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Timothy Copeland*
Idaho Department of Fish and Game, 600 South Walnut Street, Boise, Idaho 83707, USA

Michael W. Ackerman
Idaho Department of Fish and Game/Pacific States Marine Fisheries Commission, 1800 Trout Road,
Eagle, Idaho 83616, USA

Kristin K. Wright
Idaho Department of Fish and Game/Pacific States Marine Fisheries Commission,
1414 East Locust Lane, Nampa, Idaho 83686, USA

Alan Byrne
Idaho Department of Fish and Game, 600 South Walnut Street, Boise, Idaho 83707, USA

Abstract
Grouping populations for management may overlook the fine-scale diversity underpinning the stability and

resilience of meta-populations and fisheries. A bimodal timing distribution of summer-run steelhead Oncorhynchus
mykiss (anadromous Rainbow Trout) historically was observed at Bonneville Dam (BON), the first barrier to
upstream migration in the Columbia River basin. Early mode fish (A-run) tended to be younger and smaller
(<78 cm) than later fish (B-run). While A-run fish spawn throughout the Columbia River basin, B-run fish spawn
primarily in the Snake River basin. Managers used indices of these modes to make fishery decisions, and later these
criteria were adopted for conservation. It is still unclear how life history and body size differences among wild
Snake River populations are related to the categories at BON. We examined population parameters characterizing
the two categories (date of passage at BON, length) and parameters directly affecting population dynamics (age
composition, sex ratio). The life history portfolio of Snake River steelhead is quite diverse. There was broad overlap
among populations in several respects, forming a gradient in life history characteristics rather than a dichotomous
break. All populations produced adults <78 cm and adults returning after August 25. Median lengths of putative
B-run populations were close to the criterion that was supposed to be a defining characteristic. In contrast, few
A-run populations produced many adults ≥78 cm. Mean percentage of two-ocean fish was 52.1% for A-run
populations and 82.0% for B-run populations. Mean age at spawn was greater in populations producing older
smolts. Sex ratio was female biased, and older populations had greater percentages of females. Although the run-
type dichotomy was useful for management of fisheries in the past, it is not useful for conservation. A combination
of genetic stock identification at main-stem dams and population-specific monitoring in natal streams provides a
unified framework for the assessment of fisheries management and conservation objectives.

Differences in timing, size, sex ratio, and age composition
among populations with migratory life histories are important
to fisheries management. For example, salmon spawning runs

are typically characterized by the season of freshwater entry,
and riverine salmon fisheries are structured around run timing
to harvest abundant stocks and protect weaker ones. Fisheries
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may be managed by run timing, but salmon spawning runs
often are composed of diverse populations (e.g., Hilborn et al.
2003). Grouping populations into broad categories for conser-
vation and fisheries management may overlook the fine-scale
diversity underpinning the stability and resilience of meta-
populations and fisheries (Braun et al. 2016).

Oncorhynchus mykiss has the most diverse life history
repertoire of the Pacific salmonids (genus Oncorhynchus;
Quinn 2005). Individuals may migrate to the ocean (steelhead
[anadromous Rainbow Trout]) or remain in freshwater
(Rainbow Trout or Redband Trout). Unlike most species of
this genus, O. mykiss is capable of iteroparity, although infre-
quently in some steelhead populations (Busby et al. 1996).
Furthermore, steelhead spend varying amounts of time in
freshwater and saltwater habitats. Expression of anadromy is
potentially influenced by factors affecting juvenile growth and
survival, factors affecting survival to and in the ocean, and
factors affecting adult spawning migration (Kendall et al.
2015). The decisions to migrate and mature apparently are
threshold traits controlled by individual condition and adapted
to the environment, allowing for flexibility in life history
expression within and among populations (Thorpe et al.
1998; Sloat et al. 2014; Kendall et al. 2015). Theory suggests
that anadromy confers greater fitness benefits for females than
males because larger size increases fecundity in females while
males have evolved behaviors that allow smaller individuals to
successfully compete with larger ones (Hendry et al. 2004).
Therefore, steelhead display a tremendous amount of variation
in age and size at maturity, which results in a continuum of life
histories that depends on the rearing environment and local
selective pressures (Brannon et al. 2004). Variable expression
of anadromy in populations of O. mykiss and the factors
controlling that expression are of management interest because
of the cultural, ecological, economic, and recreational values
focused on steelhead.

Steelhead management in the Columbia River basin.—In
the interior Columbia River basin (east of the Cascade
Mountains), summer-run steelhead populations historically
were managed as two stocks, termed A-run and B-run. The
stocks were distinguished by run timing at Bonneville Dam
(BON), the first dam encountered during the spawning migra-
tion (Robards and Quinn 2002; WDFW and ODFW 2002;
Figure 1). The A-run steelhead passed BON on or before
August 25 and were thought to spawn throughout the interior
Columbia basin the following spring. The B-run steelhead
passed BON after August 25 and were thought to spawn
primarily in certain tributaries of the Snake River in Idaho
the following spring (Idaho Department of Fish and Game
[IDFG], 1994 documents submitted to the National Marine
Fisheries Service for the U.S. Endangered Species Act [ESA]
administrative record on West Coast steelhead). The A-run
was composed of smaller individuals that typically spent 1
or 2 years at sea, whereas the B-run was composed of larger
individuals that typically spent 2 or 3 years at sea (Busby et al.

1996). Managers used the date criterion (on or before August
25) to estimate spawning run sizes and make in-season fishery
management decisions (WDFW and ODFW 2002). Both
stocks are composed of multiple populations.

During the 1980s, changes in modal run timing created
problems for steelhead managers evaluating hatchery pro-
grams and assessing the impact of main-stem Columbia
River fisheries on wild stocks. Wild steelhead populations
had declined, and the annual return became dominated by
hatchery fish. Columbia basin hatchery steelhead stocks were
developed from A-run stocks with one exception (North Fork
Clearwater River stock). By the 1980s, the peak of the A-run
had become later, such that the B-run mode was hard to
distinguish (Robards and Quinn 2002).

The Columbia River steelhead management scheme was
revised in 1999 because of the loss of distinction between
the modes (ODFW and WDFW 2000). Steelhead passing
BON from November 1 to March 31 were counted as win-
ter-run steelhead, those passing BON from April 1 to June 30
were counted as summer-run fish bound for tributaries to
Bonneville Pool, and those passing BON from July 1 to
October 31 were counted as upriver summer-run fish (the
majority of all steelhead). The upriver summer-run steelhead
continued to be managed as two stocks (group A and group B)
but now based on a length criterion. Current management
classifies all upriver steelhead <78-cm FL as group A and
those ≥78-cm FL as group B (ODFW and WDFW 2000).
The abundances of all group-A and group-B steelhead and
the abundances of wild fish in these groups are used to manage
fisheries for steelhead and fall Chinook Salmon O. tsha-
wytscha in the Columbia River downstream of the Snake
River confluence. This scheme was deemed sufficient for fish-
eries management in the interim until better stock-specific
information could be derived.

The conservation of wild Columbia River steelhead is also
an important management concern. Historically, most sum-
mer-run steelhead in the Columbia River basin were from
the Snake River (Mallett 1974). Spawning runs of wild
Snake River steelhead declined precipitously in the early
1980s and recovered in the late 1980s. Abundance declined
again with extreme lows through most of the 1990s. There was
a substantial increase in the early 2000s, but abundance has
continued to fluctuate since then (Ford et al. 2011). Snake
River steelhead were listed as threatened under the ESA in
1997 (NMFS 1997). Status assessments conducted for the
ESA require population-specific information, including life
history diversity (McElhany et al. 2000). Because many steel-
head in the Snake River spawn near the peak of the spring
snowmelt in remote and rugged areas in Idaho, data on spawn-
ing wild steelhead in most populations were lacking. In the
absence of more specific information, the Interior Columbia
Technical Recovery Team (ICTRT; ICTRT 2009) adapted the
Columbia River fisheries management scheme and classified
each Snake River population as A-run or B-run. Status and
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viability assessments for Idaho steelhead populations were
performed on an “average” population of each run type
based on length-stratified counts of natural-origin steelhead
at Lower Granite Dam (LGR), 695 km upstream from the
Pacific Ocean on the Snake River (Figure 1) and were made
assuming perfect discrimination by length and a common age
structure within run type (ICTRT 2009).

It is still unclear how life history and body size differences
observed in wild steelhead in the Snake River (at LGR and in
spawning reaches) are related to the groups observed at BON
(Busby et al. 1996). Indeed, the meaning of A or B differs if one
is referring to steelhead of a certain size or if one is referring to
steelhead from certain populations. To avoid confusion between
the conservation classification and the fisheries management
scheme, hereafter we use the terms “A-run” and “B-run” to
refer to Snake River steelhead populations as defined by the
ICTRT for ESA listing and recovery planning. The terms
“group A” and “group B” refer to upriver summer-run steelhead
in the Columbia River as defined by length in the 2008–2017
Management Agreement made under the provisions of U.S. v.
Oregon (1969) for fisheries management downstream of the

Snake River. Regardless of the intended meaning, theory and
empirical results imply there should be some degree of overlap in
the characteristics of the two categories, which could hinder
achievement of management goals based on them.

The goal of this study was to investigate the diversity
within and between the two categories used to manage wild
Snake River steelhead, specifically in which life history
aspects do the two groups overlap and in which are they
distinct. We assembled recent life history data (spawning run
years 2009–2010 through 2011–2012) from multiple popula-
tions and measured the degree to which each population con-
forms to the historic and current fisheries management
classifications. We examined the population parameters
thought to characterize the two categories (date at BON and
FL) and the parameters expected to vary among steelhead
populations that directly affect population dynamics (age com-
position and sex ratio). We expected a gradient of character-
istic frequencies among the populations as described by
Brannon et al. (2004). Describing and understanding this
diversity is important to the conservation and management of
these steelhead populations.

FIGURE 1. Locations of sampling infrastructure used to collect data for this study. Inset shows the Columbia River basin and the location of Bonneville Dam.
Gray area is the Snake River basin.
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METHODS
We focused on wild Snake River steelhead populations or

major spawning aggregates with sufficient data on returning
adults to estimate the life history characteristics of interest.
The most recent peaks in abundance of wild Snake River
steelhead were spawning run years 2009–2010 through
2011–2012; we used these three spawning runs because they
were most likely to yield sufficient data for the broadest range
of populations. In the Snake River basin, B-run steelhead are
thought to spawn in the upper tributaries of the Clearwater
River and in the Middle and South forks of the Salmon River
(IDFG, documents; Figure 1). Data for putative B-run steel-
head populations were collected on fish from Big Creek, Fish
Creek, Lolo Creek, Secesh River, South Fork Clearwater
River, and South Fork Salmon River. Data for putative
A-run steelhead populations were collected on fish from
Asotin Creek, Imnaha River, Joseph Creek, Lapwai Creek,
Lemhi River, Pahsimeroi River, Potlatch River, Rapid River,
Tucannon River, and the upper Salmon River at Sawtooth
Hatchery. These locations gave good coverage of the environ-
mental conditions where steelhead spawn and rear in the
Snake River basin.

Data collection.—Date of passage at BON was estimated
based on the detection of wild adults that were tagged as
juveniles emigrating from their natal tributary in the Snake
River basin. Passive integrated transponder (PIT) tags emit a
unique code when the tag passes through a magnetic field that
can be read by a detector (Prentice et al. 1990). The fish ladder
at BON contains vertical-slot detection systems that detect
nearly 100% of PIT-tagged adult salmon migrating past the
dam (Fryer et al. 2012). Rotary screw traps operate near the
mouths of spawning tributaries through the ice-free season,
and emigrating juveniles (≥80-mm FL in most locations) were
tagged to estimate survival and trap efficiency. We assumed
the tagged juveniles adequately represented the distribution of
subsequent adult return dates across BON. Dates of first detec-
tion of adults crossing BON were obtained by querying the
PTAGIS database (www.ptagis.org) for fish tagged in the
selected tributaries. Furthermore, a systematic sample of steel-
head smolts were tagged at the LGR juvenile fish facility as
they emigrated downstream past the dam each spring. We
performed a query for fish tagged as wild juveniles at LGR
that were subsequently detected as adults in selected tribu-
taries at weirs or instream PIT tag detectors (IPTDs) and used
their dates of passage at BON in the analysis.

Samples and morphometric data were collected nonlethally
from adult steelhead handled either at a weir located in a
tributary, by angling (Big Creek only), or at the LGR adult
trap (Figure 1). Wild adults sampled at LGR that were not
carrying a PIT tag had one injected. Scale and tissue samples
were collected from all tagged steelhead (Ackerman et al.
2012a, 2014). Natal tributary was identified by capture in the
tributary or by detection at an IPTD between January 1 and
May 31. If an adult fish was detected in more than one

tributary, we assumed that the last detection was the spawning
location. The South Fork Clearwater and Lolo Creek IPTDs
were operational only during the 2011–2012 spawning run.
The Asotin Creek, Joseph Creek, and Imnaha River IPTDs
were operational during the 2010–2011 and 2011–2012
spawning runs. The weirs, angling surveys, LGR trap, and
all other IPTDs were operational during all three spawning
runs. Fork length was measured to the nearest whole centi-
meter. Freshwater and ocean ages were assigned based on
scale examination (Wright et al. 2015). Total age at spawning
is the sum of freshwater and ocean ages plus 1 for the winter
spent in freshwater before spawning. Sex was determined
using external morphology for fish collected at weirs or
angling and using a genetic assay on tissue samples
(Campbell et al. 2012) for fish sampled at LGR.

Data analysis.—The primary analysis investigated the diver-
sity within each population with respect to the historic and current
fisheries management criteria (date at BON, FL), and then eval-
uated the proportion of each population that would be classified
into the opposite fishery management group (e.g., proportion of
fish from Fish Creek classified as group A). We combined data
from all three spawning runs for all analyses. To describe the
central tendency and range of the length distribution of each
population, we computed the median, fifth, and 95th percentiles
of the observed FLs. We similarly characterized the adult return
dates for each population using the median, fifth, and 95th percen-
tiles of the day of arrival at BON. To visualize the diversity within
and among the populations, we plotted the percentiles with respect
to the length and date criteria. To evaluate the relationship of that
diversity to the management criteria, we relied directly on the data
in a manner that parallels how groups of steelhead are assessed in
the management arena. For each population, we characterized the
percentage of fish that would be classified as the opposing putative
group at BON in two ways: (1) the percentages of the observed
data that fall outside the current length criterion for each run type,
and (2) the percentages of the observed data that fall outside the
historic timing of the putative run type.

We also investigated trends in age composition and sex
ratio among the populations. For each population, we reported
the percentage of adults by freshwater and ocean age, the
mean total age at spawning, and the percentage of females.
We contrasted the run types by comparing population means
in these variables. To describe the gradient in these character-
istics in relation to life histories, we looked for correlations
among populations using Pearson’s correlation coefficient (r).
We compared age at smolting (freshwater age) to ocean age
and total age to sex ratio (percentage of females).

RESULTS
In total, we analyzed data from 5,628 adult steelhead from

spawning run years 2009–2010 through 2011–2012. Of those,
2,753 samples were from IPTD detections of adult fish trapped
and PIT-tagged at Lower Granite Dam. An additional 2,729
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samples were from adults collected at weirs, and 146 samples
were collected by angling. Fork lengths ranged from 46 to 93 cm.
Total age at spawning ranged from 3 to 8 years. Adults had
smolted at ages from 1 to 5 years, and spent from 1 to 3 years
in the ocean. All possible combinations of freshwater and ocean
ages were found, except for smolting at 5 years and spending 3
years in the ocean before maturity. There were five categories of
repeat spawners, most of which had first spawned after 1 year in
the ocean. We found no evidence of fish on a third spawning run.
The smallest sample sizes were from Lolo Creek (n = 65) and
Secesh River (n = 76); the largest sample sizes were obtained
from the Potlatch River (n = 858) and Imnaha River (n = 646).

The number of detections at BON of adults tagged as juveniles
(n = 803) was smaller than the number sampled in the Snake River
basin (see previous paragraph). Returning adults were detected at
BON as early as June 1 and as late as November 6. The mean
population sample size was 50 and ranged as low as 7 for Lolo
Creek and Pahsimeroi River, and as high as 244 for Fish Creek.

Comparison to Current and Historic Fisheries
Management Criteria

All populations had adults that were <78-cm FL (Figure 2).
The median lengths of all putative B-run populations were
quite close to the length criterion used to distinguish group-A

and group-B populations, ranging from 74 cm (Big Creek) to
78 cm (Lolo Creek and South Fork Salmon River). In contrast,
few A-run populations produced many adults ≥78-cm FL. The
median length of A-run populations ranged from 59 cm
(Pahsimeroi River) to 69 cm (Potlatch River). The median
percentage of fish <78 cm in B-run populations was higher
(52.7%) than the median percentage of fish ≥78 cm in A-run
populations (0.9%; Table 1).

All populations had adults that passed BON after August
25, the date historically used to distinguish group-A and
group-B steelhead (Table 1). However, the median passage
date of all A-run populations was before August 25 and
ranged from July 24 (Joseph Creek) to August 17 (Rapid
River). All B-run populations, except Lolo Creek, had adults
that arrived at BON before August 26. The median passage
dates of B-run populations were after the medians of the A-run
populations, ranging from August 19 (Big Creek) to
September 11 (Lolo Creek). The median percentage of fish
arriving before August 26 in B-run populations (17.6%) was
higher than the median percentage of fish arriving after August
25 in A-run populations (12.4%).

There were varying percentages of classifications into the
opposite fishery management group when the current and his-
toric criteria for group A or group B in the Columbia River are

FIGURE 2. Population medians in length at spawning and return date at Bonneville Dam. The error bars are the 5% and 95% quantiles. The dashed lines
represent the criteria separating group A and group B: length (78 cm) and date (August 25).

LIFE HISTORY DIVERSITY OF STEELHEAD POPULATIONS 399



used to classify steelhead in the Snake River (Table 1). A
steelhead from a B-run population was more likely to be iden-
tified as a group-A steelhead than a steelhead from an A-run
population was to be identified as a group-B steelhead using the
current (length-based) or historic (date-based) management cri-
teria. The error bars in Figure 2 show the broad overlap among
populations, but the central tendencies of each population were
distributed along a trend leading from smaller, earlier arriving
fish to larger, later-arriving fish.

Age Composition and Sex Ratio
Age structure among Snake River steelhead populations

was quite variable (Figure 3). Of the 23 different combinations
of freshwater ages, saltwater ages, and spawn checks, we
found 19 in A-run populations and 17 in B-run populations.
Few three-ocean fish or repeat spawners were observed in any
population (<10% and <3%, respectively), but both occurred
widely—in 12 of 16 populations and in 10 of 16 populations,
respectively. Most populations were dominated by two-ocean
fish, although the percentage varied. The mean percentage of
two-ocean fish was 51.3% for A-run populations and 82.0%
for B-run populations. Most Snake River steelhead smolted at

2 or 3 years. Again, the predominance of these two freshwater
age-groups varied among populations. The mean percentage
of fish that smolted at age 3 was 17.0% for A-run populations
and 50.9% for B-run populations. Years spent in freshwater
and the ocean were positively related (r = 0.67). Populations
with more age-3 smolts tended to produce more two-ocean
adults; therefore, the mean age at spawning was greater in
populations that produce older smolts. Mean age at spawning
ranged from 4.1 years (Pahsimeroi River) to 6.1 years (Secesh
River). Mean age of A-run populations was 4.6 years, and
mean age of B-run populations was 5.6 years.

The sex ratio was female biased in all populations
(Figure 4) and ranged from 54.1% to 75.4% females. Older
populations tended to have a greater percentage of females
spawning (r = 0.84). There was a larger percentage of females
in B-run populations (69.2%) than in A-run popula-
tions (60.8%).

DISCUSSION
The life history portfolio of wild Snake River steelhead is

quite diverse; therefore, there was broad overlap among popu-
lations in several respects, forming a gradient in life history
characteristics rather than a sharp dichotomous break. Most
populations produced adults smaller and larger than 78 cm,
and adults that returned to BON before and after August 26.
The median lengths of all putative B-run populations were
close to the length criterion that is used to classify group-B
steelhead at BON; however, few A-run populations produced
many adults ≥78 cm. The majority of fish in most populations
had spent 2 years in the ocean, although the percentage was
higher in B-run populations. The number of years spent in
freshwater and salt water were positively correlated such that
the mean age at spawning was greater in populations that
produce older smolts. Sex ratio was female biased, and older
populations tended to have a greater percentage of returning
females. These results have implications for fisheries manage-
ment in the Columbia River and conservation in the Snake
River basin.

Implications for Fisheries Management
The abundance estimate of wild and hatchery group-A and

group-B steelhead at BON is an important input into the
Columbia River fisheries harvest management process man-
dated by the ongoing U.S. v. Oregon (1969) court case. Sport
and nontribal commercial fisheries on salmonids (steelhead,
Chinook Salmon O. tshawytscha, Coho Salmon O. kisutch)
may not exceed a 2% impact on either wild group-A or group-
B steelhead (as estimated at BON). Tribal fisheries must
remain under the specified steelhead harvest rate (13–20%,
depending on spawning run size) on the total group-B passage
count at BON. Group-B stocks have a run timing and length
distribution more similar to fall-run Chinook Salmon than
group-A stocks; therefore, they are more susceptible to harvest

TABLE 1. Percentage of steelhead in each population that do not match the
current length and historic run timing criteria used for fisheries management
in the Columbia River for the putative run type assigned to that population.
The current criterion is <78-cm FL for group A or ≥78 cm-FL for group B.
The historic criterion was arrival at Bonneville Dam on or before August 25
for group A or after August 25 for group B. Populations are listed alphabe-
tically within run type. Sample sizes are in parentheses.

Population
Length criterion

(%)
Run timing
criterion (%)

A-run populations
Asotin Creek 2.6 (196) 9.1 (33)
Imnaha River 0.8 (646) 3.5 (144)
Joseph Creek 0.6 (359) 1.8 (56)
Lapwai Creek 1.0 (102) 15.0 (20)
Lemhi River 0.0 (116) 18.8 (32)
Pahsimeroi River 0.7 (670) 28.6 (7)
Potlatch River 8.3 (858) 11.4 (35)
Rapid River 9.6 (364) 42.5 (40)
Tucannon River 0.4 (236) 13.4 (67)
Upper Salmon River 1.4 (286) 7.1 (14)

B-run populations
Big Creek 72.2 (263) 53.8 (26)
Fish Creek 55.1 (543) 18.5 (249)
Lolo Creek 46.2 (65) 0.0 (7)
Secesh River 63.2 (76) 16.7 (12)
South Fork

Clearwater River
50.4 (115) 11.1 (9)

South Fork
Salmon River

44.8 (500) 26.3 (57)
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in tribal fisheries, which are directed primarily at Chinook
Salmon. Most upriver fall-run Chinook Salmon in the
Columbia River are not listed under the ESA and are managed
for harvest at rates from 21.5% to 45%. It is important that the
assessment of the relevant steelhead groups be accurate to
achieve salmon harvest objectives and to protect vulnerable
wild steelhead populations. In actuality, these two objectives
compete.

The current length-based steelhead classification system
used in Columbia River fisheries was developed in the

1990s (ODFW and WDFW 2000). The suitability of the
length criterion was developed by the IDFG based on hatch-
ery fish. Its suitability for application to wild fish was
assessed using length data collected during 1990–1992
from wild steelhead in the Salmon and Clearwater drainages
(IDFG, unpublished data; Figure 5). It was concluded that
the data were insufficient to make definitive statements
about the percentage of larger and later-timed steelhead
with regards to exact origin, but the length criterion could
be used as an index of steelhead stock components in the
fishery (ODFW and WDFW 2000). However, managers
never thought all B-run populations were ≥78 cm, only
that most steelhead ≥78 cm spawned in certain areas in
Idaho. The length-based classification was intended to pro-
tect these less-abundant wild populations, as no other
method to distinguish them was available at the time.

We found proportionally fewer steelhead ≥78 cm in the six
populations with 1990–1992 and current data, and that decline
was greatest in two of the three B-run populations (Figure 5).
Group-B fish were thought to spend typically 2 to 3 years in
the ocean, but we found very few three-ocean steelhead.
Although wild B-run populations may be more abundant
than the group-B length index indicates, the proportion of
fish ≥78 cm in these populations appears to have been reduced
from when the length criterion was implemented.

Interestingly, when the Columbia River steelhead management
scheme was revised in 1999, the steelhead arriving earlier at BON
still tended to be smaller, while later steelhead tended to be larger

FIGURE 3. Age composition of selected Snake River steelhead populations. The left panel shows percentages by ocean age, including all repeat spawners
combined. The right panel shows composition of smolt ages. Populations are arranged by mean total age at spawning (in parentheses), oldest at the top. Run type
is indicated by brackets on the left.

FIGURE 4. Relationship of mean age at spawn to proportion of females in
Snake River steelhead populations. Triangles represent A-run populations and
squares represent B-run populations.
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(ODFW and WDFW 2000). The change in modal timing of
migrations observed by Robards and Quinn (2002) may be driven
largely by the increased abundance of hatchery steelhead derived
mostly from A-run populations, coupled with a decreased abun-
dance of wild B-run populations.We found that the order of arrival
at BON was maintained by the wild populations examined in this
study in terms of median arrival date. However, the population
types cannot be distinguished upstream of BON by date because
earlier arriving fish tend to migrate more slowly as they encounter
warm water temperatures and mix with later arrivals (ODFWand
WDFW 2000; High et al. 2006; Keefer et al. 2009). Therefore, the
length criterion is more practical than the timing criterion for
assessing fishery impacts upstream of BON but contains high
error rates for B-run populations (>40% biased low). Genetic
analysis of the steelhead harvest in the Columbia Rvier (e.g.,
Byrne et al. 2015) and samples collected at main-stem dams
allows a much more specific estimation of impacts because the
putative B-run populations can be identified with high accuracy in
mixed-stock analyses using genetic data (Ackerman et al. 2014;
Hess et al. 2016). Because all Snake River hatcheries genotype
their broodstock (Steele et al. 2013), unclipped hatchery fish can
be distinguished from wild fish so that impact rates on protected
wild stocks can be accurately assessed.

Implications for Conservation
The two categories used for the management of steelhead

in Columbia River fisheries were adopted for the conserva-
tion of wild Snake River populations in the absence of more
specific data (ICTRT 2009). However, these broad categories
mask the genetic and life history diversity that influences
population dynamics and viability of wild steelhead popula-
tions. The A-run and B-run dichotomy is not supported by

recent genetic studies (Nielsen et al. 2009; Blankenship et al.
2011; Ackerman et al. 2014; Matala et al. 2014). Genetic
analyses suggest that B-run populations are polyphyletic; that
is, B-run populations are more closely related to geographi-
cally proximate A-run populations than they are to distant
B-run populations. Genetic structure in the Snake River basin
is determined primarily by isolation by distance (e.g., Olsen
et al. 2008; Ackerman et al. 2012b) and anthropogenic influ-
ences (e.g., out-of-basin transfers of hatchery fish), not by
A-run and B-run lineages (Nielsen et al. 2009; Ackerman
et al. 2012a). However, B-run populations are genetically
distinct from their A-run neighbors and can be identified
with a high level of confidence (Ackerman et al. 2014)
such that more accurate population assessments can be
done using genetic stock identification than those based on
the current length criterion.

Evidence suggests that life history diversity makes salmonid
populations more resilient and buffers them against extinction
(Hilborn et al. 2003; Bisson et al. 2009; Greene et al. 2009;
Schindler et al. 2010), particularly in stocks where abundance is
low due to natural or anthropogenic influences (Courter et al.
2013). Steelhead life histories are more correlated by year of
ocean entrance than by brood year (Moore et al. 2014); therefore,
variation in freshwater age can buffer against ocean variability.
Furthermore, repeat spawners may stabilize population dynamics
by producing more offspring over their lifetime than maiden
spawners (Seamons and Quinn 2010) as well as increasing the
distribution of ages in the spawning population (Moore et al.
2014). Greater diversity in total ages of returning adults helps
maintain genetic diversity in populations by increasing overlap
among generations.

Life history expression in anadromous salmonids is strongly
influenced by freshwater growth (Sloat et al. 2014). Fish tend to
mature later and at larger sizes when growth rate is reduced by low
temperatures (Berrigan and Charnov 1994). The B-run steelhead
populations occur in the higher-elevation terminal drainages of the
Snake River (e.g., Lochsa River, Selway River, South Fork
Clearwater River, Middle Fork Salmon River, and South Fork
Salmon River; Figure 1). Brannon et al. (2004) hypothesized that
local environmental conditions in these drainages produce a steel-
head phenotype that is older at juvenile emigration, larger at
maturity, and returning later from salt water, consistent with the
data we present. However, consistent selection against older, lar-
ger-bodied fish will reduce the fitness of delayed maturation
(Fujiwara 2008). Older age at maturity is negatively correlated to
intrinsic population growth rate (Hutchings et al. 2012). If man-
agers desire to conserve the distinctive characteristics of wild
steelhead populations in the Snake River basin, then the factors
that produce them must be understood as well as their ties to
fitness. Because steelhead populations are so diverse, arbitrary
classifications will be wrong to a greater or lesser extent; therefore,
genetic stock identification and population-specific sampling will
be more useful than the current categories, in which fisheries
management and conservation objectives are easily confused.

FIGURE 5. Comparison of percentage of steelhead ≥78 cm sampled in
selected Idaho streams during 1990–1992 with comparable data in the present
study. The Middle Fork Salmon River sample is compared with the present
Big Creek sample, and the Lochsa–Selway rivers sample is compared with the
present Fish Creek sample. Numbers above bars are the respective sample
sizes.
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In conclusion, we found that there is a continuum of life
history diversity in wild Snake River steelhead populations,
which makes simple categorization fraught with error
(Table 1). Although the run-type dichotomy was the best
means available for the management of Columbia River fish-
eries in the past, it is not useful for monitoring population status,
assessing ESA recovery plans, and tracking progress toward de-
listing from the ESA. There are new tools and methods (par-
entage-based tagging, genetic stock identification, and IPTDs;
Campbell et al. 2012; Steele et al. 2013; Hess et al. 2016; this
study) that give finer resolution of population abundance and
diversity. The utility of genetic techniques for monitoring catch
composition in mixed-stock fisheries is well documented
(Shaklee et al. 1999). Recent developments in applications of
genetic technology have greatly increased our understanding of
salmonid stock behavior, distribution, and contributions to fish-
eries (e.g., Satterthwaite et al. 2014; Bellinger et al. 2015;
Bradbury et al. 2016). These tools provide a unifying frame-
work for the assessment of fisheries management and conserva-
tion objectives. A combination of genetic stock identification at
main-stem dams and population-specific monitoring in natal
streams (such as presented here) will allow estimation of abun-
dance and productivity metrics at a scale necessary for assess-
ments of population viability and extinction risk.
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