in NMFS’s previous analyses of Northern California summer
steelhead. For example, the 2016 Multi Species Recovery Plan suggests that Redwood Creek’s

1

Moyle, Peter, Lusardi, Robert A, Samuel, Patrick J, Katz, Jacob V. E. August 2017. State of the Salmonids: Status of
California’s Emblematic Fishes 2017 UC Davis Watershed Sciences Center. A report commissioned by California Trout. 579
pp.
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summer steelhead may include populations in both the Northern Coastal and Northern Mountain
Interior diversity strata.
Contact: David Anderson, biologist, RNP
Mad River
Annual surveys of Northern California summer steelhead on the Mad River have been conducted,
most recently in an effort led by the Mad River Alliance. We attach a 2016 survey report including
data from 1980-2016. Note that there is no data for six years, and only very limited surveys in some
years. While the information available does suggest that the Mad River summer steelhead run
continues to exist, the status of this population is far from clear.
Contact: Jacob Pounds, MRA. Michelle Gilroy, DFW.
Van Duzen River
As noted in our petition, surveys of Van Duzen River summer steelhead have been undertaken in
recent years, confirming the continued presence of a summer steelhead run in this part of the Eel
River watershed. We understand that these results are being communicated to your agency
directly.
Contact: Samantha Kannry, UC Davis
Middle Fork Eel River
The best-characterized summer steelhead run in the region is of course the Middle Fork Eel River
run. One pressing question with respect to this run is how potential barriers to summer steelhead
passage may change, especially with high flow events. Our current understanding is that the Asa
Bean Falls now appears to be an effective passage barrier, where it was not in the past. Additional
monitoring and mapping of potential passage barriers is needed across the region. Given the
observed changes in potential barriers and the apparent genetic links between anadromous and
resident O. mykiss populations, it would also seem useful to characterize the rainbow populations
that may be associated with summer steelhead populations in the area of potential barriers.
Contact: Scott Harris, DFW
Upper Mainstem Eel River
As NMFS has noted in your 2016 Coastal Multispecies Recovery plan, “Scott Dam currently blocks
access to 99 percent of the potential habitat available to this steelhead population (Spence et al.
2012). Steelhead have not had access to this habitat since 1922.” (p. 462) “The Upper Mainstem Eel
River steelhead population was once the longest-migrating population in the entire DPS. Restoring
access to historical habitat above Scott Dam is essential to recovering this population.” (p. 466)
The identification of the allele associated with the premature migration life history, as well as
alleles associated with anadromy, in resident rainbow above the Lake Pillsbury reservoir, strongly
suggests that those fish could return to a summer steelhead life history if Scott Dam were removed.
We urge NMFS to conduct its own sampling and monitoring efforts in the Upper Mainstem Eel River
to determine the feasibility of recovering an Upper Mainstem summer steelhead run from resident

3

rainbow which may retain genetic heritage from the pre-Scott Dam run. We understand that these
data are being communicated directly to your agency.
Contact: Samantha Kannry, UC Davis
South Fork Eel River and other Eel tributaries
The South Fork, like other important tributaries of the Eel River where the status of summer
steelhead remains unknown (see, eg, Larrabee Creek and the North Fork Eel), does not have a
robust record of recent surveys. We urge NMFS to undertake an appropriately scaled effort to
survey all of the potential Northern California summer steelhead habitat to better define where
populations remain and what their conservation status may be.
Mattole River
The Mattole Salmon Group continues to conduct annual dive surveys of the Mattole River. Their
website presents summary data for 1996-2018.2 The number of adults found has ranged from
fewer than 10 to more than fifty during that period. Again, a more comprehensive monitoring and
sampling effort that includes resident O. mykiss populations might illuminate the dynamics of this
population.
Contact: Mattole Salmon Group
Genetics
As we’ve suggested above, we urge NMFS to undertake a broad analysis of both Northern California
summer steelhead and potentially associated resident O. mykiss populations across the region. We
hope such an analysis could help to lay out a plan for the effective regional recovery of Northern
California summer steelhead.
Conservation measures
Fishing regulations
Fishing for steelhead and rainbow in Northern California rivers and streams is regulated by the
California Department of Fish and Wildlife. In general, the fishing regulations in effect across the
region have been written to protect adult summer steelhead from harvest, as all the waterbodies in
which summer steelhead are still found are catch-and-release fisheries.
While the limited information we have reviewed on the subject suggests that catch-and-release
fishing can detrimentally affect adult summer steelhead, that impact does not appear to be large
where habitat conditions are not otherwise stressful. We request NMFS review not only current
fishing regulations, but any available information and analysis regarding potential fishing impacts
on Northern California summer steelhead and rainbow trout populations as part of the status
review.
In the stressful conditions that generally obtain in late summer and fall and in the areas where
summer steelhead hold in thermal refugia, our understanding is that any fishing must be
prohibited. Thus, it is important that under current California regulations fishing is not permitted in
2

See http://www.mattolesalmon.org/programs/fisheries/summer-steelhead-dive/
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reaches known to be significant for Northern California summer steelhead holding. Examples
include the upper reaches of Redwood Creek, key parts of the Mad River downstream of Deer
Creek, and similar areas of the Middle Fork Eel River.
However, our review suggests that additional fishing protections for rainbows may be warranted in
key areas. For example, current regulations allow the retention of five rainbow per day from the
watershed of the Upper Eel River above Scott Dam and the Lake Pillsbury reservoir. In view of the
recent determination by UC Davis researchers that the allele associated with the summer steelhead
life history has been identified in rainbows resident in Upper Eel River tributaries, it may be
important to the conservation and recovery of Northern California summer steelhead to protect the
viability of those rainbow populations. We would encourage NMFS to discuss with DFW staff the
potential need for additional restrictions on fishing in all such areas where anadromous and
resident O. mykiss populations may be interacting.
DPS policy
The question of rainbow ‘trout’ conservation raises real questions whether the 1996 joint NMFSUSFWS Distinct Population Segment (DPS) policy (See 61 FR 4722) policy remains an appropriate
way to address the conservation of O. mykiss going forward. As we noted in our petition to NMFS,
“We note here that NMFS and USFWS may want to reexamine this policy choice with respect to O.
mykiss in light of the best available science. The effect of this policy is to exclude resident rainbow
trout from listings that do protect their close, but anadromous, relatives, including potentially both
their parents and their offspring.” We strongly encourage NMFS and USFWS to undertake a
reconsideration of the purposes and utility of the 1996 DPS policy in light of the best available
scientific information.
Watershed Protections
NMFS has previously recognized the importance for Northern California summer steelhead
conservation of improving protections for summer steelhead habitat, including additional
conservation measures across the primarily non-federal landscape in which Northern California
summer steelhead is located.
As NMFS noted in its June 7, 2000 Final Rule listing Northern California steelhead as threatened
under the federal Endangered Species Act,
Because the State of California did not implement conservation measures that NMFS
considered critically important in its decision to not list the Northern California steelhead
ESU, NMFS completed an updated status review for the ESU and reassessed the State and
Federal conservation measures that were in place to protect the ESU. Based on this
reconsideration, NMFS proposed to list the Northern California steelhead ESU as a
threatened species under the ESA on February 11, 2000. (65 FR 36074, 36075)
The agency further explained that improving “non-Federal forest land protections” was a critical
element of the state-federal Memorandum of Agreement (MOA):
NMFS's March 19, 1998 (63 FR 13347), decision not to list the Northern California
steelhead ESU was based largely on a determination that sufficient Federal and state
conservation measures were in place to reduce threats to the ESU such that the proposed

5

threatened listing was unnecessary. The Federal and state conservation measures upon
which NMFS based this determination included: (1) implementation of a March 11, 1998,
Memorandum of Agreement (MOA) between NMFS and the State of California
(NMFS/California MOA, 1998), with particular importance given to implementation of
those provisions in the MOA which were intended to improve non-Federal forest land
protections in the ESU (81 percent of land ownership is non-Federal land); (2)
implementation of more restrictive in-river harvest regulations by California which were
intended to reduce mortality and increase the viability of naturally reproducing steelhead
populations; and (3) improved protections to habitat and naturally reproducing steelhead
from expanded habitat protection and restoration efforts, improvements in the
management of hatchery steelhead stocks, and expanded population monitoring. (65 FR
36074, 36075, emphasis added.)

The failure of California’s Board of Forestry to implement sufficient protections for anadromous
salmonids through the state’s Forest Practice Rules and timber harvest review process triggered
NMFS’s decision to proceed with the listing of Northern California summer steelhead in 2000. We
urge NMFS to assess what additional measures could be taken at this point to “to improve nonFederal forest land protections” for Northern California summer steelhead, including whether the
kinds of measures addressed by the 1998 MOA might continue to be useful in contributing to
Northern California summer steelhead conservation and recovery.
Certainly, additional measures can and should be undertaken to reduce the impact of human
activities on key summer steelhead streams. As Moyle et al. note at page 288,
“Northern California summer steelhead are trending downward over time, and require
significant action to recover from legacy impacts of road building, logging, forest fires, poor
water quality, and disjointed land use throughout their range. Increasing rural development
and illegal diversions and withdrawals for illegal marijuana cultivation throughout the DPS
range, coupled with five years of ongoing historic drought, have significantly stressed
summer steelhead populations and have driven their decline. Other threats across diversity
strata include dearth of large woody debris and cover for rearing fish, abundance of roads
and railroads adjacent to sensitive watersheds and associated sedimentation/erosion,
illegal diversion and degradation, presence of barriers to migration, and lack of sufficient
high quality spawning and rearing habitat due to uncoordinated land use practices.”
We urge NMFS to articulate both general and specific measures which could improve habitat
conditions for Northern California summer steelhead and thus increase their prospects for survival
and recovery.

Thank you for your attention to these urgent questions. It is now clear that the success of
conservation efforts rests on the integrity and commitment of the people who actually do the work.
Please do not hesitate to contact us if there is any way we can assist in your efforts going forward.
Sincerely yours,
/s/
Scott Greacen
Conservation Director
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