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Abstract 

In this review, we (i) describe smallmouth bass (Micropterus dolomieu Lacepède, 1802) invasions past, present, and future; (ii) summarize 
the impact that this species can have on native communities; and (iii) describe and discuss various options for control. M. dolomieu are 
invasive throughout much of the United States, southern portions of Canada, and in countries in Europe, Asia, and Africa. Historically, this 
species spread via stocking programs intended to improve sport fisheries. Currently, their spread is facilitated by anglers and global climate 
change. Models predict that M. dolomieu will continue to spread with consequences for native prey fish, sport fish, and food webs through 
predation, competition, and hybridization. Effective control methods are necessary to mitigate these impacts. Options for M. dolomieu 
control include biological control, chemical control, environmental manipulation, and physical removal. However, our review of the 
literature suggests that only a handful of the possible control options have been explored (usually in isolation and with limited success), and 
that there is a clear need for focused research and informed management. For example, our elasticity analysis of published M. dolomieu 
matrix population models suggests that M. dolomieu control will be most effective when it targets eggs, larvae, and juveniles. We 
recommend targeting these life stages by using nest failure as part of an adaptive and integrated pest management approaches that 
incorporate existing and emerging technologies. However, we also emphasize that M. dolomieu control, where necessary and possible, is 
more likely to take the form of suppression rather than permanent eradication. Therefore, we also recommend efforts to prevent M. dolomieu 
(re)introduction. 
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Introduction 

The smallmouth bass (Micropterus dolomieu 
Lacepède, 1802) is a cool-warm water centrarchid 
(Brown et al. 2009; Shuter et al. 1980, 1989) and 
a popular sport fish among anglers. M. dolomieu 
are littoral predators, generally consuming small 
prey fish and crayfish (Vander Zanden et al. 1999). 
During the spring, male M. dolomieu build and 
guard nests in the shallows of lakes and streams 
(Ridgway et al. 1991). M. dolomieu are native to 
freshwater systems in 23 states in the east-
central United States (Rahel 2000; Fuller and 
Cannister 2011) and the southern portions of two 
Canadian provinces (Scott and Crossman 1973).   

Outside of its native range, M. dolomieu is an 
invasive species for which there is currently no 

effective means of control. M. dolomieu are 
invasive across much of the United States, southern 
portions of Canada, and in 9 other countries 
throughout the world (Fuller and Cannister 2011; 
Lyons 2011; Iguchi et al. 2004a). As with many 
invasive fishes, the spread of M. dolomieu beyond 
its native range has been facilitated by intentional 
and accidental stocking and climate-mediated 
habitat expansion (Jackson 2002; Rahel and Olden 
2008). Invasive M. dolomieu reduce native small-
bodied fish abundance and diversity through 
predation, outcompete other piscivorous game fish, 
and indirectly change planktonic and benthic 
communities (Jackson 2002). To date, most attempts 
to control invasive M. dolomieu have either 
produced undesirable results (e.g., Zipkin et al. 
2008) or proven prohibitively labor-intensive 
(e.g., Tyus and Saunders 2000). 
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Here, we review the literature on invasive 
M. dolomieu and consider various options for 
control or eradication. Where M. dolomieu litera-
ture is lacking, we draw from the literature on 
invasive largemouth bass (Micropterus salmoides 
Lacepède, 1802), a sister species with a similar 
life history. First, we summarize the history of 
M. dolomieu invasions and review research that 
predicts M. dolomieu spread with climate change. 
We then summarize the impacts that invasive M. 
dolomieu have on native species and food webs. 
Finally, we outline various options for controlling or 
eradicating invasive species and describe their 
relevance to M. dolomieu in light of life history 
and previous control attempts. 

Smallmouth bass invasions: Past, present, and 
future 

Movement of M. dolomieu beyond their native 
range began primarily through intentional 
stocking by fisheries managers during the 19th 
century. The prevailing attitude in fisheries and 
wildlife management during this period was that 
nature should be controlled and improved upon. 
Additionally, recreational fishing was just 
beginning to come into its own during this era.  
Books aimed at outdoorsmen promoted bass 
fishing (e.g. Henshall 1889 and 1903) which was 
becoming a popular sport. Consequently, 
managers believed that introducing M. dolomieu 
would prove beneficial. The building enthusiasm 
for bass fishing led to a wealth of research on 
bass spawning and rearing (Bower 1897; Cushman 
1917; Lydell 1902; Ripple 1908) allowing hatcheries 
to produce M. dolomieu for stocking throughout 
North America. For example, M. dolomieu were 
introduced to California in 1874 to improve sport 
fisheries (Moyle 1976). Similarly, from 1868 to 
1881 the Maine Commissioners of Fisheries not 
only authorized M. dolomieu introductions in 51 
water bodies, but also encouraged indiscriminate 
introduction by the public (Warner 2005). In the 
early 20th century, managers introduced M. 
dolomieu into lakes in Ontario, Alberta and 
Manitoba, and even into a national park in 
Saskatchewan (Rawson 1945). Unfortunately, 
fisheries managers in the 19th and early 20th 
century knew little about both the importance of 
native fishes and the threats that non-native 
fishes such as M. dolomieu could pose to 
biodiversity. Indeed, non-native fishes were often 
introduced to control certain “undesirable” native 
species and enrich biodiversity (Hey 1926; Moyle 

1976). Some jurisdictions even enacted laws to 
protect these non-natives (Cambray 2003; Hey 
1926). Enthusiasm for non-native stocking was 
eventually tempered by changing attitudes and a 
better understanding of the impacts of non-native 
fishes. Stocking non-native fish to provide angling 
opportunities lost momentum after a final surge 
in the 1950s (Crossman 1991) and by the 1980s 
most authorized introductions were into systems 
that had already been invaded (e.g. Rahel 2004; 
Carey et al. 2011). 

Intentional and unintentional introductions by 
anglers have been and continue to be major drivers 
behind the spread of M. dolomieu (Jackson 
2002). Unintentional introductions of non-native 
fishes commonly result from bait bucket 
transfers (Litvak and Madrak 1993). The most 
comprehensive analysis to date (Drake 2011) 
suggests that bait bucket transfers in Ontario are 
responsible for as many as 20 introduction events 
of M. dolomieu per system per year into waterbodies 
outside of their current range. Intentional 
introductions occur because M. dolomieu are a 
popular sport fish. Bass are responsible for 
millions of angler fishing days per year in the 
Pacific Northwest (Carey et al. 2011), and 77.8% 
of competitive fishing events in North America’s 
inland waters (Schramm et al. 1991). Both casual 
and competitive angling are important sources of 
revenue and development for many communities 
(Chen et al. 2003). Bass fishing has such a positive 
image that the negative effects of bass introduction 
usually go ignored. As early as the late 19th 
century, citizens recognized that introduced M. 
dolomieu alter fish assemblages (Warner 2005), 
but the general public has remained apathetic 
towards the spread of M. dolomieu (Jackson 
2002). Anglers continue to intentionally introduce 
M. dolomieu to create more fishing opportunities 
for bass, without knowing or acknowledging the 
potential impacts.  

Recently, the spread and establishment of 
M. dolomieu has also been facilitated by global 
climate change. The establishment of M. dolomieu 
is dependent on temperature because their range 
is limited by the severity of overwintering stress 
in coldwater lakes (Shuter et al. 1980; Shuter et 
al. 1989; Jackson et al. 2001). Suitable habitat 
for M. dolomieu is expanding because of warming 
of lakes and streams attributed to global climate 
change. Climate change can also facilitate the 
spread of M. dolomieu to uninvaded systems 
through flooding associated with an increase in 
extreme weather events (Rahel and Olden 2008).  
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Figure 1. The invasion status of smallmouth bass worldwide. Data are from Table 1, where “introduced” has been interpreted to mean that 
an invasive population has established. See Fuller and Cannister 2011 and Brown et al. 2009 for details on native and invasive ranges within 
the United States and Canada, respectively. 

 
 
 
Flooding has contributed to the spread of at least 
two other species: bighead carp (Hypophthal-
michthys nobilis Richardson, 1845) and silver 
carp (Hypophthalmichthys molitrix Valencienne, 
1844) (Kolar et al. 2005). M. dolomieu are now 
spreading northward into Canada, where they 
pose a serious threat to native species (Dextrase 
and Mandrak 2006). At current temperatures, 6% 
of Ontario lakes are predicted to be at high risk 
for M. dolomieu introduction, establishment, and 
subsequent impacts on native fauna (Vander 
Zanden et al. 2004); with climate change this 
number could increase to 20% by the year 2100 
(Sharma et al. 2009b). A conservative estimate is 
that at least 50% of Canada will become thermally 
suitable M. dolomieu habitat, including some 
arctic locations (Sharma et al. 2007). Combining 
these predicted changes in habitat suitability with 
predictions of where introductions will occur 
suggests that Manitoba and Ontario are the 
provinces at greatest risk for M. dolomieu invasion 
(Chu et al. 2005). Similar increases in thermal 
habitat are expected at northern latitudes throughout 
the world. For example, although cold temperatures 
prevented the establishment of M. dolomieu 
introduced to Sweden in the 1960s (Curry-
Lindahl 1966, Kullander et al. 2012), they may be 
able to establish there under a warmer climate. 

As a result of introductions and habitat expansion, 
M. dolomieu are currently invasive throughout 

much of the United States, southern portions of 
Canada, Mexico, and 8 countries on three other 
continents (Figure 1, Table 1). Forty-two states 
(including Hawaii) and most Canadian provinces 
bordering the United States have M. dolomieu in 
areas where they are considered non-native (Fuller 
and Cannister 2011; Lyons 2011). M. dolomieu 
have also established viable populations in Europe, 
Africa, and most notably in Japan where habitat 
suitability models suggest that most waterbodies 
in the country are at risk of M. dolomieu 
invasion (Iguchi et al. 2004b). 

Impacts of invasive smallmouth bass 

Invasive M. dolomieu can disrupt the native 
ecology of the systems to which they have been 
introduced. Bass are voracious predators that can 
decrease the abundance of, change the habitat 
used by, and even extirpate small prey fish such 
as brook stickleback (Culaea inconstans Kirtland, 
1840), fathead minnow (Pimephales promelas 
Rafinesque, 1820), pearl dace (Margariscus marga- 
rita Cope, 1867), finescale dace (Phoxinus 
neogaeus Cope, 1867) and northern redbelly 
dace (Phoxinus eos Cope, 1861) (MacRae and 
Jackson 2001; Trumpickas et al. 2011). In 
streams, prey fish alter their behavior to avoid 
invasive M. dolomieu by moving from pools to 
riffles and areas with more structural  complexity 
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Table 1. Known smallmouth bass introductions by country. Data compiled from sources listed as well as FishBase and the FAO Fisheries 
and Aquaculture Department. Table does not include Belize because this record is believed to be in error (Peter Esselman, pers. comm.). 
 

Country Status 
Year 
introduced 

Introduced from (country) 
Method of 
introduction 

Sources 

Austria introduced unknown unknown unknown Welcomme 1988 
Belgium introduced 1873 USA angling/sport Welcomme 1988 
Canada native and 

introduced 
unknown USA, Canada angling/sport Scott and Crossman 

1973 
Czech Republic introduced 1889 unknown unknown Hanel 2003 
Denmark not established 1958 Canada unknown Ostergaard pers. 

comm. 
Fiji not established 1962 unknown angling/sport Andrews 1985 
Finland not established 1893-1963 Sweden, Germany, Canada, 

Sweden, Germany, Canada 
angling/sport, 
aquaculture 

FAO 1997 

France not established unknown North America unknown Allardi and Keith 1991 
Germany not established 1880 USA angling/sport Welcomme 1988 
Guam not established 1962 unknown unknown Welcomme 1988 
Japan introduced unknown unknown unknown Masuda et al. 1984 
Mauritius introduced unknown unknown unknown Fricke 1999 
Mexico introduced 1975 USA aquaculture Welcomme 1988 
Netherlands not established 1984 USA unknown Welcomme 1988 
Norway not established 1887-1895 Germany fill ecological niche Welcomme 1988 
Slovakia introduced unknown unknown unknown Welcomme 1988 
South Africa introduced 1937 USA angling/sport Welcomme 1988 
Swaziland not established 1938 South Africa angling/sport Welcomme 1988 
Sweden not established 1890 USA, Germany angling/sport Welcomme 1988 
Tanzania introduced unknown unknown unknown Fermon 1997 
United Kingdom not established 1878-1890 USA angling/sport Welcomme 1988 
United States native and 

introduced 
unknown USA angling/sport Page and Burr 1991 

Vietnam introduced unknown South Africa unknown Kuronuma 1961 
Zimbabwe not established 1942 South Africa angling/sport Welcomme 1988 

 
 
 
 
(Schlosser 1987). Shifting habitat use from pools 
to shallower areas could expose these fish to 
predation from terrestrial predators and result in 
higher energy expenditures during foraging. 
Invasive M. dolomieu pose a serious predatory 
threat to small native fish in the Yampa River, 
Colorado, a regional hotspot of native fish 
diversity (Johnson et al. 2008). The rate of piscivory 
by M. dolomieu is estimated to be ten times that 
of two other invasive piscivores in this system. 
In New Mexico, predation by invasive M. dolomieu 
is depleting populations of the threatened bigscale 
logperch (Percina macrolepida Stevenson, 1971) 
(Archdeacon and Davenport 2010). The spread of 
M. dolomieu into Ontario alone is expected to 
extirpate more than 25,000 cyprinid populations 
(Jackson and Mandrak 2002). The loss of such 
species can lead to both a loss of diversity within 
invaded waters and a homogenization of fish 
fauna among invaded waters (MacRae and 
Jackson 2001; Jackson 2002). 

Invasive M. dolomieu can also impact top 
predators, many of which are also prized sport 
fish. These impacts occur primarily through 
competition for prey and predation on juveniles. 
Salmon and trout are particularly sensitive to 
M. dolomieu invasion (Sharma et al. 2009a). 
Stable isotope studies suggest that M. dolomieu 
predation alters food webs by forcing piscivorous 
lake trout (Salvelinus namaycush Walbaum in 
Artedi, 1792) to prey on zooplankton, a low-
quality food source (Vander Zanden et al. 1999; 
Morbey et al. 2007). However, the presence of 
pelagic prey fish can buffer S. namaycush from 
the effects of competition with M. dolomieu by 
providing an alternative high - quality food 
source (Vander Zanden et al. 2004). In the event 
of a shift to sub-optimal prey, S. namaycush 
growth and reproduction could be limited. For 
example, in the 1960s M. dolomieu were introduced 
into Utah’s Flaming Gorge Reservoir to control 
the native Utah chub (Gila atraria Girard, 1856), 
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Table 2. Invasive fish control methods, examples of their use for smallmouth bass control, the bass life stage they target, and their pros and 
cons. This table draws from and builds upon a review by Halfyard (2010). For “Target”, 1=eggs, 2=fry, 3=juveniles, 4=adults. 
 

Method Description Example(s) Target Pros Cons 

Biological 
control 
(pathogens) 

Introduction of a 
parasite or disease 
that targets bass 

Davis (1937,1942)*, 
McCormick and 
Stokes (1982)*, 
Grizzle et al. 2003* 

1-4 inexpensive 
(application), not labor-
intensive, effective in all 
waterbodies and habitats 

expensive (development), 
unconventional, controversial, 
risk to non-target species, 
resistance 

Biological 
control 
(predators) 

Introduction of 
organisms that prey 
on young bass 

Iguchi and Yodo 
(2004)* 

1,2 inexpensive, not labor-
intensive, effective in all 
waterbodies and habitats 

controversial, unexpected 
ecological effects 

Biological 
control 
(sterilization) 

Limit reproductive 
success (e.g. sterile 
males) 

Dey et al. (2010)* 1,4 species-specific, 
effective in all 
waterbodies and habitats 

expensive, labor-intensive, 
unconventional 

Chemical Use of piscicides to 
kill bass 

Smith (1941),  Ward 
(2005) 

1-4 not labor-intensive, 
effective in all 
waterbodies and habitats 

unconventional, controversial, 
expensive, affects non-target 
species, destructive 

Environment
al 
manipulation 
(water level) 

Complete or partial 
dewatering to affect 
survival/reproductio
n 

Kleinschmidt (2008), 
Mukai et al. 2011*, 
Kitazima and Mori 
2011* 

1-4 effective, inexpensive, 
not labor-intensive 

affects non-target species, 
controversial, limited 
applicability 

Environment
al 
manipulation 
(winterkill) 

Encouragement of a 
low-oxygen 
environment that 
cannot support bass 

Smale and Rabeni 
1995*, Verrill and 
Berry 1995*, Shroyer 
2007* 

3,4 effective, inexpensive, 
not labor-intensive 

unconventional, affects non-
target species, limited 
applicability 

Removal 
(angling) 

Use of angling to 
remove bass 

Boucher (2006) 3,4 conventional, 
uncontroversial, species- 
and size-selective, 
applicable to all depths 

labor-intensive, inefficient, 
impractical in large waterbodies 

Removal 
(electrofishing) 

Use of electrofishing 
gear to remove bass 

Rinne (2001), Weidel 
et al. (2007), Boucher 
(2006, 2005), 
Burdick (2008), 
Hawkins et al. (2008) 

3, 4 conventional, 
uncontroversial, 
effecitve in small 
waterbodies 

labor-intensive, inefficient, 
affects non-target species, 
ineffective in deep/complex 
habitat or large waterbodies, 
overcompensation 

Removal 
(explosives) 

Use of explosives to 
kill bass 

Munther (1970)*, 
Metzger and 
Shafland 1986* 

2-4 cheap and effective in 
small waterbodies and in 
all habitats 

unconventional, controversial, 
affects non-target species, 
destructive, dangerous, 
ineffective in large waterbodies 

Removal 
(netting) 

Use of nets and traps 
to remove bass 

Boucher (2006), 
Gomez and 
Wilkinson (2008) 

3,4 conventional, 
uncontroversial, species- 
and size-selective, 
applicable to all depths 

labor-intensive, ineffective, 
affects non-target species 

 
*Study contains proof of concept of the applicability of the control method to smallmouth bass, but does not attempt smallmouth bass 
control. 
 

 

 
which was competing with salmonid sport fish 
(Teuscher and Luecke 1996). However, decades 
after introduction, competition with M. dolomieu 
for food appears to be inhibiting the growth of 
young S. namaycush in the reservoir (Yule and 
Luecke 1993). In Canada, climate change models 
predict that by 2100, 11% of S. namaycush popu-
lations will be negatively impacted by competition 
with M. dolomieu (Sharma et al. 2009b).  

Invasive M. dolomieu also impact sport fish 
by preying directly on juveniles. For example, 
predation by M. dolomieu is putting some 
threatened and endangered species of Pacific 
salmon (Oncorhynchus spp. Suckley, 1861) at 

greater risk of extinction (Reiman et al. 1991; 
Carey et al. 2011). In the Pacific Northwest, 
invasive M. dolomieu consume an average of 
about 20% of outmigrating juvenile salmon in 
streams; in some cases that figure can approach 
40% (Sanderson et al. 2009). M. dolomieu also 
consume young walleye (Sander vitreus Mitchill, 
1818) (Liao et al. 2004), but the extent to which 
this predation affects S. vitreus populations is 
unclear. On one hand, the native range of S. 
vitreus includes the native range of M. dolomieu 
and these species appear capable of coexisting in 
both native (e.g., Johnson and Hale 1977; 
Kempinger and Carline 1977) and non-native 
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(Galster et al. 2012) M. dolomieu lakes. On the 
other hand, population abundances can be inversely 
related, likely due to multiple factors including 
predation (Fayram et al. 2005; Johnson and Hale 
1977) and preferences for different conditions (Ins-
kip and Magnuson 1983; Robillard and Fox 2006).  

Invasive M. dolomieu can also hybridize with 
native bass. Hybridization can result in genetic 
introgression and the displacement, decline or 
extirpation of native species. M. dolomieu are 
known to hybridize with M. salmoides, spotted 
bass (Micropterus punctulatus Rafinesque, 
1819), and Guadalupe bass (Micropterus treculii 
Vaillant and Bocourt, 1874) (Whitmore 1983; 
Whitmore and Hellier 1988). Hybridization with 
M. treculii is of particular concern because this 
species is endemic to the Edwards Plateau of 
south central Texas (Edwards 1980). 

Fish are not the only taxa affected by invasive 
M. dolomieu; mammals, birds, amphibians, reptiles, 
and invertebrates can be impacted as well. M. 
dolomieu will consume almost any prey small 
enough to ingest including crayfish, rats, mice, 
young waterfowl, frogs, snakes, and salamanders 
(Sanderson et al. 2009). Frog species can be 
impacted by predation from M. dolomieu, although 
the severity could depend on the presence of 
other invasive species and the life stage of the 
frog (Kiesecker and Blaustein 1998). Any organism 
that depends on the prey of M. dolomieu can also 
be impacted. In an extreme case, competition 
with invasive M. dolomieu and M. salmoides for 
food contributed to the extinction of an endemic 
Guatemalan waterbird, the Atitlán grebe 
(Podilymbus gigas Griscom, 1929) (Hunter 
1988). In ponds invaded by M. salmoides, the 
loss of prey fish and crayfish populations can 
lead to a reduction in top-down control of 
benthic invertebrates and macrophytes (Maezono 
and Miyashita 2003; Maezono et al. 2005). 

Controlling invasive smallmouth bass 

M. dolomieu control is essential for mitigating, 
minimizing and perhaps even eliminating the 
impacts of M. dolomieu on native species and 
food webs. However, there has been little 
documented work on M. dolomieu control to date, 
and many potential control options remain untested. 
Here we describe and discuss various control 
options as they relate to M. dolomieu. This 
section draws from and builds upon a recent 
review by Halfyard (2010). We summarize 
control options in Table 2. 

Removal 
 
Removal refers to the physical capture and 
removal of fish from a system, typically via 
electrofishing, netting, explosives, or angling. 
These methods are labor-intensive and rarely 
result in successful control. However, in certain 
systems they may be an effective component of an 
integrated management plan. 
 
Electrofishing 
 
Electrofishing is a common, uncontroversial 
removal method in fisheries management that 
has been applied to invasive M. dolomieu with 
limited success. Electrofishing programs in small 
reaches of the Colorado and Yampa Rivers 
decreased M. dolomieu abundance, but only 
temporarily due to immigration (Burdick 2008; 
Hawkins et al. 2008). Other attempts to control 
invasive M. dolomieu via electrofishing have 
ultimately failed because of increased recruitment 
following treatment (Boucher 2005 and 2006; 
Weidel et al. 2007; Hawkins et al. 2008).  In one 
striking example, the mass removal of 47,474 
M. dolomieu over a 6-year period from an 
Adirondack lake in New York initially reduced 
M. dolomieu abundance by 90%, but ultimately 
resulted in increased abundance (Weidel et al. 
2007; Zipkin et al. 2008). This unexpected increase 
was attributed to decreased intraspecific competition 
that led to accelerated maturation of juveniles 
and, ultimately, improved recruitment (Ridgway 
et al. 2002; Zipkin et al. 2008). This phenomenon is 
known as the hydra effect or overcompensation 
(Abrams 2009; Strevens and Bonsall 2011; Zipkin et 
al. 2008). Because electrofishing gear tends to 
remove more adults than juveniles (Moore et al. 
1986; Kulp and Moore 2000; Earle and Lajeunesse 
2007), this method can lead to overcompensation. 
Therefore, a control plan that involves electrofishing 
should include one or more methods that reduce 
the abundance of young M. dolomieu. Electro-
fishing is only likely to be effective in shallow, 
isolated streams and ponds absent of complex 
habitat. This method is labor-intensive, inefficient, 
non-species-specific, and requires repeated, long-
term application. 
 
Netting 
 
Netting is another common fisheries management 
tool but is generally ineffective at controlling 
invasive M. dolomieu. For example, a springtime 



Invasive smallmouth bass review 

197 

attempt to net invasive M. dolomieu in a 70 ha 
pond captured only 7 individuals in 2,103 trap 
net hours (0.003 fish/hour), as compared to 200 
M. dolomieu captured in 8.62 hours of electrofishing 
effort (23.2 fish/hour; Boucher 2006). In another 
attempt, less than 1% of the 3083 fish captured 
in gill nets were M. dolomieu (Gomez and 
Wilkinson 2008). These results might reflect the 
relative abundance of M. dolomieu in the system, 
the low vulnerability of centrarchids to passive 
netting (Hayes et al. 1996), or seasonal variation 
in catchability (i.e., M. dolomieu are most trappable 
in mid-summer, Wright 2000). In general, nets are 
much less effective at catching M. dolomieu than 
electrofishing (Bacula et al. 2011 and references 
therein). Therefore, although netting is a familiar, 
available, and uncontroversial control option that 
can be both size- and species-selective and 
deployed at most depths, the inability of nets to 
catch large numbers of M. dolomieu, even when 
effort is high, is a significant shortcoming that 
precludes the use of nets for control, even in 
combination with other methods. However, netting 
may be the only option in systems that are not 
conducive to electrofishing. For example, invasive 
young-of-the-year M. dolomieu in Lake Opeongo, 
a low-conductivity lake in Algonquin Park, 
Canada, are routinely (and effectively) sampled 
using minnow traps (e.g. Dunlop et al. 2005a, 
2005b).  
 

 
Explosives 
 
Explosives have been proposed for invasive fish 
control (Lee 2001). Although there are no known 
applications to M. dolomieu control, the use of 
detonation cord to sample M. dolomieu in deep 
reaches of the Middle Snake River, Idaho 
(Munther 1970) suggests that at least some degree 
of removal is possible. Detonation cord tends to 
kill most fish within 9 meters of the blast 
(Metzger and Shafland 1986). In general, 
explosives are effective at killing adult and 
larval fish with swim bladders, but not fish eggs 
(Baxter II et al. 1982; Metzger and Shafland 1986; 
Bayley and Austen 1988; Keevin et al. 2002; Settle 
et al. 2002; Faulkner et al. 2008).  

Explosives are an effective and relatively 
cheap method for killing fish in almost any 
habitat, but there are a number of issues that are 
likely to limit their use in M. dolomieu control. 
Explosives are difficult to obtain, highly 
controversial, and dangerous to both human and 
environmental health. They are not selective for 

fish species, and can destroy habitat and leave 
behind toxic chemical residues (Hayes et al. 1996; 
Lotufo and Lydy 2005). Explosives may also be 
inappropriate for large waterbodies because of 
scale. Several authors recommend explosives 
only when there are no other options for sampling 
or control (e.g., Bayley and Austen 1988; Hayes 
et al. 1996). 
 
 
Angling 
 
Removal by angling is another control option 
that is unlikely to be effective. In the only 
documented attempt, anglers removed M. dolomieu 
from a 70 ha pond in Maine at a rate of 0.31 
fish/hour as compared to 23.2 fish/hour for 
electrofishing (Boucher 2006). The author did 
not believe that angling was an appropriate 
control measure for that system. In another 
program, nearly 300 angler hours over two years 
resulted in the removal of just 150 M. dolomieu 
(Gomez and Wilkinson 2008). Even though angling 
for M. dolomieu control has not been successful, 
increased fishing pressure either from liberalized 
regulations or intensive effort has been advocated 
for the control of other invasive fishes (Wydoski 
and Wiley 1999; Beamesderfer et al. 1996; Moore et 
al. 2005). Because angling is an inefficient removal 
method, it is probably most effective in small 
systems and/or when fishing pressure is high. 
 

 
Options for enhancing removal 
 
The efficacy of a particular removal method can 
be enhanced through techniques that improve 
catchability. Here we describe two such techniques: 
pheromone-baited traps and “Judas fish”. 
Pheromone-baited traps use species-specific 
chemical attractants to improve trap efficiency 
(Sorensen and Stacey 2004). Although we are 
unaware of examples involving M. dolomieu, 
these traps have been used successfully for other 
invasive fish such as sea lamprey (Petromyzon 
marinus Linnaeus, 1758) and common carp 
(Cyprinus carpio Linnaeus, 1758) (Wagner et al. 
2006; Sorensen and Stacey 2004). Therefore, we 
recommend exploring pheromone traps as an option 
for M. dolomieu control. Another technique that 
can improve catchability is the addition of 
“Judas fish” to the system (Bajer et al. 2011). 
The Judas technique was first developed in 
Hawaii, where it was used to locate non-native 
feral goats (Taylor and Katahira 1988). A Judas 
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fish is a conspecific that has been implanted with 
a radio tag and then tracked to an aggregation of 
fish. These fish can then be more effectively 
targeted for removal. The Judas fish technique 
should be evaluated for its potential to locate 
aggregations of M. dolomieu (e.g., during spawning 
or winter shoaling), particularly in large systems. 
 

 

Chemical 
 

The addition of chemical piscicides to a system 
is perhaps the most common method of fish 
control (Wydoski and Wiley 1999; Meronek et 
al. 1996). Piscicides such as rotenone and 
antimycin-A are effective at killing a large 
proportion of fish in the system with minimal 
effort (Lennon et al. 1971, Baker et al. 2008).  
Both rotenone and a newly-developed piscicide, 
Supaverm®, can effectively kill invasive M. 
dolomieu (Smith 1941; Ward 2005). Rotenone 
eliminated M. dolomieu from Potter’s Lake, New 
Brunswick (46 ha), and Supaverm® holds 
promise as a more selective option that tends to 
spare native minnows. Overall, and given 
adequate funding, chemical control can be a 
quick and effective option for M. dolomieu 
control in many systems. However, most 
piscicides are lethal to all fish in the system 
(Finlayson 2001; Dawson and Kolar 2003) and 
can also affect amphibians, aquatic invertebrates, 
and zooplankton (Smith 1940; Brown and Ball 
1943; Morrison 1979; Finlayson et al. 2000; 
Arnekleiv et al. 2001; Ling 2001; Dinger and 
Marks 2007). Additionally, stakeholders may be 
opposed to this option on ethical grounds or due 
to its non-target effects and high cost. Managers 
should also be aware that piscicides are not 
always 100% effective at extirpating invasive 
fishes. Chemical eradication is, on average, only 
35% effective 10 years after treatment (Wydoski 
and Wiley 1999). For chemical treatment to be 
effective, managers must acknowledge and 
manage for public opposition, non-target effects, 
and the potential need for additional control 
measures. 
 
 
Biological control 
 

Biological control (biocontrol) refers to the 
introduction or enhancement of an invasive 
species’ predators or pathogens, or the sterilization 
of the invasive species. Although these methods 
tend to be controversial and are largely untested 

for M. dolomieu, there is evidence to suggest that 
they can be effective. To this end, we encourage 
research into the efficacy of biocontrol methods 
as they apply to invasive M. dolomieu. 
 
 
Predation 
 

Predation is the most common and effective 
method of biological control, through either the 
introduction of new predators or the enhancement of 
existing ones (Wydoski and Wiley 1999). This 
type of control would be most effective for small 
non-game fish or young sport fish (e.g., 
M. dolomieu eggs, fry, and juveniles) given their 
vulnerability to predation. The impact of this 
kind of biocontrol on M. dolomieu may be 
limited by the tendency of nesting males to 
aggressively guard eggs and larvae from 
predators during the spawning season (Ridgway 
et al. 1991). However, nest guarding may not be 
a limiting factor in all cases. For example, native 
Japanese dace (Tribolodon hakonensis Günther, 
1877) are extremely effective nest predators, 
consuming on average 92.4% of invasive 
M. dolomieu eggs, even while males guard their 
nests (Iguchi and Yodo 2004). In this case and 
others, removing the guarding male would 
enhance nest predation. Nest predators such as 
crayfish, yellow perch (Perca flavescens Mitchill, 
1814), sunfish (Lepomis spp. Rafinesque, 1819), 
and the introduced round goby (Neogobius 
melanostomus Pallas, 1814) can consume an entire 
nest of unprotected eggs in as little as 17 minutes 
(Kieffer et al. 1995; Steinhart et al. 2004).  

Although invasive species are unlikely to be 
appropriate predators to introduce for biocontrol, 
management plans that enhance native predators 
or introduce otherwise benign predators could be 
useful. Once an appropriate predator is identified, 
this type of control is usually inexpensive, 
requires minimal effort,  and  can  be effective in 
a variety of habitats. Predatory biocontrol is 
nonetheless risky and controversial (Hoddle 
2004). Before introducing a predator species  (or 
enhancing natural predators), it is important to 
consider the vulnerability of the target species, 
the potential for non-target effects, and the 
likelihood that introduced predators will survive, 
establish, and spread (Wydoski and Wiley 1999). 
Managers should carefully weigh the pros and 
cons of this untested method and researchers 
should consider its study, as it appears to be a 
promising option for M. dolomieu control. 
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Pathogens and parasites 
 

The introduction or enhancement of novel or 
existing pathogens or parasites is another biocontrol 
option for invasive fish. We find one promising 
example in Australia, where research is underway to 
use koi herpes virus to control common carp 
(McColl et al. 2007). Although we are unaware 
of attempts to use pathogens or parasites to 
control invasive M. dolomieu, there are at least 
two M. dolomieu-specific parasites that hold 
promise. The first parasite is a protozoan that 
attaches itself to M. dolomieu gills and can cause 
mortality (Davis 1937, 1942). The second parasite is 
a tapeworm (Proteocephalus ambloplitis Leidy) 
that limits M. dolomieu fecundity by preferentially 
infesting its oocytes (McCormick and Stokes 
1982). With proper testing and development, 
these parasites could be used as biocontrol 
agents for invasive M. dolomieu. Similarly, the 
pathogen known as the largemouth bass virus 
(Family Iridoviridae; genus unknown) causes a 
disease that is specific to M. salmoides (Grizzle 
et al. 2003) but could potentially be genetically 
engineered to target M. dolomieu. Testing and 
developing M. dolomieu-specific pathogens and 
parasites is likely to be both expensive and time-
consuming. Once developed, however, these 
agents could be used simply and cheaply in 
almost any system. Nonetheless, development 
and application should be undertaken with 
caution to avoid effects on non-target species, 
the development of resistance, and public 
controversy (Wydoski and Wiley 1999).  
 

 

 
Sterilization 
 

Sterilization is a form of biocontrol that involves 
the release of sterile conspecifics or the 
alteration of individual physiology to limit 
reproductive success. Sterilization is not 
currently available as a control technique for 
invasive M. dolomieu, but the idea merits further 
research. One promising option is to use 
pheromones to effectively sterilize M. dolomieu 
by altering their behavior. Treatment with 
pheromones can reduce a male bass’s ability to 
guard his nest, causing increased nest failure 
(Dey et al. 2010). Another option is the release 
of sterile males, which has been used 
successfully for sea lamprey (Twohey et al. 
2003). Recombinant gene therapy could be used 
to develop sterile M. dolomieu, but this 

technology is largely untested (Thresher 2008). 
Other sterilization techniques such as irradiation 
and chemically-induced sterilization should be 
researched for M. dolomieu. Sterilization is 
species-specific and applicable to all types of 
habitats, but it can be expensive to develop, 
controversial, and labor-intensive to implement.  
 
 
 

Environmental manipulation 
 

Environmental manipulation seeks to control 
invasive fishes via changes to their physical 
environment. Here we focus on manipulation of 
water levels and dissolved oxygen concentration. 
 

 
 

Water level manipulation 
 

Draining, or dewatering, a system is considered 
to be the most effective way to guarantee 
complete removal of fish (Finlayson et al. 2002; 
Ling 2001; McClay 2000). However, this approach 
affects non-target species and organisms and is 
impractical in many places due to logistics or 
public opposition. Partial dewatering may be a 
more feasible option, especially in managed 
reservoirs, rivers, and streams in which it is easy 
to manipulate water levels. Partial dewatering 
can cause behavioral changes in M. dolomieu and 
increase predation on juveniles (Rogers and 
Bergersen 1995; Heman et al. 1969). Because 
M. dolomieu spawn in shallow water (Ridgway 
et al. 1991), partial dewatering can also be used 
to limit the availability of spawning habitat or 
kill incubating eggs. The only example of water 
level manipulation specifically targeted at 
controlling invasive M. dolomieu induced discharge 
pulses in a stream during the spawning season 
(Kleinschmidt 2008). These pulses evacuated all 
fry from 43% of the study nests and removed 
some of the fry from another 21%. While the 
author believes that this reduction in M. dolomieu 
young could improve trout habitat, the long-term 
impacts of this treatment have not been 
determined as of 2013. Water level management 
is probably an inexpensive and effective option 
for M. dolomieu control in certain systems. 
However, this method cannot be applied every-
where, has the potential for non-target effects, 
and could be controversial given conflicting water 
uses (agriculture, industry, residential, recreational, 
hydroelectric power, navigation, etc.). 
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Figure 2. Elasticities of the annual survival probability (si) and fertility (fi) at age i for four smallmouth bass matrix population models. 
 
 
 

 
Dissolved oxygen concentration 
 

It may be possible to control M. dolomieu by 
reducing the wintertime concentration of 
dissolved oxygen (DO) below the lethal threshold 
of ~1.2 mg/L (Smale and Rabeni 1995). One can 
induce lethal concentrations of DO in winter 
(producing a winterkill event) by partially drawing 
down water or causing disturbances (e.g., artificial 
mixing of the water column) that stir up anoxic 
water and sediments containing oxygen-consuming 
bacteria (Verrill and Berry 1995; Shroyer 2007). 
Winterkill has been used successfully for other 
invasive fishes (Verrill and Berry 1995; Shroyer 
2007), but not for M. dolomieu. The applicability 
of this option is likely limited to shallow, 
eutrophic lakes and ponds, where it could be 
effective and inexpensive. However, inducing low 
DO is likely to kill non-target organisms and 
could be controversial. 

 
Targeting specific life stages 
 

Directed research is a necessary first step in the 
development of M. dolomieu control methods 
that are both efficient and effective (Buhle et al. 
2005; Eiswerth and Johnson 2002). First and 
foremost, research should help to focus management 

effort by identifying those aspects of the 
M. dolomieu life cycle that contribute most to 
population growth rate. To this end, we conducted 
an elasticity analysis of four published matrix 
population models of M. dolomieu from lakes 
and rivers in Canada and the United States 
(Peterson and Kwak 1999; Van Winkle et al. 
2001; Rose 2005; Marcinkevage-Miller 2007). 
Elasticity is a measure of the sensitivity of 
population growth rate to systematic and 
proportional changes to age-specific parameters 
for survival and fertility. Our results suggest that 
population growth rate is most sensitive to 
survival in the first 1–4 years of life (Figure 2). 
Therefore, from a biological perspective, targeting 
M. dolomieu eggs, larvae, and juveniles is the 
most efficient approach to controlling invasive 
M. dolomieu. Additionally, targeting these early 
life stages alone or in concert with management 
of adult M. dolomieu could potentially prevent 
overcompensation. 

Options for targeting M. dolomieu eggs and 
larvae outnumber options for targeting M. dolomieu 
juveniles, and would be far more effective due to 
the relatively narrow habitat requirements for 
nesting and incubation. Whereas juveniles can be 
removed via electrofishing, angling, and perhaps 
minnow traps, options for targeting eggs and 
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larvae include the physical removal of eggs from 
nests, the chemical treatment of nests, nest 
predator management, sterilization, explosives 
(larvae only), water level management during 
nest guarding, and the removal of nest-guarding 
males.  Although angling is itself an inefficient 
removal method (Boucher 2006; Gomez and 
Wilkinson 2008), angling may be an effective 
means of inducing nest failure. Generally, the 
aggression of nest-guarding males makes them 
easy to angle during spawning season (Ridgway 
et al. 1991). Both field and modeling studies 
involving M. dolomieu suggest that even short 
handling times during catch-and-release angling 
can increase the risk of nest predation (Ridgway 
and Shuter 1997; Suski et al. 2003; Steinhart et 
al. 2005), and that released bass can be too 
exhausted to adequately defend their nests 
(Kieffer et al. 1995; Hinch and Collins 1991; 
Hanson et al. 2008). 

Conclusion 

Human introductions and global climate change 
are facilitating the spread of M. dolomieu beyond 
their native range in Canada and the United 
States, and into other countries around the world. 
Invasive M. dolomieu can impact native food webs 
through predation, competition, and hybridization, 
and can even extirpate native fishes. These 
impacts are well documented and fairly well 
understood, but our ability to control invasive M. 
dolomieu is severely limited. Although numerous 
options for M. dolomieu control exist, few have 
been tested or developed and even fewer have 
been successful. 

To improve M. dolomieu control, we recommend 
integrated pest management plans that include 
several nest failure strategies, perhaps in combi-
nation with other options (e.g., adult removal). For 
example, using catch-and-keep angling to remove 
nest-guarding males while simultaneously enhancing 
native nest predators is probably more effective at 
inducing nest failure than either of these options 
alone. Additionally, because a small subset of 
spawning males (~5%) can produce over half of a 
population’s young of year (Gross and Kapuscinski 
1997), we recommend using genetic techniques 
to identify and subsequently target the most 
productive males. We also recommend research 
to develop control methods that are not yet available 
for M. dolomieu (e.g., pathogens, parasites, 
pheromone traps). Of course, the combination of 
control options to use in an invaded system also 
depends on environmental constraints (e.g., lentic 

vs. lotic, depth, structural complexity, substrate 
type, ecology), logistic constraints (e.g., budget, 
timeline, available infrastructure/equipment), and 
social factors (e.g., acceptability, political climate). 
M. dolomieu control may be unnecessary or 
impossible in some systems. For those systems in 
which control is an option, it is important to 
learn from previous attempts (M. dolomieu or 
other species) and practice adaptive management 
(Pine et al. 2009; Zipkin et al. 2009). 

It is also important to maintain realistic 
expectations: M. dolomieu extirpation is unlikely 
except for in small and/or isolated systems, and 
M. dolomieu suppression will require multiple 
applications, probably in perpetuity (even rotenone 
can be <100% effective; Wydoski and Wiley 1999). 
For these reasons, in addition to sound research 
and management, we stress the importance of 
preventing M. dolomieu (re)introductions, for 
example through bait regulations and public 
awareness campaigns. Creative, comprehensive 
solutions need to be developed and implemented 
to minimize further spread of invasive M. dolomieu 
and mitigate their impacts on native ecosystems. 

Acknowledgements 

This work was funded by the National Science Foundation’s 
Integrated Graduate Education and Research Traineeship (NSF-
IGERT) program and the Conservation Biology graduate program 
of the University of Minnesota. We thank Ray Newman, Bruce 
Vondracek, Brian Shuter, Kyle Chezik, Justine Koch, and two 
anonymous reviewers for helpful comments on earlier versions of 
this manuscript. We also thank Jason Papenfuss for assistance 
with ArcGIS, Nick Phelps for insight on fish pathogens, and 
Fernanda Cabrini Araujo for her help searching the literature. 

References 

Abrams PA (2009) When does greater mortality increase 
population size? The long history and diverse mechanisms 
underlying the hydra effect. Ecology Letters 12(5): 462–474, 
http://dx.doi.org/10.1111/j.1461-0248.2009.01282.x 

Allardi J, Keith P (1991) Atlas préliminaire des poissons d'eau 
douce de France. Coll. Patrimoines Naturels vol. 4 
Secrétariat Faune Flore, Muséum national d'Histoire 
naturelle, Paris, 234 pp 

Andrews S (1985) Aquatic species introduced to Fiji. Domodomo 
3(2): 67–82 

Archdeacon TP, Davenport SR (2010) Predation by age-0 
smallmouth bass (Micropterus dolomieu) on bigscale 
logperch (Percina macrolepida) in the Pecos River, New 
Mexico. Southwestern Naturalist 55(1): 120–122, 
http://dx.doi.org/10.1894/GG-40.1 

Arnekleiv JV, Dolmen D, Ronning L (2001) Effects of rotenone 
treatment on mayfly drift and standing stocks in two 
Norwegian rivers. In: Dominguez E (ed), Trends in Research 
in Ephemeroptera and Plecoptera. Kluwer Academic/ Plenum 
Publishers, pp 77–88, http://dx.doi.org/10.1007/978-1-4615-
1257-8_11 



G.L. Loppnow et al. 

202 

Bacula TD, Blackwell BG, Willis DW (2011) Smallmouth bass 
seasonal dynamics in northeastern South Dakota glacial 
lakes. Journal of Freshwater Ecology 26(3): 345–356, 
http://dx.doi.org/10.1080/02705060.2011.559744 

Bajer PG, Chizinski CJ, Sorensen PW (2011) Using the Judas 
technique to locate and remove wintertime aggregations of 
invasive common carp. Fisheries Management and Ecology 
18(6):497–505, http://dx.doi.org/10.1111/j.1365-2400.2011.00805.x 

Baker G, Darby N, Williams T, Wullschleger J (2008) Bonneville 
cutthroat trout restoration project—Great Basin National 
Park. Natural Resource Report NPS/NRPC/NRR–2008/055, 
US National Park Service, Fort Collins, Colorado 

Baxter II L, Hays EE, Hampson GR, Backus RH (1982) Mortality 
of fish subjected to explosive shock as applied to oil well 
severance on Georges Bank. Woods Hole Oceanographic 
Institute. Technical report No. WHOI-82-54, 73 pp 

Bayley PB, Austen DJ (1988) Comparison of detonating cord and 
rotenone for sampling fish in warmwater impoundments. 
North American Journal of Fisheries Management 8: 310–
316, http://dx.doi.org/10.1577/1548-8675(1988)008<0310:CODCAR 
>2.3.CO;2 

Beamesderfer RC, Ward DL, Nigro AA (1996) Evaluation of the 
biological basis for a predator control program on northern 
squawfish (Ptychocheilus oregonensis) in the Columbia and 
Snake rivers. Canadian Journal of Fisheries and Aquatic 
Sciences 53: 2898–2908, http://dx.doi.org/10.1139/f96-225 

Borden WC, Krebs RA (2009) Phylogeography and postglacial 
dispersal of smallmouth bass (Micropterus dolomieu) into 
the Great Lakes. Canadian Journal of Fisheries and Aquatic 
Sciences 66: 2142–2156, http://dx.doi.org/10.1139/F09-155 

Boucher DP (2005) Rapid River and Pond in the River Fisher 
Investigations. Report. Maine Department of Inland Fisheries 
and Wildlife. Fishery Progress Report Series No. 05-1, 49 pp 

Boucher DP (2006) A report on fish barrier needs and feasibility 
conducted on certain waters in the upper Androscoggin River 
drainage. Maine Department of Inland Fisheries and Wildlife, 
Rangeley Lakes Region. Unpublished report, 6 pp 

Bower S (1897) The propagation of small mouth black bass. 
Transactions of the American Fisheries Society 25: 127–136 
http://dx.doi.org/10.1577/1548-8659(1896)26[127:TPOSMB] 
2.0.CO;2,  

Brown CJD, Ball RC (1943) An experiment on the use of derris 
root (rotenone) on the fish and fish-food organisms of Third 
Sister Lake. Transactions of the American Fisheries Society 
72: 267–284, http://dx.doi.org/10.1577/1548-8659(1942)72 
[267:AEITUO]2.0.CO;2 

Brown TG, Runciman B, Pollard S, Grant ADA, Bradford MJ 
(2009) Biological synopsis of smallmouth bass (Micropterus 
dolomieu). Canadian Manuscript Report of Fisheries and 
Aquatic Sciences 2887: v + 50 pp 

Buhle ER, Margolis M, Ruesink JL (2005) Bang for buck: Cost-
effective control of invasive species with different life 
histories. Ecological Economics 52(3): 355–366, 
http://dx.doi.org/10.1016/j.ecolecon.2004.07.018 

Burdick BD (2008) Removal of smallmouth bass and four other 
centrarchid fishes from the Upper Colorado and Lower 
Gunnison Rivers: 2004–2006. United States Fish and 
Wildlife Service: Upper Colorado River endangered fish 
recovery program. Project No. 126, 61 pp 

Cambray JA (2003) Impact on indigenous species biodiversity 
caused by the globalisation of alien recreational freshwater 
fisheries. Hydrobiologia 500(1–3):217–230, http://dx.doi.org/ 
10.1023/A:1024648719995 

Carey MP, Sanderson BL, Friesen TA, Barnas KA, Olden JD 
(2011) Smallmouth bass in the Pacific Northwest: A threat to 
native species; a benefit for anglers. Reviews in Fisheries 
Science 19(3): 305–315, http://dx.doi.org/10.1080/10641262. 
2011.598584 

Chen RJ, Hunt KM, Ditton RB (2003) Estimating the economic 
impacts of a trophy largemouth bass fishery: Issues and 
applications. North American Journal of Fisheries Mana-
gement 23(3): 835–844, http://dx.doi.org/10.1577/M02-014 

Chu C, Mandrak NE, Minns CK (2005) Potential impacts of 
climate change on the distributions of several common and 
rare freshwater fishes in Canada. Diversity and Distributions 
11(4): 299–310, http://dx.doi.org/10.1111/j.1366-9516.2005.00153.x 

Crossman EJ (1991) Introduced freshwater fishes: A review of the 
North American perspective with emphasis on Canada. 
Canadian Journal of Fisheries and Aquatic Sciences 48(S1): 
46–57, http://dx.doi.org/10.1139/f91-303 

Curry-Lindahl K (1966) Fiskarna i färg, 6th edn. Almqvist & 
Wiksell/Gerbers Förlag AB, Stockholm, Sweden, 242 pp 

Cushman OP (1917) Propagation of small-mouth black bass. 
Transactions of the American Fisheries Society 46(2): 113–
116, http://dx.doi.org/10.1577/1548-8659(1916)46[113:POSBB]2.0.CO;2 

Davis HS (1937) A gill disease of the smallmouth blackbass. The 
Progressive Fish-Culturist 4(27): 7–11, http://dx.doi.org/10. 
1577/1548-8640(1937)427[7:AGDOTS]2.0.CO;2 

Davis HS (1942) A suctorian parasite of the smallmouth black 
bass, with remarks on other suctorian parasites of fishes. 
Transactions of the American Microscopical Society 61(4): 
309–327, http://dx.doi.org/10.2307/3222897 

Dawson VK, Kolar CS (eds) (2003) Integrated management 
techniques to control nonnative fishes. U.S. Geological 
Survey, Upper Midwest Environmental Sciences Center, La 
Crosse, Wisconsin, 146 pp, Appendixes A–F 

Dextrase A, Mandrak N (2006) Impacts of alien invasive species 
on freshwater fauna at risk in Canada. Biological Invasions 
8(1): 13–24, http://dx.doi.org/10.1007/s10530-005-0232-2 

Dey CJ, O’Connor CM, Gilmour KM, Van Der Kraak G, Cooke 
SJ (2010) Behavioral and physiological responses of a wild 
teleost fish to cortisol and androgen manipulation during 
parental care. Hormones and Behavior 58: 599–605, 
http://dx.doi.org/10.1016/j.yhbeh.2010.06.016 

Dinger EC, Marks JC (2007) Effects of high levels of antimycin 
A on aquatic invertebrates in a warmwater Arizona stream. 
North American Journal of Fisheries Management 27: 1243–
1256, http://dx.doi.org/10.1577/M06-099.1 

Drake DAR (2011) Quantifying the likelihood of hman-mediated 
movements of species and pathogens: the baitfish pathway in 
Ontario as a model system. PhD Thesis, University of 
Toronto, Toronto, ON 

Dunlop ES, Orendorff JA, Shuter BJ, Rodd FH, Ridgway MS 
(2005a) Diet and divergence of introduced smallmouth bass 
(Micropterus dolomieu) populations. Canadian Journal of 
Fisheries and Aquatic Sciences 62(8): 1720–1732, 
http://dx.doi.org/10.1139/f05-089 

Dunlop ES, Shuter BJ, Ridgway MS (2005b) Isolating the 
influence of growth rate on maturation patterns in the 
smallmouth bass (Micropterus dolomieu). Canadian Journal 
of Fisheries and Aquatic Sciences 62(4): 844–853, 
http://dx.doi.org/10.1139/f05-045 

Earle JE, Lajeunesse BL (2007) Evaluation of a brook trout 
removal project to establish westslope cutthroat trout in 
Canmore Creek, Alberta. In Proceedings of Wild Trout IX 
symposium: Sustaining wild trout in a changing world, pp 9–
12 

Edwards RJ (1980) The ecology and geographic variation of the 
Guadalupe bass, Micropterus treculi. PhD Thesis, University 
of Texas, Austin, TX 

Eiswerth ME, Johnson WS (2002) Managing nonindigenous 
invasive species: Insights from dynamic analysis. 
Environmental and Resource Economics 23(3): 319–342, 
http://dx.doi.org/10.1023/A:1021275607224 

FAO (1997) FAO Database on Introduced Aquatic Species, FAO, 
Rome 



Invasive smallmouth bass review 

203 

Faulkner SG, Welz M, Tonn WM, Schmitt DR (2008) Effects of 
simulated blasting on mortality of rainbow trout eggs. 
Transactions of the American Fisheries Society 137: 1–12, 
http://dx.doi.org/10.1577/T07-035.1 

Fayram AH, Hansen MJ, Ehlinger TJ (2005) Interactions between 
walleyes and four fish species with implications for walleye 
stocking. North American Journal of Fisheries Management 
25: 1321–1330, http://dx.doi.org/10.1577/M04-203.1 

Fermon Y (1997) Les Haplochromis spp. (Teleostei, Cichlidae) 
des zones rocheuses du Mwanza Gulf, lac Victoria, Tanzanie: 
Structure des communautes et écomorphologie. Thèse 
présentée pour l'obtention du Diplôme de Doctorat du 
Muséum National d'Histoire naturelle. Thèses et Documents 
Microfichés No. 157. ORSTOM, Paris 

Finlayson BJ, Schnick RA, Cailteux RL, Demong L, Horton WD, 
McClay W, Thompson CW, Tichacek GJ (2000) Rotenone 
use in fisheries management: Administrative and technical 
guidelines manual. American Fisheries Society. Bethesda, 
Maryland 

Finlayson BJ (2001) Introduction. In: Cailteux RL, Demong L, 
Finlayson BJ, Horton W, McClay W, Schnick RA, 
Thompson C (eds), Rotenone in fisheries: Are the rewards 
worth the risk? American Fisheries Society, Bethesda, 
Maryland, pp 1–3 

Finlayson BJ, Schnick RA, Cailteux RL, Demong L, Horton WD, 
McClay W, Thompson CW (2002) Assessment of Antimycin 
A use in fisheries and its potential for reregistration. 
Fisheries 27: 10–18, http://dx.doi.org/10.1577/1548-8446(2002)02 
7<0010:AOAAUI>2.0.CO;2 

Fricke R (1999) Fishes of the Mascarene Islands (Réunion, 
Mauritius, Rodriguez): An annotated checklist, with 
descriptions of new species. In: Theses Zoologicae, Volume 
31. Koeltz Scientific Books, Koenigstein, 759 pp 

Fuller P, Cannister M (2011) Micropterus dolomieu. USGS 
Nonindigenous Aquatic Species Database, Gainesville, FL 
Available from: http://nas.er.usgs.gov/queries/factsheet.aspx? 
SpeciesID=396  

Galster BJ, Wuellner MR, Graeb BD (2012) Walleye Sander 
vitreus and smallmouth bass Micropterus dolomieu 
interactions: An historic stable-isotope analysis approach. 
Journal of Fish Biology 81(1): 135–147, http://dx.doi.org/ 
10.1111/j.1095-8649.2012.03318.x 

Gomez L, Wilkinson T (2008) A preliminary assessment of 
smallmouth bass in the beaver creek system. British 
Columbia Ministry of Environment, Cariboo Region 

Grizzle JM, Altinok I, Noyes AD (2003) PCR method for 
detection of largemouth bass virus. Diseases of Aquatic 
Organisms 54: 29–33, http://dx.doi.org/10.3354/dao054029 

Gross ML, Kapuscinski AR (1997) Reproductive success of 
smallmouth bass estimated and evaluated from family-
specific DNA fingerprints. Ecology 78(5): 1424–1430, 
http://dx.doi.org/10.1890/0012-9658(1997)078[1424:RSOSBE]2.0.CO;2 

Halfyard EA (2010) A review of options for the containment, 
control and eradication of illegally introduced smallmouth 
bass (Micropterus dolomieu). Canadian Technical Report of 
Fisheries and Aquatic Sciences 2865, vi + 71 pp 

Hanel L (2003) The ichthyofauna of the Czech Republic: 
Development and present state. Matthias Belivs University 
Proceedings 3(1): 41–71 

Hanson KC, Gravel M, Redpath T, Cooke SJ, Siepker MJ (2008) 
Latitudinal variation in physiological and behavioral 
responses of nest-guarding smallmouth bass to common 
recreational angling practices. Transactions of the American 
Fisheries Society 137(5): 1558–1566, http://dx.doi.org/10. 
1577/T07-228.1 

Hawkins J, Walford C, Hill A (2008) Smallmouth bass control in 
the middle Yampa River, 2003–2007. United States Fish and 
Wildlife Service: Colorado State University, Fort Collins, 
Colorado to Upper Colorado River Endangered Fish 

Recovery Program. Final report, Larval Fish Laboratory 
Contribution 154, Denver, Colorado 

Hayes DB, Ferreri CP, Taylor WW (1996) Active fish capture 
methods. In: Murphy R, Willis DW (eds), Fisheries 
Techniques, 2nd edition. American Fisheries Society, 
Bethesda, Maryland, pp 193–220 

Heman ML, Campbell RS, Redmond LC (1969) Manipulation of 
fish populations through reservoir drawdown. Transactions of 
the American Fisheries Society 98: 293–304, http://dx.doi.org/ 
10.1577/1548-8659(1969)98[293:MOFPTR]2.0.CO;2 

Henshall JA (1889) Book of the black bass. The Robert Clarke 
Company, Cincinnati, USA, 463 pp 

Henshall JA (1903) Bass, pike, perch and others. The Macmillan 
Company, New York, USA, 410 pp 

Hey S (1926) Preliminary Report on the Inland Waters of South 
Africa with Regard to the Suitability for the Introduction of 
Edible Fish. Department of Mines and Industries, Cape 
Town, South Africa, 140 pp 

Hinch SG, Collins NC (1991) Importance of diurnal and 
nocturnal nest defense in the energy budget of male 
smallmouth bass: Insights from direct video observations. 
Transactions of the American Fisheries Society 120(5): 657–
663, http://dx.doi.org/10.1577/1548-8659(1991)120<0657:IOD 
ANN>2.3.CO;2 

Hoddle MS (2004) Restoring balance: Using exotic species to 
control invasive exotic species. Conservation Biology 18: 
38–49, http://dx.doi.org/10.1111/j.1523-1739.2004.00249.x 

Hunter LA (1988) Status of the endemic Atitlán grebe of 
Guatemala: Is it extinct? Condor 90(4): 906–912, 
http://dx.doi.org/10.2307/1368847 

Iguchi KI, Yodo T, Matsubara N (2004a) Spawning and brood 
defense of smallmouth bass under the process of invasion 
into a novel habitat. Environmental Biology of Fishes 70(3): 
219–225, http://dx.doi.org/10.1023/B:EBFI.0000033337.44116.e8 

Iguchi KI, Matsubara N, McNyset KM, Peterson AT, Scachetti-
Pereira R, Powers KA, Vieglais DA, Wiley EO, Yodo T 
(2004b) Predicting invasions of North American basses in 
Japan using native range data and a genetic algorithm. 
Transactions of the American Fisheries Society 133(4): 845–
854, http://dx.doi.org/10.1577/T03-172.1 

Iguchi KI, Yodo T (2004) Impact of indigenous egg eaters on the 
early survival of exotic smallmouth bass. Ecological 
Research 19(5): 469–474, http://dx.doi.org/10.1111/j.1440-1703. 
2004.00660.x 

Inskip PD, Magnuson JG (1983) Changes in fish populations over 
an 80-year period: Big Pine Lake, Wisconsin. Transactions 
of the American Fisheries Society 112: 378–389, http://dx.doi. 
org/10.1577/1548-8659(1983)112<378:CIFPOA>2.0.CO;2 

Jackson DA, Peres-Neto P, Olden JD (2001) What controls who 
is where in freshwater fish communities — The roles of 
biotic, abiotic, and spatial factors. Canadian Journal of 
Fisheries and Aquatic Sciences 58(1): 157–170 

Jackson DA (2002) Ecological effects of Micropterus 
introductions: The dark side of black bass. American 
Fisheries Society Symposium 31: 221–232 

Jackson DA, Mandrak NE (2002) Changing fish biodiversity: 
Predicting the loss of cyprinid biodiversity due to global 
climate change. American Fisheries Society Symposium 32: 
89–98  

Johnson BM, Martinez PJ, Hawkins JA, Bestgen KR (2008) 
Ranking predatory threats by nonnative fishes in the Yampa 
River, Colorado, via bioenergetics modeling. North American 
Journal of Fisheries Management 28(6): 1941–1953, 
http://dx.doi.org/10.1577/M07-199.1 

Johnson FH, Hale JG (1977) Interrelations between walleye 
(Stizostedion vitreum vitreum) and smallmouth bass 
(Micropterus dolomieui) in four northeastern Minnesota 
lakes, 1948-69. Journal of the Fisheries Research Board of 
Canada 34: 1626–1632, http://dx.doi.org/10.1139/f77-227 



G.L. Loppnow et al. 

204 

Keevin TM, Hempen GL, Davinroy RD, Rapp RJ (2002) The use 
of high explosives to conduct a fisheries survey at a bendway 
weir field on the middle Mississippi River. In: Proceedings of 
the Annual General Meeting of the International Society of 
Explosives Engineers, pp 380–391 

Kempinger JJ, Carline RF (1977) Dynamics of the walleye 
(Stizostedion vitreum vitreum) population in Escanaba 
Lake, Wisconsin, 1955-72. Journal of the Fisheries Research 
Board of Canada 34: 1800–1811, http://dx.doi.org/10.1139/f77-246 

Kieffer JD, Kubacki MR, Phelan FJS, Philipp DP, Tufts BL 
(1995) Effects of catch-and-release angling on nesting male 
smallmouth bass. Transactions of the American Fisheries 
Society 124(1): 70–76, http://dx.doi.org/10.1577/1548-8659(1995) 
124<0070:EOCARA>2.3.CO;2 

Kiesecker JM, Blaustein AR (2008) Effects of introduced 
bullfrogs and smallmouth bass on microhabitat use, growth, 
and survival of native red–legged frogs (Rana aurora). 
Conservation Biology 12(4): 776–787, http://dx.doi.org/10.11 
11/j.1523-1739.1998.97125.x 

Kitazima J, Mori S (2011) Re-introduction and re-enforcement of 
oily bitterling in conjunction with local communities in 
Northern Mie, Japan. In: Soorae PS (ed), Global re-
introduction perspectives: 2011. More case studies from 
around the globe. IUCN/SSC Re-introduction Specialist 
Group and Environment Agency-Abu Dhabi, Gland, 
Switzerland and Abu Dhabi, UAE: pp 65–70 

Kleinschmidt Energy and Water Resource Consultants (2008) 
Smallmouth bass / brook trout habitat manipulation studies in 
Rapid River TWP C and Upton, Oxford County, Maine - 
2007 progress report. Submitted to Rapid River Coalition, 
Maine Department of Inland Fisheries and Wildlife and Trout 
Unlimited, 39 pp 

Kolar CS, Chapman DC, Courtenay WR, Housel CM, Williams 
JD, Jennings DP (2005) Asian carps of the genus 
Hypophthalmichthys (Pisces, Cyprinidae) – A biological 
synopsis and environmental risk assessment. Report to the 
U.S. Fish and Wildlife Service, 183 pp  

Kullander SO, Nyman L, Jilg K, Delling B (2012) 
Nationalnyckeln till Sveriges flora och fauna. Strålfeniga 
fiskar. Actinopterygii. ArtDatabanken, SLU, Uppsala, 517 pp 

Kulp MA, Moore SE (2000) Multiple electrofishing removals for 
eliminating rainbow trout in a small southern Appalachian 
stream. North American Journal of Fisheries Management 
20: 259–266, http://dx.doi.org/10.1577/1548-8675(2000)020<0259: 
MERFER>2.0.CO;2 

Kuronuma K (1961) A check list of fishes of Vietnam. Division 
of Agriculture and Natural Resources, United States 
Operations Mission to Vietnam. United States Consultants, 
Inc.; International Cooperation Administration Contract-IV-
153, 66 pp 

Lee DP (2001) Northern Pike Control in Lake Davis, California. 
In: Cailteux RL, Demong L, Finlayson BJ, Horton W, 
McClay W, Schnick RA, Thompson C (eds), Rotenone in 
fisheries: Are the rewards worth the risk? American Fisheries 
Society, Bethesda, Maryland, pp 55–62 

Lennon RE, Hunn JB, Schnick RA, Burress RM (1971) 
Reclamation of lakes, ponds and streams with fish toxicants: 
A review. Food and Agriculture Organization of the United 
Nations (FAO). Fisheries Technical Paper No. 100, 99 pp 

Liao H, Pierce CL, Larscheid JG (2004) Consumption dynamics 
of the adult piscivorous fish community in Spirit Lake, Iowa. 
North American Journal of Fisheries Management 24: 890–
902, http://dx.doi.org/10.1577/M02-178.1 

Ling N (2001) Rotenone: a review of its toxicity and use for 
fisheries management. New Zealand Department of 
Conservation. Science for Conservation, Report No. 211, 
Wellington, New Zealand, 39 pp 

Litvak MK, Mandrak NE (1993) Ecology of freshwater baitfish 
use in Canada and the United States. Fisheries 18(12): 6–13, 
http://dx.doi.org/10.1577/1548-8446(1993)018<0006:EOFBUI>2.0.CO;2 

Lotufo GR, Lydy MJ (2005) Comparative toxicokinetics of 
explosive compounds in sheepshead minnows. Archives of 
Environmental Contamination and Toxicology 49: 206–214, 
http://dx.doi.org/10.1007/s00244-004-0197-7 

Lydell D (1902) The habits and culture of the black bass. 
Transactions of the American Fisheries Society 31(1): 45–73, 
http://dx.doi.org/10.1577/1548-8659(1902)32[45:THACOT]2.0.CO;2 

Lyons J (2011) Smallmouth bass, Micropterus dolomieu.  Fishes 
of Wisconsin E-book. Wisconsin Department of Natural 
Resources, Madison, and U.S. Geological Survey, Middleton, 
WI. http://www.fow-ebook.us (Accessed 21 February 2012) 

MacRae PSD, Jackson DA (2001) The influence of smallmouth 
bass (Micropterus dolomieu) predation and habitat 
complexity on the structure of littoral zone fish assemblages. 
Canadian Journal of Fisheries and Aquatic Sciences 58(2): 
342–351 

Maezono Y, Miyashita T (2003) Community-level impacts 
induced by introduced largemouth bass and bluegill in farm 
ponds in Japan. Biological Conservation 109(1): 111–121, 
http://dx.doi.org/10.1016/S0006-3207(02)00144-1 

Maezono Y, Kobayashi R, Kusahara M, Miyashita T (2005) 
Direct and indirect effects of exotic bass and bluegill on 
exotic and native organisms in farm ponds. Ecological 
Applications 15: 638–650, http://dx.doi.org/10.1890/02-5386 

Marcinkevage Miller AC (2007) An individual-based model of 
fish habitat selection for network-scale watershed assessment. 
ProQuest Information and Learning Company, Ann Arbor, 
MI 

Masuda H, Amaoka K, Araga C, Uyeno T, Yoshino T (1984) The 
fishes of the Japanese Archipelago, Volume 1. Tokai 
University Press, Tokyo, Japan, 437 pp 

McClay W (2000) Rotenone use in North America (1988-1997). 
Fisheries 5: 5–21 

McColl KA, Sunarto A, Williams LM, Crane MSJ (2007) Koi 
herpes virus: Dreaded pathogen or white knight? Aquaculture 
Health International 9: 4–6 

McCormick JH, Stokes GN (1982) Intraovarian invasion of 
smallmouth bass oocytes by Proteocephalus ambloplitis 
(Cestoda). Journal of Parasitology 68(5): 975–976, 
http://dx.doi.org/10.2307/3281024 

Meronek TG, Bouchard PM, Buckner ER, Burri TM, Demmerly 
KK, Hatleli DC, Klumb RA, Schmidt SH, Coble DW (1996) 
A review of fish control projects. North American Journal of 
Fisheries Management 16: 63–74, http://dx.doi.org/10.1577/ 

1548-8675(1996)016<0063:AROFCP>2.3.CO;2 
Metzger RJ, Shafland PL (1986) Use of detonating cord for 

sampling fish. North American Journal of Fisheries 
Management 6(1): 113–118, http://dx.doi.org/10.1577/1548-

8659(1986)6<113:UODCFS>2.0.CO;2 
Moore SE, Larson GL, Ridley B (1986) Population control of 

exotic rainbow in streams of a natural area park. 
Environmental Management 10: 215–219, http://dx.doi.org/ 

10.1007/BF01867359 
Moore SE, Kulp MA, Hammonds J, Rosenlund B (2005) 

Restoration of Sams Creek and an assessment of brook trout 
restoration methods – Great Smoky Mountains National Park. 
US National Park Service. Technical Report NPS/NRWRD/ 
NRTR-2005/342 

Morbey YE, Vascotto K, Shuter BJ (2007) Dynamics of piscivory 
by lake trout following a smallmouth bass invasion: A 
historical reconstruction. Transactions of the American 
Fisheries Society 136(2): 477–483, http://dx.doi.org/10.1577/ 
T06-070.1 



Invasive smallmouth bass review 

205 

Morrison BRS (1979) An investigation into the effects of the 
piscicide antimycin A on the fish and invertebrates of a 
Scottish stream. Fisheries Management 10: 111–122 

Moyle PB (1976) Fish introductions in California: History and 
impact on native fishes. Biological Conservation 9: 101–118, 
http://dx.doi.org/10.1016/0006-3207(76)90043-4 

Mukai T, Tsukahara K, Miwa Y (2011) The re-introduction of the 
Ushimotsugo minnow in Gifu Prefecture, Japan. In: Soorae 
PS (ed), Global re-introduction perspectives: 2011. More case 
studies from around the globe. IUCN/SSC Re-introduction 
Specialist Group and Environment Agency-Abu Dhabi, 
Gland, Switzerland and Abu Dhabi, UAE, pp 54–58 

Munther GL (1970) Movement and distribution of smallmouth 
bass in the Middle Snake River. Transactions of the 
American Fisheries Society 99(1): 44–53, http://dx.doi.org/ 
10.1577/15488659(1970)99<44:MADOSB>2.0.CO;2 

Page LM, Burr BM (1991) A field guide to freshwater fishes of 
North America north of Mexico. Houghton Mifflin Company, 
Boston, MA, 432 pp 

Peterson JT, Kwak TJ (1999) Modeling the effects of land use 
and climate change on riverine smallmouth bass. Ecological 
Applications 9(4): 1391–1404, http://dx.doi.org/10.1890/1051-
0761(1999)009[1391:MTEOLU]2.0.CO;2 

Pine WE, Martell SJD, Walters CJ, Kitchell JF (2009) 
Counterintuitive responses of fish populations to 
management actions: Some common causes and implications 
for predictions based on ecosystem modeling. Fisheries 
34(4): 165–180, http://dx.doi.org/10.1577/1548-8446-34.4.165 

Rahel FJ (2000) Homogenization of fish faunas across the United 
States. Science 288: 854–856, http://dx.doi.org/10.1126/science. 
288.5467.854 

Rahel FJ (2004) Unauthorized fish introductions: Fisheries 
management of the people, for the people, or by the people? 
American Fisheries Society Symposium 44: 431–433 

Rahel FJ, Olden JD (2008) Assessing the effects of climate 
change on aquatic invasive species. Conservation Biology 22: 
521–533, http://dx.doi.org/10.1111/j.1523-1739.2008.00950.x 

Rawson DS (1945) The experimental introduction of smallmouth 
black bass into lakes of the Prince Albert National Park, 
Saskatchewan. Transactions of the American Fisheries 
Society 73(1): 19–31, http://dx.doi.org/10.1577/1548-8659(1943) 
73[19:TEIOSB]2.0.CO;2 

Ridgway MS, Shuter BJ, Post EE (1991) The relative influence of 
body size and territorial behaviour on nesting asynchrony in 
male smallmouth bass, Micropterus dolomieui (Pisces: 
Centrarchidae). Journal of Animal Ecology 60(2): 665–681, 
http://dx.doi.org/10.2307/5304 

Ridgway MS, Shuter BJ (1997) Predicting the effects of angling 
for nesting male smallmouth bass on production of age-0 fish 
with an individual-based model. North American Journal of 
Fisheries Management 17(2): 568–580, http://dx.doi.org/10.1 
577/1548-8675(1997)017<0568:PTEOAF>2.3.CO;2 

Ridgway MS, Shuter BJ, Middel TA, Gross ML (2002) Spatial 
ecology and density-dependent processes in smallmouth bass: 
The juvenile transition hypothesis. American Fisheries 
Society Symposium 31: 47–60 

Rieman BE, Beamesderfer RC, Vigg S, Poe TP (1991) Estimated 
loss of juvenile salmonids to predation by northern 
squawfish, walleyes, and smallmouth bass in John Day 
Reservoir, Columbia River. Transactions of the American 
Fisheries Society 120(4): 448–458, http://dx.doi.org/10.15 
77/1548-8659(1991)120<0448:ELOJST>2.3.CO;2 

Rinne JN (2001) Nonnative, predatory fish removal and native 
fish response, upper Verde River, Arizona: Preliminary 
results. Hydrology and Water Resources in Arizona and the 
Southwest 31: 29–36 

Ripple R (1908) Experiments in rearing small-mouth black bass. 
Transactions of the American Fisheries Society 37(1): 126–
131, http://dx.doi.org/10.1577/1548-8659(1908)38[126:EIRSBB]2.0.CO;2 

Robillard MM, Fox MG (2006) Historical changes in abundance 
and community structure of warmwater piscivore 
communities associated with water clarity, nutrients, and 
temperature. Canadian Journal of Fisheries and Aquatic 
Sciences 63: 798–809, http://dx.doi.org/10.1139/f05-259 

Rogers KB, Bergersen EP (1995) Effects of a fall drawdown on 
movement of adult northern pike and largemouth bass. North 
American Journal of Fisheries Management 15: 596–600, 
http://dx.doi.org/10.1577/1548-8675(1995)015<0596:EOAFDO>2.3.CO;2 

Rose KA (2005) Lack of relationship between simulated fish 
population responses and their life history traits: Inadequate 
models, incorrect analysis, or site-specific factors? Canadian 
Journal of Fisheries and Aquatic Sciences 62(4): 886–902, 
http://dx.doi.org/10.1139/f05-049 

Sanderson BL, Barnas KA, Wargo Rub AM (2009) Nonindige-
nous species of the Pacific Northwest: An overlooked risk to 
endangered salmon? BioScience 59(3): 245–256, 
http://dx.doi.org/ 10.1525/bio.2009.59.3.9 

Schlosser IJ (1987) The role of predation in age- and size-related 
habitat use by stream fishes. Ecology 68(3): 651–659, 
http://dx.doi.org/10.2307/1938470 

Schramm HL, Armstrong ML, Funicelli NA, Green DM, Lee DP, 
Manns RE, Taubert BD, Waters SJ (1991) The status of 
competitive sport fishing in North America. Fisheries 16(3): 
4–12, http://dx.doi.org/10.1577/1548-8446(1991)016<0004:TSOCSF 
>2.0.CO;2 

Scott WB, Crossman EJ (1973) Freshwater fishes of Canada. 
Bulletin of the Fisheries Research Board of Canada No. 184 

Settle LR, Govoni JJ, Greene MD, West MA (2002) The effects 
of underwater explosions on larval fish with implications for 
the Wilmington Harbor Project. U.S. Army Corps of 
Engineers. Wilmington, NC 

Sharma S, Jackson DA, Minns CK, Shuter BJ (2007) Will 
northern fish populations be in hot water because of climate 
change? Global Change Biology 13(10): 2052–2064, 
http://dx.doi.org/10.1111/j.1365-2486.2007.01426.x 

Sharma S, Herborg L, Therriault TW (2009a) Predicting 
introduction, establishment and potential impacts of 
smallmouth bass. Diversity and Distributions 15: 831–840, 
http://dx.doi.org/10.1111/j.1472-4642.2009.00585.x 

Sharma S, Jackson DA, Minns CK (2009b) Quantifying the 
potential effects of climate change and the invasion of 
smallmouth bass on native lake trout populations across 
Canadian lakes. Ecography 32(3): 517–525, http://dx.doi.org/ 
10.1111/j.1600-0587.2008.05544.x 

Shroyer SM (2007) Induced winterkill as a management tool for 
reclaiming Minnesota walleye rearing ponds. Minnesota 
Department of Natural Resources. Investigational Report 
547, St. Paul, Minnesota 

Shuter B J, Maclean JA, Fry FEJ, Regier HA (1980) Stochastic 
simulation of temperature effects on 1st-year survival of 
smallmouth bass. Transactions of the American Fisheries 
Society 109(1): 1–34, http://dx.doi.org/10.1577/1548-8659(1980) 
109<1:SSOTEO>2.0.CO;2 

Shuter BJ, Ihssen PE, Wales DL, Snucins EJ (1989) The effects 
of temperature, pH and water hardness on winter starvation 
of young-of-the-year smallmouth bass, Micropterus 
dolomieui lacepede. Journal of Fish Biology 35(6): 765–780, 
http://dx.doi.org/10.1111/j.1095-8649.1989.tb03028.x 

Smale MA, Rabeni CF (1995) Hypoxia and hyperthermia 
tolerances of headwater stream fishes. Transactions of the 
American Fisheries Society 124(5): 698–710, http://dx.doi.org/ 
10.1577/1548-8659(1995)124<0698:HAHTOH>2.3.CO;2 

Smith MW (1940) Copper sulfate and rotenone as fish poisons. 
Transactions of the American Fisheries Society 69: 141–157, 
http://dx.doi.org/10.1577/1548-8659(1939)69[141:CSARAF]2.0.CO;2 

Smith MW (1941) Treatment of Potter's Lake, New Brunswick, 
with rotenone. Transactions of the American Fisheries 
Society 70(1): 347–355, http://dx.doi.org/10.1577/1548-8659(1940) 
70[347:TOPLNB]2.0.CO;2 



G.L. Loppnow et al. 

206 

Sorensen PW, Stacey NE (2004) Brief review of fish pheromones 
and discussion of their possible uses in the control of non-
indigenous teleost fishes. N.Z. Journal of Marine and 
Freshwater Research 38(3): 399–417, http://dx.doi.org/10.1080/ 
00288330.2004.9517248 

Steinhart GB, Marschall EA, Stein RA (2004) Round goby 
predation on smallmouth bass offspring in nests during 
simulated catch-and-release angling. Transactions of the 
American Fisheries Society 133(1): 121–131, http://dx.doi.org/ 
10.1577/T03-020 

Steinhart GB, Leonard NJ, Stein RA, Marschall EA (2005) 
Effects of storms, angling, and nest predation during angling 
on smallmouth bass (Micropterus dolomieu) nest success. 
Canadian Journal of Fisheries and Aquatic Sciences 62(11): 
2649–2660, http://dx.doi.org/10.1139/f05-171 

Strevens CMJ, Bonsall MB (2011) The impact of alternative 
harvesting strategies in a resource-consumer metapopulation. 
Journal of Applied Ecology 48(1): 102–111, http://dx.doi.org/ 
10.1111/j.1365-2664.2010.01907.x 

Suski CD, Svec JH, Ludden JB, Phelan FJS, Philipp DP (2003) 
The effect of catch-and-release angling on the parental care 
behavior of male smallmouth bass. Transactions of the 
American Fisheries Society 132(2): 210–218, http://dx.doi.org/ 
10.1577/1548-8659(2003)132<0210:TEOCAR>2.0.CO;2 

Taylor D, Katahira L (1988) Radio telemetry as an aid in 
eradicating remnant feral goats. Wildlife Society Bulletin 16: 
297–299 

Teuscher D, Luecke C (1996) Competition between kokanees and 
Utah chub in Flaming Gorge Reservoir, Utah-Wyoming. 
Transactions of the American Fisheries Society 125(4): 505–
511, http://dx.doi.org/10.1577/1548-8659(1996)125<0505:CBKAUC> 
2.3.CO;2 

Thresher RE (2008) Autocidal technology for the control of 
invasive fish. Fisheries 33: 113–121, http://dx.doi.org/10.1577/ 
1548-8446-33.3.114 

Trumpickas J, Mandrak NE, Ricciardi A (2011) Nearshore fish 
assemblages associated with introduced predatory fishes in 
lakes. Aquatic Conservation: Marine and Freshwater 
Ecosystems 21: 338–347, http://dx.doi.org/10.1002/aqc.1192 

Twohey MB, Heinrich JW, Seelye JG, Fredricks KT, Bergstedt 
RA, Kaye CA, Scholefield RJ, McDonald RB, Christie GC 
(2003) The sterile-male-release technique in Great Lakes sea 
lamprey management. Journal of Great Lakes Research 29: 
410–423, http://dx.doi.org/10.1016/S0380-1330(03)70504-8 

Tyus HM, Saunders JF (2000) Nonnative fish control and 
endangered fish recovery: Lessons from the Colorado River. 
Fisheries 25(9): 17–24, http://dx.doi.org/10.1577/1548-8446(2000) 
025<0017:NFCAEF>2.0.CO;2 

Vander Zanden MJ, Casselman JM, Rasmussen JB (1999) Stable 
isotope evidence for the food web consequences of species 
invasions in lakes. Nature 401: 464–467, http://dx.doi.org/ 
10.1038/46762 

Vander Zanden MJ, Olden JD, Thorne JH, Mandrak NE (2004) 
Predicting occurrences and impacts of smallmouth bass 
introductions in north temperate lakes. Ecological 
Applications 14: 132–148, http://dx.doi.org/10.1890/02-5036 

Van Winkle W, Richter TJ, Chandler JA (2001) Relative potential 
consequences of alternative operational scenarios for 
centrarchid populations in Brownlee Reservoir. Idaho Power 
Company. Hells Canyon Complex Hydroelectric Project, 
Technical Report, Appendix E.3.1-5, Chapter 4, Boise, Idaho 

Verrill DD, Berry CR (1995) Effectiveness of an electrical barrier 
and lake drawdown for reducing common carp and bigmouth 
buffalo abundances. North American Journal of Fisheries 
Management 15: 137–141, http://dx.doi.org/10.1577/1548-8675 
(1995)015<0137:EOAEBA>2.3.CO;2 

Wagner CM, Jones ML, Twohey MB, Sorensen PW (2006) A 
field test verifies that pheromones can be useful for sea 
lamprey (Petromyzon marinus) control in the Great Lakes. 
Canadian Journal of Fisheries and Aquatic Sciences 63(3): 
475–479, http://dx.doi.org/10.1139/f06-008 

Ward D (2005) Selective removal of nonnative fishes using 
Supaverm®: Toxicity screening for a candidate species-
specific piscicide. Journal of Freshwater Ecology 20(4): 
787–789, http://dx.doi.org/10.1080/02705060.2005.9664807 

Warner K (2005) Smallmouth bass introductions in Maine: 
History and management implications. Fisheries 30(11): 20–
26, http://dx.doi.org/10.1577/1548-8446(2005)30[20:SBIIM]2.0.CO;2 

Weidel BC, Josephson DC, Kraft CE (2007) Littoral fish 
community response to smallmouth bass removal from an 
Adirondack lake. Transactions of the American Fisheries 
Society 136: 778–789, http://dx.doi.org/10.1577/T06-091.1 

Welcomme RL (1988) International introductions of inland 
aquatic species. FAO Fisheries Technical Paper 294, 318 pp 

Whitmore DH (1983) Introgressive hybridization of smallmouth 
bass (Micropterus dolomieui) and Guadalupe bass 
(Micropterus treculi). Copeia (3): 672–679, http://dx.doi.org/ 
10.2307/1444331 

Whitmore DH, Hellier TR (1988) Natural hybridization between 
largemouth and smallmouth bass (Micropterus). Copeia 
1988(2): 493–496, http://dx.doi.org/10.2307/1445895 

Wright J (2000) Seasonal variation in trap net catches of 
smallmouth bass in two northwestern Ontario lakes. Ontario 
Ministry of Natural Resources. Northwest Science and 
Information, Aquatics Update, 1(4) 

Wydoski RS, Wiley RW (1999) Management of undesirable fish 
species. In: Kohler CC, Hubert WA (eds), Inland fisheries 
management in North America, 2nd edition. American 
Fisheries Society, Bethesda, Maryland, pp 403–430 

Yule DL, Luecke C (1993) Lake trout consumption and recent 
changes in the fish assemblage of Flaming Gorge Reservoir. 
Transactions of the American Fisheries Society 122: 1058–
1069, http://dx.doi.org/10.1577/1548-8659(1993)122<1058:LTCARC> 
2.3.CO;2 

Zipkin EF, Sullivan PJ, Cooch EG, Kraft CE, Shuter BJ, Weidel 
BC (2008) Overcompensatory response of a smallmouth bass 
(Micropterus dolomieu) population to harvest: Release from 
competition? Canadian Journal of Fisheries and Aquatic 
Sciences 65(10): 2279–2292, http://dx.doi.org/10.1139/F08-133 

Zipkin EF, Kraft CE, Cooch EG, Sullivan PJ (2009) When can 
efforts to control nuisance and invasive species backfire? 
Ecological Applications 19(6): 1585–1595, http://dx.doi.org/ 
10.1890/08-1467.1 

 
 
 
 
 
 
 
 

 


