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" We demonstrate that redear sunfish
can remove adult quagga mussels
efficiently.

" Redear sunfish can suppress the
growth and recruitment of invasive
mussels.

" Redear sunfish can be used as a
biological control fish species on
quagga mussels.

" Targeted stocking of redear sunfish
can be an efficient approach to
mitigate mussels.
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The degree to which invasive quagga mussels have spread across the Southwestern United States is
unprecedented, and until now, none of the controls currently available is risk-free to the environment
or human health. Here we demonstrate that stocking high-density (0.42 fish/m3 or 1.90 fish/m2) redear
sunfish (Lepomis microlophus) in an infested lake enclosure removed adult quagga mussels efficiently
and appeared to suppress their growth and recruitment. Redear sunfish is a species native to the South-
eastern United States that has become a popular, stocked sportfish in the Southwest. Targeted stocking of
redear sunfish may be an efficient and environmentally friendly approach to mitigate the colonization of
invasive quagga mussels in suitable open water ecosystems, especially those with new dreissenid infes-
tations or those threatened by invasion.
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The degree to which invasive quagga mussels have spread across the Southwestern United States is
unprecedented, and until now, none of the controls currently available is risk-free to the environment
or human health. Here we demonstrate that stocking high-density (0.42 fish/m3 or 1.90 fish/m2) redear
sunfish (Lepomis microlophus) in an infested lake enclosure removed adult quagga mussels efficiently
and appeared to suppress their growth and recruitment. However, mussels were not eradicated during
the short term experimental course. Long-term study needs to be conducted to determine whether mus-
sels can be completely eliminated by redear sunfish and what optimum density would be required for
balancing high efficacy mussel control with cost-effectiveness. Redear sunfish is a species native to the
Southeastern United States that has become a popular, stocked sportfish in the Southwest. Targeted
stocking of redear sunfish may be an efficient and environmentally friendly approach to mitigate the
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colonization of invasive quagga mussels in suitable open water ecosystems, especially those with new
dreissenid infestations or those threatened by invasion.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

Biological invasions by nonindigenous species is a global envi-
ronmental issue threatening the health of ecosystem and safety
of many artificial water ways (Connelly et al. 2007; Holeck et al.
2004; Karatayev et al. 2007; Nalepa and Schloesser 1993; Strayer
2009). Invasive dreissenid mussels [zebra mussel (Dreissena poly-
morpha) and quagga mussel (Dreissena rostriformis bugensis)] in
North America were first discovered in the Laurentian Great Lakes
in the 1980s (Hebert et al. 1989; May and Marsden 1992; Mills
et al. 1993; Nalepa and Schloesser 1993). They rapidly spread to
other major basins such as the Illinois River, Mississippi River,
and Hudson River (Ram and McMahon 1996). The detection of
quagga mussels in Lake Mead and Lake Havasu in January 2007
was the first confirmed introduction of a dreissenid species in
the western United States (LaBounty and Roefer 2007; Stokstad
2007). In the same year, quagga mussels colonized the lower Col-
orado River, as well as lakes and reservoirs in Arizona, California,
and Nevada (Benson 2009), due to the transportation of quagga
mussel veligers through waterways along the Colorado River Aque-
duct. The speed at which this species has spread in the West is
unprecedented (Wong and Gerstenberger 2011).

The ecological, recreational, and economic impacts of dreissenid
mussels are profound. They are efficient ecosystem engineers that
impact different ecosystems in different ways. These mussels cause
a variety of changes such as alteration of phytoplankton species
composition and nutrient dynamics and affect other organisms
by direct colonization or indirect competition for food and/or space
and increase water clarity by removing suspended particles (e.g.,
phytoplankton, debris, silt, and microzooplankton) in the water
column. Benthic algae and plants benefit from increased water
clarity (light transmittance) and reactive inorganic nutrients. Mus-
sels can also alter morphological and physical properties of their
habitat areas and affect availability of resources (Nalepa and
Schloesser 1993; Holeck et al. 2004; Karatayev et al. 2007). Mus-
sels biofoul available substrates and clog water pipes, boat intakes,
and water delivery systems. Billions of dollars have been spent in
North America, especially in the Great Lakes, to control and moni-
tor dreissenid mussels (Aldridge et al. 2006; Connelly et al. 2007).
In the arid Southwest, where there is a vast infrastructure of water
conveyance systems, impact may be even more severe with the
complete reliance of 27 million people in Arizona, California, and
Nevada on lower Colorado River water delivery. The regular oper-
ations of water transportation, hydraulic power plants, fisheries,
and boating activities have been impacted. At Hoover Dam, these
invasive pests clog water lines that are used to cool the 17 massive
hydropower turbines, and dam operators have been forced to tem-
porarily shut down the power plant that supplies electricity to
1.6 million people in southern Nevada, Arizona, and California
(Streater 2009). The control and prevention of infestation by dre-
issenid mussels are a major concern to managers of any type of
water delivery system. For example, the Metropolitan Water Dis-
trict of Southern California expects to spend between $10 million
and $15 million per year to address quagga mussel infestations in
its 390-km Colorado River aqueduct and reservoir system (Fonseca
2009). The quagga mussel has become an increasingly problematic
pest that threatens the economy and environmental health in the
Southwest. The mussels’ high fecundity, their passively dispersed
planktonic veliger larval stage, and their ability to attach to
submerged objects with byssal threads make dreissenid mussels
arguably the most destructive non-indigenous biofouling pest
introduced into North American freshwater systems (LaBounty
and Roefer 2007) and one of the world’s most economically and
ecologically important pests (Aldridge et al. 2006).

Tools for effective, cost-efficient, and ecologically sound quagga
and zebra mussel control are limited. Many methods have been
tested or being developed for dreissenid mussel control, such as
chemical treatment, physical killing, mechanical removal, and bio-
logical control. Chemical control option, especially chlorination, re-
mains the only widespread and licensed option (Aldridge et al.
2006; Claudi and Mackie 1994). However, chlorination poses a
number of problems for industry and regulators. When chlorine
combines with organic compounds in water, potentially carcino-
genic substances such as trihalomethanes and dioxins are formed
(United States Environmental Protection Agency 1999). This issue
greatly restricts the chlorine doses that can be applied in treating
infested waters. Dreissenid mussels respond to unfavorable envi-
ronmental conditions by closing their valves for prolonged periods,
which is temperature-dependent, i.e., the lower the temperature,
the longer time they survived (Johnson and McMahon 1998). Con-
trol agents, such as chlorine in the form of sodium hypochlorite,
must be dosed continuously for up to three weeks (Aldridge
et al. 2006). Chlorine cannot be applied to open waters housing
other valuable aquatic living resources (i.e., sports fisheries) or
dosed into pipelines that exit into open ecosystems, because of
its toxicity to non-target biota in the recipient waters (Waller
et al. 1993). Containment and control technologies (i.e., chemical
treatment and mechanical removal) are primarily developed for
closed-water systems and are only effective for a short period.

Natural resource interest groups and regulatory agencies have
made it clear that safe and non-chemical alternatives for control-
ling mussel fouling are preferred. Biological control of invasive dre-
issenid mussels is more desirable at some degree, because it is less
damaging to the environment and, potentially, to human health.
Molloy (1998) reported that selectively toxic microbes and many
natural enemies of dreissenid mussels, such as predators, parasites,
and benthic competitors are potential biological control candi-
dates. Pseudomonas fluorescens is a bacteria that has the potential
of being used as a biological control agent on the dreissenid mussel
(Molloy 1998), but its effectiveness in the field needs to be ad-
dressed. Regarding predatory fish, it has been suggested that fresh-
water drum, redear sunfish, and pumpkinseed sunfish are more
likely to consume more dreissenid mussels than other fish in east-
ern North America because they possess both upper and lower
pharyngeal teeth (French 1993). The evidence is clear that these
fish species can consume dreissenid mussels, and it has been doc-
umented that they can consume them at high rates; however, field
experiments (usually cage or other artificial substrates studies)
show that major impacts by dreissenid mussels’ natural enemies,
while constant, are limited in naturally suppressing Dreissena pop-
ulations (Bartsch et al. 2005; Magoulick and Lewis 2002; Martin
and Corkum 1994; Molloy 1998; Thorp et al. 1998). There are no
field trials that demonstrate successful control of natural wild pop-
ulations of dreissenid mussels by biological agents. There had ap-
peared to be no grounds to expect the development of a
practicable molluscivore fish control method because field evi-
dence attests that predation by natural fish populations are insuf-
ficient to control or reduce mussel densities (Bartsch et al. 2005;
Magoulick and Lewis 2002; Thorp et al. 1998). Herein we test the
hypothesis that artificially stocking redear sunfish, one of the most
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efficient dreissenid mussel predators, could significantly reduce
the colonization of invasive natural quagga mussel population in
Sweetwater Reservoir, a drinking water source reservoir in San
Diego, California.
2. Materials and methods

Quagga mussel veligers were detected in December 2007, and
juveniles and adults found in early 2009 in Sweetwater Reservoir,
California (Hatcher 2008). The Colorado Aqueduct is a water source
for this reservoir that receives water from the Colorado River
where mussel veligers were originally found in the Western United
States (Stokstad 2007). There was no redear sunfish in this reser-
voir before. Therefore, this reservoir provides an ideal location to
test our hypothesis using an enclosure.
2.1. Enclosure area

Quagga mussel veligers were detected in Sweetwater Reservoir
(San Diego, CA) in December 2007, and juveniles and adults were
found in early 2009. Sweetwater Reservoir provides water service
to approximately 187,000 people in National City, Bonita and the
western and central portions of Chula Vista, CA. One of Sweetwater
Reservoir’s sources is the Colorado Aqueduct, which, in turn, re-
ceives water from the Colorado River where mussel veligers were
originally found in the Western United States (Stokstad 2007). This
study focused on Sweetwater Reservoir’s boulder area, which re-
ceives Colorado River water delivered by the San Diego County
Water Authority. Juvenile and adult mussels were first found in
the boulder area due to its rocky nature and hard sediment sub-
strate composition (Hatcher 2008). An experimental enclosure
(L �W � D = 13.7 m � 7.6 m � 4.6 m) was netted on November
10, 2009 just offshore at the entry point of raw aqueduct water in-
flow. A block net (1.59 cm holes) was purchased from Christensen
Networks (Everson, WA). The net was fabricated from black knot-
less nylon netting and equipped with floats every 0.45 m across the
top, and a 95/100 lead line along the bottom. Anchor weights were
attached to plastic rings at the bottom of the net. The temperature
and dissolved oxygen concentration at different depths of the
experimental area (0, 2, 3, 5, and 6 m) were monitored with a YSI
Model 600QS (SM 4500-G, Membrane Electrode Method).
2.2. Redear sunfish stocking and stomach-content analysis

Redear sunfish were obtained from the International Bait and
Supply (San Diego, CA). On December 1, 2009, approximately 200
healthy fish were stocked into the netted study area with a density
of 0.42 fish/m3 or 1.90 fish/m2. This density corresponds to just
slightly higher than the highest end of the natural range observed
for sunfish (0.04–1.77 fish/m2) (Osenberg et al. 1992). An addi-
tional net was placed on top of the area to prevent birds from eat-
ing the fish. Just prior to stocking, 10 fish were randomly selected,
frozen, and transported overnight on ice to the Environmental
Health Laboratory at the University of Nevada, Las Vegas (UNLV).
Standard length and wet weight were immediately recorded upon
arrival for the specimens, which were then stored at �30 �C until
further analysis. Stomach-content analysis was completed within
7–10 days under a dissecting microscope with cross-polarized light
illumination (Carl Zeiss SteREO Discovery.V8, Toronto, Ontario,
Canada). On January 29, 2010, eight fish were caught with a line
and hook baited with worms. Standard length, wet weight, and
stomach contents were recorded.
2.3. Quagga mussel sampling and analysis

On November 10, 2009, PVC quadrats (0.25 � 0.25 m) were
used by divers to collect quagga mussels by pushing the quadrat
with force until the frame was firmly in contact with the substrate.
Using a paint scraper, mussels, algae, mud, and sand located inside
the frame were removed from the boulder field. Mussels could be
individually attached to a rock or in a colony form. Each collected
sample was put into a mesh bag (mesh size 500 lm) then brought
to surface and transferred into a plastic bag that was placed inside
a cooler containing dry ice. Each bag was labeled with date and
location. Five samples were collected randomly from inside the
experimental enclosure, and five samples were collected from
the control area. This resulted in a sampling of 48 samples/km2

that is within the standard range of benthic sampling (Abadie
and Poirrier 2000). Note the control sampling area was located in
close proximity to the experimental enclosure and contained the
same substrates as those inside the enclosure. The collected sam-
ples were frozen in a freezer and transported on ice to the UNLV
Environmental Health Laboratory via FedEx overnight delivery.
The samples were analyzed within a month. The numbers of mus-
sels in each sample and shell length of each individual mussel were
recorded. The density of mussels in each location was calculated.
Subsequently, on January 29, 2010, additional samples were col-
lected from the experimental and control areas (five samples from
each area) nearby those previous sampling locations. Growth of the
initial cohorts and recruitment of new cohort were estimated using
the modal progression of Fish Stock Assessment Tool II (FiSAT II).
FiSAT II applies the maximum likelihood concept to separate the
normally distributed components of size–frequency samples,
allowing accurate demarcation of the component cohorts from
the composite polymodal population size of fish or shellfish
(http://www.fao.org/fi/statist/fisoft/fisat). For each cohort identi-
fied, mean lengths with standard deviations and group sizes (in
numbers) were identified to calculate growth of the same cohort.
A T-test was used to determine if there was any significant differ-
ence in density between the control and experimental areas. The
level of significance was set at a = 0.05.
3. Results

From November 2009 to January 2010, water temperature at
different depths decreased gradually while dissolved oxygen con-
centration increased with time; surface water was always warmer
with higher concentration of dissolved oxygen (Fig. 1). On Novem-
ber 10, 2009, the density of quagga mussels in the study area (with
fish) and control area (without fish) did not differ significantly
(Fig. 2, P > 0.05). On January 29, 2010, mussel density in the study
area was only 8% of the initial density (Fig. 2) and the difference
between these two sampling events in the study area is significant
(P < 0.01). In the control area, the mussel density between these
two sampling dates was not significantly different (P > 0.05). The
density of mussels in the control area was significantly higher than
that in the study area (P < 0.05) on January 29, 2010. Based on the
size frequency of mussel populations (analyzed by FiSAT II),
recruitment appeared reduced in the enclosure (Fig. 3) where the
redear sunfish was stocked. Apart from the new cohort in the con-
trol area, the growth of the initial cohort on November 10, 2009 ap-
peared obvious while no growth of the mussels living with redear
sunfish inside the experimental enclosure was observed (Fig. 3).

For redear sunfish collected on January 29, 2010, fish stomach
content analysis revealed broken shells of quagga mussels, in addi-
tion to the presence of zooplankton, benthic organisms, and micro-
algae (Fig. 4). Broken mussel shell material was also found in
sediment sampled within the experimental enclosure. This finding

http://www.fao.org/fi/statist/fisoft/fisat


Fig. 1. Water temperature and dissolved oxygen concentration in the experimental area (A: water temperature; B: dissolved oxygen concentration).

Fig. 2. Quagga mussel densities (n = 5, Mean ± SD) in the boulder area of Sweetwater Reservoir, CA before (November 10, 2009) and after (January 29, 2010) redear sunfish
were stocked.
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confirms that redear sunfish did consume quagga mussels in the
natural field environment. The size of mussels inside and outside
the enclosure did not show any significant difference on November
10, 2009 (T-test, P > 0.05). The original fish length and weight were
8.22 ± 1.22 cm and 17.33 ± 8.86 g (N = 10, Mean ± SD), respec-
tively; approximately two months later, they were 9.54 ± 1.34 cm
and 29.31 ± 10.21 g (N = 8, Mean ± SD), respectively.
4. Discussion

For the first time, it is shown that a wild population of dreisse-
nid mussels can be attenuated by a fish species, such as redear sun-
fish, in their native habitat under controlled conditions. Previous
studies have shown that fish, including redear sunfish, can sup-
press dreissenid mussel colonization by predation, but are ulti-
mately unlikely to limit natural population density (Bartsch et al.
2005; Magoulick and Lewis 2002; Molloy 1998; Thorp et al.
1998; Watzin et al. 2008). The most encouraging result among
prior experiments is that natural fish population predation contrib-
uted 64% of the reduction of zebra mussel biomass attached to the
experimental concrete-blocks in the Upper Mississippi River
(uncaged blocks vs. caged); however, colonization of mussels on
uncaged blocks with fish predation increased from 0 to
27,023 mussels/m2 during the experimental course (Bartsch et al.
2005). However, it is found recently that native predators may
need time to adapt to feed effectively on invasive mussels. For
example, in the Hudson River, predation from blue crab (Callinectes
sapidus) and other potential predators apparently led to increased
mortality and altered population structure in the invasive zebra
mussels over time (Carlsson et al. 2011).

The present study is the first field trial demonstrating that a
predatory fish has the ability to reduce the density of adult mus-
sels, recruitment of new juveniles, and the growth of mussel co-
horts. The redear sunfish is an efficient predator because it has
upper and lower pharyngeal teeth and molariform teeth. Occluding
mastication mechanisms enable them to close their upper and
lower teeth together to crush shells and mollusks, which usually
comprise 50–100% of their total food volume (French 1993). Zebra
mussels were the primary prey of 100% of adult redear sunfish
(Magoulick and Lewis 2002) in one study. Fish with molariform
pharyngeal teeth, such as redear sunfish, were shown to shift their
main diet to consume zebra mussels that colonized new habitats in
eastern North America, outside the Great Lakes (French and Bur



Fig. 3. Frequency of quagga mussel shell length (mussels data in each panel were collected from five locations).

Fig. 4. Broken quagga mussel shell (A), Zooplankton (B; copepod), Microalgae (C), and Benthic organism (D; amphipod) in redear sunfish stomach contents.

280 W.H. Wong et al. / Biological Control 64 (2013) 276–282
1992). Redear sunfish prefer living in vegetated littoral zones of
ponds; streams with sluggish to slow-flowing waters; and shel-
tered areas in rivers and lakes (French 1993). In vegetated habitats,
where gastropods are abundant, the redear sunfish may not be an
effective predator of zebra mussels, because the fish prefers gastro-
pods over mussels for prey (French and Morgan 1995). This is the
reason redear sunfish were proposed to control snails, the interme-
diate hosts for digenetic trematodes, in aquaculture ponds (Ledford
and Kelly 2006). In many Southwest lakes and reservoirs, vege-
tated habitats are rare and gastropods are not abundant. For sam-
ples taken from the enclosure boulder area of Sweetwater
Reservoir, no gastropod was found and no such vegetated littoral
zone exists. Redear sunfish grew well by feeding on many kinds
of food sources (Fig. 4) while still effectively controlling quagga
mussels located in the boulder area of Sweetwater Reservoir.

Not only has biological control can decrease the likelihood of a
pest developing resistance to the control agent, but also, it is more
effective in the long term and is less expensive (Molloy 1998). The
present study demonstrated that redear sunfish is effective in
attenuating satellite populations of invasive quagga mussels. How-
ever, it remains to be seen by long-term and whole-lake experi-
mentation whether the attenuation on dreissenid mussels by
redear sunfish can be sustained, and ultimately, the invasive mus-
sels can be successfully eradicated in a lake. Although elimination
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of dreissenid mussels in large open water systems may not be pos-
sible, introduction of a predator species to control a population of
dreissenid mussels is a more environmentally benign form of inte-
grated pest management. Based on one experiment involving the
Asian clam (Corbicula fluminea), invasive bivalve populations are
not likely be exterminated by fish predation (Robinson and
Wellborn 1988); however, the Asian clam study relied on caged
studies. The biomass reduction of zebra mussels from wintering
waterbirds can be as high as 90% in shallow areas of Lake Con-
stance (Werner et al. 2005). However, the invasive mussels are
not eradicated by wintering waterbirds because the veliger larvae
were produced by 2–3% of the larger mussels from the previous
year, which forms the bulk of zebra mussels in the littoral zones
(Werner 2002, but see Werner et al. 2005). In addition, stocking
redear sunfish may significantly reduce mussel colonization to a
dam, it may not have any effect within an infested water pipe, or
fish may not survive in an industrial facility, such as hydropower
penstocks. Finally, purposeful introduction of exotic molluscivores,
such as black carp and roach, are discouraged in North America be-
cause an introduced biological controller usually does not concen-
trate only on unwanted pests, nor resides only in the preferred
habitats of pests (French 1993). Several species of Asian carp were
released into the Mississippi River Basin in an attempt to control
mollusks, plants, and other biological problems in aquaculture
ponds. The carp, originally used as biological control agents, have
now become pests themselves by disrupting ecosystem processes
and driving native species to localized extinction (Zambrano
et al. 2006). Redear sunfish are typically found in the Southeastern
United States and are one of the most widely distributed native fish
in North America. They have been introduced into many states,
such as the Colorado River system and Southern California in the
1950s (Wang 1986). They are wide spread and remain stable in
the Southwest (Moyle 2002). They provide sport fishery in the re-
gion (Leon 2009). For example, redear sunfish are fairly common in
the river below Davis Dam and Lake Havasu, along the Colorado
River. People go to these areas specifically to fish for redear sunfish
(Doug Nielsen, unpublished data). They are living well with other
species and are not expected to have negative ecological conse-
quences to other species with similar behavior and/or sharing
the same habitat. In the Southwestern United States, redear sunfish
is not listed as an invasive species (http://www.azgfd.gov/h_f/
aquatic_invasive_species.shtml). Quagga mussel shells were found
in the stomach of redear sunfish in the lower Colorado River
(Gerald Hickman, personal communication) which is in agreement
with the present study in Sweetwater Reservoir. However, quagga
mussels are still proliferating in these waters. In fact, the distribu-
tion of redear sunfish in North America overlaps the distribution of
dreissenids, there is no published information on the ability of red-
ear sunfish to control the invasive mussels. One of the key reasons
is that relatively higher density of redear sunfish were stocked to
the enclosure in Sweetwater Reservoir. The optimum stocking den-
sity to attenuate quagga mussels needs to be studied for future re-
search. The results of this experiment increase optimism for
considering redear sunfish as a potential better approach for pre-
venting and controlling quagga mussel infestation in open water
systems in the Western United States deemed suitable. Species
introduction or re-introduction has been a historical management
tool for restoration and conservation programs. In many instances,
invasive species in the new ecosystem has no enemy or existing
enemy is not powerful enough to control them (LaBounty and
Roefer 2007). Therefore, carefully orchestrated biological control
such as using exotic species against invasive species may be the
only feasible way to control them (Hoddle 2004).

It is very costly and difficult to prevent the spread of mussels
through large water distribution systems that exist in the West,
including trans-mountain diversions that move water across the
continental divide. The introduction of redear sunfish can provide
a potential efficient and effective method for reducing quagga
mussel populations and recruitments in Sweetwater Reservoir that
may serve as a regional model for additional study to benefit local,
state, federal, and tribal governments with water resource man-
agement responsibilities, in addition to private industry in control-
ling infestations. For waters infested with quagga mussels in the
Southwestern United States, especially in the early stage of inva-
sion, redear sunfish might play a significant mitigatory role. Redear
sunfish may also be applicable as a tool to prevent invasive mussel
movement through water delivery systems and in certain open
water systems. For Southwest waters with an existing redear sun-
fish, populations should be managed in their present habitats to
maximize the role they naturally play in Dreissena control. Man-
agement options include improving redear sunfish habitat and
reducing exploitation of large individual fish (i.e., the size class that
preys most intensively on Dreissena) (French 1993). Intentional fish
stocking can also be applied to these waters to increase the redear
sunfish population to optimal levels for quagga mussel control. For
waters in Southwestern states without redear sunfish present,
stocking at densities determined optimum should be considered.
Compared to the damage incurred from the use of traditional,
broad-spectrum pesticides, the introduction of redear sunfish is a
more effective approach in terms of mitigating environmental risks
and its long-term effectiveness for controlling the spread of dre-
issenid mussels. Stocking redear sunfish to waterway systems in
the Southwest, whether or not invaded by quagga mussels, will
prevent or assist in reducing the severity of the invasion. For
waters infested with quagga mussels, redear sunfish can play a sig-
nificant mitigatory role. For waters without an existing redear sun-
fish population, stocking of this species should be considered as a
valid prevention tool as long as there is, at the particular site, no
ecological (e.g., presence of endangered mollusk species) or legal
basis to preclude it. Existing redear sunfish populations should
be managed to maximize their role in Dreissena control. At the very
least, biological control of dreissenid mussels by redear sunfish can
be considered as an option for integrated pest management in
North America. The risk of introducing redear sunfish to a new sys-
tem, or increasing its density in an existing system, may not be as
significant of an introduction as other fish species, such as carp in
the Mississippi River Basin (Zambrano et al. 2006). However, the
potentially negative impact to the food web in a large ecosystem
by stocking high densities of redear sunfish needs to be assessed.
This mitigation strategy can be practically applied in affected sys-
tems, such as phased implementation, and monitoring should be
established before large-scale implementation begins. Above all,
stocking redear sunfish to waterway systems in the Southwest or
many regions in North America can assist in reducing the severity
of any future dreissenid mussel invasion.
5. Conclusion

We have experimentally shown that redear sunfish can be an
efficient predator for reducing the size of a wild quagga mussel
population in an environmental closure of the boulder area of
Sweetwater Reservoir. This demonstrates that redear sunfish can
control the population of invasive quagga mussels; however, mus-
sels were not eradicated during the experimental course. Long-
term experimentation must be conducted to determine whether
mussels can be completely eliminated by redear sunfish, and what
optimum density would be required for balancing high efficacy
mussel control with cost-effectiveness. This experiment suggests
that stocking redear sunfish in open waters could be an efficient
and environmentally friendly tool to mitigate the colonization
and potential ecological impacts caused by invasive quagga
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mussels in the Southwest. Based on the results of this present
study, it is recommended that this workable and effective strategy
be further studied for implementation in open waters to prevent
and control invasive quagga mussels in the Southwestern United
States. A detailed, long-term and large-scale study of specific sites
must be conducted prior to stocking to determine (1) if it is effec-
tive on heavily colonized areas and the attenuation on invasive
quagga mussels can be sustained over time; (2) practicality based
on waterbody volume and the levels/ratios of all other possible
food sources are present to calculate density of redear sunfish is re-
quired; (3) whether listed/protected native mollusks are part of the
existing ecosystem; (4) if predators of redear sunfish can be a prob-
lem for stocking; and (5) impacts to higher and lower trophic
levels.
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