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This special issue of Biological Invasions presents

articles resulting from the International Symposium

on Genetic Biocontrol of Invasive Fish that was

convened June 21-24, 2010 in Minneapolis, Minne-

sota, USA (http://www.seagrant.umn.edu/ais/biocontrol).

The symposium explored prospects and risks of

genetic biocontrol—a new technological approach for

controlling invasive finfish species that have estab-

lished populations in natural ecosystems. The frus-

tration by some fisheries managers regarding lack of

well-targeted and effective tools to control invasive

fish stimulated the organizing of this symposium

(Kapuscinski and Patronski 2005).

The motivations for and development of any

technology are not divorced from influences of society

and nature. Instead, technology is part of a co-

evolutionary process of change involving interactions

and feedbacks among values, systems of knowledge,

institutions, technology and the environment (Norg-

aard 1994:27). This context-dependence is rarely

treated explicitly, credibly and genuinely in technol-

ogy development and assessment. Such a crucial

omission has contributed to undesired outcomes after

deployment of new technologies: unintended conse-

quences, social resistance, and, in some cases, failure

to achieve stated goals (Norgaard 1994; NRC 1996;

Gibbons 1999; Kapuscinski et al. 2003). The fact that

genetic biocontrol technology is at an early stage of

research and development offers a rare opportunity to

take a wiser approach. We therefore designed this

symposium to address genetic biocontrol technology

per se and its crucial contextual factors.

The symposium brought together scientific and

policy researchers, fisheries managers, representatives

of fishing groups, businesses and environmental

groups, and government regulators to start building a

comprehensive understanding of issues regarding

development and use this technology. Specific objec-

tives were to:

• review the status of genetic biocontrol technolo-

gies for aquatic invasive species (with a focus on

finfish) and develop an agenda for future research

and development;

• review best available methods for environmental

risk assessment and develop a roadmap for risk

assessment of genetic biocontrol of aquatic inva-

sive species;

• discuss stakeholder involvement in development

and assessment of this technology;

• consider economic costs of the impacts of aquatic

species invasions and of genetic biocontrol of such

invasive species; and
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• examine the regulatory context for governing

genetic biocontrol of invasive fishes and recom-

mend governance improvements.

Genetic biocontrol refers to the intentional envi-

ronmental release of genetically manipulated organ-

isms that are designed to disrupt the survival or

reproduction of a targeted invasive species. It involves

manipulations of chromosomes of a target species in

order to skew sex ratios of the target species,

recombinant DNA techniques to insert a deleterious

gene construct into the target species’ genome in order

to disrupt the organism’s life cycle, or a combination

of both techniques. Genetic biocontrol strategies have

the potential to better target a specific invasive species

of concern and possibly achieve shorter time periods

of maintenance than current control methods such as

physical removal or rotenone poisoning. Intentionally

releasing a genetically manipulated organism into the

wild, however, is a controversial idea and raises

questions about various risks. Turning genetic bio-

control methods into practical tools will require

thorough assessment of these risks and identifying

ways to mitigate them.

Current control techniques available for aquatic

invasive species are time and labor intensive, expen-

sive, and often lethal for non-target species. Genetic

biocontrol technology offers frustrated natural

resource managers a new opportunity for a different

control strategy. Thresher et al. (2013) review the

current state of this technology, which ranges from the

well-developed option of releasing sterile males

produced by chromosomal manipulations to recombi-

nant and Trojan Y chromosome options that are

potentially more effective than sterile male release but

presently require more research and development.

They also explore the potential to enhance the

effectiveness of control by using these genetic tech-

nologies within an integrated pest management

approach. Research efforts have not yet progressed

to the point of testing the efficacy of this technology

with live organisms in well-secured but ecologically

relevant confined mesocosms. Researchers are thus

using quantitative models to explore questions about

efficacy. Modeling informed by the international

symposium suggests that both chromosome and gene

manipulations show the potential to eradicate popula-

tions of invasive species, albeit requiring time frames

on the order of decades to achieve extinction (Teem

et al. 2013); and that combining these techniques may

speed up the process (Teem and Gutierrez 2013).

The promise of genetic biocontrol technologies

comes with questions about effectiveness, develop-

ment costs, opportunity costs, and ecological risks.

Sharpe (2013) reports that stakeholders in focus groups

raised all these categories of questions, with their

concerns ranging from whether the technology would

function as intended in the wild to how to prevent

spread of biocontrol organisms beyond the target area.

Participants attending the symposium raised similar

concerns during the symposium break out groups. The

fact that genetic biocontrol technologies requires

deliberate release and spread into nature of genetically

manipulated organisms makes it paramount to precede

any deployment of genetic biocontrol with state-of-

the-art environmental risk assessment as outlined by

Dana et al. (2013) and using quantitative methods

within an evidence-based framework as presented by

Hayes et al. (2013). Homans and Smith (2011) present

a framework for estimating costs and benefits of

genetic biocontrol and investigate the critical issue of

when investing in genetic biocontrol is economically

justified. These four articles give technology develop-

ers a roadmap for responsible development and

assessment of this technology.

Policymakers and regulators will also face new

governance challenges with the development of

genetic biocontrol technologies at national and inter-

national levels. Showalter Otts (2012) examines the

current US regulatory framework and identifies

significant weaknesses and outright gaps for regulat-

ing environmental applications of genetic biocontrol.

Internationally, governance of genetic biocontrol

deployments will be challenging, for example, regard-

ing the responsibilities one nation will have to another

if it allows deployment of genetic biocontrol within its

jurisdiction but cannot fully preclude spread to

transboundary waters. Gilna et al. (2013) examine

international agreements and treaties, as well as

highlight the differences among national regulatory

regimes, to identify key weaknesses in international

oversight and recommend broad options for resolving

these limitations. They identify, for example, that the

Cartagena Protocol on Biosafety, the most relevant

international agreement, clearly applies to a genetic

biocontrol organism produced by recombinant-DNA

manipulations but likely not to a genetic biocon-

trol organism produced solely by chromosomal

1198 A. R. Kapuscinski, L. M. Sharpe

123



manipulations. Garforth and Miranda (2012) focus on

the Cartagena Protocol on Biosafety to explain the

rules that Parties (signatory countries) must follow for

transboundary movements of ‘‘living modified organ-

isms’’ that might adversely affect biodiversity; and

end by noting that the Parties have not yet developed

specific guidance for applying the Protocol to modi-

fied fish.

This collection of articles provides principles,

knowledge and methodologies for taking an analytic-

deliberative approach to the development and gov-

ernance of genetic biocontrol. Any future deployment

of genetic biocontrol technology into natural ecosys-

tems to manage invasive fish—and indeed to manage

any invasive taxon—would be an action that affects

the public trust due to its application in natural

ecosystems. The value of iteration between analysis

by scientists and other experts and then deliberation

with potentially affected and interested parties is that

it improves both the scientific credibility of deci-

sions and the capacity to earn social acceptance of

decisions affecting the public trust (NRC 1996;

Kapuscinski et al. 2007; NRC 2008; Nelson et al.

2009). As a first step towards a well-designed

analytic-deliberative process, these papers build upon

presentations, discussions and relationships begun at

the symposium. We hope that these articles stimulate

additional research to better understand the effective-

ness and risks of genetic biocontrol and wise

evolution of policy to improve governance of this

technology.

A broad range of support was critical to the

symposium and this collection of articles. Our sincere

appreciation goes to Dartmouth College, the Gila

River Basin Native Fishes Conservation Program, the

Great Lakes Protection Fund, the Introduced Species

and Genotypes—IGERT Program at the University of

Minnesota, Minnesota Sea Grant, the Mississippi

River Basin Panel on Aquatic Nuisance Species, the

Murray-Darling Basin Authority in Australia, the U.S.

Department of Interior Bureau of Reclamation, the US

Fish and Wildlife Service, the US Fish and Wildlife

Service CAP Transfer Program, and the US Depart-

ment of Agriculture Biotechnology Risk Assessment

Grants Program. This wide range of support clearly

demonstrates the broad interest in the idea of genetic

biocontrol, as well as the interdisciplinary approach

needed for future development and decision-making

regarding this technology.
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