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B.2.6 NORTHERN CALIFORNIA STEELHEAD ESU 

Primary contributor: David Boughton 

(Southwest Fisheries Science Center – Santa Cruz Lab) 

B.2.6.1 Summary of Previous BRT Conclusions 

The Northern California ESU was determined to inhabit coastal basins from Redwood 
Creek (Humboldt County) southward to the Gualala River (Mendocino County), inclusive 
(Busby et al. 1996). Within this ESU, both summer-run2, winter-run, and half-pounders3 have 
been found. Summer-run steelhead are found in the Mad, Eel, and Redwood rivers; the Middle 
Fork Eel River population is their southern-most occurrence.  Half-pounders are found in the 
Mad and Eel rivers. Busby et al. (1996) argued that when summer-run and winter-run steelhead 
co-occur within a basin, they were more similar to each other than either is to the corresponding 
run-type in other basins.  Thus Busby et al. (1996) considered summer-run and winter-run 
steelhead to jointly comprise a single ESU. 

Summary of major risks and status indicators  

Risks and limiting factors—The previous status review (Busby et al. 1996) identified two 
major barriers to fish passage: Mathews Dam on the Mad River and Scott Dam on the Eel River.  
Numerous other blockages on tributaries were also thought to occur.  Poor forest practices and 
poor land use practices, combined with catastrophic flooding in 1964, were thought to have 
caused significant declines in habitat quality that then persisted up to the date of the status 
review. These effects include sedimentation and loss of spawning gravels.  Non-native 
Sacramento pikeminnow (Ptychocheilus grandis) had been observed in the Eel River basin and 
could be acting as predators on juvenile steelhead, depending on thermal conditions leading to 
niche overlap of the two species (see also Brown and Moyle 1981, 1997; Harvey et al 2002, 
Reese and Harvey 2002). 

Status indicators—Historical estimates (pre-1960s) of steelhead abundance for this ESU have 
been few (Table B.2.6.1).  The only time-series data are dam counts of winter-run steelhead in 
the upper Eel River (Cape Horn Dam, 1933-present), winter-run steelhead in the Mad River 
(Sweasey Dam, 1938-1963), and combined counts of summer-run and winter-run steelhead in 
the South Fork Eel River (Benbow Dam, 1938-75; see Figure B.2.6.1A).  More recent data are 
snorkel counts of summer-run steelhead that were made in the middle fork of the Eel since 1966 
(with some gaps in the time-series) (Scott Harris and Wendy Jones, CDFG, personal 
communication). Some “point” estimates of mean abundance exist—in 1963, the California 

2 Some consider summer-run steelhead and fall-run steelhead to be separate runs within a river while 
others do not consider these groups to be different. For purposes of this review, summer-run and fall-run 
are considered stream-maturing steelhead and will be referred to as summer steelhead (see McEwan 2001 
for additional details).
3A half pounder is a sexually immature steelhead, usually small, that returns to freshwater after spending 
less than a year in the ocean (Kesner and Barnhart 1972, Everest 1973). 

B. STEELHEAD  85



Department of Fish and Game made estimates of steelhead abundance for many rivers in the 
ESU (Table B.2.6.2). An attempt was made to estimate a mean count over the interval 1959 to 
1963, but in most cases 5 years of data were not available and estimates were based on fewer 
years (CDFG 1965); the authors state that “estimates given here which are based on little or no 
data should be used only in outlining the major and critical factors of the resource” (CDFG 
1965). The previous BRT (Busby et al. 1996) considered the above datasets in making their risk 
assessment. 

Table B.2.6.1. Summary of historical abundance (average counts) for steelhead in the Northern California 
evolutionarily significant unit (see also Figure 1). 

Average count

Basin Site 1930s 1940s 1950s 1960s 1970s 1980s Reference

Eel River Cape Horn Dam 4,390 4,320 3,597 917 721 1,287 Grass 1995 

Eel River Benbow Dam 13,736 18,285 12,802 6,676 3,355 -

Mad River Sweasey Dam 3,167 4,720 2,894 1,985 - -

Although the data were relatively few, the data that did exist suggested the following to 
the BRT: 1) Population abundances were low relative to historical estimates (1930s dam counts; 
see Table B.2.6.1 and Figure B.2.6.1); 2) Recent trends were downward (except for a few small 
summer-run stocks; see Figures B.2.6.1 and B.2.6.2); and 3) Summer-run steelhead abundance 
was “very low.”  The BRT was also concerned about negative influences of hatchery stocks, 
especially in the Mad River (Busby et al. 1996).  Finally, the BRT noted that the status review 
included two major sources of uncertainty: lack of data on run sizes throughout the ESU, and 
uncertainty about the genetic heritage of winter-run steelhead in Mad River. 

Listing status 

Status was formally assessed in 1996 (Busby et al. 1996), updated in 1997 (NMFS 1997) 
and updated again in 2000 (Adams 2000).  Although other steelhead ESUs were listed as 
threatened or endangered in August 1997, the National Marine Fisheries Service (NMFS) 
allowed steelhead in the Northern California ESU to remain a candidate species pending an 
evaluation of state and federal conservation measures.  There was a “North Coast Steelhead 
Memorandum of Agreement” (MOA) with the State of California, which listed a number of 
proposed actions, including a change in harvest regulations, a review of California hatchery 
practices, implementation of habitat restoration activities, implementation of a comprehensive 
monitoring program, and numerous revisions to rules on forest-practices.  These revisions would 
be expected to improve forest condition on non-federal lands.  In March 1998 the NMFS 
announced its intention to reconsider the previous no-listing decision.  On 6 October 1999 the 
California Board of Forestry failed to take action on the forest practice rules, and the NMFS 
Southwest Region (SWR) regarded this failure as a breach of the MOA, despite the fact that 
other state agencies, such as the California Department of Fish and Game, had complied with the 
MOA. The Northern California ESU was listed as threatened in June 2000. 
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Figure B.2.6.1. Time-series data for the North-Central California Steelhead ESU. A) Historical data from 
winter runs on the Mad River and South Fork Eel. B) Summer-run on the Middle Fork Eel and 
Mad River. C) Summer-run steelhead in Redwood Creek, and winter-run steelhead in Freshwater 
Creek, Humboldt County. Symbols with crosses represent minimum estimates. Note the three 
different scales of the y-axis.
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Table B.2.6.2. Historical estimates of number of spawning steelhead for California rivers in the Northern 
California ESU and Central California Coast ESU (data from CDFG 1965). Estimates are 
considered by CDFG (1965) to be notably uncertain. 

ESU Stream 1963

Northern California 

 Redwood Creek 10,000 

 Mad River 6,000 

Eel River (total) 82,000 

 Eel River (10,000) 

Van Duzen River (Eel) (10,000) 

South Fork Eel River (34,000) 

North Fork Eel River (5,000)

Middle Fork Eel River (23,000) 

 Mattole River 12,000 

Ten Mile River 9,000
Noyo River 8,000

 Big River 12,000 

 Navarro River 16,000 

 Garcia River 4,000 

 Gualala River 16,000 

other Humboldt County stream 3,000 

other Mendocino County streams 20,000 

Total 198,000 

Central California Coast 

 Russian River 50,000 

 San Lorenzo River 19,000 

other Sonoma County streams 4,000 

other Marin County steams 8,000 

other San Mateo County streams 8,000 

other Santa Cruz County streams 5,000 

Total 94,000 
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B.2.6.2 New Data and Updated Analyses 

There are four significant sets of new information regarding status: 1) Updated time-
series data exist for the middle fork of the Eel River (summer-run steelhead; snorkel counts.  See 
Figure B.2.6.1B); 2) There are new data-collection efforts initiated in 1994 in the Mad River 
(summer-run steelhead; snorkel counts--Figure B.2.6.1B) and in Freshwater Creek (winter-run 
steelhead; weir counts--Figure B.2.6.1C; Freshwater Creek is a small stream emptying into 
Humboldt Bay; 3) Numerous reach-scale estimates of juvenile abundance have been made 
extensively throughout the ESU; and 4) Harvest regulations have been substantially changed 
since the last status review. Analyses of this information are described below. 

Updated Eel River data 

The time-series data for the Middle Fork of the Eel River are snorkel counts of summer-
run steelhead, made for fish in the holding pools of the entire mainstem of the middle fork (Scott 
Harris and Wendy Jones, CDFG, pers. comm.).  Most adults in the system are thought to 
oversummer in these holding pools.  An estimate of  over the interval 1966 to 2002 was made 
using the method of Lindley (in press; random-walk-with-drift model fitted using Bayesian 
assumptions).  The estimate of  is 0.98, with a 95% confidence interval of [0.93, 1.04] (see 
Table B.2.6.3)4. The overall trend in the data is downward in both the long- and the short-term 
(Figure B.2.6.1B). 

New time-series 

The Mad River time-series consists of snorkel counts for much of the mainstem below 
Ruth Dam. Some counts include the entire mainstem; other years include only data from land 
owned by Simpson Timber Company.  In the years with data from the entire mainstem, fish from 
Simpson Timber land make up at least 90% of the total count.  The time-series from Freshwater 
Creek is composed of weir counts.  Estimates of  were not made for either time-series because 
there were too few years of data to make meaningful estimates. 

Vital statistics for these and other existing time-series are given in Table B.2.6.3; trend 
versus abundance is plotted in Figure B.2.6.2. 

4 Note that Lindley (in press) defines exp(  + 2/2), whereas Holmes (2001) defines exp( ); see the Lindley 
(in press) for meaning of the symbols. 
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Figure B.2.6.2. Trends versus abundance for the time-series data from Figure B.2.6.1.  Note 
that neither set of dam counts (Sweasy Dam, Benbow Dam) has any recent data.  
Vertical bars are 95% confidence intervals. 
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Table B.2.6.3. Summary of time-series data for listed steelhead ESUs on the California Coast.  

Population
Span of 
time
series 

5-Year Means5

Rec. Min. Max. 

Lambda6
Long-term trend 

(95% conf. int.) 

Short-term trend 
(95% conf. int.) 

Northern California ESU (threatened) 

M.Fk. Eel Riv. (summer-run) ’66-’02 418 384 1,246 0.98 (0.93, 1.04) -0.006 (-0.029, 0.017) -0.067 (-0.158, 0.024) 

Mad River (summer-run) ’94-’02 162 162 384 Insufficient data -0.176 (-0.341, -0.012) -0.176 (-0.341, -0.121) 

Freshwater Crk. (winter-run) ’94-’01 32 25 32 Insufficient data 0.099 (-0.289, 0.489) 0.099 (-0.289, 0.489) 

Redwood Crk. (summer-run) ’81-’02 3 Fig. B.2.6.17 Insufficient data See Fig. B.2.6.1 -0.775 (-1.276, -0.273) 

S.Fk. Eel Riv. (winter-run)8 ’38-’75 2,743 20,657 0.98 (0.92, 1.02) -0.060 (-0.077, -0.043) No recent data 

Mad Riv. (winter-run)9 ’38-’63 1,140 5,438 1.00 (0.93, 1.05) -0.053 (-0.102, -0.005) No recent data 

Central California ESU (threatened) 

No data 

South-Central California ESU (threatened) 

Carmel River (winter-run) ’62-’02 611 1.13 881 Insufficient data 0.488 (0.442, 0.538)10 0.488 (0.442, 0.538) 

Southern California ESU (endangered) 

Santa Clara R. (winter-run)11 ’94-’97 1.0 Insufficient data 

5 Geometric means. The value 0.5 was used for years in which the count was zero.  
6 Lambda calculated using the method of Lindley (In press). Note that a population with lambda greater than 1.0 can nevertheless be declining, due to 
environmental stochasticity.  
7 Certain years have minimum run sizes, rather than unbiased estimates of run size, rendering the time series unsuitable for some of the estimators.  
8 Historical counts made at Benbow Dam. 
9 Historical counts made at Sweasy Dam. 
10 Early data (pre 1988) have exceptionally high observation error and were not used in calculations.  
11 Recent abundance is a 4-year mean.  
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Juvenile data 

Data on juvenile abundance were collected at numerous sites using a variety of methods 
(contact NMFS SW Fisheries Science Ctr. for attributions of datasets).  Many of the methods 
involve the selection of reaches thought to be “typical” or “representative” steelhead habitat; 
other reaches were selected because they were thought to be typical coho habitat, and steelhead 
counts were made incidentally to coho counts.  In general, the field crew made electro-fishing 
counts (usually multiple-pass, depletion estimates) of the young-of-the-year and 1+ age classes.  
Most of the target reaches got sampled several years in a row; thus there are a large number of 
short time-series.  Although methods were always consistent within a time-series, they were not 
necessarily consistent across time-series. 

Because there are so few adult data on which to base a risk assessment of this ESU, we 
chose to analyze these juvenile data. However, we note that they have limited usefulness for 
understanding the status of the adult population, due to non-random sampling of reaches within 
stream systems; non-random sampling of populations within the ESU; and a general lack of 
estimators shown to be robust for estimating fish density within a reach.  In addition, even if 
more rigorous methods had been used, there is no simple relationship between juvenile numbers 
and adult numbers (Shea and Mangel 2001), the latter being the usual currency for status 
reviews. Table B.2.6.4 describes the various possible ways that one might translate juvenile 
trends into inferences about adult trends. 

To estimate a trend from the juvenile data, the data within each time-series were log-
transformed and then normalized, so that each datum represented a deviation from the mean of 
that specific time-series.  The normalization is intended to prevent spurious trends that could 
arise from the diverse set of methods used to collect the data.  Then, the time-series were 
grouped into units thought to plausibly represent independent populations; the grouping was 
based on watershed structure. Finally, within each population a linear regression was done for 
the mean deviation versus year.  The estimator for time-trend within each grouping is the slope 
of the regression line. The minimum number of observations per time-series is 6 years (Other 
assessments in this status review place the cut-off at 10 years.).  The general lack of data on this 
ESU prompted us to consider these datasets despite their brevity. 

This procedure resulted in 10 independent populations for which a trend was estimated. 
Both upward and downward trends were observed (Figure B.2.6.3).  We tested the null 
hypothesis that abundances were stable or increasing.  It was not rejected (Ho: slope > 0; p < 0.32 
via one-tailed t-test against expected value).  However, it is important to note that a significance 
level of 0.32 implies a probability of 0.32 that the ESU is stable or increasing, and a probability 
of 1 – 0.32 = 0.68 that the ESU is declining; thus the odds are more than 2:1 that the ESU has 
been declining during the past 6 years. This conclusion requires the assumption that the assessed 
populations 1) are indeed independent populations rather than plausibly independent populations, 
and 2) were randomly sampled from all populations in the ESU (in fact they were “haphazardly” 
sampled). 
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Table B.2.6.4. Interpretation of data on juvenile trends. 

Inference made about adult trends 

Increasing Level Decreasing 

Possible, if no Possible, if density- Possible, if oceanic 

Increasing

density-dependence 
in the smolt/oceanic 
phase. The most 
parsimonious 
inference.

dependence occurs in 
the juvenile over-
wintering phase, or in 
the smolt/oceanic 
phase.

conditions are 
deteriorating markedly 
at the same time that 
reproductive success 
per female is 
improving. 

Possible, if oceanic Possible. The most Possible, if oceanic 
Observed conditions are parsimonious conditions are 
juvenile Level improving for adults, inference. deteriorating.
trends but juveniles undergo 

density-dependence. 

Unlikely, but could 
happen over the short 

Possible, if river 
habitat is 

Likely. The most 
parsimonious 

Decreasing 
term due to scramble 
competition at the 
spawning/redd

deteriorating, and 
there was strong, pre-
existing density 

inference.

phases. dependence in the 
oceanic phase. 
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Figure B.2.6.3. Distribution of trends in juvenile density, for 10 “independent” populations within the 
North Coast steelhead ESU (see text for description of methods).  Trend is measured as the slope 
of a regression line through a time-series; values less than zero indicate decline; values greater 
than zero indicate increase.  Assuming that the populations were randomly drawn from the ESU 
as a whole, the hypothesis that the ESU is stable or increasing cannot be statistically rejected (p = 
0.32), but is only half as likely as the hypothesis that the ESU is declining (p = 1 – 0.32 = 0.68). 

Possible changes in harvest impacts 

Since the original status review of Busby et al. (1996), regulations concerning 
sport fishing have been changed in a way that probably reduces extinction risk for the 
ESU.

Sport harvest in the ocean is prohibited by the California Department of Fish and Game 
(CDFG 2002a), and ocean harvest is a rare event (M. Mohr, NMFS, pers. comm.), so effects on 
extinction risk are negligible. For freshwaters (CDFG 2002b), all streams are closed to fishing 
year round except for special listed streams as follows: Catch-and-release angling is allowed year 
round excluding April and May in the lower mainstem of many coastal streams.  Most of these 
have a bag limit of one hatchery trout or steelhead during the winter months (Albion River, 
Alder Creek, Big River, Cottoneva Creek, Elk Creek, Elk River, Freshwater Creek, Garcia River, 
Greenwood Creek, Little River in Humboldt Co., Gualala River, Navarro River, Noyo River, 
Ten Mile River, and Usal Creek); in a few the one-fish bag limit extends to the entire season 
(Bear River and Redwood Creek, both in Humboldt Co.). The Mattole River has a slightly more 
restricted catch-and-release season with zero bag limit year round.  

The two largest systems are the Mad River and Eel River.  The mainstem Mad River is 
open except for April and May over a very long stretch; bag limit is two hatchery trout or 
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steelhead; other stretches have zero bag limit or are closed to fishing.  Above Ruth Dam, an 
impassable barrier, the bag limit is five trout per day.  The Eel River’s mainstem and south fork 
are open to catch-and-release over large stretches, year round in some areas and closed April and 
May in others. The middle fork is open for catch and release except mid summer and late 
fall/winter. In the upper middle fork and many of its tributaries, there are summer fisheries with 
bag limits of two or five fish with no stipulated restriction on hatchery or wild. In the Van 
Duzen, a major tributary of the mainstem Eel, there is a summer fishery with bag limit five 
above Eaton Falls (CDFG 2002c). Elsewhere, some summer trout fishing is allowed, generally 
with a two- or five- bag limit. Cutthroat trout have a bag limit of two from a few coastal lagoons 
or estuaries. 

At catch-and-release streams, all wild steelhead must be released unharmed.  There are 
significant restrictions on gear used for angling. The CDFG monitors angling effort and catch-
per-unit-effort in selected basins by way of a “report card” system in which sport anglers self-
report their catch, gear used, and so forth, and in selected other basins by way of creel censuses. 

Although the closure of many areas, and institution of catch-and-release elsewhere, is 
expected to reduce extinction risk for the ESU, this risk reduction cannot be estimated with 
existing data (due to the fact that natural abundance is not being estimated). After the Federal 
listing decisions, NMFS requested that CDFG prepare a Fishery Management and Evaluation 
Plan (FMEP) for the listed steelhead ESUs in California. This has not yet been done for the 
northern California ESU. 

Resident O. mykiss considerations 

Resident (non-anadromous) populations of O. mykiss were assigned to one of three 
categories for the purpose of provisionally determining ESU membership (See “Resident Fish” 
in the introduction for a description of the three categories and default assumptions about ESU 
membership).  The third category consists of resident populations that are separated from 
anadromous conspecifics by recent human-made barriers such as dams without fish ladders.  No 
default assumption about ESU membership was possible for Category 3 populations, so they are 
here considered case-by-case according to available information.  

As of this writing there are few data on occurrence of resident populations and even 
fewer on genetic relationships. A provisional survey of the occurrence of Category 3 
populations in the ESU (see Appendix B.5.2) revealed the following: In the watersheds inhabited 
by this ESU, 8% of stream kilometers lie behind two major recent barriers—Scott Dam on the 
Eel River and Robert Matthews dam on the Mad (Appendix B.5.2; major barriers are defined as 
blocking access to watersheds with areas of 100 sq. mi. or greater).  Category 3 populations are 
documented to occur above both dams and there is ongoing stocking of hatchery fish in the Mad 
River above the dam.  No such records of stocking were uncovered for the Eel above Scott Dam.  
There do not appear to be any relevant genetic studies of these Category 3 populations. 
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B.2.6.3 New Hatchery Information 

California hatchery stocks being considered for inclusion in this ESU are those from Mad 
River Hatchery, Yager Creek Hatchery, and the North Fork Gualala River Steelhead Project. The 
stocks and their associated hatcheries were assigned to one of three categories for the purpose of 
determining ESU membership at some future date (See “Artificial Propagation” in the 
introduction for a description of the three categories and related issues regarding ESU 
membership). To make the assignments, data about broodstock origin, size, management, and 
genetics were gathered from fisheries biologists and are summarized below. 

Mad River Hatchery (Mad River Steelhead [CDFG]) 

The Mad River Hatchery is located 20 km upriver near the town of Blue Lake 
(CDFG/NMFS 2001).  The trap is located at the hatchery. 

Broodstock origin and history—The hatchery was opened in 1970 and steelhead were first 
released in 1971. The original steelhead releases were from adults taken at Benbow Dam on the 
South Fork Eel River. Between 1972 and 1974, broodstock at Mad River Hatchery were 
composed almost exclusively of steelhead from the South Fork Eel River.  After 1974, returns to 
the hatchery supplied about 90% of the egg take; other eggs originated from Eel River steelhead.
In addition, at least 500 adult steelhead from the San Lorenzo River were spawned at Mad River 
Hatchery in 1972. Progeny of these fish may have been planted in the basin.  All subsequent 
broodyears are reported to have come from trapping at the hatchery. 

Broodstock size/natural population size—An average of 5,536 adults were trapped from 1991 
to 2002 and an average of 178 females were spawned during the broodyears 1991-2002.  There 
are no abundance estimates for the Mad River, but steelhead were observed to be widespread and 
abundant throughout the basin. 

Management—Starting in 1998, steelhead are 100% marked and fish are included in the 
broodstock in proportion to the numbers returned.  The current production goals are 250,000 
yearlings raised to 4-8/lb for release in March to May. 

Population genetics—Alloyzme data group Mad River samples in with the Mad River Hatchery 
and then with the Eel River (Busby et al.1996). 

Category—The hatchery has been determined to belong in Category 3.  There have been no 
introductions since 1974, and naturally spawned fish are being included in the broodstock.
However, there is still an out-of-basin nature to the stock (SSHAG 2003; see Appendix B.5.3). 

Yager Creek Hatchery (Yager Creek Steelhead [PalCo]) 

The Yager Creek trapping and rearing facility is located at the confluence of Yager and 
Cooper Mill creeks (tributaries of the Van Duzen River, which is a tributary of the Eel River).   
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Broodstock origin and history—The project was initiated in 1976.  Adult broodstock are taken 
from Yeager Creek and juveniles are released in the Van Duzen River basin.  As with all Co-
operative hatcheries, the fish are all marked and hatchery fish are usually excluded from 
broodstock (unless wild fish are rare).  There are no records of introductions to the broodstock. 

Management—About 4,600 juvenile steelhead from Freshwater Creek (a tributary of Humboldt 
Bay) were released in the Yager Creek Basin in 1993 (Busby et al. 1996).  The current program 
goal is the restoration of Van Duzen River Steelhead. 

Population genetics—There are no genetic data for this hatchery. 

Category—This hatchery was determined to belong to Category 1.  The broodstock has had no 
out-of-basin introductions and hatchery fish are excluded from the broodstock (SSHAG 2003; 
see Appendix B.5.3). 

North Fork Gualala River Hatchery (Gualala River Steelhead Project [CDFG/Gualala 
River Steelhead Project]) 

This project rears juvenile steelhead rescued from tributaries of the North Fork Gualala 
River. Rearing facilities are located on Doty Creek, a tributary of the Gualala River 12 miles 
from the mouth.  Steelhead smolts resulting from this program are released in Doty Creek, the 
mainstem of the Gualala River, and other locations in the drainage. 

Broodstock origin and history—The project was started in 1981 and has operated sporadically 
since then. Juvenile steelhead are rescued from the North Fork of the Gualala River and reared 
at Doty Creek. 

Management—The current program goal is restoration of Gualala River steelhead. 

Population genetics—There are no genetic data for this hatchery. 

Category—Determined to be Category 1.  Usually only naturally spawned juveniles are reared at 
the facility (SSHAG 2003; see Appendix B.5.3). 
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B.3 STEELHEAD BRT CONCLUSIONS

The ESA (Sec. 3) allows listing of “species, subspecies, and distinct population 
segments.”  The option to list subspecies is not available for Pacific salmon, since no formally 
recognized subspecies exist. However, a number of subspecies have been identified for O.
mykiss, including two that occur in North America and have anadromous populations.  
According to Behnke (1992), O. mykiss irideus (the “coastal” subspecies) includes coastal 
populations from Alaska to California (including the Sacramento River), while O. mykiss 
gairdneri (the “inland” subspecies) includes populations from the interior Columbia, Snake and 
Fraser Rivers. Both subspecies thus include populations within the geographic range of this 
updated status review, but both also include northern populations outside the geographic range 
considered here. The BRT did not attempt to evaluate extinction risk to O. mykiss at the species 
or subspecies level; instead, we evaluated risk at the distinct population segment (ESU) level, as 
for the other species considered in this report. 

Snake River steelhead ESU 

A majority (over 70%) of the BRT votes for this ESU fell in the “likely to become 
endangered” category, with small minorities falling in the “danger of extinction” and “not likely 
to become endangered” categories (Table B.3.1).  The BRT did not identify any extreme risks for 
this ESU but found moderate risks in all the VSP categories (mean risk matrix scores ranged 
from 2.5 for spatial structure to 3.2 for growth rate/productivity) (Table B.3.2).  The continuing 
depressed status of B-run populations was a particular concern.  Paucity of information on adult 
spawning escapements to specific tributary production areas makes a quantitative assessment of 
viability for this ESU difficult.  As indicated in previous status reviews, the BRT remained 
concerned about the replacement of naturally produced fish by hatchery fish in this ESU; 
naturally produced fish now make up only a small fraction of the total adult run.  Again, lack of 
key information considerably complicates the risk analysis.  Although several large production 
hatcheries for steelhead occur throughout this ESU, relatively few data exist regarding the 
numbers and relative distribution of hatchery fish that spawn naturally, or the consequences of 
such spawnings when they do occur. 

On a more positive note, sharp upturns in 2000 and 2001 in adult returns in some 
populations and evidence for high smolt-adult survival indicate that populations in this ESU are 
still capable of responding to favorable environmental conditions.  In spite of the recent 
increases, however, abundance in most populations for which there are adequate data are well 
below interim recovery targets (NMFS 2002). 

Based on the provisional framework discussed in the general Introduction to this report, 
the BRT assumed as a working hypothesis that resident fish below historical barriers are part of 
this ESU, while those above long-standing natural barriers (e.g., in the Palouse and Malad 
Rivers) are not. Recent genetic data suggest that native resident O. mykiss above Dworshak Dam 
on the North Fork Clearwater River should be considered part of this ESU, but hatchery rainbow 
trout that have been introduced to that and other areas would not.  The BRT did not attempt to 
resolve the ESU status of resident fish residing above the Hell’s Canyon Dam complex, as little 
new information is available relevant to this issue.  However, Kostow (2003) suggested that, 
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based on substantial ecological differences in habitat, the anadromous O. mykiss that historically 
occupied basins upstream of Hells Canyon (e.g., Powder, Burnt, Malheur, Owhyee rivers) may 
have been in a separate ESU.  For many BRT members, the presence of relatively numerous 
resident fish mitigated the assessment of extinction risk for the ESU as a whole. 

Upper Columbia River steelhead ESU 

A slight majority (54%) of the BRT votes for this ESU fell in the “danger of extinction” 
category, with most of the rest falling in the “likely to become endangered” category (Table 
B.3.1). The most serious risk identified for this ESU was growth rate/productivity (mean score 
4.3); scores for the other VSP factors were also relatively high, ranging from 3.1 (spatial 
structure) to 3.6 (diversity) (Table B.3.2). The last 2-3 years have seen an encouraging increase 
in the number of naturally produced fish in this ESU.  However, the recent mean abundance in 
the major basins is still only a fraction of interim recovery targets (NMFS 2002).  Furthermore, 
overall adult returns are still dominated by hatchery fish, and detailed information is lacking 
regarding productivity of natural populations.  The ratio of naturally produced adults to the 
number of parental spawners (including hatchery fish) remains low for upper Columbia 
steelhead. The BRT did not find data to suggest that the extremely low replacement rate of 
naturally spawning fish (estimated adult: adult ratio was only 0.25-0.3 at the time of the last 
status review update) has improved substantially. 

Based on the provisional framework discussed in the general Introduction to this report, 
the BRT assumed as a working hypothesis that resident fish below historical barriers are part of 
this ESU, while those above long-standing natural barriers (e.g., in the Entiat, Methow, and 
perhaps Okanogan basins) are not.  Resident fish potentially occur in all areas in the ESU used 
by steelhead. Case 3 resident fish above Conconully Dam are of uncertain ESU affinity.  The 
BRT did not attempt to resolve the ESU status of resident fish residing above Grand Coulee 
Dam, as little new information is available relevant to this issue.  Possible ESU scenarios for 
these fish include 1) they were historically part of the ESU and many of the remnant resident 
populations still are part of this ESU; 2) they were historically part of the ESU but no longer are, 
due to either introductions of hatchery rainbow trout or rapid evolution in a novel environment; 
or 3) they were historically part of a separate ESU.  For many BRT members, the presence of 
relatively numerous resident fish mitigated the assessment of extinction risk for the ESU as a 
whole.

Middle Columbia River steelhead ESU 

A slight majority (51%) of the BRT votes for this ESU fell in the “likely to become 
endangered” category, with a substantial minority (49%) falling in the “not likely to become 
endangered” category (Table B.3.1).  The BRT did not identify any extreme risks for this ESU 
but found moderate risks in all the VSP categories (mean risk matrix scores ranged from 2.5 for 
diversity to 2.7 for abundance) (Table B.3.2). 

This ESU proved difficult to evaluate for two reasons.  First, the status of different 
populations within the ESU varies greatly. On the one hand the abundance in two major basins, 
the Deschutes and John Day, is relatively high and over the last five years is close to or slightly 
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over the interim recovery targets (NMFS 2002).  On the other hand, steelhead in the Yakima 
basin, once a large producer of steelhead, remain severely depressed (10% of the interim 
recovery target), in spite of increases in the last 2 years.  Furthermore, in recent years 
escapement to spawning grounds in the Deschutes River has been dominated by stray, out-of-
basin (and largely out-of-ESU) fish—which raises substantial questions about genetic integrity 
and productivity of the Deschutes population.  The John Day is the only basin of substantial size 
in which production is clearly driven by natural spawners.  For the other major basin in the ESU 
(the Klickitat), no quantitative abundance information is available.  The other difficult issue 
centered on how to evaluate contribution of resident fish, which according to Kostow (2003) and 
other sources are very common in this ESU and may greatly outnumber anadromous fish.  The 
BRT concluded that the relatively abundant and widely distributed resident fish mitigated 
extinction risk in this ESU somewhat.  However, due to significant threats to the anadromous 
component the majority of BRT members concluded the ESU was likely to become endangered. 

Historically, resident fish are believed to have occurred in all areas in the ESU used by 
steelhead, although current distribution is more restricted.  Based on the provisional framework 
discussed in the general Introduction to this report, the BRT assumed as a working hypothesis 
that resident fish below historical barriers are part of this ESU, while those above long-standing 
natural barriers (e.g., in Deschutes and John Day basins) are not.  Case 3 resident fish above 
Condit Dam in the Little White Salmon; above Pelton and Round Butte Dams (but below natural 
barriers) in the Deschutes; and above irrigation dams in the Umatilla Rivers are of uncertain ESU 
status.

Lower Columbia River steelhead ESU 

A large majority (over 79%) of the BRT votes for this ESU fell in the “likely to become 
endangered” category, with small minorities falling in the “danger of extinction” and “not likely 
to become endangered” categories (Table B.3.1).  The BRT found moderate risks in all the VSP 
categories, with mean risk matrix scores ranging from 2.7 for spatial structure to 3.3 for both 
abundance and growth rate/productivity) (Table B.3.2).  All of the major risk factors identified 
by previous BRTs still remain.  Most populations are at relatively low abundance, and those with 
adequate data for modeling are estimated to have a relatively high extinction probability. Some 
populations, particularly summer run, have shown higher returns in the last 2-3 years.  The 
Willamette Lower Columbia River TRT (Myers et al. 2002) has estimated that at least four 
historical populations are now extinct. The hatchery contribution to natural spawning remains 
high in many populations. 

Based on the provisional framework discussed in the general Introduction to this report, 
the BRT assumed as a working hypothesis that resident fish below historical barriers are part of 
this ESU, while those above long-standing natural barriers (e.g., in upper Clackamas, Sandy, and 
some of the small tributaries of the Columbia River Gorge) are not.  Case 3 resident fish above 
dams on the Cowlitz, Lewis, and Sandy Rivers are of uncertain ESU status. 

Upper Willamette River steelhead ESU 
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The majority (over 76%) of the BRT votes for this ESU fell in the “likely to become 
endangered” category, with small minorities falling in the “danger of extinction” and “not likely 
to become endangered” categories (Table B.3.1).  The BRT did not identify any extreme risks for 
this ESU but found moderate risks in all the VSP categories (mean risk matrix scores ranged 
from 2.6 for diversity to 2.9 for both spatial structure and growth rate/productivity) (Table 
B.3.2). On a positive note, after a decade in which overall abundance (Willamette Falls count) 
hovered around the lowest levels on record, adult returns for 2001 and 2002 were up 
significantly, on par with levels seen in the 1980s.  Still, the total abundance is small for an entire 
ESU, resulting in a number of populations that are each at relatively low abundance.  The recent 
increases are encouraging but it is uncertain whether they can be sustained.  The BRT considered 
it a positive sign that releases of the “early” winter-run hatchery population have been 
discontinued, but remained concerned that releases of non-native summer-run steelhead 
continue.

Because coastal cutthroat trout is a dominant species in the basin, resident O. mykiss are 
not as widespread here as in areas east of the Cascades.  Resident fish below barriers are found in 
the Pudding/Molalla, Lower Santiam, Calapooia, and Tualatin drainages, and these would be 
considered part of the steelhead ESU based on the provisional framework discussed in the 
general Introduction. Resident fish above Big Cliff and Detroit Dams on the North Fork Santiam 
and above Green Peter Dam on the South Fork Santiam are of uncertain ESU affinity.  Although 
no obvious physical barrier separates populations upstream of the Calapooia from those lower in 
the basin, resident O. mykiss in these upper reaches of the Willamette basin are quite distinctive 
both phenotypically and genetically and are not considered part of the steelhead ESU. 

Northern California steelhead ESU 

The majority (74%) of BRT votes were for “likely to become endangered,” with the 
remaining votes split about equally between “in danger of extinction” and “not warranted” 
(Table B.3.1). Abundance and productivity were of some concern (scores of 3.7; 3.3 in the risk 
matrix); spatial structure and diversity were of lower concern (scores of 2.2; 2.5); although at 
least one BRT member gave scores as high as 4 for each of these risk metrics (Table B.3.2).  

The BRT considered the lack of data for this ESU to be a source of risk due to 
uncertainty. The lack of recent data is particularly acute for winter runs. While there are older 
data for several of the larger river systems that imply run sizes became much reduced since the 
early twentieth century, there are no recent data suggesting much of an improvement. 

Based on the provisional framework discussed in the general Introduction to this report, 
the BRT assumed as a working hypothesis that resident fish below historical barriers are part of 
the Northern California Coast Steelhead ESU, while those above long-standing natural barriers 
are not. Historically, resident fish are believed to have occurred in all areas in the ESU used by 
steelhead, although current distribution is more restricted.  Resident fish above recent (usually 
man-made) barriers--including Robert W. Matthews Dam on the Mad River and Scott Dam on 
the Eel River--but below natural barriers are of uncertain ESU affinity.  In this ESU, the 
inclusion of resident fish would not greatly increase the total numbers of fish, and the resident 
fish have not been exposed to large amounts of hatchery stocking. 
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Central California Coast steelhead ESU 

The majority (69%) of BRT votes were for “likely to become endangered,” and another 
25% were for “in danger of extinction” (Table B.3.1).  Abundance and productivity were of 
relatively high concern (mean score of 3.9 for each, with a range of 3 to 5 for each), and spatial 
structure was also of concern (score 3.6) (Table B.3.2).  Predation by pinnipeds at river mouths 
and during the ocean phase was noted as a recent development posing significant risk. 

There were no time-series data for this ESU. A variety of evidence suggested the largest 
run in the ESU (the Russian River winter steelhead run) has been reduced in size and continues 
to be reduced in size. Concern was also expressed about the populations in the southern part of 
the range of the ESU--notably populations in Santa Cruz County and the South Bay area. 

Based on the provisional framework discussed in the general Introduction to this report, 
the BRT assumed as a working hypothesis that resident fish below historical barriers are part of 
the Central California Coast Steelhead ESU, while those above long-standing natural barriers are 
not. Historically, resident fish are believed to have occurred in all areas in the ESU used by 
steelhead, although current distribution is more restricted.  Resident fish above recent (usually 
man-made) barriers--including Warm Springs Dam on Dry Creek, Russian River; Coyote Dam 
on the East Fork Russian River; Seeger Dam on Lagunitas Creek; Peters Dam on Nicasio Creek, 
Lagunitas Creek; and Standish Dam on Coyote Creek--but below natural barriers are of uncertain 
ESU affinity.  In this ESU, an estimated 22% of historical habitat is behind recent barriers.  The 
only relevant biological information about the populations above these barriers pertains to 
Alameda Creek, and suggests that some but not all populations above Dam 1 are genetically 
similar to populations within the ESU.  For some BRT members, the presence of resident fish 
mitigated the assessment of extinction risk for the ESU as a whole. 

South-Central California Coast steelhead ESU 

The majority (68%) of BRT votes were for “likely to become endangered,” and another 
25% were for “in danger of extinction” (Table B.3.1).  The strongest concern was for spatial 
structure (score 3.9; range 3-5), but abundance and productivity were also a concern (Table 
B.3.2). The cessation of plants to the ESU from the Big Creek Hatchery (Central Coast ESU) 
was noted as a positive development, whereas continued predation from sport fishers was 
considered a negative development. 

New data suggests that populations of steelhead exist in most of the streams within the 
geographic boundaries of the ESU; however, the BRT was concerned that the two largest river 
systems—the Pajaro and Salinas basins—are much degraded and have steelhead runs much 
reduced in size. Concern was also expressed about the fact that these two large systems are 
ecologically distinct from the populations in the Big Sur area and San Luis Obispo County, and 
thus their degradation affects spatial structure and diversity of the ESU. Much discussion 
centered on the dataset from the Carmel River, including the effects of the drought in the 1980s, 
the current dependence of the population on intensive management of the river system, and the 
vulnerability of the population to future droughts. 
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Based on the provisional framework discussed in the general Introduction to this report, 
the BRT assumed as a working hypothesis that resident fish below historical barriers are part of 
the South-Central California Coast Steelhead ESU, while those above long-standing natural 
barriers are not. Historically, resident fish are believed to have occurred in all areas in the ESU 
used by steelhead, although current distribution is more restricted.  Resident fish above recent 
(usually man-made) barriers--including San Antonia, Nacimiento, and Salinas dams on the 
Salinas River; Los Padres Dam on the Carmel River; Whale Rock Dam on Old Creek; and Lopez 
Dam on Arroyo Grande Creek--but below natural barriers are of uncertain ESU affinity.  In this 
ESU, little of the historical habitat is behind recent barriers and most of that on the Salinas River. 
For some BRT members, the presence of resident fish mitigated the assessment of extinction risk 
for the ESU as a whole. 

Southern California steelhead ESU 

The majority (81%) of BRT votes were for “in danger of extinction,” with the remaining 
19% of votes being for “likely to become endangered” (Table B.3.1).  Extremely strong concern 
was expressed for abundance, productivity, and spatial structure (mean scores of 4.8, 4.3, and 
4.8, respectively, in the risk matrix), and diversity was also of concern (mean score of 3.6) 
(Table B.3.2). 

The BRT expressed concern about the lack of data on this ESU, about uncertainty as to 
the metapopulation dynamics in the southern part of the range of the ESU, and about the fish’s 
nearly complete extirpation from the southern part of the range. Several members were 
concerned and uncertain about the relationship between the population in Sespe Canyon, which 
is supposedly a sizeable population, and the small run size passing through the Santa Clara 
River, which connects the Sespe to the ocean. There was some skepticism that flows in the Santa 
Maria River were sufficient to allow fish passage from the ocean to the Sisquoc River, another 
“stronghold” of O. mykiss in the ESU. 

Based on the provisional framework discussed in the general Introduction to this report, 
the BRT assumed as a working hypothesis that resident fish below historical barriers are part of 
the South California Steelhead ESU, while those above long-standing natural barriers are not.
Historically, resident fish are believed to have occurred in all areas in the ESU used by steelhead, 
although current distribution is more restricted.  Resident fish above recent (usually man-made) 
barriers--including Twitchell Dam on the Cuyama River; Bradbury Dam on the Santa Ynez 
River; Casitas Dam on Coyote Creek, Ventura River; Matilija Dam on Matilija Creek, Ventura 
River; Santa Felicia Dam on Piru Creek, Santa Clara River; and Casitac Dam on Casitac Creek, 
Santa Clara River--but below natural barriers are of uncertain ESU affinity.  In this ESU, a large 
portion of the original area is behind barriers, and the few density estimates that are available 
from this ESU indicate that the inclusion of area above recent barriers would substantially 
increase the number of fish in the ESU.  Due to the extremely low numbers of anadromous fish 
in this ESU, it is possible that above-barrier populations contribute a significant number of fish 
to the below-barrier population by spill over.  For some BRT members, the presence of resident 
fish mitigated the assessment of extinction risk for the ESU as a whole. 
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California Central Valley steelhead ESU 

The majority (66%) of BRT votes were for “in danger of extinction”, and the remainder 
was for “likely to become endangered” (Table B.3.1).  Abundance, productivity and spatial 
structure were of highest concern (4.2-4.4), although diversity considerations were of significant 
concern (3.6) (Table B.3.2). All categories received a 5 from at least one BRT member. 

The BRT was highly concerned by the fact that what little new information was available 
indicated that the monotonic decline in total abundance and in the proportion of wild fish in the 
ESU was continuing. Other major concerns included the loss of the vast majority of historical 
spawning areas above impassable dams, the lack of any steelhead-specific status monitoring, and 
the significant production of out-of-ESU steelhead by the Nimbus and Mokelumne River fish 
hatcheries. The BRT viewed the anadromous life-history form as a critical component of 
diversity within the ESU and did not place much importance on sparse information suggesting 
widespread and abundant O. mykiss populations in areas above impassable dams.  Dams both 
reduce the scope for expression of the anadromous life-history form, thereby greatly reducing the 
abundance of anadromous O. mykiss, and prevent exchange of migrants among resident 
populations, a process presumably mediated by anadromous fish. 

Based on the provisional framework discussed in the general Introduction to this report, 
the BRT assumed as a working hypothesis that resident fish below historical barriers are part of 
the California Central Valley Steelhead ESU, while those above long-standing natural barriers 
are not. Historically, resident fish are believed to have occurred in all areas in the ESU used by 
steelhead, although current distribution is more restricted.  Resident fish above recent (usually 
man-made) barriers--including Shasta Dam on the Upper Sacramento River; Whiskeytown Dam 
on Clear Creek; Black Butte Dam on Stony Creek; Oroville Dam on the Feather River; 
Englebright Dam on the Yuba River; Camp Far West Dam on the Bear River; Nimbus Dam on 
the American River; Commanche Dam on the Mokelumne River; New Hogan Dam on the 
Calaveras River; Goodwin Dam on the Stanislaus River; La Grange Dam on the Tuolumne 
River; and Crocker Diversion Dam on the Merced River--but below natural barriers are of 
uncertain ESU affinity.  As noted above, collectively these dams have isolated a large fraction of 
historical steelhead habitat, and resident fish above the dams may outnumber ESU fish from 
below the dams. 
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Table B.3.1. Tally of FEMAT vote distribution regarding the status of 10 steelhead ESUs reviewed.  Each of 16 BRT members allocated 10 
points among the three status categories. 

ESU
Danger of 
Extinction

Likely to Become 
Endangered

Not Likely to Become 
Endangered

Snake River1 14 103 23
Upper Columbia1 75 62 3
Middle Columbia1 1 71 68
Lower Columbia2 10 110 30
Upper Willamette2 7 106 37
Northern California 18 119 23

Central California Coast 40 111 9
South Central California 40 109 11

Southern California 129 31 0
Central Valley 106 54 0

1 Votes tallied for 14 BRT members 
2 Votes tallied for 15 BRT members 

Table B.3.2. Summary of risk scores (1 = low to 5 = high) for four VSP categories (see section "Factors Considered in Status Assessments" for a 
description of the risk categories) for the 10 steelhead ESUs reviewed.  Data presented are means (range). 

ESU Abundance 
Growth 

Rate/Productivity 
Spatial Structure 
and Connectivity 

Diversity

Snake River 3.1 (2-4) 3.2 (2-4) 2.5 (1-4) 3.1 (2-4) 
Upper Columbia 3.5 (2-4) 4.3 (3-5) 3.1 (2-4) 3.6 (2-5) 
Middle Columbia 2.7 (2-4) 2.6 (2-3) 2.6 (2-4) 2.5 (2-4) 
Lower Columbia 3.3 (2-5) 3.3 (3-4) 2.7 (2-4) 3.0 (2-4) 
Upper Willamette 2.8 (2-4) 2.9 (2-4) 2.9 (2-4) 2.6 (2-3) 

Northern California 3.7 (3-5) 3.3 (2-4) 2.2 (1-4) 2.5 (1-4) 
Central California Coast 3.9 (3-5) 3.9 (3-5) 3.6 (2-5) 2.8 (2-4) 
South Central California 3.7 (2-5) 3.3 (2-4) 3.9 (3-5) 2.9 (2-4) 

Southern California 4.8 (4-5) 4.3 (3-5) 4.8 (4-5) 3.6 (2-5) 
Central Valley 4.4 (4-5) 4.3 (4-3) 4.2 (2-5) 3.6 (2-5) 
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