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As a popular sportfish, smallmouth bass (Micropterus dolomieu) generates considerable angling opportunities with benefits
to local economies even outside of their native range. Smallmouth bass was first introduced to the Pacific Northwest
region of North America as a sportfish over 80 years ago, and this species is now widely distributed. More recently,
smallmouth bass have become a large component of the fish community in many streams, rivers, and lakes. Smallmouth
bass thrive in the Pacific Northwest largely due to the habitat created by human modifications of the landscape. While a
desired sportfish, smallmouth bass may also negatively affect native fishes. Of greatest concern is predation on threatened
and endangered Pacific salmon; however, the current level of knowledge is inadequate to make informed management
decisions for smallmouth bass. Management options for smallmouth bass are complicated further because fisheries agencies
are simultaneously charged with enhancing fishing opportunities and controlling predators of threatened and endangered
salmon. To advance conservation science, there is a need to determine the utility of different management approaches, and
testing options in key areas of overlap between smallmouth bass and salmon is suggested.
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INTRODUCTION

Smallmouth bass (Micropterus dolomieu) supports popular
recreational fisheries and has been intentionally stocked in over
20 countries, as far from their native range as Japan and South
Africa (Iguchi et al., 2004; Woodford et al., 2005; Aday et al.,
2009). A freshwater fish native to central and eastern North
America, the native range of smallmouth bass extends from the
Great Lakes and St. Lawrence River south through the Missis-
sippi River and tributaries (Figure 1). In the Pacific Northwest
(PNW) of the United States, large numbers of anglers target the
black basses, which include smallmouth bass and largemouth
bass (M. salmoides). The black bass fishery supports millions
of angler fishing days per year and contributes significantly
to local economies (Table 1). As in other regions, fishing has
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declined over the last decade (Sutton et al., 2009), although the
proportion of anglers targeting both species of bass relative to
the total number of freshwater anglers has remained fairly stable
(Table 1). Differences in angler trends among states and through
time are not well understood. While an important sportfish in
the PNW, smallmouth bass is a species with considerable po-
tential to impact native species, communities, and freshwater
ecosystems in the region (Vander Zanden et al., 1999, 2004;
Cucherousset and Olden, 2011).

The juxtaposition between smallmouth bass, the popular
sportfish, and smallmouth bass, the potentially harmful non-
native species, creates an unfortunate and intense conflict.
Smallmouth bass have been identified as a factor contributing to
the decline of wild populations of Pacific salmon (Oncorhynchus
spp.), now listed under the U.S. Endangered Species Act (ESA;
Lackey et al., 2006; Sanderson et al., 2009). Thus, although
recreational opportunities created by smallmouth bass represent
significant societal value, the extent to which this species may
hinder the recovery of Pacific salmon requires attention.
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306 M. P. CAREY ET AL.

Figure 1 Smallmouth bass (Micropterus dolomieu) distribution in their native range (NatureServe, 2009) and in the PNW by fourth field HUC (hydrologic unit
code). Locations indicate areas where diet data is available on smallmouth bass populations. The combined distribution of the evolutionary significant units (ESU)
of threatened and endangered salmon is overlaid for the PNW (color figure available online).

Herein, the focus is on smallmouth bass in the PNW to ex-
plore the apparent conflict created by a species that is both a
popular sportfish and a threat to ESA-listed species. A com-

Table 1 Number of anglers, percentage of anglers out of total freshwater
anglers, and number of days fishing for black bass (smallmouth bass and
largemouth bass) in the PNW (U.S. Fish and Wildlife Service [USFWS], 1996,
2001, 2006)

State Year
Number of
bass anglers

Percent of
bass anglers
out of total

Number of
days fishing

Economic
value ($)

Idaho 2006 54,000 15 329,000 9,870,000
2001 53,000 13 526,000 15,780,000
1996 73,000 15 498,000 14,940,000

Oregon 2006 70,000 14 778,000 23,340,000
2001 63,000 10 541,000 16,230,000
1996 73,000 16 1,212,000 36,360,000

Washington 2006 75,000 14 1,087,000 32,610,000
2001 102,000 16 1,393,000 41,790,000
1996 150,000 21 2,122,000 63,660,000

Note: Smallmouth bass and largemouth bass are collectively referred to as black
bass and are often reported in combination for management purposes. The net
economic value (the value anglers place on sport fishing over and above their
expenditures, in dollars) for black bass is estimated by the number of days
fishing and an estimate of $30/day economic value of fishing for warmwater
species (TCW Economics 2008).

prehensive summary of the history and ecology of smallmouth
bass in the PNW is provided, and research exploring the impact
of smallmouth bass on salmon is reviewed. Next, management
strategies are explored for smallmouth bass and the implications
of management actions for smallmouth bass, threatened and en-
dangered salmon, and recreational anglers. Generalities about
the conflicts involving smallmouth bass are applicable to other
game species that require management of competing demands
for natural resources.

HISTORY AND ECOLOGY OF SMALLMOUTH BASS
IN THE PNW

Humans have been transplanting smallmouth bass outside its
native range for over 135 years. In the western United States,
smallmouth bass were first introduced to California in 1874
(Lampman, 1946). This was followed by the 1923 introduc-
tion by the Oregon master game warden of 425 smallmouth
bass into the Willamette River, Oregon (Lampman, 1946; LaV-
igne et al., 2008), and the intentional stocking of approximately
5,000 smallmouth bass into the Yakima River, Washington, in
1925. Throughout the PNW, smallmouth bass were stocked for
sport fishing by state fisheries commissions and local citizens
who did not anticipate the potential negative implications for
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SMALLMOUTH BASS IN THE PACIFIC NORTHWEST 307

native species, particularly salmon. Judge S. H. Greene, de-
scribed as a fishing authority of the early 1900s, stated in The
Oregonian that (the bass would) “prove himself, if given the op-
portunity, the best friend of our salmon and trout” (Lampman,
1946, p. 103).

Smallmouth bass is now among the most widespread non-
native species of fish in the PNW (Boersma et al., 2006;
Sanderson et al., 2009; Figure 1), occupying both lentic sys-
tems, such as Lake Washington and Lake Sammamish, Wash-
ington (Pflug and Pauley, 1984; Fayram and Sibley, 2000), and
lotic systems, such as the Columbia River and Snake Rivers
(Tabor et al., 1993; Zimmerman and Parker, 1995; Naughton et
al., 2004). Smallmouth bass inhabit many systems considered
critical to the lifecycle of ESA-listed Pacific salmon (Figure 1).
Volitional movement of smallmouth bass from original stock-
ing sites, such as the documented exchange of fish between the
Yakima and Columbia Rivers (Fritts and Pearsons, 2004), as
well as extensive stocking by the Idaho, Oregon, and Washing-
ton state agencies, has led to its wide distribution over the last 50
years. In addition, Rahel (2004) and Johnson et al. (2009) sug-
gested that unauthorized stocking has occurred in other regions
of North America, and it is believed that it has occurred preva-
lently in the PNW. Private hatcheries throughout the PNW also
sell and produce bass for stocking private ponds. In 2010, two
private hatcheries were licensed to sell hatchery largemouth bass
in Oregon for stocking (www.dfw.state.or.us/resources/fishing/
fish propagation.asp). Stocking by state, federal, and private
hatcheries, along with illegal public translocations, may col-
lectively supplement and expand current smallmouth bass
populations and further hinder efforts to conserve native
species.

Initially, smallmouth bass were a minor component of the
resident fish communities. For instance, while stocked in the
Willamette River in 1923, it was not until 1944 that smallmouth
bass collections were reported. Subsequently, only four individ-
uals were found in a survey in 1951, and smallmouth bass was
not commonly collected during sampling by the Oregon Depart-
ment of Fish and Wildlife (ODFW) in the 1980s (LaVigne et al.,
2008). More recently, the percentage of smallmouth bass has in-
creased in many communities, and its range has likely expanded.
In the last 20 years, smallmouth bass has become a major compo-
nent of the food web for the Willamette River. Smallmouth bass
was the dominant non-native species during surveys conducted
in 1998, 1999, and 2006, and its distribution and abundance in
the Willamette River has increased substantially over time (LaV-
igne et al., 2008). Other systems also show expanding trends,
such as in the John Day Reservoir (Columbia River), where
recent electrofishing catches of smallmouth bass were higher
than surveys in 1990s (Figure 2). In the lower John Day River,
an initial stocking of only 80 individual smallmouth bass in
1971 has led to a population that supports a recreational fishery
(Shrader and Gray, 1999) and has expanded to the upper-reaches
of the basin (D. J. Lawrence and J. D. Olden, unpublished
data). This demonstrates that a small number of individuals can
establish a large population of smallmouth bass in some PNW
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Figure 2 Catch per unit effort (CPUE; fish per 900 s of continuous boat elec-
trofishing) of northern pikeminnow and smallmouth bass in John Day Reser-
voir, 1990–2009 (Oregon Department of Fish and Wildlife, unpublished data).
Data were collected for fish capable of consuming juvenile salmon: north-
ern pikeminnow ≥ 250-mm fork length and smallmouth bass ≥ 200-mm fork
length (Vigg et al., 1991; Zimmerman, 1999). Removal fisheries for northern
pikeminnow ≥ 250-mm fork length were implemented throughout the lower
Columbia River basin in 1991 (Friesen and Ward, 1999).

systems and suggests that impacts may not become apparent for
decades.

Smallmouth bass have spread and thrived in the Columbia
and Snake Rivers largely due to habitat created by human activ-
ities. Specifically, the reservoir habitat formed by dams creates
slow backwaters and warmer temperatures throughout the river,
benefiting smallmouth bass populations and disfavoring natives
(Zimmerman and Parker, 1995; Naughton et al., 2004; LaVi-
gne et al., 2008). Preferences of smallmouth bass are evident at
finer spatial scales within the habitats created by dams. Small-
mouth bass abundances are higher in forebay and mid-reservoir
areas, where the lowest flows, warmest water, and highest water
clarity occur (Zimmerman and Parker, 1995). Conditions cre-
ated by dam construction are similar to the habitats occupied
by smallmouth bass in their native region. Elsewhere, reser-
voirs facilitate expansion by providing suitable habitat and act
as stepping-stones for movement across the landscape (John-
son et al., 2008). Smallmouth bass also thrives below dams and
in undammed systems with suitable environmental conditions.
Climate change is predicted to expand the amount of suitable
habitat for smallmouth bass (Vander Zanden et al., 1999, 2004;
Sharma et al., 2009) as well as extend the warm-water periods
in impoundments, leading to more temporal overlap between
juvenile salmon and smallmouth bass (Petersen and Kitchell,
2001). Thus, the impact of smallmouth bass is expected to in-
crease in the PNW with rising temperatures (Beamesderfer and
North, 1995; Tabor et al. 2007). A full understanding of small-
mouth bass expansion also requires the consideration of other
mechanisms, such as displacement of native predators through
competition or intentional removal by humans.
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308 M. P. CAREY ET AL.

POTENTIAL IMPACTS OF SMALLMOUTH BASS ON
ENDANGERED SALMON

Predation

Smallmouth bass consumes vertebrates (primarily fish) and
invertebrates (such as crayfish) in their native range (Warren,
2009). In the PNW, smallmouth bass consumes similar prey
items. For example, native crayfish (Pacifastacus leniusculus)
and sculpin (Cottus spp.) were the primary diet items of small-
mouth bass in Lake Sammamish, Washington (Pflug and Pauley,
1984). In the John Day Reservoir, sculpin is also the primary
diet item for smallmouth bass, with crayfish increasing in impor-
tance further downstream toward the John Day Dam (Poe et al.,
1991). Smallmouth bass is a non-selective, opportunistic feeder
(Pflug and Pauley, 1984; Weidel et al., 2000; Warren, 2009). In
the PNW, this means smallmouth bass may consume juvenile
Pacific salmon when the two species overlap in time and space.
For example, in Lake Washington, predation by smallmouth
bass increases in spring (50% salmon by weight of diet items)
when juvenile sockeye salmon utilizes littoral areas occupied by
smallmouth bass during outmigration (Fayram and Sibley, 2000;
Tabor et al., 2007). No salmon were found in smallmouth bass
diets between July and September (Fayram and Sibley, 2000),
suggesting limited spatial overlap during most of the year in

Lake Washington. Not all of these studies (e.g., Lake Wash-
ington) pertain to salmon that are threatened or endangered;
however, they do provide information about overall feeding and
potential impacts on salmon from smallmouth bass.

In areas inhabited by threatened or endangered salmon,
specifically in the Columbia and Snake River basins, the percent
of smallmouth bass diets containing salmon ranges from 0 to
65% by frequency and 0 to 89% by weight (Table 2). Small-
mouth bass predation on salmon differs through time and across
regions, leading to the large range in diet composition. For ex-
ample, percent salmon in smallmouth bass diets was 12.4%
(9.8% Chinook, 2.6% unspecified salmon) below Bonneville
Dam, 14.2% (7.7% Chinook, 6.5% unspecified salmon) in lower
Columbia River reservoirs, and 25.8% (12.6% Chinook, 2.5%
steelhead; 10.7% unspecified) in the lower Snake River annu-
ally from 1990 to 1996 (Zimmerman, 1999; Table 2). Major
tributaries of the Columbia River show similar variation in the
percentage of salmon in smallmouth bass diets (Table 2). When
identified, Chinook salmon is the most frequently consumed
salmon species. At dams on the lower Snake River, salmon com-
posed a higher proportion of the fish consumed by smallmouth
bass at Lower Granite Dam than at Lower Monumental Dam or
Little Goose Dam in 2007 (Table 3). In the few locations with
standardized sampling in multiple years (Bonneville Reservoir,
The Dalles Reservoir, and John Day Reservoir), the percent of

Table 2 Summary of smallmouth bass diets reported in the range of anadromous salmon in the Columbia and Snake River basins by body of water and year

Percent of diet

Body of water Year(s) Frequencya Weighta Reference

Columbia River basin
Below Bonneville Dam 1990–96 2.6 U, 9.8 C Zimmerman (1999)
John Day Reservoir 1983–85 4 U 4.2 U Poe et al. (1991)

1983–86 1–7 U 4 U Vigg et al. 1991
Hanford Reach–McNary Reservoir 1990 65 U 59 U Tabor et al. (1993)
Bonneville, Dalles, John Day, McNary Reservoirs 1990 31.1 U Poe et al. (1994)
Bonneville, Dalles, John Day Reservoirs 1990–96 6.5 U, 7.7 C Zimmerman (1999)

Snake River basin
Lower Granite Reservoir 1994 89 U Bennett et al. (1999)

1995 56 U Bennett et al. (1999)
1996 < 1.0 C, < 1.0 S, < 1.0 U Bennett and Naughton (1999)
1997 < 1.0 C. < 1.0 S. < 1.0 U Bennett and Naughton (1999)

Ice Harbor, L. Monumental, Little Goose, L. Granite Reservoirs 1991 12.4 U Poe et al. (1994)
L. Monumental, Little Goose, L. Granite Reservoirs 1991, 1994–96 12.6 C, 2.5 S, 10.7 U Zimmerman (1999)
Snake River arm 1996 < 1.0 C, < 1.0 S, < 1.0 U Bennett and Naughton (1999)

1997 < 1.0 C, < 1.0 S, < 1.0 U Bennett and Naughton (1999)
Clearwater River arm, Snake River 1996 < 1.0 C, < 1.0 U Bennett and Naughton (1999)

1997 < 1.0 C, < 1.0 S, < 1.04 U Bennett and Naughton (1999)
Snake River—above Salmon River 1996 1.9 C Nelle (1999)

1997 < 1.0 C Nelle (1999)
Snake River—below Salmon River 1996 < 1.0 C Nelle (1999)

1997 0 Nelle (1999)
Major tributaries

John Day River 1977 0 U Shrader and Gray (1999)
1978 0 U Shrader and Gray (1999)

Willamette River 2000 < 1.0 U Summers and Daily (2001)
Yakima River 1998–2001 47 U Fritts and Pearsons (2004)

aSalmon species are indicated for each study: C—Chinook (Oncorhynchus tshawytscha), S—steelhead (Oncorhynchus mykiss), and U—unspecified.
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SMALLMOUTH BASS IN THE PACIFIC NORTHWEST 309

Table 3 Percent of fish consumed by smallmouth bass that are salmon
reported in the range of anadromous salmon in the Columbia and Snake River
basins by body of water and year

Body of water Year(s)
Percent
salmon Reference

Columbia River basin
Bonneville, Dalles, John Day 1999 17.7 Zimmerman et al. (2000)
Bonneville (below dam) 2008 34 Weaver et al. (2009)
Bonneville 1999 8.7 Zimmerman et al. (2000)

2008 19 Weaver et al. (2009)
The Dalles 2006 5.4 Takata et al. (2007)

2009 6 Weaver et al. (2009)
John Day 2006 13.6 Takata et al. (2007)

2009 17 Weaver et al. (2009)
Snake River Basin

L. Monumental, Little Goose,
L. Granite

1999 22.2 Zimmerman et al. (2000)

Lower Granite 2007 50 Weaver et al. (2008)
Ice Harbor 2007 10 Weaver et al. (2008)
Lower Monumental 2007 14 Weaver et al. (2008)
Little Goose 2007 16 Weaver et al. (2008)

fish consumed by smallmouth bass that is salmon increased in
the more recent sample (Table 3). Understanding what deter-
mines regional differences in predation rates and incorporating
temporal and spatial habitat use is necessary to predict the in-
teraction between smallmouth bass and salmon. Unfortunately,
there is a geographic and temporal bias as large efforts to mon-
itor the effects of smallmouth bass have occurred in only a few
locations and times.

The impact of smallmouth bass in some river systems is ev-
ident from consumption rates that range from 0 to 3.89 salmon
consumed per predator each day (Table 4). More salmon are
consumed by an individual smallmouth bass in the Yakima
River than in locations along the lower Columbia River (Ta-
ble 4). Relative to the mainstem and major tributaries, fewer
salmon are consumed by an individual smallmouth bass in the
Snake River basin. Similarly, Fritts and Pearsons (2004) esti-
mated that over 335,000 juvenile salmon were consumed annu-
ally (March–June) in the Yakima River, a higher annual value
relative to other locations. With few studies available across the
PNW, data suggests that between 0 and 35% of wild salmon are
consumed during outmigration by smallmouth bass (Table 4).
Again, the largest impact of smallmouth bass on the percentage
of the outmigrating salmon consumed appears in the Yakima
River relative to the lower Columbia and Snake River locations,
although the paucity of data from other locations limits the gen-
erality of this statement. Comparing between regions is tenuous
due to the low amount of data, differences in the number and
timing of outmigrating salmon, abiotic conditions, system size,
and sampling technique to name a few complications. Testing
the interaction between temperature and outmigration timing is
an important next step to understand the regional differences in
smallmouth bass predation on salmon. Overall, smallmouth bass
predation reduces juvenile salmon populations under certain
conditions, and this effect will only increase as smallmouth bass

populations continue to expand in range or number. Even low
predation rates by smallmouth bass at individual locations could
accumulate into a substantial impact over an entire salmon run.

Abiotic Conditions

Abiotic factors, such as changes in flow, water clarity, and
temperature, are capable of altering the number of salmon con-
sumed by smallmouth bass (Naughton et al., 2004). Low flow
conditions due to dams augment predation by increasing salmon
residence time, while simultaneously reducing energetic costs
for smallmouth bass (Tabor et al., 1993). Reservoirs also re-
duce water clarity, making salmon more susceptible to visual
predators. Flow and water clarity highly influence predation,
thus requiring location-specific estimates even between seem-
ingly similar near-dam and mid-reservoir habitats (Vigg et al.,
1991; Petersen, 1994). In the PNW, temperatures greater than
15◦C have been shown to increase smallmouth bass consump-
tion rates and predation on juvenile salmon (Fayram and Sibley,
2000; Tabor et al., 2007). For instance, juvenile salmon have a
thermal refuge from smallmouth bass in the pelagic zone of Lake
Washington until they pass the littoral zone during outmigration,
when and where temperatures are warmer (Tabor et al., 2007).

Salmon Size and Origin

The ratio of predator to prey size helps determine prey
susceptibility and capture success. Smallmouth bass preferen-
tially prey on smolts due to their high abundance and small
size in the Columbia and Yakima rivers (Tabor et al., 1993;
Fritts and Pearsons, 2006). In the lower Columbia River, most
individuals consumed were less than 130 mm Fork Length (FL)
(Zimmerman, 1999). Smallmouth bass also selects for salmon
weakened by bacterial kidney disease as compared to healthy
individuals (Mesa et al., 1998).

Smallmouth bass consumes salmon of both wild and hatch-
ery origin. Self-sustaining populations of wild or naturally pro-
duced salmon are the goal of conservation efforts, and the role
of hatchery-origin salmon in the recovery of salmon populations
is complex. Whether smallmouth bass consume hatchery or nat-
urally produced salmon is dependent on availability and char-
acteristics of the juvenile salmon. In Lake Sammamish (Wash-
ington), juvenile salmon from the Issaquah Hatchery dominated
smallmouth bass diets (Pflug and Pauley, 1984). By contrast, up
to 85% of salmon consumed by smallmouth bass in the main-
stem Columbia and Yakima rivers were naturally produced fish
(Tabor et al., 1993, Fritts and Pearsons, 2004). In both systems,
the naturally produced salmon consumed by smallmouth bass
were Chinook salmon, which are smaller than their hatchery
counterparts and available over a longer period than the short
pulses of hatchery released salmon. In other systems, hatchery
fish are typically considered more susceptible to predation due
to maladaptive defenses (Maynard et al., 1995; White et al.,
1995; Fritts and Pearsons, 2004).
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310 M. P. CAREY ET AL.

Table 4 Summary of smallmouth bass impacts on salmon in the Columbia and Snake River basins: estimates of the number of salmon consumed per day by
individual predators, number of salmon consumed per year by the resident smallmouth bass population, and percent of juvenile salmon run consumed are
reported for bodies of water by year

Body of water Year (s) Number per day Number per year Percent run Reference

Columbia River basin
Bonneville, The Dalles,

John Day
1995–96 1.4 U Zimmerman (1999)

1995–96 0.01 U Zimmerman (1999)
Bonneville Dam 1995–96 1.1 U Zimmerman (1999)
John Day Reservoir 1983–86 243,000 U Rieman et al. (1991)

1983–86 1 U Beamesderfer and Ward
(1994)

1995–96 0.3–0.5 U Ward and Zimmerman
(1999)

John Day Reservoir,
McNary Dam

1983–86 0.04 U Vigg et al. (1991)

Hanford Reach–McNary
Reservoir

1990 1.4 fCw(May), 1.0fCw(June) Tabor et al. (1993)

Snake River basin
Snake River 1991 0.01 U Shively et al. (1996)
Hells Canyon 1996 0–0.0277 fCh 1,139 fCh Nelle (1999)

1997 0–0.019 fCh 7,14 fCh Nelle (1999)
1996 0–0.003 fCw 1,326 fCw Nelle (1999)
1997 0 fCw Nelle (1999)

Little Goose, Lower
Granite

1995–96 0.1 U Zimmerman (1999)

Lower Granite Reservoir 1992 0.06 sC 31,512 sC 4.01 sC Curet (1993)
1994 0–0.375 U 76,584 C, 5, 892S Anglea (1997)
1995 0–0.018 U 51,937 C, 12, 083S 7 sC, < 0.02 yC, S Anglea (1997)
1996 0–0.012 U 1,200 C, 5, 528S Naughton et al. (2004)
1997 0–0.048 U 6,343 C, 4, 466S Naughton et al. (2004)

Major tributary
Yakima-Benton 1998 3.89 fC(April), 2.59fC(May) McMichael et al. (1999)
Yakima-Vangie 1998 2.80 fC(April), 1.69fC(May) McMichael et al. (1999)
Yakima 1998 27 fCw McMichael et al. (1999)

1998 335,626 U Fritts and Pearsons (2004)
1999 120,922 U 35 fCw, 2 fCh, 1 sC, sOw Fritts and Pearsons (2004)
2000 166,544 U 26 fCw, 1 fCh. 2C, sOw Fritts and Pearsons (2004)
2001 178,526 U 4 fCw, 4 fCh, 3 sC, sOw, O,

2 sC, O h
Fritts and Pearsons (2004)

Note: The following are indicated when available: run times (f—fall, s—spring), salmon species (O—coho [Oncorhynchus kisutch], C—Chinook, S—steelhead,
U—unspecified), and origin (h—hatchery, w—wild).

Community Interactions

Understanding the effect of smallmouth bass predation on the
entire PNW community of fish is necessary to understand their
impact and determine appropriate management responses. Of
primary concern is how smallmouth bass interact with other pis-
civorous species, as competitive interactions may occur among
species that also consume salmon. Northern pikeminnow (Pty-
chocheilus oregonensis) is the primary native fish predator of
juvenile salmon, and it occupies a similar niche as smallmouth
bass in the Columbia River basin. An intensive removal pro-
gram for northern pikeminnow has been operating since 1991
in areas of the Columbia River basin to reduce the number of
salmon lost to predation (Beamesderfer et al., 1996; Friesen
and Ward, 1999). Of concern is the possibility that reductions
in northern pikeminnow may increase resources available to

smallmouth bass (Beamesderfer et al., 1996). Initially, the north-
ern pikeminnow removal program did not result in increases in
smallmouth bass density (Ward and Zimmerman, 1999). More
recently, smallmouth bass and northern pikeminnow abundance
are going in opposite directions in the John Day Reservoir (Fig-
ure 2). A model of the upper Columbia River food web suggests
that smallmouth bass interacts with northern pikeminnow by
foraging on similar resources (Harvey and Kareiva, 2005). This
model predicts that a reduction in smallmouth bass will lead to
more resources and a larger population of northern pikeminnow.
Understanding the potential interactions of smallmouth bass
with native predators in the community is necessary to predict
the outcome of management actions.

In addition to smallmouth bass, other non-native preda-
tors are present throughout the PNW (Sanderson et al., 2009).
For example, walleye (Stizostedion vitreum) is a non-native
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SMALLMOUTH BASS IN THE PACIFIC NORTHWEST 311

predator of salmon and a popular sportfish of anglers in the
PNW. Walleye is a more significant predator per capita; Poe
et al. (1991) reported that walleye had a higher percentage of
salmon in their diet (14%) compared to smallmouth bass (4%)
in the John Day Reservoir. Furthermore, salmon losses to pre-
dation were higher for walleye (13% of total annual salmon
consumed) than smallmouth bass (9%) in the John Day Reser-
voir (Rieman et al., 1991). Presently, walleye is not as preva-
lent throughout the PNW as smallmouth bass. Because these
non-native species share similar resources, monitoring indirect
responses of non-target species (e.g., walleye) is necessary to
evaluate the outcome of management actions, such as changing
fishing regulations on smallmouth bass. There is also a need to
evaluate the cumulative effects of all of these predators, includ-
ing the native northern pikeminnow, on salmon smolts through
their entire outmigration. For instance, northern pikeminnow,
smallmouth bass, and walleye combined were estimated to con-
sume 7–17% of all salmon that annually migrate through the
John Day Reservoir (Petersen and Kitchell, 2001).

Competitive Effects

Smallmouth bass is foremost considered a top predator; how-
ever, an ontogenetic niche shift from insects and zooplankton
to crayfish and fish occurs as it grows (Olson and Young, 2003;
Warren, 2009). Due to the breadth of resources consumed by
smallmouth bass, there is the potential for competitive interac-
tions with many other species of fish including salmon. Other
predators that go through an ontogenetic niche shift interact
with their prey by both predation and competition, depending
on the life stage of the predator (Garvey et al., 1998; Persson
and Bronmark, 2002). Thus, in addition to interacting as preda-
tors, smallmouth bass may also compete with salmon. In the
Willamette River, diet similarities between juvenile Chinook
salmon and juvenile smallmouth bass suggested that resource
limitations could result in the potential for competition (Table 5).

Table 5 Diet comparisons by number (n) and wet weight (g) of stomach
contents for Chinook salmon and smallmouth bass < 200 mm FL in the lower
Willamette River, 2002–2003 (prey diversity is Shannon’s H (values increase
with diversity), diet evenness is Shannon’s equitability [1.0 = complete
evenness], and similarity is Schoener’s index of diet overlap [values > 0.60
indicate biologically significant overlap]); adapted from Vile et al. (2004).

Diet metric Chinook salmon Smallmouth bass

Sample size 346 48
Number of prey items 42,603 277
Preferred prey (n) Daphnia 91% Daphnia 46%
Preferred prey (g) Daphnia 43% Crayfish 62%
Prey taxa richness 41 17
Prey diversity 0.51 1.94
Diet evenness 0.12 0.64
Similarity (n) 0.54
Similarity (g) 0.23

Year
1980 1985 1990 1995 2000 2005
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Figure 3 The number (•) and prize money ( ) of tournaments for black
bass (smallmouth bass and largemouth bass) held in Washington state (Baker,
2003a,b, 2004, 2005, 2006, 2007)

OPTIONS AND IMPLICATIONS FOR SMALLMOUTH
BASS MANAGEMENT

As a non-native sportfish, smallmouth bass confound policy
considerations for state and federal agencies charged with both
the conservation of native, sensitive, or ESA-listed species and
support of freshwater angling opportunities (a situation simi-
lar to native–non-native fish management in the southwestern
United States; Rinne et al., 2004). The number of anglers and
fishing days for both bass species create a huge economic incen-
tive to devote resources to maintaining the fishery (Table 1). The
popularity of the bass fishery is evident in the increasing number
of tournaments now held in Washington each year, with nearly
$500,000 in prize money awarded annually (Figure 3). The pres-
ence of numerous official bass-angling clubs for adult and youth
anglers supports the societal importance of the bass fishery (e.g.,
The Bass Federation clubs with 12 in Idaho, 3 in Oregon, 12
in Washington; B.A.S.S. clubs with 7 in Idaho, 23 in Oregon,
in 10 Washington). Similarly, state agencies must accommo-
date wild fish protection groups (e.g. The Native Fish Society,
Wild Fish Conservancy). Preservation groups favor actions to
protect native species, whereas angling groups are primarily
interested in maintaining, if not promoting, the sport fishery.
Both groups influence public perception of smallmouth bass.
To move forward, several avenues of research are proposed to
inform management and dialogue with the recreational fishing
community is suggested and imperative (Smith, 2004).

Reducing Predation

Management strategies must be developed and tested to re-
duce the predatory impacts of smallmouth on salmon. Man-
agement options to reduce predation on ESA-listed salmon in-
clude altering dam operations and limiting smallmouth bass to
water bodies where their presence is considered less harmful.
Higher flow through reservoirs decreases temperature and water
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clarity, both of which can reduce smallmouth bass predation
(Vigg et al., 1991; Petersen, 1994; Fayram and Sibley, 2000;
Naughton et al., 2004; Tabor et al., 2007) and influence small-
mouth bass nesting success (Henderson and Foster, 1957; Lukas
and Orth, 1995; Peterson and Kwak, 1999). Managing discharge
and thermal regimes to disfavor smallmouth bass was success-
ful at the Flaming Gorge Dam on the Green River in Wyoming
(Bestgen et al., 2007). Serendipitously, conditions for reduced
predation by smallmouth bass are similar to those for more ef-
ficient outmigration of salmon smolts (Naughton et al., 2004).
Specifically, increased spill from dams facilitates outmigration
by reducing reservoir delays and duration of exposure to preda-
tors (Zimmerman and Ward, 1999). Fisheries managers will
need to develop and test management tools to allocate flow
and optimize temperature to promote native species and reduce
smallmouth bass predation. However, allocating discharge to
spill more water over the dams decreases the capacity to gen-
erate power through the turbines. Conflicts between reducing
smallmouth bass predation and producing power make altering
the distribution of water between turbines and spill a challenge
to accomplish.

Controlling Populations

Management options for controlling smallmouth bass popu-
lations through fishing regulations include liberalizing harvest to
increase bag limits for number and/or sizes of smallmouth bass,
removing any limits to angler catch, and mandatory kill policies.
Presently, the general statewide angler harvest restrictions for
black bass in Oregon and Washington specify no minimum size,
five fish per day, and no more than three fish greater than 15
inches. As an aside, managing smallmouth bass and largemouth
bass separately may be beneficial as these species have differ-
ent physiologies, morphologies, and microhabitat preferences.
Differences between species of bass likely lead to varying im-
pacts on salmon and may require unique management actions.
Liberalizing harvest is a possible means to reduce population
size (Barfoot et al., 2002); however, this management action may
not have a large effect on populations, because most smallmouth
bass anglers practice catch and release (Aday et al., 2009), and
hooking mortality is low (Clapp and Clark, 1989).

Most bass anglers are opposed to destroying individuals;
thus, extreme regulations, such as mandatory retention (John-
son et al., 2009), are not viable. Regulation changes, such as
altering size limits, have altered largemouth bass populations in
Minnesota, despite catch-and-release practices (Carlson and Is-
ermann, 2010). However, predation rates on salmon are greater
among smallmouth bass less than 250 mm (Fritts and Pearson,
2006), and bass anglers do not target these smaller individu-
als. Research is needed to explore active control measures that
will influence smallmouth bass populations in the PNW, both
by determining the effect of removing larger individuals on the
overall population and by considering management options to
target smaller fish.

To address the conflicting management challenges of small-
mouth bass, site-specific regulations are a likely first step. Dif-
ferent regulations could be applied to areas containing small-
mouth bass if sites were characterized by their potential impact
on salmon and importance to the recreational fishery. In areas
of high potential impact to salmon, regulations could try to
eliminate smallmouth bass populations. In areas that are impor-
tant to the recreational fishery but do not have a large impact
on salmon, regulations can maintain the fishery. The benefit
of limiting smallmouth bass sites for fishing is that it may
ameliorate angler concerns of destroying the fishery through-
out the PNW. The downside is the difficulty in identifying
appropriate water bodies and the potential for these areas to
provide a source population to unintended locations, thereby
establishing a new population or supplementing an unwanted
population.

Outreach to Stakeholders

Any management action requires efforts in education and en-
forcement (Jackson et al., 2004). This is certainly true for man-
agement actions in which regulations are not uniform across the
landscape. Deterrents are needed for violating regulations and
transplanting species. For example, illegal transportation and
stocking is being increasingly discouraged throughout North
America (Rahel, 2004; Johnson et al., 2009). The state of Ore-
gon recently made transplanting fish a felony. Oregon Senate
Bill 571 (2010) states “. . .releasing or attempting to release any
live fish into a body of water that was not taken from that body
of water without a permit is a Class C felony, if the violation
is committed intentionally or knowingly, or a Class A misde-
meanor, if the violation is committed recklessly or with criminal
negligence.”

Successful management actions require that the recreational
community is a major part of the resolution process. Accessing
the knowledge of recreational groups, outfitters, professional
guides, and individuals will be helpful in identifying large and
small populations of smallmouth bass and determining locations
of the principal fisheries. Engaging the recreational community
in solving the smallmouth bass conflict also provides an oppor-
tunity for education and outreach. Education on the harmful im-
pacts of smallmouth bass is imperative, as a successful dialogue
requires all constituent groups be similarly educated (Rahel,
2004). The economic incentives of the smallmouth bass fishery
must also be acknowledged in the resolution process. Like-
wise, the economic value of the recreational fishery for native
species is substantial. For example, the net economic value for
recreational fishing of steelhead (O. mykiss) in freshwater alone
was estimated to exceed $51 million in Washington in 2006
(TCW Economics, 2008). By broadening the dialogue among
constituent groups, a resolution is more likely to accommodate
the varied human interests revolving around smallmouth bass
fishery in the PNW.
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SUMMARY

Overall, there is lack of basic information on system-wide
abundances and ecology of smallmouth bass to make informed
management decisions for the recreational fishery and to deter-
mine the best strategies for preventing, controlling, or eradicat-
ing smallmouth bass impacts on salmon. Continued monitoring
of smallmouth bass is needed, as effects might not be detectable
until years after populations stabilize in an area and range expan-
sion ceases. Management actions directed at smallmouth bass
are likely to have direct, indirect, and non-linear effects that
reverberate through the food web, implying a need to shift from
a single-species to multi-species perspective for management
strategies directed at conserving native species. We recommend
that processes beyond direct predation (e.g., competition) be
considered when evaluating the effect of smallmouth bass on
native species and that changes in smallmouth bass populations
may influence other non-native species. Moreover, the measured
responses of native species should include non-consumptive ef-
fects, such as lower spawning success. For all management
options, management experiments should be begun and contin-
ued to build information and advance conservation science. The
suggested strategy would be to test management options in key
areas of overlap between smallmouth bass and salmon. Lessons
explored for smallmouth bass can be applied to other sportfish
entangled in similar management conflicts.
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