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Abstract

Aquatic invasive species (AlS) are a serious probith adverse ecological, economic,
and social impacts. These wide-ranging impacts rsgaitarly wide ranges of affected
and interested parties (stakeholders) and of kriiylend data types being involved in
AIS decisions. Decision support tools (DST) carpbeerfully effective methods for
helping to simplify complex decisions, incorporagtitifferent types of knowledge, and
assisting in clear communication between involvadigs. Developing a useful DST,
however, requires understanding the needs, pasriind concerns of broader
stakeholders as well as the managers responsithedking the decisions. It also
requires understanding the legal and policy corftaxthese decisions. This dissertation
reports the results of research conducted to utadetstakeholders’ attitudes and
concerns about genetic biocontrol (a new AIS cdnéchnology currently under
development), understand the strengths and weatsesshe current decision-making
process used by AIS managers, and examine theie#ieess of the National Invasive
Species Act, the key piece of federal AIS legisiatiegarding management of AlS.
Together, these results form building blocks foredeping a DST for improved
management of AIS.

Information on stakeholder perspectives on devetayrof new AIS control

technologies, involving genetic manipulations, \gathered in a series of focus groups in
the United States Great Lakes and Lake Champlgions. Stakeholders were
enthusiastic about the potential inherent in thre=se technologies but remained deeply
concerned about potential unintended consequeKegsconcerns related to ecological
impacts, the cost of development, and the possiltiiat this research will detract from
other, ongoing control work. Stakeholders also &adimber of recommendations for
development of these new technologies that havédatpns for broader AIS

management. These recommendations included engstgikgholders throughout the



development process, employing clear go/no-go reagpand using a transparent
decision-making process.

A series of interviews with natural resource mamages undertaken to improve
understanding of the current decision-making emvitent and identify its strengths and
weakness. These interviews illuminated the presiand concerns underlying managers’
decision-making processes, their perceptions dtiexg strengths and weaknesses of
these processes, and the issues that a decisiparstgol could help them to better
address. In their work, managers must balance a rgitige of priorities competing with
one another for limited resources (e.g., preverdioth containment efforts, research into
new control tools, control and eradication effarid)e existing decision-making
environment succeeds at facilitating coordinatietwkeen agencies and communication
with the broader public. This process, howevertantty lacks several principles of
robust decision-making including sufficient scidintbasis, structure, documentation,
and an adaptive element. The results indicateAl&tdecisions could be strengthened by
explicitly incorporating these principles into ttecision-making process and that use of

a decision support tool would be an effective wagasrying out such incorporation.

Finally, I analyzed the National Invasive Speci&s, Arguably the most important
federal policy dealing with AIS, using peer-revieand grey literature, as well as
natural resource manager interviews to assess ehetimot the Act had met its stated
goals. The results indicate the Act has had limstectess in achieving its objectives,
especially in preventing introductions of new invasspecies and limiting the spread of
invasive species already present, but has beectigden organizing national and
regional coordination via the Aquatic Nuisance $gedask Force and its regional
panels. Results suggest that reauthorizationseofAtit should grant additional authority
to regulate introductions via pathways other thaltalst water to a federal agency and
that the Aquatic Nuisance Species Task Force shHmulgtanted additional authority and
resources to allow it to further increase regiamardination of control and containment
efforts.



Together, these results allowed me to design gbhtdfor a DST responsive to the
needs of stakeholders, managers, and federalpeliey. | developed a simplified

sample of the DST to illustrate how it combinestsppaata with manager experience and
stakeholder priorities to determine key areas fanagement actions (i.e. monitoring,
guarantines, and control efforts).

Vi
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Introduction

Invasive species are one of the greatest threatsntly facing ecosystems. Human
behaviors are responsible for increasing the raevasions far beyond the historical
environmental norms (Mack et al. 2000) and sonmthede invasions have devastating
effects, both ecologically and economically. Enmimeental managers are presently ill
equipped to decide whether and how to activelyroban invasive species, once it has
become established in their jurisdiction. Contférs are ofterad hocand primarily in
reaction to public pressure instead of resultiognfia systematic appraisal based on

ecological reasoning.

Over a decade ago invasive species were deemesédbad greatest threat to
biodiversity with up to 46% of the plants and anigrfaderally listed as endangered
species in the United States negatively impacteiahgsive species (Wilcove et al.
1998). Invasive species negatively affect evohdry pathways (Mooney and Cleland
2001), ecosystem function (Mack et al. 2000), d&=dduality and quantity of outdoor
recreation opportunities (Eiswerth et al. 2005né&htel et al. (2005) estimated that the
economic cost of invasive species to Americanpp@imately $120 billion per year.
Invasive fish have been shown to harm native speghi®ugh predation, competition,
hybridization, and introduction of new diseaseddAdlorf 1991). Concerns about
aguatic invasive species led to federal legislaitioh990 that used ballast water
regulations to limit invasive species introducti@msl established an Aquatic Nuisance
Species Task Force. The Task Force was chargeédte and implement a national
plan for preventing, monitoring, and controllingntentional introductions of
nonindigenous species (Nonindigenous Aquatic Nasdrevention and Control Act of
1990). Most recently, the Convention on BiologiDalersity’s Strategic Plan for
Biodiversity 2011-2020 listed control and eradioatof invasive species as one of its
twenty key targets (Convention on Biological Divers.d.).

Management of aquatic invasive species is chalhgngecause of the wide range of

issues that must be considered in making manageseeigions and the wide range of



interested and affected parties (stakeholders)wadnd to be involved in making those
decisions. Aquatic invasive species and effortsotatrol them have impacts on the
environment (e.g. water quality, biodiversity), romy (e.g. commercial fisheries, utility
companies), and society (e.g. recreational oppiigsnaesthetics). Thus, decisions
about them necessarily involve a wide range ofedtalders including natural resource

managers, conservation groups, anglers, and coraherterests.

Further complicating the issue is the number ohaggs and policies influencing
management decisions. The plethora of involvedgsaand policies at the federal level
is overwhelming even before attempting to sortulgtothe various management
responsibilities and priorities. Multiple agenc{esy. U.S. Fish and Wildlife Service, the
National Oceanic and Atmospheric Administratiorg thS. Coast Guard, the Animal
and Plant Health Inspection Service, U.S. Enviromia@eProtection Agency) have all
been involved in aquatic invasive species manageuoreter various authorities and
policy instruments. This situation is exemplifiegithe existence of two separate
national-level invasive species coordinating grouips Aquatic Nuisance Species Task
Force and the National Invasive Species Counahted by different policy instruments

and producing different national management plans.

Given the wide range of issues being consideredlf@dumber of involved parties, use
of decision support tools could assist managetisair decision-making process (Fedra
1995). Decision support tools (DSTs) are desigoeallow information from a variety of
sources to be integrated and viewed togethertiaatibenefit when dealing with
decisions that incorporate elements that canndireetly compared or combined (i.e.
social elements with ecological ones). DSTs can laédp make the decision-making
process transparent. A transparent, well-documdd&0 can also be an effective tool
for communicating decisions, a critical asset iisAhtanagement. DSTs allow for
decisions to be made systematically and uniformby grovide documentation of the
decision-making process. This allows decisionsetexplained and defended more
easily. Appropriately designed DSTs can also be asepart of a collaborative decision-

making process, facilitating involvement of stakieleos. A DST that provides



documentation allows decision-makers to returnast plecisions and determine whether
new information would have altered the decisiorcihea, providing a clear pathway for

updating and improving the decision-making process.

My dissertation research identified and analyzeddlsets of data that are important
building blocks for designing a decision suppodi tthat is most salient for the actual
management context. This dissertation is made tipreé chapters, each of which is
written for publication in a peer-reviewed journahd a conclusion laying out future
work. The first chapter analyzes a series of fagosips held around the Great Lakes and
Lake Champlain that were designed to explore stakleh perspectives on development
of new aquatic invasive species control technokdiéie second chapter identifies and
examines natural resource managers’ perspectivilae alurrent aquatic invasive species
decision-making environment: priorities and conséeniluencing their decisions,
strengths and weaknesses of extant decision pex;emsd aspects that could be
improved by a decision support tool. The third ¢kaps a policy analysis focused on the
National Invasive Species Act, examining bothrtent and its actual impacts. Finally,
the conclusion brings together key findings frorasil chapters and uses them to design a
blueprint for a spatially explicit DST that is ressive to the major needs, concerns,

priorities, and opportunities identified within geeprior chapters.



Chapter 1: Public Perspectives on Genetic Biocoiohnologies for Controlling

Invasive Fish



Understanding people’s knowledge, attitudes, amt@ms about genetic biocontrol can
help researchers understand the challenges andtoppies that may be encountered
during development of these technologies. Thisystashducted eight focus groups in the
United States Great Lakes and Lake Champlain regiassess different stakeholders’
views about genetic biocontrol technology, factffecting whether or not they support
its use, and recommendations on how to proceeditsittevelopment. Stakeholders were
excited about having a new invasive species cotaa) but they were deeply concerned
about potential unintended consequences. The priatarcerns relate to ecological
impacts, along with the cost of development andothesibility that such efforts will
distract from other, ongoing control work. Parteniys made a number of
recommendations to genetic biocontrol developaduding setting up regulatory
systems, conducting independent cost benefit aeslgsd risk assessments, and

engaging stakeholders throughout the developmeceps.



INTRODUCTION

Invasive fish have been shown to harm native aqsatcies through predation,
competition, hybridization, and introduction of negeases (Allendorf 1991).
Unfortunately, currently available control tool®arot species specific, have non-target
impacts, and often require continuous inputs oétand resources (Schwartz 1986,
Bulow et al. 1988, Marking 1992, Verrill and Bet995). Researchers and natural
resource managers have begun exploring novel dations, including the use of
genetic modification to biologically control invasifish (Kapuscinski and Patronski
2005). Two genetic modification techniques showrtttest promise: chromosome set
manipulations and recombinant DNA methods. Althotigdse technologies have the
potential to be an effective and species-specditol tool, they also have potential risks
and uncertainties. | report results from focusugoexploring stakeholder reactions to

the technologies and associated issues of risk.

Chromosome set manipulations (deliberate chanbapioid sets of chromosomes)
include triploidy and the Trojan chromosome apphodciploidy refers to an organism
that contains three sets of chromosomes instettteaformal two. Triploidy in fish can
lead to sterility. The presence of triploids in gdvpopulation can decrease the number of
successful matings, ultimately leading to a redurctn population size (Kapuscinski and
Patronski 2005, Benfey 2010). In the Trojan chroones method, researchers develop
YY “supermales” (normal males have an X and a Yoolwsome) that are hormonally
treated to induce them to mate as females andrébeased into the wild to mate with
XY males. Matings between YY and XY fish are unabl@roduce female offspring
with the required two X chromosomes. Over timegeegpd stocking of the female-
behaving “supermales” can produce increasingly skksex ratios, driving wild

populations to be predominantly male (Cotton andlgkend 2007).

Recombinant DNA techniques rely on the insertioa tfansgene—a novel genetic
construct synthesized by recombinant DNA methodde-arnfish genome, creating a

genetically modified fish that expresses the @agociated with that transgene (Thresher



2008). The inserted transgene imparts a deletedafiast on individual fishes or on the
populations as a whole. Such transgenic fish wbaldtocked in the wild and mate with
the invasive population. The deleterious transgemad spread through the invasive
population and ultimately lead to a reduction ie gopulation size. Researchers in
Australia are currently exploring a “daughterlegseihe that would cause fish to have only
male offspring (Brown and Walker 2004, Thresher&00

Genetic biocontrol is a potentially controversiayio control invasive aquatic species,
as it involves releasing genetically manipulateth into natural environments.
Ascertaining the opinions and concerns of stakedreld-interested and affected
parties—can help researchers understand potehaénges and opportunities that may
be encountered during the technologies’ developnidrg concept of risk is highly
subjective and stakeholder involvement is critindraming it appropriately (Slovic
1999). Further, stakeholder representatives catribate valuable knowledge that
complements that of scientific experts, an enriahinoé the knowledge-base especially
useful in complex, uncertain situations (Backstra@@3). The importance of stakeholder
opinion and involvement in the development of stedihnologies is highlighted by
Thresher and Kuris (2004) who elicited opinionsrira diversity of Australian
stakeholders (e.g., representatives from conservatioups, fisheries and aquaculture
industries, managers, and scientists) about sepetahtial invasive species control
options. They found that genetic biocontrol was ohtine less acceptable options;
determining the reasons behind such rankings cipndeeide whether and how to move
forward with the technologies. In this study, wedisocus groups to gain in-depth
information on how stakeholder groups in the Uni&dtes react to genetic biocontrol
technologies and the reasoning behind those reacfidis work is a unique and
groundbreaking attempt to bring stakeholders ineodiscussion about using genetic
modification technologies as a potential control tor invasive fish. Our findings were
shared with researchers, managers, regulatorsthadinterested parties at the
International Symposium on Genetic Biocontrol aftiheld in Minneapolis, Minnesota,
USA in 2010.



METHODS

Focus groups are a valuable technique to exposeflying attitudes, opinions, and
behavior patterns” (Pramualratana et al. 1985)u@discussions, rather than one-on-one
responses to an interviewer, allow participantsbio more freely and concentrate the
discussion on points they find most important. Sdiskcussions are especially valuable
for gaining understanding of how affected populadieiew issues for which little is

known (Byers and Wilcox 1991). The economic andremvnental costs of invasive
species (Pimentel 2005) mean that effective cotdals are in demand, and the diversity
of interested and affected parties makes this tulaeea for exploring stakeholder
reactions. Developing new technologies for gert@bcontrol of invasive species and
deciding whether to bring them into practical apgiion will require a good

understanding of people's knowledge base, valti@sides, and concerns (Schot 2001).

| conducted eight focus groups in 2009-2010 widtkeholders interested in or affected
by the potential use of genetic biocontrol in thateld States Great Lakes region and the
Lake Champlain region. The Great Lakes and Laker(lain are valuable fresh water
ecosystems facing significant invasive specieslprob. Group size ranged from four to
16 participants, with 61 total participants. Fogusup locations were chosen for their
convenience to stakeholders and the local Sea Gfficds (university-based programs
that work with coastal communities) coordinating thcruitment of participants. Local
Sea Grant offices identified key stakeholders edlea and we worked together to
extend invitations via email and over the phoneti€élpants came from a number of
stakeholder groups in each of the eight locationduding state, federal, and regional
management agencies, non-governmental organizatonsnercial and recreational
user groups, citizen groups, and tribal groupsuifeid.). All of these groups were
involved with the conservation, management or dsetural resources available in the
Lakes, and they were not necessarily representatithee general public. Power
differentials among participants can result iniggrants being reluctant to express their
true opinions (Krueger and Casey 2000). This, h@wnewvas a relatively minor concern

in these focus groups for several reasons: 1) riccipant in a given focus group had a



position of authority over any other; 2) the fogueups were convened and conducted by
parties with no vested interest in the approvalisapproval of the technology; and 3) all
focus group discussions, including the identitylef participants, were confidential so
participants could speak without fear of reperaussi

Focus groups should provide a comfortable envirarinmewhich participants feel able to
share their opinions, ideas, and concerns witheart &f retribution or disapproval
(Krueger and Casey 2000). To this end, the fatwlitamphasized that she was not
involved with developing genetic biocontrol, norsaghe a proponent or an opponent of
the technologies. The facilitator also emphasibed tesearch on this technology was in
its infancy and that the focus groups were an eapdoy effort to gather as wide a range
of perspectives as possible. Given this goal,@hions and viewpoints, both pro and
con, would be valuable additions to the focus grdispussion as well as to the upcoming

Symposium.

Because genetic biocontrol is a relatively new jaeast participants had little, if any,
knowledge about the topic. To provide all particifzsawith the necessary information to
take part in the discussion, background informapiackets were distributed to
participants prior to the focus groups (Supplemevitgterials1-3), and included
guestions the focus group would be discussingrmddion about two methods of
genetically altering fish for biocontrol applicati® (chromosome set manipulations and
recombinant DNA methods), and references for mmiiaation. These background
information packets provided participants with Hasic knowledge needed to participate
productively in the focus group discussions. Theuogroup discussions were structured
around a set of 12 questions (Supplemental Matgyitiat proceeded in stages. Opening
guestions asked for general background on thegrest in the lakes area and invasive
species control, and their initial reactions toejerally modified organisms (GMOs).
Transition questions focused on how stakeholdédtral®ut using GMOs to control
aguatic invasives. Key questions focused on the @nal cons of genetic biocontrol,
negative consequences that worried them the nmudtywhat would either encourage or

discourage their support for the technologies’ tlgu@ent and use. Participants were



given time to individually list these benefits armhcerns on paper before discussing as a
group. The facilitator then collected those letshe end of the focus groups. Finally,
closing questions focused on recommendations fethgn or how scientists and

agencies should proceed with developing the tecigmed and any other issues not
covered in the discussion. Immediately after eachi$ group, the facilitator and any
assistants summarized their general impressiongentified any key points or

observed themes. The facilitator did not move osussequent questions until all
participants had the opportunity to weigh in on dgluestion at hand and the topic had
been thoroughly explored. Therefore, the lengtthefdiscussion varied with the number
of participants in the group. Both the focus grdigrussions and the debriefing were

recorded and later transcribed for analysis.

Analysis of focus group discussions proceededrigetiphases. First, text from individual
focus group transcripts was sorted into categogkded to different reactions to the
technologies (e.g., concerns, benefits, recommandgt Second, the text in each
category was coded for emerging themes and keydtach focus group’s transcript
was coded separately and then together, compiliedapping themes across multiple
focus groups. Finally, each participant’s initi@nd-written list of potential concerns
and benefits associated with the technologies wdsdas well, grouping the
individually listed benefits and concerns into leacategories (Tables 1 and 2). These
lists were anonymous, individual lists could notib&ed with specific participants. The
facilitator did all coding using NVIVO qualitativenalysis software (Gibbs 2002). This

methodology allowed me to quantify the responsefbys group, but not by individual.
RESULTS

Initial reactions

Each focus group discussion began with participaatisally sharing initial reactions

when presented with the term genetically modifieghaisms or GMO. Participants’

initial reactions tended to fall into four majortegories of association: 1) science fiction,

10



2) food and agriculture, 3) concerns about the targy and danger associated with the

technologies, and 4) public perception of the tetbgies.

Science fiction

All groups mentioned something related to this teewith the term “Frankenfish”
coming up in six of the focus groups and Michaetkon’sJurassic Parkn five. As

one participant explained, “Just gut reactionnfald scientist sitting in a lab cooking up
something evil with weird parts.” These terms tehtteevoke laughter and nodding from
the other participants, indicating that such ides®nated even if they did not dominate

the discussions.

Food and agriculture

Participants brought up the benefits of specificegeally modified (GM) crops (e.qg.,
increased food production, pest resistance), asasehe downsides of their use (e.qg.,
controversy, food safety concerns) in seven focaggs. Some participants considered
these associations to be positive in that the fiélagriculture had used genetic
engineering technologies successfully, while otlesygessed worry over the
controversies and concerns associated with negatigdeinintended consequences, as

well as the negative reactions to GM food consuompti

Uncertainty and danger

Concerns related to this theme dominated bothnitialidiscussion and the entire focus
group. In this initial stage, ideas of uncertaimgluded unknown costs and
consequences, and irreversibility. As one manpgeit:

Well, | think it's a high — a potentially high gairit works, but the down sides are it's a
high risk. We don't know what we're tinkering witiou're tinkering with long-term
genetic and evolutionary processes that we domaé¢nstand if we get in there, and start
messing with the genetic code of this species,aarather species. If indeed we do it
wrong, we're stuck with it on a permanent basis.
Participants also noted that the uncertaintiesraritan genetic biocontrol were
exacerbated by its infancy. Participants indicdbed they did not know nearly enough

to adequately understand its risks or benefitscoatd anyone else given its newness.
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Although the majority of participants were stillllivig to explore the potential of genetic
biocontrol, they also felt that the combinatioruoknowns and negative connotations
surrounding the technologies made their use fdréetcMore detailed discussions of risk
and benefit followed these initial reactions latethe focus groups.

Public perception of the technologies

In general, participants felt that the public wobkl/e a strong negative reaction to the
idea of genetic biocontrol technologies. They thdauymublic acceptance would be a
“huge uphill battle” because of negative perceiohGMOs, fear of the unknown and
potential risks, as well as general mistrust o#iststs and “their wild and crazy ideas.”
However, they felt that such a negative responsddidkely vary among groups. For
example, some representatives at the focus graugshey would never support the
technologies (e.g., nonprofit agency, sport fiskgngup), while others (e.g., sport fishing
group, angling association) could see supportiegethnologies or imagine scenarios

that would encourage support.

Other participants felt that the way the issue fr@sied would have a major impact on
the public’s response. A shift from “GMO fish” tddughterless carp” to “getting rid of
round goby” would elicit very different responsesm the public. Given the importance
of how the issue is presented, participants wene@med about who would inform the
public and whether people in charge of the messagkl be trusted or would be
perceived as trustworthy. Given the complexityhsf issues, some participants felt that
the public’s response might have more to do withrtrelationship to the organization
disseminating information rather than with the mifiation itself. Regardless, or, perhaps,
because of these issues, participants considecedcitl to engage the public early and
often and that public acceptance would be vitableethese technologies could be

deployed.
Benefits of the technologies

After discussing their initial reactions to theadef genetic biocontrol, participants were

asked to write down its potential benefits (Tabladd then discuss them as a group.
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Participants’ responses generally fell into théofeing three categories: 1) development
of a new, potentially effective control for aquatiwasive species, 2) other benefits
related to development and use of new technologiet 3) concerns about benefits
(Table 1). Only categories of benefits with mdrart five responses are discussed below,
as these represent the major themes that emegadtie lists. Quotations from the

discussion of the lists are provided to illustridite major categories that emerged.

Existence of a new, potentially effective invaspecies control tool
Most immediately and frequently mentioned was thiedfit of having a new potential
invasive species control tool. One comment fronaguraculturalist encapsulated the
sentiments articulated by many participants:

Well, one, | think the possibility to create a newst-effective way to eliminate or reduce

an invasive species. Two, it could create a walo percent eliminate an invasive

species. And three, it could create a new wagdoice or eliminate an invasive species
that has no other present strategy to deal with it.

Other identified benefits included having a waydduce invasive populations and the
positive ecosystem changes that would follow thenoval. Participants also liked the
idea of having a tool that could make invasive gggeeradication possible, controlling
species in locations currently untreatable, or §irhpving one more control tool in the
toolbox. There were also suggestions that genaigohtrol could be self-sustaining and

that, after the initial investment, would requies$ time and money than current options.

Participants also highlighted genetic biocontrpitential benefits as compared to
current control methods. They liked the fact tpatetic biocontrol might lead to the use
of fewer chemical controls, potentially far fewematarget impacts and less habitat
disturbance than rotenone chemical treatments ysiqdd removal of organisms. When
making these comparisons, however, some partigganipered the potential benefits by
saying that although genetic biocontrol methodshinigpt have the weaknesses
associated with our current control methods, theghtrhave their own, more serious

weaknesses.

Increased technological capacities and job creation
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A perhaps unexpected benefit of researching geheteontrol techniques was that it
would increase the knowledge base related to ttent#ogies and provide valuable
insights to other fields. One participant expresseubt that the technologies would ever
be useful in controlling an invasive population feit that the research “might spawn a
lot of good knowledge and good benefits to soameitgide of invasive species control.”
This feeling was echoed by participants in sevetmefocus groups, who said while they
did not think they would ever support the use ofedie biocontrol, they could still

support the research taking place in a lab anduymiad knowledge useful in other

arenas. Participants also saw new jobs arising fr@mmesearch, development, and use of

the technologies.

Concerns about benefits

Although participants were open to the benefittheke technologies, many discussed
them with some hesitation and hedged listed beneiih qualifiers. As one participant
talked about the potential to reduce pollution égucing use of chemical controls, he
added that genetic biocontrol posed an increas&dfibiological pollution. When asked
to list his potential benefits, another participeegponded: “Well, | said ‘possible use
against invasive species’. | said, ‘because olitilenown potential to create disaster,
benefits are questionable.” Although a few pap@énts embraced the idea of genetic
biocontrol, “I'm sure it's got to go through envimmental impact procedures, but if it's
got a potential for a large impact on something'shavasive that we can’t control any
other way, bring it on.”, most participants werermoautious. The following exchange
between two participants illustrates the difficultyat some had identifying concrete
benefits:

Participant A: “These are all just benefits assuming this teabgywlworks, right?”
Participant B: “l guess that’s why | had problems coming up viagnefits!”

Indeed, several participants were unable to idgptitential benefits of the technologies

or specifically indicated they thought there weoebenefits whatsoever.

Concerns about the technologies
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Participants’ discussion of concerns was far memasive than that of benefits.
Mentions of potential concerns occurred througlhbetentire focus group sessions, most
notably in the discussion of participants’ initraactions to the technologies and during
more nuanced discussions of their potential bend®iarticipants listed five major
categories of concerns: 1) ecological 2) relateghicertainty, 3) financial, 4)
technological, and 5) regulatory. In this partled tliscussion, participants also identified
several previously unidentified concerns. Only éhewjor categories of concerns are
discussed below, as these represent the major shitniateemerged from the lists. Once
again, quotations from the discussion of the Bsesprovided to illustrate the major

categories that emerged.

Ecological concerns

The largest category was, unsurprisingly, ecoldgioacerns. This included specific
concerns about the impacts that biocontrol fisHdbave on species other than the
targeted invasive species (i.e., non-target impactd the dangers of transgenes being
transferred to non-target organisms. Participamt®wlso concerned about the impacts
that genetically manipulated organisms could havéhe food chain, especially the
potential for harm to human health if humans corelian biocontrol fish or an organism
that had consumed one. Another important concetinisncategory was whether the
biocontrol fish could escape from the targeted mmwents into which they are released
and make their way back to areas where the tapgeies are native and valued
organisms. Participants recognized that a speciesive in one region can be desired or
even a native or endangered species in other regiime manager used the example of
largemouth bass, a valued species in the US, whicbnsidered an invasive elsewhere,
“[People] may decide that they want to take genaticlification steps and release this
genetically modified largemouth over in Japan,what if people were to bring that fish
then over from Japan and drop it into [our] wate@s idea resonated with many
participants and the importance of making sureunh Scenario is possible before using

the technologies was repeated in six focus groups.

Uncertainty
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Uncertainty about every aspect of the technologieselopment, deployment, and
impact permeated the discussion of concerns irydeeus group. Participants were
concerned about lack of information about the wended impacts resulting from the use
of genetic biocontrol technologies and the lackaitrol managers would have after
organisms are released. They also felt uncertaontahe unpredictability of these new
technologies and the possibility of as of now urgmad impacts. Participants were
concerned not only that something might go wronidpwie technologies, but that we are
unable to predict how or why things might go wroRgrticipants came up with multiple
potential negative outcomes or impacts, such abitwntrol fish being better disease
carriers, or the proteins expressed by the modg&tks being allergens, or that the
effects of genetic modification could make the oigan problematic in new ways.
Participants emphasized that they were suggesticiy autcomes not because they
thought they werékely, but because they thought they weossible They stressed that
all negative outcomes or impacts should be invastyno matter how unlikely. One
participant attempted to describe her concernttieatevels of uncertainty could never be
adequately resolved and that use of genetic bioglomtganisms could result in negative
consequences that would far outweigh the negatmeaxjuences of the target invasive

species alone:

| think everybody who has dealt with invasive spsabn the Great Lakes knows about
not only unintended consequences, but unanticipatedequences. When you study
invasional biology in a lab, you say an invasived@es will impact the habitat. It will eat
and — it could eat other species. This could cutpete for spawning grounds. And you
have this list of things you go through as farrapacts an invasive species will have on
an ecosystem. When you actually get out therbarigkes, they're interacting with each
other. And we've turned this corner in the Greakds where we’re having these
unanticipated consequences of botulism outbre&lho in the hell would have thought
we’d have botulism outbreaks? You know, dead zadioesc algae blooms. And they're
all attributed to the interactions of invasive dpsc So it's just — it's really frightening to
think we're adding more invasive species, and wtimneking about adding GMOs to try
and control invasive species.

Financial concerns
Concerns related to this category surfaced in efgenys group. Such concerns primarily
centered on the amount of money required to devahojpadequately test biocontrol fish

and whether this would divert money from other gotially more important needs. One
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participant worried that thoroughly testing thehiealogies could cost “kabillions of
dollars” and still not be worth the money. Theyath “Fifteen years later, we're going to
say, ‘All right, now we're ready to test somethinga fishbowl.” And meanwhile, if we
just spent $50,000 on a pile of rocks and dammeckfs to the waterbody] up to begin

with, we wouldn’t be sitting here having a problém.

Technological concerns

Participants also explored concerns surroundingetienologies’ implementation,
including issues such as the technologies’ effeciss, the stability of the manipulated
gene over time, and whether developers had thityatisiladequately test biocontrol
technologies for the concerns raised in this dsioms Participants also wondered about
the number of biocontrol fish needed for an congftdrt to succeed and whether
developers had the ability to produce sufficiennbers, particularly if a control effort
were to be attempted over a large geographic ¢satd as the Great Lakes). Finally,
participants talked about the uncertainties assedtiaith the technologies: whether
removal of the target invasive species will haweititended ecological effect and how

the technologies might fare in the face of re-invagvents.

Regulatory concerns
Concerns about regulations began with which agemweaild be in charge and how to
deal with the cross-jurisdictional issues. Thesérelogies are being designed for
release into the wild, and participants were camegrabout what might happen when the
biocontrol fish cross political boundaries or hogeacies would deal with a situation in
which one jurisdiction approved use of biocontrshfbut a neighboring jurisdiction did
not. Other concerns related to how regulationseskiing the complexity of the
technologies would be crafted. One participant veved whether politicians would have
sufficient understanding of the scientific issugsdgulate biocontrol fish properly:
Are we going to allow politicians to decide on tiegulations for the application of these
genetically modified organisms when they couldwémr listen to the scientific advisors

years ago trying to point out all these problemshage with different ways to stop
invasive species?

New concerns: escape into native range, ownersaige hope, ethical concerns
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Several sets of concerns identified by the focesigs are worthy of special note given
their absence from, or limited mention in, liter&wn genetic biocontrol. First, as
discussed above, concerns about biocontrol fishmgawmto their native range. Second,
participants expressed concern about who would awad therefore control, the
technologies. Participants worried that profit eatthan ecological management goals
could be driving the technologies’ development.yrakso worried that, once the
technologies are developed, managers may findhkeadevelopment company has a
disproportionate amount of control over their masmagnt decisions. Third, they worried
that genetic biocontrol would give people a falsese of hope about our ability to
control invasive species. They worried that it vebréduce the political will to prevent
new invasions and the sense of urgency once neasgions are detected. Finally,
participants raised concerns surrounding the mgratid ethics of genetic modification.
Participants from six focus groups talked abouir tthral and ethical concerns
associated with these technologies. These conoestusled whether it was morally
acceptable to release imperfectly understood, piatgnharmful technologies and
whether there might be wide-spread public objedtoscientists “playing God.”

Concerns outweigh benefits

Overall, participants identified in their hand-vei lists far more potential concerns
associated with genetic biocontrol technologies fhatential benefits. They listed 300
concerns compared to 156 benefits. This pattemedaover into discussions of benefits
and concerns as well. Considerably more time wastsgiscussing concerns and

discussions of concerns arose spontaneously thootigfe entirety of all focus groups.

Concerns also varied more widely, falling into Xddd categories and 22 subcategories,
while benefits fell into eight broad categories #mee subcategories. The lack of
variation among the benefits is highlighted by dbservation that 79% of listed benefits
fall into the most frequently listed category (depuially effective control tool), the most
frequently listed category of concerns however I@gioal concerns) only make up 29%
of concerns. Finally, although all participantsdis concerns, five participants felt the

benefits associated with the technologies wereeribnexistent (4) or unknown (1). In

18



general, participants said the discussions hadfteet of increasing the number of
concerns they had about the technologies. Notwehe their initial concerns valid, but

they were also aware of new, equally valid concerns

These results should be interpreted with careidiaanhts pointed out in the ensuing
discussion that several issues raised were twaksitley could be considered either a
benefit or a concern depending on the contextettenario. These included: the
potential eradication of pests would be good, leuhaps that would lead to major
problems if the biocontrol fish then travelled irti@as where the target species is not
considered invasive. Additionally, the self-perzing nature of the technologies would
be good in that it would allow for reduced managehadforts and potential control of
large water bodies, but such self perpetuationccaldo reduce managers’ ability to
recall the technologies should something go wrémgnany ways, benefits and concerns

arise from the same characteristics.

What influences support for the technologies?

After listing their concerns and benefits, the litatior led the participants in a discussion
to identify issues that would most encourage odeitheir support of genetic
biocontrol's development and use. The overarchieghes that emerged from this
discussion are discussed below.

Discouragement of support

The majority of issues found to discourage suppere related to confirmation of the
concerns identified earlier in the discussion (efdghe biocontrol fish did indeed spread
to non-target areas). Several new important isdigearise, including secrecy in
development and testing and the lack of effectagutations guiding such processes.
One participant specifically mentioned his conasith the role of the U.S. Food and
Drug Administration in the regulatory process gitkee mandated confidentiality in its
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procesS. Several participants (from four groups) felt bieato support the technologies
if evidence emerged that resources could be bettnt elsewhere in an invasive species
management strategy. One participant wondered whetirsuing these technologies
was responsible given that use of existing techgietocan still be improved: “We're
using a hammer as a screw driver right now. Waellshisave used the hammer as a
hammer and a screwdriver for a screwdriver. Onedearn that, then we can develop
the chainsaws.” Prevention efforts were frequemintioned as a more effective use of

limited funds.

Finally, some patrticipants felt that support wodé&tline if there was evidence that the
technologies were being pursued for profit instefibr ecological benefit A

representative from a non-profit organization petticularly strongly about this:

If at any point | felt that this whole thing wasithg pushed forward because of a
corporate, and them trying to find a product thaytcan market, and get out there, and
make a lot of money off of, as opposed to whai\artly the research, and what's driving
the program, being the eradication of invasive gsec | would definitely walk right
away from it, and not support it at all.

Encouragement of support

Similarly, support for genetic biocontrol would rease with evidence supporting the
benefits and reducing the concerns identified e the discussion. New issues,
however, included the need for favorable cost-beastlyses of the technologies’
development, development of an ‘off switch’ so ti@control fish could be
“deactivated” and independent verification of édkrassessments. Several participants
felt that they could support the technologies’ osby in a crisis situation. The reasoning
behind this opinion was that they would supportegierbiocontrol options if there was a
situation that could not be made any worse, evéreitechnologies had unintended

negative consequences. If the target ecosystenainesgly considered a loss, and even if

A Currently the Food and Drug Administration hasrkd regulatory authority over animals modified
using recombinant DNA techniques under the Fed&yall, Drug, and Cosmetic Act (Showalter-Otts, this
issue).

B Genetic biocontrol technology is not currentlyrizeileveloped as a commercial product. However, the
only genetically modified fish currently availabfethe US is a commercial product (the GloFish™GM
zebra danidanio rerio).
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the technologies have all the negative impactetedhe attempt would not damage

anything they were trying to protect.

Issues of uncertainty also played a role in thi$ pthe discussion. Participants from
four focus groups mentioned they felt there waserily insufficient information even to
say whether or not they would support future dgwelent of the technologies and that
more information would be needed in order for therform an opinion. Further,
participants from three focus groups felt that ¢he@as so much uncertainty inherent in
the technologies that they would never feel comafdg supporting it. As one put it, in
order to support the technologies he would neesdéoproof of “zero risk, which is going

to be really hard to do.”

Recommendations for development

Finally, participants discussed recommendations that they would like to
make to genetic biocontrol technologies developers. Although some were
concerned about their lack of specific expertise, many were emphatic

that their recommendations should be used as general guidelines. These

recommendations fall into seven categories:

1) First, do no harm
Developers should move forward only if they areeshiey are not going to make an
already frustrating aquatic invasive species snavorse. Some participants even

suggested a method of recalling or deactivatingtbeontrol fish be developed.

2) Engage as many viewpoints as possible during development
Stakeholders should be included early and often to ensure that the
technologies are addressing their needs and that a broad set of
potential concerns are identified and addressed. The greater the number
of potential concerns that are proactively assessed, the more likely it

will be to reduce the possibility of unintended consequences once the
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technologies are deployed. Important lessons could also be learned from

elsewhere (e.g., other countries, past attempts at biocontrol).

3) Require thorough, unbiased testing by an objective, independent group
Those who test the technologies should not have ties to technologies’
developers. ldeally, testing should involve multiple groups, all of whom
are independent. Thorough testing includes extensive tests using
smaller, controlled experiments as well as more complex, large scale
tests of the biocontrol organisms’ interactions with the rest of the

ecosystem.

4) Utilize a case—by—case approach targeting specific species or areas
Developers should choose an invasive species to manipulate that is
causing enough damage to be worth the cost of development. Managers
should also choose to deploy the technologies in areas in which
unintended consequences are not likely to cause irreparable damage (i.e.
not an area of special ecological or economic value) and from which
movement into other areas is unlikely. Testing of the technologies

should also be specific to each potential management application.

5) Employ clear go/no-go reasoning

The development process should move forward inangaiig, making sure at each step
that it makes sense to proceed (i.e. there ismmaintj evidence that it would have the
desired effects). There should be a decision-makargework for both development and
use of the technologies, and this framework showdllide both a comprehensive risk
assessment as well as a thorough cost-benefitsasaly

6) Develop an effective regulatory framework
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A regulatory framework specifically designed to address genetic
biocontrol issues should be developed, as it is unclear whether current
regulatory mechanisms are sufficient. Regulatory frameworks should
coordinate both within— and cross—jurisdiction actions. They should also
regulate initial releases of the technologies, require long term
monitoring, and designate who is responsible for negative consequences

should they occur.

7) Ensure transparency at all steps

The entire process — development, testing, regulation, release, and
monitoring — should be done in a transparent fashion and efforts should
be made to communicate information to the public and other interested

parties throughout the process.

Reaction to the Focus Groups

Most participants were pleased that they were beimgulted and given the chance to
share their viewpoints with those developing tteht®logies and they hoped that groups
such as this would continue to be held throughloeitdevelopment process. As one

participant said:

It is a good thing that those who are organizing the study have reached
out. You know, practice as past, you may not necessarily have seen
something like this where they just say, ‘Okay, we re going to:-- do
it.” And then maybe you don’ t even know that it was going on:* we

don’ t see the bill, so we don’ t even know what happened [or] the time
and energy that’ s spent. I’ m glad that in the face of that that we’ re
getting an opportunity to provide that input. Hopefully, it will be
given the weight that it truly does deserve from a very wide variety of
perspectives and expertise in here.

Some participants, however, were wary about whetiese results would be used to

sidestep stakeholder issues instead of addressngy t
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Participant A: “Could you imagine if they had the discussion tlvatre having right
now before they brought the Asian carp imthat's the part I'm getting out of this. At
least we're having a chance to discuss it befonapipens.”

Participant B: “Unfortunately, there’s another way of looking fateind unfortunately,
giving them this information about where the feams also gives them the opportunity to
say ‘Okay, now what do we have to do to massagsetfears to get them to think the
way we want them to think so that we can go forwaitth what we want to do.” You
know, it's a double edged sword is what it isfekls good to be able to have your say
and let them know. However, by letting them kntivat also gives them the edge to
come back at you from the other side and say, ‘Ottay is how we fix everything you
just said,” and make you feel... better about whaytte about to do [without actually
fixing it.]”

DISCUSSION

The focus group discussions contained three bitoamiés. The first centered on issues of
uncertainty, whether about the technologies and iim@acts, the motivations
surrounding their development and use, or the mé&dion available. The second was the
desire to act cautiously, with thorough testing anc&emphasis on prevention efforts
instead of research into new control methods. Tlpadticipants continually returned to
guestions of balance. Questions continually arbseitshow best to: 1) spend limited
funds, 2) determine where efforts should be focu8gdeigh and compare the
technologies’ benefits and costs, and 4) determime bears its risks and benefits.
Overall, discussions indicated that most participavere supportive of genetic
biocontrol research for its own sake, regardlesstadther it would ultimately achieve
the desired goals. However, they set very highdstats for deciding whether to use the
technologies in the field. A few participants wagainst proceeding with its
development at all. They felt that the resourcesiue develop it could be put to better
use (i.e. restoration and prevention) and pursilinguld open a Pandora’s Box of new
problems.

The focus group results indicate several imponpaits regarding development of
genetic biocontrol technologies. Stakeholders shbalincluded throughout the
development process as a source of advice on wéatimologies and levels of risk they
find acceptable as well as a source of valuablal lscowledge. Such input may prove
valuable to developers, risk assessors, and polakers when guiding technology

development, instituting risk assessments, andicgafegulatory frameworks. Even
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within the limited scope of these focus groupstipg@ants helped identify potential
sources of uncertainty that had received limitedny, mention in the literature.

Involving them as partners throughout the develagmeocess would likely lead to
identification of key uncertainties and researchafions. Participants felt it important to
involve the public throughout the process regasdtdghe complexity of the
technologies. Indeed, the more complex the teclgedothe greater the onus on the
developers to communicate key issues clearly terdevaudiences. At the beginning of
any new genetic biocontrol technologies developrpenject, public support could be
increased through a cost benefit analysis showiagdeveloping these technologies is
the most effective use of limited funds. Such asedyshould elucidate two key concerns:
1) whether these technologies are a more effeataseto deal with the problem than
other available options, and 2) whether the probhkemore pressing issue than other
issues faced in the management area. The uncgrsaimbunding both the benefits and
the costs associated with novel technologies coalkle these analyses impossible to
produce or largely theoretical until late in thevelepment process. It is possible that this
more open and transparent approach to technologiament and management will

help engender public acceptance of decisions, étleay do not necessarily agree.

To be clear, the rationale for increased publiolmement in the decision making process
is not simply to take advantage of their knowledgd to increase public acceptance of a
novel technology but also because they have tin tagparticipate in decisions that will
impact their lives. Implementing public particigati however, comes with its own set of
challenges. These include concerns that publiclvevoent leads to decisions that default
to the status quo when faced with uncertainty diffeculty of recruiting representative
groups of participants, and maintaining activeipgration over a long decision making
process, as well as concerns about the additiass$ én resources and time (Irvin and
Stansbury 2004, Tait 2009).

When it comes to moving forward with this, or arilier novel biocontrol technologies,

participants had an array of issues that, if adedr@swould make the use of the new

technologies more acceptable to them. Some of ikeges are possible to address (i.e.,
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achievable with current technology and methodslabls), some are possible but
challenging to address, and some are impossildddoess. Those who wish to develop
and use new technologies, however, will have td fiays to explicitly acknowledge
them all — those they address as well as thosedbewt.

Those issues that are currently possible to addneksle clearly defining and explaining
the specifics of the technologies to the generhlipuproviding accurate estimates of the
cost of development, providing proof that the teatbgies will have their intended effect,
allowing for transparency in the development antifog, allowing for independent
verification of all findings, and only using theclaologies once regulatory and
monitoring mechanisms are in place. Addressingetiesies, while adding to the
development costs, would increase stakeholder suppand confidence in any new

natural resources management approaches.

Other issues that would increase stakeholder ceméel and support, but that would be
challenging to address, include providing proot tha new technology is the best use of
resources, showing that it would be used onlyénisis situation (i.e. a situation in which
the ecosystem was so damaged that any additiomegiadone by the genetic biocontrol
would have a negligible impact), and ensuring thattechnologies are reversible. Both
showing that the technologies are the best usesoiurces and that they would be used in
a doomsday scenario are challenging because thayegroof that, in the former case,
no other management need is as worthy of fundinlg iarthe latter case, that no other
management options are possible. Proving thishailtlifficult because both of these
scenarios require ruling out all other optionswbich there can be many.

Some issues identified cannot be completely addde$zarticipants requested proof of
“zero risk” and that all possible negative impaats tested. This, however, is not
possible, especially with technologies developeachgrily in laboratory settings.
Technology developers must work with regulators staéteholder groups to determine
how close to “zero” risk is feasible and acceptahiel which impacts are highest priority

and which can be left untested. As a result ofd@leesnpromises, some stakeholders will
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never be fully satisfied with the level of safegndonstrated and never approve of the
new technologies. There will also be stakeholddrs are against developing genetic
biocontrol technologies for reasons that cannadiressed in any development, risk
assessment or regulatory framework. Attemptingatsfy these stakeholders may not be
possible, but responding to their position and Wwigig it against those who support

development will be necessary.

The range of issues that stakeholders want toddressed makes clear that they have
very different standards than do genetic biocordeslelopers and researchers.
Participants indicated that they want a broadeofmisues addressed, including some
that are currently not possible to address. Fomgka, many of the participants wanted
“proof” of the technologies’ efficacy, somethingatlcannot be shown until the
technologies are used in the field. This puts dgais and stakeholders in a catch-22
situation because the evidence needed to inforrdehision to proceed is impossible to
collect until after the technologies have beenasdel and used for some time in natural

environments.

The range of issues and the degree to which stédexisovant them addressed will likely
vary with the degree of trust that stakeholdershauhe groups making the decisions
related to the technology’s development. A lackwblic trust in the government
agencies making the decisions is a major probldovi§1993, NRC 1996). Those
making these decisions can work to build trust &ing a transparent and honest decision
making process that allows for iterative communacatvith the public and gives the
public influence over the final decision (Slovica® NRC 1996, Peters et al. 1997).

Participants’ involvement in the focus groups gldfand in some cases increased their
perception of the range of valid concerns aboute¢hbbnologies. Further stakeholder
engagement may lead to additional shifts in pereepsome in a more sophisticated and
nuanced direction that will allow stakeholdersremie questions and prioritize concerns
with greater clarity and precision. Such engagemeght enable a greater understanding

of which issues can be addressed, providing oppiieta for stakeholders, developers,

27



and scientists to develop a set of issues and metioo addressing them that is more
generally acceptable. Some participants statedhkatposition would change with
increased information about the technologies. lIddseme became more open to the
technologies and some became more skeptical ishibwe timeframe of the focus groups
discussions. Such shifts suggest that concretennaftboon about the specifics of genetic
biocontrol and its proposed management could stakeholder perspectives
significantly. Whether or not these shifts wouldibsupport of the technologies is

unclear.

This study had two significant limitations. Firbgcause participants were grouped by
region and not affiliation during analysis, | couldt compare reactions from different
stakeholder groups. Second, due to the limited murabfocus groups | could not
compare the reaction of stakeholders from diffegaatgraphic regions. However, the
goal was to capture the initial reaction to theaidé genetic biocontrol and identify
stakeholder recommendations for the technologiegebpment and use, not necessarily
to analyze such results by stakeholder group ogrgebic location. Variation of

responses between stakeholder groups is a poasdador future investigation.

Results of this study agree only in part with restriom two prior studies investigating
the public’s reaction to genetic biocontrol of isiee fish. Importantly, invasive species
are a broadly recognized problem for the focal e#quecosystems of all three studies,
specifically the Great Lakes in this study andtheray Darling River Basin in the prior
two studies. In the first of these prior studié®, Australian CSIRO Centre for Research
on Introduced Marine Pests held a series of wonsshioat, among other things, looked
at the strengths, weaknesses, and acceptabiligyiomber of control options for aquatic
invasive species (Thresher and Kuris 2004). Rekessdound that although genetic
biocontrol was not unacceptable to workshop paudicis, it did rank among the less
acceptable control options. This is in line with fimdings that focus group participants
were willing to consider the idea of genetic biokrohin the Great Lakes and Lake
Champlain region, but had serious hesitations deggiits use. Focus group participants

wanted strong assurances on a much wider rangswés (e.g., economic, ecological,
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ethical), whereas the Australian participants sektamy to need “strong evidence that
the genetic modification would remain confinedhe pest species.” Many of my study’s
participants shied away from the idea of releabiogontrol fish across an entire aquatic
ecosystem as proposed by Thresher and Kuris (20t¢ad, they felt more comfortable
with the technologies’ use in smaller, more cordgdiareas. The second study
investigated the Australian public’s reaction te ttlea of using daughterless carp to
control common carp in Australia (Fisher and Cr2895), using phone surveys to elicit
rankings by 600 citizens of seven benefits andteighcerns about such a control
method. Their results were the opposite of misédastralian respondents indicated that
they felt the benefits associated with the dauggdercarp control method outweighed the
concerns. Differences in methodologies (e.g., uaipge-determined list benefits and
concerns from which to choose versus open-endedshsn in focus groups) and survey
population differences (e.g., members of the Aliaimgublic versus select Great Lakes
stakeholders) may account for the differing resuisen so, there were several points on
which stakeholders in both studies agreed: 1) gadpecies specificity, efficacy, and
cost-benefit issues need to be addressed and Bydbess of addressing such issues

should be transparent.

Taken together, these three studies suggest thaptrific approach used to engage
stakeholders will affect their responses to quastabout possible environmental release
of a novel technology, such as genetic bioconirbé different conclusions about the
acceptability of genetic biocontrol between focusup participants and Australian
members of the public (Fisher and Cribb 2005) ssft&at responses can be influenced
by respondents’ background and relationship taghige. The way that information and
opinions are elicited is also important. Australiaepondents in the phone survey (Fisher
and Cribb 2005) were presented with a preexistsigf benefits and concerns about a
specific technology (daughterless carp) to rank|esiocus group participants were
allowed to articulate, unprompted, their own list®enefits and concerns about genetic
biocontrol technologies’ more generally. These tmethodological differences should be
carefully considered, as the concerns and bendétgified in the lists in the Australian

study and our focus groups differed significan@gare and sophisticated thinking is
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needed when choosing transparent processes fogiaggaith stakeholders and the
broader public, as each approach comes with itslomitations and biases. Other future
research priorities include exploring which stakdbogroups should be included in
engagement activities especially considering taestooundary nature of the
technologies. Finally, it is important to remembeat many of these issues will vary on a
case-by-case basis and should be reexamined fompeaposed use of genetic biocontrol

technologies.

CONCLUSION

Involving broader groups of stakeholders in form@hsideration of novel technologies is
important for substantive, normative and instrurakrgasons (Fiorino 1990, NRC 1996).
Substantively, stakeholder representatives carribote valuable knowledge that
complements that of scientific experts, enrichimg knowledge-base used to guide
technology development and risk assessment. Noretatistakeholder groups may be
affected by the technologies’ use and therefore hlag right to participate in
deliberations about its merits. Instrumentally Julding interested and affected
stakeholders in evaluation and decision makinggsees can lead to better informed and

more legitimate decisions.

The results of the focus groups in this study supglbthree of these reasons for
involving stakeholders early and often in discussithat inform decisions surrounding
genetic biocontrol and other new technologies. Bapoup participants identified a
wider range of concerns than those typically foduse in the literature on genetic
biocontrol (substantive). These include new soei@bnomic and ethical issues.
Additionally, some participants questioned whetie@noving invasive species is the
correct effort to focus on for natural resource agment. Thus far, genetic biocontrol
literature has focused on genetic and ecologiskErsuch as instability of the genetic
construct, gene flow and the regional impact oflsttg genetically modified organisms
(Muir and Howard 1999, Kapuscinski and PatronsKiZ20rhresher 2008). Participants
also spoke about the importance of stakeholdebapaber public involvement
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(normative). They felt that their involvement wasical and that its inclusion early and
throughout the process would shape how the techresdavere received and if their use
would be accepted. Finally, participants outlinedammendations for development of
these technologies that include principles of rbblesision-making (e.g., transparency,
structure (Gibbons 1999, Ludwig 2001, Salwasse2pd@dicating that incorporation of
these recommendations would strengthen the developpnocess both objectively as

well as in the eyes of the public (instrumental).

That focus group participants identified criticadgpreviously unmentioned concerns as
well as pertinent recommendations for developmetiteanascent stage of the
technologies highlights the importance of includatgkeholder perspectives in the
development of genetic biocontrol technologies speadly, and new technologies in
general. Thoroughly assessing the complete rangeraferns and proceeding in a
manner viewed as legitimate is crucial for deplgymew technologies perceived to have
many potential risks, and these results indicaeitivolving stakeholders is a critical
step in identifying those risks.

31



Table 1-1.Main categories of potential benefits of genetacbntrol technology.
Categories were developed from the hand-writtda generated by each participant
during the focus group, and from the resulting usston of those list§ootnotes provide

brief descriptions of concerns not discussed irté¢leof the article.

Benefits Frequency on
Lists
(# of Focus Groups)
A new, potentially effective control tool 123(8)
Existence of a new control tool 49 (8)
Positive impacts associated with an effective airtol 49 (8)
Reduced use of old control tools 25(8)
Increase in technological capabilities/ knowledgedy 147)
Job or industry creation 5@13)
Preemptive ability 4 (1)
Useful at large spatial scafes 4(3)
Area-specific contrd 3(3)
Public reactiof 2(2)
Educational opportunity 1(1)
Total benefits listed 156
No benefits can be identified )
The benefits are unknown 1@2)

A Potential for a tool that can be deployed preevepti(i.e. before the species are established)

B Potential for use at large spatial scales whenentitools are ineffective

© Ability to target a specific area in the contréfoet

P Positive response of the public to aggressiveastivith observable results
E Opening for dialog with the public about invassgecies
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Table 1-2.Main categories of concerns regarding geneticdritrol technologies.
Categories were developed from the hand-writtda enerated by each participant
during the focus group, and from the resulting usston of those list§ootnotes provide

brief descriptions of concerns not discussed irt¢leof the article.

Concerns

Frequency on Lists
(# of Focus Groups)

A Will the technologies’ use be acceptable to theegal public?

Ecological concerns 86 (8)
Impacts on native species genetics 23 (6)
Environmental impacts 16 (8)
Food chain concerns 16 (6)
Impacts of the transgenics on other species 16 (6)
Escape into other areas/native ranges 15 (4)

Concerns related to uncertainty 68 (8)
Unintended consequences 19 (6)
Uncontrollability 19 (6)
Unknowns 16 (6)
Unpredictability 14 (7)

Financial concerns 46 (7)
Cost of development and testing 26 (6)
Diverting money or effort from other needs 18 (6)
Impact on Industry 2(1)

Technological Concerns 32 (8)
Effectiveness 11 (6)
Stability of altered genes 8 (3)
Spatial scale feasibility 7 (3)
Ability to completely test 4(2)
Ability to produce enough transgenics 2(2)

Regulatory Concerns 16 (6)

No regulations currently exist 8 (4)
How will regulation deal with multiple jurisdictian 3(2)
Who will be responsible for regulation 3(1)
Lack of clarity regarding regulatory goals 1(1)
Long term responsibilities 1(1)

Control/ownership issues 15 (5)

Public acceptanée 14 (5)

Timeline issues 9 (8)

Ethical issues 8 (3)

Monitoring issue$ 4 (3)

False hope 2(2)

Total concerns listed 300

8 How long will it take before the technology is dg&or deployment, and how long will we have to wai

to see its impacts?

€ How do you design, implement and fund a programamitor effectiveness of the technology and any

potential impacts?
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State@overnmentd20%)2

Outreachrganizationsd16%)2

RecreationalEroupsd15%)&
\ \ Citizen@dvocacy@roupsd15%)@
\:
\\\\7 Non-profit@rganizationsd11%)&
\\\\7\— Researchinstitutions{11%)a

N Commercial@roupsd10%)a

N Federal@overnmentd7%)@

Intergovernmental@Eroupsd7%)z

X Local@overnmentd3%)@

N Tribal&roupsd3%)@

X Environmental@onsultantsd2%)&

X Mediad@2%)@

Figure 1-1.Participant affiliations, compiled across all difcus groups. The total
percentage (summed across all categories) is gtbaie 100% as several participants
were representing multiple interest groups.

34



Chapter 2: Aquatic Invasive Species Management:aganPerspectives on the Current
Decision-Making Process

with Dr. Anne R. Kapuscinski
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Managing aquatic invasive species (AlS) is a wicgeablem — messy, overlapping with
other environmental and economic issues, and withioy obviously correct answers.
Improved understanding of the current decision-mgl@nvironment is needed to

identify the strengths and weakness of the cupsrtess and to suggest improvements.
Towards this goal, we conducted thirty-one intemgavith managers involved in AIS
management around the Mississippi River Basin amdentrated in Minnesota to better
understand their on-the-ground perspectives ofdd8sion-making as well as the
priorities and concerns influencing those decisidinese interviews also explored the
strengths and weaknesses of the existing decisakiag process and the ways in which
a decision support tool could be of use. We founad inanagers at all levels viewed AIS
management as encompassing a wide range of mgtitat need to be balanced with
one another (e.g. prevention and containment sffogsearch into new control tools,
control and eradication efforts), a balancing achplicated by inadequate direction as to
the relative importance of these priorities. Mamageere also highly conscious of the
economic issues associated with all aspects ofdd8agement. Identified strengths and
weaknesses of the existing process all involvesettiie presence or absence of principles
of a robust decision-making process. Strengthsidecthe coordination between agencies
and the communication with the broader public. prevailing approach, however, lacks
several robust decision-making principles includsadficient scientific basis, structure,
documentation, and an adaptive element. Our reswdisate that AIS decisions could be
strengthened by explicitly incorporating these giptes into the decision-making process

and that a decision support tool would be an affeavay to incorporate them.
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INTRODUCTION

Rittel and Webber introduced the concept of thekadicproblem. Problems are ‘wicked’
when they cannot be clearly defined or separatad fsither, larger, issues and
circumstances surrounding the problem (knowledge bavailable resources, legal
limitations, etc.) change over time; when probléatk a ‘stopping rule’ (i.e. set criteria
that tells you the solution has been found); whatemtial solutions are not ‘wrong’ or
‘right’ but ‘better’ or ‘worse’; when every problem unique; and when the possible
solutions are not a limited and discrete set oiomst (Rittel and Webber 1973, Conklin
2006). Management of aquatic invasive species (Bl&)quintessential wicked problem
for natural resource managers. Issues of invagigeiss management are necessarily tied
up with other issues such as fisheries managentself @ wicked problem (Jentoft and
Chuenpagdee 2009), recreational use issues, abdl gloipping practices, to name a
few. Further, AIS management is a socially compleblem, with different players
having different goals, different definitions oktbroblem, and different ideas about
acceptable solutions. This social complexity makeslready wicked problem even
more wicked (Conklin 2006). Invasive species marsmgee attempting to balance
competing demands and multiple priorities with tedi resources. In this paper we
empirically examined the process and factors imfitireg the current decision making
environment for AIS managers in order to uncovegrasfunities for improving their

decisions.

Scholars have suggested several principles ofidaamsaking in order to deal with these
wicked problems. Together these principles leaa nwore robust decision making
process, which we define as a process that supgectsion making under conditions of
high complexity and uncertainty and that allowsisiea makers to learn from and
explain the reasoning behind their decisions ef/dedisions do not lead to the intended
results. First, the value-laden nature of theseptexndecisions has led to calls for
making decisions in a manner thapéasticipatory (participation of all interested and
affected groups, most of whom are not experts)tersparentGibbons 1999, Ludwig
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2001, Backstrand 2003). Broader participation ®alitbw for inclusion of multiple
perspectives and “knowledge, agendas, needs amertai of social groups who are not
part of traditional, technocratic decision makingthods (Backstrand 2003).
Incorporating the principles of participation anansparency will allow the values
influencing the decision making process to be meaghdicit (Ludwig 2001). This will

lead to a more thorough understanding of how tluésae was reached and will, in turn,
make the final decision more socially acceptabkciBtrand 2003) and the entire
process more “socially robust” (Gibbons 1999).

Although multiple ways of knowing should inform tHecision making process, a second
principle urges makingcience-basedecisions (Lubchenco 1998, Mills et al. 2001,
Salwasser 2002, Backstrand 2003), that is, de@sgoounded in and consistent with
current scientific knowledge germane to the wicgeablem. Lubchenco argues that the
complex problems faced by society require “more pahensive information,
understanding, and technologies for society to moward a more sustainable
biosphere” (1998). Scientific involvement in theed#&on-making process can offer an
objective tool for sifting through the competindueladen positions (Mills et al. 2001).
Finally, as more reliable information becomes alad#, the uncertainty surrounding an

issue can decrease, reducing the complexity gbtblelem (Salwasser 2002).

Thirdly, the lack of complete knowledge and higltemainty surrounding wicked
problems has led to calls for adaptiveor iterative learning element to the decision
making process (Lee 1993, Salwasser 2002, Conk6 ) An adaptive process allows
decision makers to gather information from attengpts solution and use it to inform
subsequent attempts. These partial solutions driaihares but learning opportunities.
Each attempt at a solution allows for better undeiding and definition of the problem
and a clearer sense of what makes a decisionrbett®svorse.” Taking an
adaptivel/iterative approach also allows decisiokeratheflexibility to adapt their
decision making process in light of new informatidhis flexibility is also important in

an arena where inconsistent information is avaalétt each decision and decisions must

be made with what is available as opposed to vehiaieial (Hammond et al. 1999).
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Although flexibility is important, so is making dsmns in astructuredandconsistent
manner (Hammond et al. 1999, Salwasser 2002). t8tiag the process in a consistent
manner allows people to revisit the steps takend&e the decision and understand how
it was reached. It also helps increase the trapspgrof the decisions by being clear how
“science, risk, uncertainty, values and tradeddi®’ included and relate to one another in
the decision making proce€3ocumentinghe decisions as they are being made
reinforces the benefits arising from a structurestpss as well as providing a method for
returning to the decision and assessing it in lafhtew information (Funtowicz and
Ravetz 1992).

Decision support tools (DSTs) can powerfully helgrmagers to prioritize among
competing management needs, allocate scarce rescarmss multiple problems and
explicitly incorporate the above robust decisiorkmg principles. In the 1970s
researchers began to develop the idea of decisjgpost systems. This idea came out of
two areas of research: studies of organizationaka®-making and on interactive
computer systems (Keen and Morton 1978). Decisugrport tools are especially useful
for natural resource management decisions bechageallow integration and viewing of
from a variety of sources, they set transparemidstals for evaluation, and they provide

users with a simple and powerful way to communidtagd findings (Fedra 1995).

It is difficult to improve upon the existing appabato AIS management until there is a
clear understanding of its strengths and weaknesses is difficult to design

appropriate DSTs until there is a clear understandf what issues they should address.
The purpose of this study was to characterize tineent decision making process for AIS
management and identify its strengths and weakae®ée interviewed 31 natural
resource managers and researchers involved withm@isagement. These interviews
identified influences on their management decisitimsir top management and economic
concerns, and their AIS priorities in order to molearly define the context in which AIS
management decisions are made. We analyzed mashegygiptions of current decision-

making processes to assess existing strengths eakhesses. Finally, we asked
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interviewees whether and how a decision suppottdmad be useful in their work in

order to determine what they saw as their mostsprgseeds.

We focused this study on AIS management in the &teéie of Minnesota for two
reasons. First, compared to other states, Minnémsdeen extremely proactive about
aguatic invasive species management (Minnesotariepat of Natural Resources n.d.).
Second, aquatic invasive species management inddata is an especially complex
problem both institutionally and logistically, ceisg several agency jurisdictions and
balancing the demands created by over 15,000 in&kas$ (Dean and Gorham 1976), a
challenge due to the varied ecology of these lakesell as the sheer magnitude of the
water bodies in need of management, as well ag ttrested by international waters
(Lake Superior) and the headwaters of the Misg$tjver, whose entire basin drains

approximately 40% of the lower 48 states (U.S. Eonvnental Protection Agency 2008).

METHODS

Thirty-one individual interviews with natural resoa managers and researchers were
conducted from July of 2008 through April 2009 einviewees were chosen for their
involvement in and knowledge of invasive speciesag@ment. The majority of
interviewees were associated with federal (13)ateq13) government agencies, with
the remainder (5) associated with non-profit orstdting organizations. Because the
focus of this research was on AIS management isttite of Minnesota, USA, most
interviewees (22) either were specifically concerméh management in the state of
Minnesota or had a management area that contaihedpart of Minnesota. These
interviewees were chosen to provide ample repratentof the state and federal
agencies involved in AIS work in the state of Misat. Prior interviews suggested the
remaining interviewees (9) as being valuable infamta about the current state of AIS
decision-making. These interviewees were chos@nawade additional useful
perspectives from agency managers from outsideiohdsota. Indeed, five of these nine
interviewees were also tangentially involved in A¥8rk in Minnesota (i.e., involved in

the same regional panels). Initially several kdgrnmants were identified through
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purposive sampling and were then used to expatiteimterview pool via snowball
technique (Rubin and Rubin 1995).

The interviewees were chosen in part because ofah#ity to speak of the involvement
of the wide range of jurisdictions and agenciethatvarious levels of AIS management.
Interviewees were also chosen from all levels efitivasive species management
process and ranged from those who made decisiang hbw to treat specific lakes to

those who helped set state or regional AIS policies

Interviews were conducted both in person and dwephone and lasted from one to two
hours. The interviews were conducted as qualitatpen ended, semi-structured
interviews (Rubin and Rubin 1995, Creswell 2003)e Tnterviews were structured
around a set of 18 questions (Appendix C). Thesstipns covered three main themes.
First, the interviews explored issues that inflleshmanagement decisions. This section
included questions about managers’ concerns aodtps (both generally and
specifically relating to AlS) as well as questi@mut ecosystem services and attributes
they were concerned with protecting. Secondlynterviews focused on the current
decision-making processes used by the managerheaindgencies. This section
explored issues about who was involved in the datss how decisions were reached,
and factors considered in the decision making m®deéinally, the interviews explored
whether and how a formal decision support tool \@daé useful to managers in their AIS

decision-making process.

Content analysis of the interviews was done usotf branscripts of the interviews as
well as detailed notes taken during the intervieMstranscripts and notes are solely in
the possession of the author. The data were amhlygiag NVIVO qualitative analysis
software. NVIVO is designed to aid in the storagd eategorization of data and the
creation and manipulation of codes (Gibbs 2002yualitative research, codes are used
to describe and organize the data and emergingehéitiles and Huberman 1994).
Codes are not predetermined, but arise from thee ithlf (Strauss and Corbin 1990).
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The data were coded by the interview questionscasKee resulting categories of data
were then examined for emerging themes and codezhfegories within those themes.
For example, under the main category of whetherramwda DST could be useful in AIS
management decisions, responses were first codechfether they described &sue

that should be addressed by a DST onaracteristica DST should possess. Further
coding was then done within each of those categaoielescribe themes emerging within

the discussions of issues and characteristics.

The majority of coding was done using an inducpwvecess, that is, the codes arose from
the content of the interviews and were not presdateed. Emerging themes arose from
repetition and patterns found in the interview eomit The one exception to this was the
coding of the descriptions of current decision supprocesses. Although these
responses were coded for spontaneously arisingaetimey were also coded in a
deductive fashion in which the characteristics aflaust decision-making process were

used as predetermined codes.

RESULTS

Issues Influencing Manager Decisions

During the interviews, thirty interviewees were ggpted with a list of ecosystem
services (Appendix D). These services have beenifabel for fresh water bodies and
can be divided into four broad categories — prowisig, regulating, cultural, and
supporting (Millennium Ecosystem Assessment 20086¢rviewees were asked to pick
the top five services that they were most concemididprotecting (Table 2-1). The most
frequently chosen services were biodiversity, watelity, recreation, and game species
abundance. These belonged to three separate dategbservices. Overall, however,
services from the provisioning category were chdaemore frequently than those from
other categories, while services from the reguiptiategory were chosen the least

frequently.
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When prompted to explain their choices, the mgstaeed explanation (n=28) was that
the services chosen were integral in protectingystem stability and function. As one
manager, an ecologist, put it: “once you’'ve [degtbthe natural ecological processes]
you're pretty much affecting all these other thingisch as cultural values and recreation
and property values and so forth, so that's whindl lof focused on the ecology. Because
it all stems from... screwing up the ecosystem.” $aeond most frequent explanation
(n=15) was that they were choosing services that walued or needed by humans. One
state level manager explained that he felt thatd&® responsible for representing the
various user groups in his work and that his piiesishould reflect those of the groups.
Other interviewees talked about this motivatiouiifierent, sometimes contradicting
ways. One manager said that he didn’t really carsa@sthetics to be an ecosystem
service but that “a pretty looking lake” was sonmagipeople valued a great deal. A non-
profit employee, on the other hand, talked abowut hocess to fresh water was “one of
the fundamental rights to life... and it's somethvwng should protect.” Other
explanations for why managers chose the serviessdia included protecting those
services that had economic value (n=9) and pratgt¢hiose services that were part of

their agency’s mandate (n=4).

Two interviewees explained that their choices waotivated by picking those services
they felt were the most “encompassing” of the o#@wices on the list. They felt it was
important to protect all the services and chossdlfencompassing” options as a way of
getting around being limited to selecting five. &lg, one interviewee explained that she
chose those services around which there were galtpportunities; openings at the
federal policy level where there was the momentanthange and the opportunity to

make those “shift[s] for the better.”

When asked whether AIS threaten their top five gsi@sn services, all interviewees
thought their top five services were at least pHytithreatened by invasive species.
Although most interviewees gave an immediate yekitoquestion, a few qualified their
response be saying that other issues would haiggarimpact on their chosen services

(n=1) or that AIS would only threaten some of thevices on the list (n=2). Two
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interviewees were also concerned about potengipleieffects from multiple invasions:
the change in the landscape and ecosystem stratdrihe fact there are now
environmental changes occurring that they wereabts to predict such as “botulism
outbreaks, the dead zone, ... the toxic algae bloom”.

All but one interviewee also felt that protectigit chosen services played a role in
driving their management decisions. Some intervesagdso felt that their management
decisions were influenced by their agency mandatesby public and political pressure.
As one federal level employee put it: the chosewvices are “a big part of [the
management decisions] because of our legal reqaimtam. it's not something we just do
for the sake of it. It's all based on law, reguwatiand policy, and congressional budgets,
unfortunately.” Some interviewees explained thaytivere actually managing with other
aims in mind (e.g., AIS prevention, fisheries maragnt) but felt that success in
management for those goals would also protect stasyservices. When asked this
guestion one interviewee responded by saying tieally, it all comes down to
prevention... if we prevent the spread [of AIS], veegirotecting those values.” Two
interviewees expressed reservations as to how muygdct their desire to protect
ecosystem services actually had. One felt he waataoremoved from influencing the
issues (“like climate change and energy use andwewansport goods”) that had broad
impacts on those services. Another indicated thdtis experience, multiple groups were
involved in making management decisions so higqudar priorities had only a limited

impact on the final outcome.

Interviewees were also asked for their top conckmnthe water bodies in their
management area. There were no bounds placedsogugstion and 30 interviewees
listed 86 separate management concerns (Appendi@fEhose 86 concerns 54 were
concerns related directly to AIS. These includecBmeAlS of concern (19), prevention
of new introductions and spread of AIS (12), diiegbacts of AIS (6), and concerns
about public education, buy-in, and involvement Egurteen of the concerns are
indirectly related to AIS. These include concerbsu the health of native species (4),

protecting ecosystem services (4), and managinthéhealth of the ecosystem,
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particularly if the system is facing changes (4haly, 18 concerns are unrelated to AlS.
These include concerns about larger scale driierkange, like climate change, altering
the ecosystem (5), concerns about the manipulafibabitats resulting from such

activities as over control of aquatic plants arstidries harvests (4), and concerns about

landscape level impacts like nutrient loading (3).

When the conversation focused on manager’'s invaggeies management priorities
managers identified 70 priorities that fell underenpriority headings (Table 2-2). In
addition, two interviewees listed development ai@hagement plan as a top priority and
two other interviewees listed aspects they thoggbuld be emphasized in their
management actions (long-term focus, adaptive @gpraand integrated control). More
details on the identified priorities can be founddppendix F.

Finally, interviewees were asked about their tognemic concerns related to AIS
management. Some economic concerns had arisenhelseim the discussion —
managers listed the costs of AIS control and econampacts of invasive species as
management concerns as well as listing adequatinigifor AIS control as an AIS
management priority. This question, though, askéstviewees to think specifically
about the economic issues they saw as most prefssiAdS management. Thirty
interviewees listed 73 economic concerns (Appe@)ixOf these, 17 concerns, identified
by 15 interviewees, were focused on the costs mtroband 54 concerns, identified by
24 interviewees, were focused on the cost of timeadgs caused by AIS. Of the 30
interviewees who answered this question, only mterviewees identified both the costs
of controlandthe costs of damages, whereas the remaining 3dlistdd concerns from
one category or the other. Concerns about costsrafol went beyond simple expense.
One manager expressed his frustration with the dhddng-term funding, saying that the
problem is not “that there isn’t money there; jtist that it's spread out year by year” —
an approach that undermines the success of manggearent projects. Two managers
talked about the difficulty of fitting AIS issuesto a budget with so many other
management needs competing for limited funding.céams were also raised about the

lack of funds to deal with less pressing contr@tssuch as research into new control
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options and monitoring efforts. Of the 54 concewrilated to the costs of damages, 41
involved costs that are typically measured in marneterms. These include costs to
fisheries, utilities, and industries like shippiagd tourism. The remaining 13 concerns
were related to less easily measured damages swatvamonmental damages, the loss of
ecosystem services, and loss of “personal enjoyin&atone manager put it: “It's a loss
of personal enjoyment. It's a loss of — | don’ttgdhe beach anymore because it’s just
full of zebra mussels and stinky, rotted fish.” &iwmanagers also specified that one of the
greatest economic concerns for them was a lackfofmation concerning the true cost

of invasive species spanning the damages, corastécand uncertainties associated with

invasive species management.

Current Decision Making Process

Interviewees were asked about the current decrsigking process with which they were
involved. Their responses were coded for mentidreharacteristics recommended for a
robust decision making process (i.e. the charatiesiidentified above in the
introduction). Interviewees were not directly askdtkether they felt these characteristics
described their processes, rather their descriptidnhe processes were coded for
spontaneoumentions of the characteristics. The most strikesult is how infrequently
these valued characteristics seem to be a pdnmediiS decision-making processes
(Table 2-3). Additionally, in these descriptionsegl, relatively few interviewees
referred to how the inclusion of a consistent stiwec(4), an adaptive/iterative approach
(2), transparency (1), and a scientific basis (@uM improve their current decision

making process.

Interviewees also identified characteristics othan the robust decision characteristics
described above. Other characteristics of the mecimaking process that were
repeatedly mentioned were coordination between@gem@nd other interested groups
(16), the influence of legislative mandates ancogiolicy demands (5), and the
restrictions posed by budgets (5). Interestinglpoaigh uncertainty is a major part of
wicked problems, only one interviewee mentionedribed to deal with uncertainty as

part of the existing decision making processes.
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The most frequently mentioned characteristic ofdbeision making process was the
coordination that took place between the interviesvagencies and interested groups.
Sixteen interviewees talked about the integral colerdination and communication
between multiple agencies and experts played in dieeision making process. This is
not surprising given that, when asked, the mosjueatly mentioned strengths of the
current process were the ability to involve a déeeand knowledgeable staff (8), to
coordinate between agencies and interest groupar{l)communicate effectively with
the broader public (3). This coordination is natessarily an official component of the
system, however. Several interviewees mentionedhieacoordination between their
organization and others had more to do with keyiddals and relationships and little to

do with institutionalization.

Managers spend a significant amount of time andepdagreat deal of importance on
their engagement with other parties; 22 of ther@drviewees mentioned either
participation or coordination as being a key pétheir decision making process. These
elements appear especially important given the murabd diversity of groups involved.
When interviewees were asked who was involvedendicision making process the
groups identified ranged from the general publigddous industries to government
organizations ranging from the local to the natigiable 2-4). As one interviewee put
it: “there isn’t a single agency that we don’t wavkth.” This magnitude and diversity
emphasizes the importance of coordination skilé,amly bringing all of these groups
into the process but also balancing the differialygs and perspectives that each group
brings to the table.

After describing their decision-making processeimiewees were asked to describe what
they saw as the process’s strengths and weaknédesigh interviewees showed
consistency when it came to identifying the strbagif the current decision making
process, there was much more diversity when it danentifying the weaknesses.
Given that coordination was considered a strenfyjtheoprocess, it is interesting to note

that one of the most frequently mentioned weakreeases the lack of leadership and
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confusion over overlapping jurisdictions (7). Ongerviewee from a non-profit said that
she worked with many agencies and non-governmgriabps in her work and that

one of the biggest challenges [was] figuring outmecessarily who singularly

should be in charge, but how do all these autlsrtomplement each other and

work together. It's a huge problem.
The contradictions of having successful ad-hocdioation but weak leadership may
also be explained, in part, by the informal natfreome of the communication between

agencies.

Other weaknesses identified by the intervieweelsideca lack of information/science
(7), a lack of structure (4), a process that isdloav and time consuming (4), a process
that is not adaptive (3), and a lack of documeotafR). These weaknesses are of

particular interest given that these are charasttesi of a robust decision making process.

Interviewees were also asked for examples of sstules flawed decisions. Four of the
interviewees brought up the sea lamprey contrajfanm as an example of a successful
decision-making process. They identified the lefehter-agency coordination, the
integral role of research in the program, and thenific basis for the decisions as the
reasons for the program’s success. Two other mandgscribed decisions where
decision-makers and members of the public had vabrigether to set goals and
reasonable expectations for management actiontasure public support for those
actions. Interestingly, when talking about flawestidions three interviewees said they
felt unable to give examples because they had litformation of the results of their
actions. As one manager put it, “This is a questistnuggle with, because | don’t know
if I have any good examples one way or the othecabse | don’t know necessarily what
the outcomes are or have been.” This manager wettt emphasize the need for well-
documented decisions so that past reasoning coilddst be understood and, with

increased information, hopefully improved.

Finally, the majority of interviewees felt that timelusion of a wide range of people and
groups improved the decision making process. Onegex even felt that more people,
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from a wider variety of specialties, should be utlgd in the process. One interviewee,
however, felt that the main weakness of the degsstbat he had been involved with was

that too many people with an insufficient backgmumAlIS management were involved.

Decision Making Needs

Of the 31 interviewees only one said that he didtiniok a DST would be useful in his
work. Of the remaining 30 interviewees, five wepep to the idea of DSTs but skeptical
about their actual use. Two of these managers skagtical because they did not see
how a DST would fit into their current decision-nrak process. Two other managers’
skepticism was based on their concerns about hitable and accurate a DST could be
especially given concerns about the quality andabisty of information feeding into it.
As one interviewee put it: “the information outsly gonna be as good as the
information in. If we don’t know these things atled time — that’'s where the holes in
[existing model] were... there just wasn’t enougloimiation that you could plug in this
thing.” The remaining interviewees, however, wavepletely supportive of a DST
being incorporated in their work. In fact, one mgerawent so far as to say that “there

isn’t a single decision that wouldn’t benefit frgome].”

Although some managers expressed skepticism alsmg a DST, all interviewees
(including the one who did not think a DST woulduseful in his work) had suggestions
for a DST that would be useful in invasive specesiagement. Interviewees had
between one and six suggestions each, with adbfidd0 suggestions. Of those 100
suggestions 80 were issues that would be easagtdieess through use of a DST and 20
were of characteristics that managers felt any Bi$duld have (Table 2-5). (Appendix
H)

Virtually every aspect of invasive species managemas mentioned as benefiting from
decision support — from early detection and rapgponse, to selecting a control option,
to measuring effectiveness of management actionsla®y, multiple aspects of the

decision making process were also mentioned. Tagsects include having background

information, assessing risks of actions and inactowedicting the outcomes of different
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actions, and prioritizing where to take actions ainich actions to take. Overall, these
responses indicate that DSTs would be both useflilngelcome in multiple facets of AIS

management.

When talking about DSTs, 11 of the intervieweesitdied 20 characteristics that they
would want to see in any and all new DSTs. Theskide:
= Easily understood and communicated
= Transparent
» Inclusion of a knowledge repository
= Flexibility
= Consistency and repeatability
= Documentable
= Efficient
= Spatially explicit
= Explicitly deals with uncertainty
Strikingly, these characteristics correspond neaitly those characteristics that have
been suggested as part of a robust decision-makougss as well as with weaknesses
that managers had identified in their decision-mglprocesses. These responses make
clear how DSTs can both respond to the needs oagama and improve their decision-
making process. In spite of this, however, intamges did not feel that DSTs were a
silver bullet for AIS management problems. As orenager put it:
| gotta tell you, in my mind, decision support ake great, but there’'s never
gonna be a nomograph that gives you the answeralltays gonna be
something you go through, and then you set it aside the art and science will
come together with your judgment. And there’seagart at managing invasive

species... It's incredibly complicated and the engou do, the longer you're at

it, the more complicated you realize it is.
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DiscussioN

Our results show managers of AIS are preoccupigdhalancing multiple competing
priorities with inadequate clarity regarding thestative priority and overall management
goals, both of which challenge the effectivenesal& management. In addition to
shedding light on the various priorities and consenfluencing management decisions,
we found that managers identified strengths okttisting decision-making processes
that correspond to robust decision-making charesties and identified weaknesses
corresponding to the absence of robust decisionngatharacteristics. This underscores
the need to find tractable ways to facilitate tppleation of these characteristics in

actual natural resource management scenarios.

Valuable insights into managers’ motivations am@vpted by the ecosystem services
they identified as those they were most concernédprotecting as well as their
explanations for their choices. The most frequegithen explanation for why they chose
particular ecosystem services was a desire togret®system function. However, the
most frequently chosen services were from the groring category, which is more
aligned with human needs than ecosystem functiofadt, services in the provisioning
and cultural categories, both of which are moreasased with human needs and values
were far more frequently chosen than servicesarstipporting and regulating
categories, which are more related to ecosystegtiam The mismatch between the
most commonly used language explaining the ratehahind their management
priorities and the most commonly selected prisiseggests that there is a complicated
relationship between what managers aim to protattxy they are protecting it. These
results underscore the need for the parties wive dine decision-making process to
become more explicit and transparent about thesgadnd motivations behind

managing a given AlS so that decisions can be mattiethose goals prioritized.
Interview results also showed that the wicked probbf how to manage aquatic invasive

species cannot be viewed in isolation. Its conpadib broader management issues

recurs in the interviews. First, managers see thsystem services they want to protect
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as being threatened by AIS. Second, and more ékplihie majority of the

interviewees’ concerns for the waterbodies in theanagement area were related either
directly or indirectly to the presence of AlS. Thesult, however, could be biased by our
having chosen interviewees who had a relationgh#l$ management. It is worth
noting, however, that even those management cosiseemingly unrelated to AIS do
have some connection. Climate change, for examlleaffect how vulnerable an
ecosystem is to invasion as well as the succegstehtial invaders (Rahel and Olden
2008). The process for making AIS management degsshould explicitly recognize

this interconnectedness as should any DST.

When it comes to the specifics of AIS managemantyesults point to a few key
findings. First, the AIS management priorities itliéed by managers correspond with
priorities identified in management plans of theidlaal Invasive Species Council (2008)
and the Aquatic Nuisance Species Task Force (200if9.signals that managers dealing
with AIS issues at all levels recognize the impoactof the same suite of issues. It is
also worth noting that neither the intervieweesthermanagement plans had any clear

indication of the relative importance of these pties.

Second, these interviews highlighted the importarf@conomic concerns in the AIS
arena. Discussion of economic issues arose thrauighe interviews — in the explanation
of priorities for protection of ecosystem servidesjiscussions of AIS management
priorities, in explanations of the current decisiaking processes, and as an issue for a
DST to address. When directly asked about econ@msues of greatest concern,
however, managers focused more on costs that cteddy be measured in dollars as
opposed to those costs and damages that defy rpatn@ti. It would be worth further
exploration of this issue to determine whether niaed costs were more frequently
mentioned because there is more information altamt because they are easier to

guantify in terms of dollars, or because they aceannfluential or more valued.

Finally, it was striking how infrequently the chateristics of robust decision-making

described in the introduction arose during intemaes’ descriptions of their current
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decision-making processes. These results camedpomtaneous mentions of those
characteristics and, thus, might differ if intewgehad directly asked managers about the
role of these characteristics in their decision-imgkimportantly, the infrequent mention
of the characteristics in the process descriptaammsesponds with interviewees’
identification of the strengths and weaknessebeaif processes. The strengths and
weaknesses discussed all have to do with eithgrrbsence or absence of robust
decision-making characteristics. Most interviewesngnized that the inclusion of
participation made their decisions stronger andttialack of structure, documentation,
and an adaptive approach made their process welksrconfirms that the
characteristics of robust decisions from scientiferature resonate with those who are

making on-the-ground decisions.

The correlation between the characteristics obaisbdecision-making process and the
strengths and weaknesses articulated by the ieteeds continued in the interviewees’
descriptions of what they would like to see in alDBsing a DST would allow
managers to explicitly incorporate many of the elteristics they would like in the
decision-making process (e.g., documented, retbdeekecisions). Use of a DST would
allow decision makers to follow a consistent stupetto reach decisions that, for some of
them, is currently lacking. For example, a reliabeT could provide a consistent
structure for making decisions about where to faoositoring efforts. Further, use of a
DST would allow decision makers to clearly explarstakeholders how and why they
reached specific decisions and to document theepso@ll of these aspects of a DST
would address weaknesses in current decision-makoaesses identified by
interviewees and would apply regardless of the fofithe DST used.

CONCLUSION
Our results confirm that management of AIS is irtlaevicked problem. Managers are
attempting to balance a wide range of managememtecns and priorities as well as

those of a wide range of groups who are involvetthédecision-making process.

Managers are attempting to incorporate societah@ic, and ecological concerns when
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making AIS decisions. They are attempting to inooage groups from all levels of
government as well as non-governmental groups ngriyom the commercial to the non-
profit. Finally, they are attempting to address tiplé priorities with limited indications

of which issues should take precedence. Rober@l{d8entified three different methods
of coping with wicked problems: 1) authoritativehiah requires a clear leader who has
the power to implement a single solution; 2) contiet which requires an open market
situation in which potential solutions are playgaiast one another until a single one
remains; and 3) collaborative, in which multiplakstholders work together to find an
acceptable solution. Collaborative approaches regnore time and compromise than
the other approaches but, given the realities & iikanagement, in this situation
collaboration is the most practicable option. ltynaégso be the most culturally acceptable
and politically feasible option in the USA. The iarfance of participation and
coordination in the interviewees’ work indicatesitirecognition that a collaborative

approach is necessary.

Our findings indicate that managers would welcom#tiple DSTSs into the decision-
making arena both to help them address variousgsigs as well as to assist them to
make the process adhere more closely to princgdlesbust decision-making. Further,
an appropriately designed DST could be a valuatakin a collaborative decision-
making process (Chun and Park 1998). Managers g®sgecialized and unique
knowledge regarding on-the-ground realities of Al8hagement. Including their
perspectives of the current decision-making proa#les/s us to be more focused and

effective in any attempts to improve it.
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Table 2-1.Interviewees’ top five ecosystem attributes amndises.

Interviewees were presented with a list of ecosystdributes and services and asked to
select their top five. The table below depictsribhenber of times each attribute or service
was chosen.

Ecosystem services Number of Times
Chosen
Provisioning 66
Water quality 23
Game species abundance 14

Non-game species richness and abundance9
Commercial and industrial services
Water quantity

Fresh water

Property values

Food

Supporting 3
Biodiversity
Nutrient cycling
Habitat
Landscape condition*
Native species assemblages*

Cultural 3
Recreation
Aesthetics
Cultural values
Public awareness*

Regulating 1
Hydrological regime regulation
Biotic resistance
Climate regulation
Pollution control and detoxification
Erosion protection
Natural hazard regulation

PNWWONAR R, u~NRrPRrRrNONRPRrDWwo ®

*Services that were not included on the preexislistg but were spontaneously added by interviewees
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Table 2-2.Interviewees’ top invasive species managementipes, compiled from
answers when asked to list their top three prasith ecosystem management. The first
number denotes the number of times priorities &t tategory were listed and n denotes
the number of interviewees who had priorities witthiat category.

Priority Number of mentions
Prevention 15 (n=11)
Management* 12 (n=10)
Containment 9 (n=8)
Coordination 8 (n=5)

Legislation 8 (n=7)

Research 6 (n=5)

Outreach 6 (n=6)

Reduce Impacts | 4 (n=4)

Funding 2 (n=2)

*Although management can be considered a broad@gtencompassing all other categories in thisstabl
interviewees were referring to management and abaofrinvasive species currently present in the
ecosystem.

Table 2-3.Characteristics of a robust decision-making predgsntified by
interviewees’ descriptions of the current decismaking processes (number of mentions
that coded to one of these robust characteristics).

Characteristic of Robust | Number of
Decision Process mentions

Participatory 14
Science-based

\l

Structured/Consistent 5
Flexible

Adaptive/lterative
Documentable
Transparent

A~

|\rwf_lt.)'b

-
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Table 2-4.0rganizations that interviewees identified as génvolved in AIS decision-
making processes, with number of times each typeidentified across all interviews.

Type of Organization Number of
times
identified

Federal Agencies 72

(e.g. US Fish and Wildlife Service, Army Corps afdiheers)

State Agencies 67

(e.g. Departments of Natural Resources, Fishendd/ldlife,

Environmental Quality)

Regional Coordinating Panels 32

(e.g. Aquatic Nuisance Species Task Force (natianélregional

panels), Great Lakes Fishery Commission)

Local Government 29

(e.g. Municipalities, watershed districts, lake noyement districts)

Public 27

(e.g. Lake associations, resource users, anglepgyo

Environmental Groups 10

Industry 8

(e.g. Shipping, aquaculture, pet)

Universities 7

Tribal Groups 4

Table 2-5.1ssues for a decision support tool to addreskleagified by interviewees.
Within the parentheses, the first number denotesittmber of times suggestions in that
category were listed and n denotes the numbertefiewees who had suggestions

within that category.

Issue (# of suggestions)

Examples

Decision making guidance (25, n=14)

Stepwise guiddar less experienced
managers, which strategies should be us
at which locations

Prediction (16, n=12)

Ranking new species for inxersess,
likelihood of damage resulting from an
invasion

Prioritization (13, n=11)

Where to put money acrasandscape,
how to use limited funds

Information storehouse (13, n=7)

What are the abél control options?
What is surrounding the affected area?

Go/No-go determinations (10, n=7)

Costs of actimisno action, feasibility
questions

Risk assessments (3, n=2)

Risk assessments fociagevorking in

an infested area
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Chapter 3: Analysis of the National Invasive Spgdet: Purposes, Impacts, and
Suggestions for Improvement

with Dr. Anne R. Kapuscinski
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The Nonindigenous Aquatic Nuisance Prevention aowlti©l Act of 1990 and its
reauthorization as the National Invasive SpecietsoA@996 (NISA) is the keystone
policy instrument for addressing the managemeatotic invasive species (AlS) in the
United States. It represents a major step forwattle evolution of federal policy
instruments addressing AIS from 1900 to the pre$¢i8A is the only statute that
attempts to address the problem of AIS broadly Gict on a species by species basis and
across the entire country). We reviewed peer-reeteand grey literature, as well as
interviewed natural resource managers for thesgstives on the impact of AIS policy
instruments, in order to assess whether or not Ni&Amet its stated goals. Our analysis
suggests that NISA has not had its intended effegn though its goals correspond to
those of on-the-ground AIS managers. NISA has imaitield success in preventing AIS
introductions via ballast water and has no auth¢oitprevent introductions via other
pathways. There is also little indication that NI8&s slowed the spread of AIS already
present in the country. The Act has, however, lmere successful in leading national
and regional coordination efforts. We propose fitavention of new introductions via
pathways other than ballast water be granted ederél agency, potentially the U.S.
Environmental Protection Agency under the CleanaNAtt. We also propose that the
Aquatic Nuisance Species Task Force be grantediawaiai authority and resources to
allow it to further increase regional coordinatmircontrol and containment efforts.
These two recommendations would clarify and stresniéadership on federal efforts to
prevent introductions of and manage AlS as wedllesv a more effective use of limited

resources.
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INTRODUCTION

Federal policy on aquatic invasive species (AlShaggement is complex, with multiple
policy instruments playing a role. In this paperneeiew fourteen of these policy
instruments for their main purpose and then tak®ee in-depth look at the National
Invasive Species Act (NISA). We focus on NISA besmit is the only piece of federal
legislation that is specifically designed to addrée invasive species issue. Our
examination of the NISA identifies the main godlNeSA, explores whether NISA has
had its intended purpose in regard to those gaatsconsiders natural resource
managers’ perspectives on NISA. Finally, we propeags in which NISA could be

strengthened in future reauthorizations.

Aquatic invasive species are an ever-growing prabknd human behaviors are
responsible for increasing the rate of invasiondé&yond the historical environmental
norms (Mack et al. 2000). Invasive species arearesiple for negatively affecting
evolutionary pathways (Mooney and Cleland 20019sgstem function (Mack et al.
2000), and the quality and quantity of outdoor eation opportunities (Eiswerth et al.
2005). Pimentel et al. (2005) estimated that tlememic cost of invasive species to
Americans is approximately $120 billion per ye8oth national and international
groups have identified invasive species as a key@mmental threat. This paper
critically examines the key U.S. policy instrumémt managing AlS, looking specifically
at the strengths and weaknesses of the legisl@ionapproach is unique in that it
combines evidence from published literature regaydne successes and failures of
NISA with evidence from the experiences of natueaburce managers whose work
takes place under the aegis of NISA. Finally, aSAis already overdue for
reauthorization, this paper is a timely look at saywhich NISA could be strengthened

in the future.
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METHODS

The analysis began by identifying and reviewingdbals of fourteen federal-level
policy instruments relevant to the management A& taen proceeded to focus on a
critical analysis of whether NISA had succeededdaieve its stated purposes. The
review of policy instruments and our analysis @& sluccess of NISA were pursued
through analysis of information available in peeviewed and gray literature, the latter
of which included government reports, databasesaaisites. In the section on NISA
below, we specify how we used these informationmaeaito pursue specific questions
relevant for each stated purpose of the act. Weadtained manager perspectives about
the functional role of existing AIS policy througlseries of interviews with natural
resource managers whose jobs include addressingsdu8s. The methods for
conducting and analyzing these interviews are deesatin Chapter 2. Among a longer
list interview questions posed to natural resomemagers, information for this analysis
primarily drew on their responses to the followthgee questions (Appendix C):

1. To what degree are other agencies included in ymmagement actions?

2. What legislation/management plans most directlarice your management
action? Do you have improvements/suggestions/ctsayme would like to see in
these plans or legislation?

3. What are your top priorities in invasive speciesiagement? What are your

strategies for reaching these? Can you be spet#lmrate?

REVIEW OF FEDERAL AQUATIC INVASIVE SPECIES PoLIcy

Currently, there are 11 federal acts, two agreespamtd one executive order that
address, in some specific capacity, the manageanexntrol of aquatic invasive species
(Table 3-1). Appendix | presents a detailed histafrthe evolution of federal policy
instruments pertaining to management of AlS. Itetathe fourteen identified policy

instruments into one of five key periods from 120@007.

61



Of these fourteen policy instruments, four havenbemnsidered a major tool in the fight
against invasive species: the Lacey Act (Fowlel.e2007), the Nonindigenous Aquatic
Nuisance Prevention and Control Act of 1990 andeguthorization the National
Invasive Species Act of 1996 (UCS 2002), and Chigdxecutive Order 13112
(Simberloff 2003, Pimentel et al. 2005). NISA idque among these in that it was
specifically designed to manage aquatic invasieeigs (unlike the Lacey Act) and it

was passed by Congress and has regulatory autlamitike Clinton’s Executive Order).

There were several key moments in the evolutioflSflegislation. The Lacey Act was
the first piece of legislation to have an impacteanagement of AlS. Although the main
purpose of the act was to reduce wildlife poachihg,act made deliberate introductions
of “injurious wildlife” illegal. Unfortunately, theact’s scope is limited to those species
officially listed under it (often called the “bladist”). The Convention on the Great
Lakes is notable in that it established the Gresdiels Fisheries Commission with the
specific goal of controlling the invasive sea lamp{Petromyzon marinysn the Great
Lakes, making it the first piece of legislationni@ndate control of an established
invasive species. The 1995 Agreement on the Apdicaf Sanitary and Phytosanitary
Measures was designed to “harmonize” sanitary &ytbpanitary measures among
World Trade Organization members and was designeddress the tension between
reducing obstacles to international trade and amscthat such trade facilitates invasive
species introductions. Most recently, Clinton’s Qxecutive Order dealt with federal
level coordination of the invasive species problé&ime order established the National
Invasive Species Council (NISC) but its impacinsited by a lack of legislative mandate
and congressionally authorized funding.

The Nonindigenous Aquatic Nuisance Prevention aowlti©l Act of 1990 and its
reauthorization as the National Invasive Specigsof@996 (hereafter referred to as
NISA) is unique among existing policy instrumentghat was specifically designed to
address the problem of AIS. Unlike the Lacey Acaddressed both prevention and
control and its approach to prevention is to foengpathways of introduction (e.g.,

ballast water) rather than establishing a limitstldf forbidden species. Unlike the
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Convention on the Great Lakes, it aimed at dealiitly multiple species across all US
waterbodies. This law codified federal recognitidrihe serious and widespread nature

of the invasive species problem.

NONINDIGENOUS AQUATIC NUISANCE PREVENTION AND CONTROL ACT (1990)AND ITS

REAUTHORIZATION , THE NATIONAL INVASIVE SPECIES ACT (1996)

It wasn’t until 1990 that the federal governmera@ed legislation that directly
addressed the invasive species problem. In cantraise fairly narrow concerns of
previous laws with regard to aquatic invasive spgdhe Nonindigenous Aquatic
Nuisance Prevention and Control Act of 1990 waseamed with all aquatic invasive
species, although zebra mussels were of speciakconn all US water bodies. In 1990
the 10%' Congress enacted Public Law 101-646, Title | ofcwlis the Nonindigenous
Aquatic Nuisance Prevention and Control Act of 199bis was an incredibly ambitious
law given the wide range and difficulty of the issut tried to address. The law was
enacted because both the House and Senate reabgfmteéonindigenous aquatic
species were having an “enormous impact... on thea@ug and the aquatic
environment” (Congressman Hertel, CongressionabRet0/1/90). The driving force
behind this piece of legislation seems to be thézation that zebra mussels, an invasive
species in the Great Lakes, were causing “milli@ingollars in damage” (Congressman
Davis, Congressional Record 10/1/90) and that repeeies like them were on the way.
It is interesting to note that, during discussioh&l.R. 5390, no one went on record as
opposing the bill. It is also interesting to ndtattthe concern of legislators was not about
the ecological or environmental issues attendaahupvasions of nonindigenous aquatic
species, but rather about the “negative econonpaahon commercial and recreational
fisheries, municipal and industrial water supplesg shipping interests” (Congressman
Hertel, Congressional Record 10/1/90).

As passed, the Nonindigenous Aquatic Nuisance Rtewveand Control Act of 1990 had

five stated purposes:
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1. Prevent future unintentional introductions of namneaquatic species by
creating guidelines for ballast water managemaeattréduce the spread of
invasive species through ballast water exchange.

2. Coordinate research, prevention, monitoring, conérad information
dissemination regarding zebra mussels and othatiaqovasives at the federal
level.

3. Develop, and put into use, methods for preventmgpitoring, and controlling
unintentional introductions of nonindigenous spgeei@ pathways other than
ballast water exchange.

4. Understand and reduce economic and environmengaldta of established
nonindigenous species.

5. Establish a program to research and develop toasgist the States in managing

and removing zebra mussels.

Reducing introductions via ballast water excharigerpose 1)

The Act authorized regulations mandating ballagewaxchange outside the exclusive
economic zone (EEZ) or some other, equally effectmethod of ballast water
management. Congress gave authority to the Segdtdne department in which the
Coast Guard operates (currently the Departmentoofié¢land Security) to issue
regulations preventing nonindigenous species inirtdns via ballast water exchange.
The regulation promulgated by the Coast Guard BB8I8andated ballast water
management for all vessels operating within theaGrakes after operating beyond the
EEZ and was expanded to include vessel operatittgnithe Hudson River in 1994,
These vessels were required to carry out theiabiaWater exchange beyond the EEZ,

retain their ballast water, or adhere to a pre-apgut alternative management plan.

Federal coordination (Purpose 2)

The Act called for creation of the Aquatic Nuisai@ecies Task Force (hereafter, the
Task Force). This Task Force was to oversee Sesteidies required by the act as well
as creating and implementing a national plan. Thigonal plan aimed to prevent

introduction and dispersal of nonindigenous aqusiecies, control and research species
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already present, and spread the information oldaim®ugh these research efforts to the
appropriate parties. Finally, the act gave the Tamikce authority to approve management
plans submitted by the states and give out fedgaaits for the implementation of those

plans.

Alternative pathway management (Purpose 3)

The Task Force was to lead management of pathwhgs than ballast water exchange
and reduction of the impact of nuisance speciesdir present. The Task Force was to
identify these alternative pathways, assess thdahat species introduced by these
pathways would become nuisances, and evaluate artbid measures used to prevent
introductions via these pathways are effective.ewsignificant risks are identified, the
Task Force then was given the responsibility tpoes to “minimize the risk.” This
program also had the responsibility of detectirtgpitiuctions and dispersal of nuisance
species. The program also made the Task Forcensifiie for deciding when
management of invasions was necessary and theelaiging] a proposed control
program to achieve the target level of control.”

Understanding and reducing impacts of AlS (Purpbsespecially zebra mussels
(Purpose 5)

The Act called for research to be done to increskerstanding and reduce economic
and environmental impacts of established nonindigsrspecies. Also, the Task Force
was charged with assisting the states in developofeheir own AIS management

plans.

Congress intended this statute to result in the enthe substantial minimization, of
nonindigenous species introductions via ballasemexchange, the identification of
other invasion pathways and a similar responségedhem off, and a federally
coordinated management effort that would contr@radicate populations of nuisance

species that are already established in the U&cedly the zebra mussel.
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Later, this statute was amended by the Nationadive Species Act of 1996 and its
purpose expanded to create voluntary guidelingseeent or reduce the introduction of
nonindigenous aquatic species via ballast watestea in all US waters in addition to the
mandatory requirements in the Great Lakes. The 38%nhdments also increased the
number of invasive species of concern mentioneddmge — from a sole mention of
zebra mussels to mentions of eight other spegiicies as well as categories of shellfish
pathogens and aquatic nuisance vegetation spédibeugh NISA applies to all AlS, the
increasing number of species referred to by nantledrAct indicates the increasing

awareness of the AIS problem.

ASSESSMENT OFNISA’S SUCCESS IN ACHIEVING ITS PURPOSES

In order to determine how successful NISA was imedng its goals and in what areas it
could be improved, we used peer-reviewed and gienature to assess whether or not
NISA met its stated goals for each of its five msgs.

Preventing ballast water introductions (Purpose 1)

The assessment with respect to this first purposeskes on addressing whether rates of
ballast water mediated introductions had decrepsstiNISA and whether continuing
introductions could be related to compliance issardsopholes in NISA. This
assessment is based on information about ballast weediated introductions and
compliance with ballast water regulations both red post-NISA, as well as
information gathered on current gaps in the legislieand methods for addressing those

gaps.

The implementation of ballast water regulations iatsbeen as effective as hoped in
reducing the spread of AlS. Nonindigenous agustecies in the Great Lakes were
found at a higher rate in the 1990s (post-reguia)ichan in any of the three prior
decades (Grigorovich et al. 2003). This trend selékaly to continue given a 2007 study
by Drake and Lodge which found samples of betwé#hghd 1000 unique taxonomic
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groups in ballast tanks in the Great Lakes betva®8® and 2002. Of those, between 14

and 39 had not yet been found to be freelivindien@reat Lakes.

A September 2005 report from the United States Guwwent Accountability Office
found that continued spread of nonindigenous spebi®ugh ballast water exchange
was not due to noncompliance with these regulatidree failure resulted from the large
number of vessels exempt from the regulationslatie of alternate discharge zones for
vessels unable to carry out the recommended methioallast water exchange, and the
fact that ballast water exchanges are not suffid@mmremoving or killing the
nonindigenous species present in the ships. mrggorts from the Ballast Information
Clearinghouse indicate that compliance with balester regulations is slowly but
steadily improving (Ruiz et al. 2000, Ruiz et @02, Miller et al. 2004, Miller et al.
2007, Ballast Information Clearinghouse n.d.). biatvide compliance with reporting
requirements increased from 20.8% in 1999-200®t8% in 2005. Of those, the
percentage of vessels reporting partial or comgiatiast water discharge in US waters,
without an open ocean ballast water exchange, dsedefrom 15.2% in 1999-2000 to
7.2% in 2005. A significant percentage of thosesetsperforming open ocean ballast
water exchanges, however, were not performing exggmin compliance with the
regulations. In 2005, 58.8% of vessels performipgroocean exchanges did so within
the 200 mile EEZ.

The Coast Guard has encouraged the developmeptofathnologies that could be used
to solve these issues. In 2004 the agency forme&lipboard Technology Evaluation
Program (STEP) to promote research into new shipbo@&thods of ballast water
management (United States Coast Guard n.d.). Aeptethere are no new tools readily
and widely available and none that are sanctiosedllagal alternative to ballast water

exchange.

Another major gap is the lack of regulation forseds categorized as NOBOB (no ballast
on board), which make up the majority of the st@pgering the Great Lakes (almost 70%
according to a 2003 report from the United StateggBhment Accountability Office,
around 90% according to a 2005 paper by Duggah)etEven though these vessels do
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not have to comply with ballast water exchange la@ns, they can still carry thousands
of gallons of water and sediments that carry ligaindigenous species into US
waterways. In examining residual sediment and wa&taggan et al. (2005) found
samples of seven AIS that had been establishdtiGteat Lakes, some of which were

discovered after the ballast water regulationsiieeh implemented.

The GAO report also found that state governmentg Wwecoming frustrated with the
ineffective federal regulations and moving to inmpént more restrictive regulations at
the state level. Indeed, several states and emaeatal groups successfully sued the
EPA in order to require the agency to regulateasallvater under the Clean Water Act
instead of under NISA (Northwest Environmental Adates 2011). In response to this,
the EPA has released a proposed rule that wouldy i ballast water treatment
standards in line with the International Maritimeg@nization and set the numeric
effluent limit for ballast water as numbers of tigiorganisms per cubic meter discharged
(Environmental Protection Agency 2011). This, hoarevs still insufficient for some
states, leaving them to propose standards 100 tonE300 times more stringent

(Environmental Protection Agency 2011).

Overall, the purpose of NISA to prevent ballastevatntroductions has not been
achieved. Ballast-water-mediated introductions io to occur and the regulations
have significant loopholes that allow ships to e to function as pathways for AIS
introductions. States, recognizing that NISA'sulagjons are not having the intended
effect, have begun to explore alternate methodprerenting ballast-water-mediated

introductions.

Federal level coordination (Purpose 2)

Regarding this coordination purpose, we examinedthucture and function of the
Aquatic Nuisance Species Task Force, the groupgestday NISA to spearhead federal
level coordination of AIS management. We focusedavbether the Task Force has
brought federal and state agencies together asdeteand what AIS management

priorities they are pursuing.
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The Task Force is co-chaired by the Fish and WWddbervice and the National Oceanic
and Atmospheric Administration. Other federal mersbeclude the Army Corps of
Engineers, the Bureau of Land Management, the BusEReclamation, the Department
of State, the Environmental Protection Agency (ERB@ Forest Service, the Maritime
Administration (in the Department of Transportajidhe Coast Guard, the National Park
Service, the Animal and Plant Health Inspectiorvi8er and the US Geological Survey.
Ex-officio members include representatives frorhdises and aquaculture associations,
utility groups, research centers, and tribal auties: (Aquatic Nuisance Species Task
Force (a) n.d.)

The Task Force also established six regional pdMédstern, Great Lakes, Northeast,
Mid-Atlantic, Gulf and South Atlantic, and the Missippi River Basin) that coordinate
AIS priorities and activities within each regiorigére 3-1). In interviews with natural
resource managers, 20 of 31 interviewees identifagtbnal or regional cooperative
panels as playing a role in their AIS decision-mgkprocess. Twelve of those managers

specifically identified the Task Force or a Taskdeoregional panel.

The Task Force created a structure of five comestteach of which has made
significant contributions according to its own rejpry (Aquatic Nuisance Species Task
Force (b) n.d.):

Control - developed control and management plans for sevBn(Adian carp, brown
tree snakeCaulerpg European green crab, mitten crab, New Zealandsmait and
ruffe). It has also approved 33 state and 3 irae#sANS management plans.

Research responsible for identifying research needs amatifes, both short and long-
term, and facilitating research planning and infation sharing. This work includes
developing a protocol for evaluating AIS researobppsals.

Detection and monitoring conducted a number of ecological surveys in isg¢\wystems
(e.g., Great Lakes, Cook Inlet, San Francisco Bagyder to gather base-line data about

the system and any AIS present.
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Prevention developed, in collaboration with the Nationaldsive Species Committee, a
guide for identifying, assessing the risk of, andnitizing invasions pathways. It also
created a risk analysis process for generic AlS.

Communication, education, and outreaateveloped two national campaigns that bring
together multiple partners from within the goverminand the private sector to inform
the public about preventing the spread of AlS e@eational activities (Stop Aquatic

Hitchhikers!) and the aquarium and ornamental t(&tbitattitude).

To sum up, the Task Force has involved key fedegahcies at the federal level and
formed regional panels made up of key state agemaitacilitate coordination at the
regional level. This two-level structure also hetpsrdination among the regions and
between the regional and federal levels. Further Tiask Force created five committees,
each of which focus on a critical aspect of AIS agament and each of which has
accomplished major projects in support of thoseeisp Clearly, the Task Force is

playing a significant role in coordinating natiomald regional AIS management.

Alternative pathway management (Purpose 3)

We assessed the success of NISA regarding alteenadthway management by
examining how well the organizational frameworklod Task Force and National
Invasive Species Council facilitates identificatminpotential AIS pathways. We also
took a closer look at the nine species mentioneddnye in NISA to determine their

likely pathways of introduction and whether NISAsteny effect over those pathways.

The Task Force, in collaboration with the Natiolmsasive Species Council, has
developed a framework for government agencieseédruglentifying potential pathways
for invasion, assessing the risk they pose, aratipring their relative importance
(Aquatic Nuisance Species Task Force and Nationadive Species Council 2007).
This framework focuses on unintentional, human-mtedi pathways and not on
deliberate introductions. The framework providesegal pathway charts that the
individual agency can use as a starting pointteanalysis and guides users in

narrowing the list to those pathways related toadpency’s mission. The analysis takes a
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first cut at prioritizing pathways by determinindn@ther those pathways pose a threat to
human health (Threat Level A), economic health €ahievel B), and ecosystem health
(Threat Level C). The second cut of the analysripzes pathways based on the
frequency and geographic scope of potential invaesients. The third step of the
analysis lays out a questionnaire to be used ax@ert elicitation tool to gather
information from experts on the probabilities dirgduction and establishment, the
potential impacts, and the available mitigationgotdeally, this step would be done
using a focus group rather than a single expeis fhird step relies on semi-quantitative
rankings and the experts’ identifications of pokesgources of uncertainty associated

with each ranking (i.e., lack of expertise, biolgiunknowns, insufficient information).

Although this framework is designed to ass@sstentionalpathways of introduction, an
analysis of the USGS Nonindigenous Aquatic Nuisé@ecies Database found that the
most common methods of introduction for fish, rigsti and amphibians listed involve
intentional pathways: stocking, aquarium or pet releasespaitdeleases (Fuller 2004).
Additionally, of the nine species mentioned by namiISA four were introduced via
ballast water, two were brought in as aquariumtglamwo were brought in as ornamental

plants, and one was likely introduced via multipighways (Table 3-2).

Clearly, stocking and other intentional releasescaitical pathways of introduction. The
National Invasive Species Act and the Task Foroeigver, have no jurisdiction,
authority, or enforcement power over these pathwaigh stocking currently falls under
the jurisdiction of the states rather than the faldgovernment. The only jurisdiction the
federal government currently has over these patbugathe ability to prohibit
importation or release of those species listedjasious under the Lacey Act. Such a

narrow authority over these pathways limits NISAlslity to stop introductions.

The Task Force does attempt to influence intentimrigoductions via the ornamental
and aquarium trades through two voluntary prografabitattitude (Habitattitude n.d) is
a public awareness program sponsored by Task Rot¢éhe Pet Industry Joint Advisory

Council and aimed at aquarium hobbyists, pond osyraard water gardeners. Another
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public awareness campaign, Stop Aquatic Hitchhlk@®p Aquatic Hitchhikers n.d.), is
aimed at reducing AIS spread through recreationinskiding bait release. State and
federal agencies, tribal government, user grougaiscaional groups, and private industry
are working together on this campaign. Both campmaye aimed at education of target
groups about the AIS problem and encouraging basagement practices, especially
advocating a cessation of species releases. Thewdence that public awareness is
correlated with reduced spread of AIS (Jensen 2@&U@gesting that these campaigns are
having the intended impact even though they ddhawee legal authority.

The lack of authority of NISA over pathways of mduction other than ballast water
appears to be one of the biggest weaknesses acth&pecies of significant concern are
entering the country via pathways over which fedagancies have little or no authority.
Although the framework developed by the Task Fame the National Invasive Species
Committee helps agencies determine which pathwayefagreatest concern, agencies
will not be able to make significant strides smdtdown those pathways until they are

granted the enforcement power to do so.

Understanding and reducing impacts of AlS (Purpbsespecially zebra mussels
(Purpose 5)

To address the impact of NISA on understandingraddcing impacts of AIS, especially
zebra mussels, we searched published literaturg@vetrnment databases for
information on the nine species mentioned by nam¢l$A. To determine whether the
impacts of AIS have been reduced for the nine ggatamed in NISA, we assessed 1)

the effectiveness of currently used control toold 2) the spread of the species:

1) Control tool effectiveness

Currently all the AIS named in the act, with theeption of zebra mussels, are
controlled using physical removal methods and rmecies specific pesticides (Table 3-
3). These methods are labor intensive, expensideptien require repeated treatments.
Zebra mussel control, while having many more padétdols to choose from, also

suffers from these limitations.
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2) Spread

Eight of the nine species have continued to spire#ite US with new sightings of
Eurasian water milfoil, hydrilla, ruffe, water hyath, and zebra mussel occurring as
recently as 2011 (United States Geological Survdy).rBrown musselRernaperng

has remained restricted to Texas, with its mostmedocumented sighting in 1995.

Our analysis used the presence of AIS in the USRextisting tools for reducing that
presence as a proxy for “reducing impacts” and dotlvat NISA has not had its intended
effect (Table 3-3). It is worth noting that all Heespecies were present in the US, often in
multiple states, before being named in either tbaihdigenous Aquatic Nuisance
Prevention and Control Act in 1990 or its reauthation, NISA, in 1996 (Table 3-3).

The continuation of AIS spread is not surprisingegi the lack of effective control tools
and the lack of federal enforcement capabilitiedenrNISA to control spread within the
us.

An in-depth review of the current understandingadlogical and economic impacts of
invasive species is beyond the scope of this p&pgaoring these issues would, and has,
required papers focused solely on that topic (Rltet al. 1985, Mooney and Cleland
2001, Leung 2002, Pimentel et al. 2005, Eiswertd.€2005).

COMPARISON OF NISA’ S PURPOSES WITH PRIORITIES OF NATURAL RESOURCE

MANAGERS

Thirty-one natural resource managers participategualitative, semi-structured
interviews. Interviewees were selected for themigement in AIS management. We
compared the purposes articulated in NISA withgherities articulated by AIS
managers for their own work (Chapter 2) and fouihiga degree of agreement between
the high-level federal legislation and the on-tlhewmpd priorities of managers at a variety
of levels (Table 3-4). The information in Table 3s4n response to a question about

interviewees’ top three invasive species manageprantities.
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For the most part, priorities identified by managesceive at least some mention as a
priority of NISA. The two categories of manageropities that are not mentioned in
NISA — improving existing legislation and acquiriagfficient funding — are issues that
one would not expect to find addressed within aeiaf legislation. This agreement
signifies that the issues laid out by policy makesonate with the on-the-ground

realities of managers.

There is, however, a difference in emphasis betwleempriorities of NISA and those of
AIS managers. NISA places a great deal of empluasgevention via ballast water
management while managers thought more broadlytgdmential invasion pathways. In
fact, when managers spoke about ballast water neamaf the focus tended to be the
need for more effective ballast water legislatidlso, managers placed a heavy emphasis
on the importance of educational and outreach pragr Many felt that public
understanding and support was key for any AIS mamagt program to be effective.
The National Invasive Species Act, on the otheidh&as one brief mention of the need
to establish and implement education programs.lligjrthere is a significant amount of
disagreement on the AIS of greatest concern bettrexsme identified by NISA and by
managers. During interviews, when asked about A @atest concern, managers listed
14 species (Table 3-5). Of these, only Eurasiaemmatlfoill, hydrilla, and the zebra
mussel were also mentioned in NISA. Also, with sgpd mentions counted separately,
the managers’ list of species had 53 entries. @f¢hEurasian water milfoil was listed
twice, hydrilla was listed twice, and zebra mussedse listed 13 times. Overall, this
suggests that the species given priority by pati@kers are not the same species that
managers view as needing the most attentionbiyend the scope of this analysis to
determine whether the priorities of the managesf tihe NISA are more appropriate.
The mismatch between the two sets of prioritiesyéner, points to disagreements or a
lack of communication between those creating tHeyand those tasked with carrying
it out. Better understanding and increased agretowoerd allow for the creation of

policy that is better aligned with on-the-groundlitees of AIS management.
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M ANAGER PERSPECTIVES ON EXISTING LEGISLATION

Managers were asked which, if any, pieces of lag®h or management plans were
influential in their work (Table 3-6). Overall, lstption was listed somewhat more
frequently than management plans (35 vs. 22 tintes)both legislation and
management plans seem to play an influential rolreanagers’ work. When looking
only at the influential legislation, state laws we@nentioned slightly more frequently than
NISA and both were mentioned far more frequentntthe Lacey Act. Although NISA
does not seem to have a great deal of influentteeimanagement process, the
appearance of influences increases when one cossigg many of the state
management plans were created with funding fromANH8d that most of the national
management plans referred to were created by thle Harce, itself created by NISA. It
is also important to note that, in answering thissjion, two interviewees explained that
access to funding had the most influence over therk and that, for the most part,

funding came from the state government, not therfdd

Managers were also asked whether they had any stimgefor improving existing
legislation. Five participants had no suggestion$eight participants felt that the most
pressing need was improved funding rather thanlagislation. However, managers did
make 47 suggestions for improving AIS legislatiatimg into four broad categories:
improving policies addressing key invasion pathwayeamlining legislation and
making it more comprehensive, focus on nationatlleentrol of AIS species once they

are present, and improving enforcement (Table 3-7).

First, managers talked about the need for more celmepsive policies to address the
principal invasion vectors. They wanted to see owpd ballast water legislation —
legislation that covered alternatives to ballastewaxchanges, that covered NOBOB
vessels, that was consistent across states, andd¢heased the stringency of ballast
water management requirements. Managers also wHrgaxVersight of other invasion
pathways to be more carefully legislated. Sevemagers talked about the need to pre-

screen species before they are brought into thetooto help reduce invasions via
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aguaculture and ornamental trades or intentioehses. These managers wanted to see
a systematic, documented process for assessingtedEpecies and listing them as
allowed or prohibited. Finally, managers wanteddkedion in place to assist in early
detection and eradication attempts.

The need for more streamlined and comprehensivdejiSlation was also brought up
frequently. Managers felt that current legislatied to overlapping and unclear
authorities and felt that one comprehensive piddegislation that addressed the AIS
problem “holistically instead of piecemeal” andttbdasignated one clear authority to
take on the leadership position could help. Marmgeamted to see legislation that not
only coordinated the various agencies, but encagragencies to make AlS a priority.
Finally, managers wanted to see legislation thatldvbelp encourage consistency across
states. Aquatic invasive species are a problem nathespect for political borders and
management of a region is only as strong as the with the weakest legislation.

Support from the federal level could help stated deth the problems resulting from this

unevenness within a given region.

Managers also wanted to see legislation that fatosenational level control efforts for
AIS once they become established in the countris ificluded taking a national level
approach to slowing the spread of invasive spexes more specifically, allowing for

more stringent interdiction and quarantine laws.

Finally, managers felt it was important to impra@rdorcement of existing legislation and
give existing and future legislation “more teethfiem it came to enforcing their
requirements.

NISA REAUTHORIZATIONS

The National Invasive Species Act was due for feanigzation in 2002, but this has not

yet been accomplished. Bills reauthorizing NISA eveitroduced in the House and
Senate in 2003, 2005, and 2007, but Congress netex on them.
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The 2007 versions of the Senate bill (S. 725 aritb3$) include elements that address
many of the concerns articulated by managers. Thiésavould have raised the
standards for ballast water management, set ugearsog process for planned
importations of aquatic organisms, set up an edatgction monitoring program of high
priority pathways, and set up an emergency funddpid response efforts. These bills
proposed actions to streamline federal level coatibn. S. 791 names the National
Invasive Species Council as the body tasked withidinating all relevant groups,
including the Task Force. Finally, these bills esg@dd much of the general language
found in NISA with more specific goals and methémsachieving them. For example,
while NISA has a brief reference to outreach anatation, these bills called for posting
of public warnings, clean watercraft requiremeatsj proper bait disposal requirements.
In addition to improving the clarity of the poliepakers intent, this specificity could help

achieve greater consistency between states.

Although these bills do show significant improvensgiit is ultimately a moot point.
They were never voted on and, as of 2012, no reaa#tions of NISA have been

introduced since 2007.

DISCUSSION

Overall, it is clear that NISA was attempting talegks the appropriate range of AIS
issues: prevention, control of species once theyarand federal level coordination. The
attempt, while making clear the importance of th8 &sue, fell short in almost every

aspect.

Ballast water regulations in NISA were a good fgt&p, but they are insufficient.
Existing regulations have raised awareness of ffallater as an invasion pathway and
nationwide compliance with reporting has increasbde un-exchanged ballast water
discharge in US waters has decreased. Howeveeg tiasrbeen a continued inflow of

invasive species via vessels that are exempt fearhasmge requirements and from
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NOBOB vessels, critical gaps that need to be addesThe Act’'s impact on other
invasion pathways is limited. Although it called fdentification and management of
those pathways, no specific pathways were mentiondte legislation and no authority
or enforcement ability was granted.

The Act does not seem to have had much of an ingmacontrol of invasive species

once they are present in the country. Spread asediafter arrival, with no federal
authority to control it, and control tools remaimiked, leaving managers with few
options. This aspect received limited attentiothi;n Act and deserves to become more of

a priority.

NISA has engendered extensive coordination. lid¢s$o national (the Task Force),
regional (Task Force regional panels), and staasK Force approved state management
plans) coordination. However, clearer leadershijpanational level is needed. The dual
existence of the National Invasive Species Couwrul the Task Force and the lack of a
clear lead agency complicate coordination effdttsther, there are currently no formal
methods for helping achieve consistent regulateaneng states within the same region
or watershed. Inconsistencies result in indust/@ublic confusion, which can lead to
decreased compliance, and a region’s overall ggliare only as strong as the weakest
policies within it. An instrument encouraging andilag consistency could help

overcome these obstacles.

Finally, NISA only briefly mentions the idea of didoutreach and education. This
weakness seems especially critical given the inapeog that on-the-ground managers
place on this element of AIS management. One ofrtheagers interviewed felt that
getting the public “on board” with AIS managemeaalty was more important than

anything Congress said or did.
The National Invasive Species Act is not havingrdwsailts intended by Congress. This

leads us to recommend a reframing of AIS policy thare closely aligns existing

institutional mechanisms with the two prongs of A&@nagement: 1) preventing new
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invaders from arriving and 2) managing invasivecgggeonce they arrive. We propose
that reauthorization of NISA should 1) grant leatharity over alternative pathways for
AIS introduction especially those pathways assediatith intentional introductions (e.g.
stocking, aquarium trade) to a federal agency amdide the Task Force with
additional authority and resources to allow it $giat in regional coordination of control
of established AlS.

The National Invasive Species Act has proved tmbefficient in preventing the arrival

of new invaders. Our first proposal is to granéderal agency the authority to regulate
alternative pathways (i.e. pathways other tharabtilvater). Aquatic invasive species of
significant concern are entering the country andaqting through pathways other than
ballast water. These pathways include stockingnarog, the aquarium and pet trade, and
bait releases. Currently, the only federal autlyaniter these pathways comes from the
Lacey Act and is limited to those species spedlfidsted as prohibited under that Act.
The current approach is clearly inadequate forgménag invasions via these pathways.
One approach to this would be to expand EPA’s mamagt, under the Clean Water

Act, to include other AIS pathways. This approaduld take advantage of existing legal
authority and enforcement power, obviating the rfee@ntirely new legislation. The
Clean Water Act includes “biological materials”a&rm of pollution. A 2002 ruling,
which was upheld in 2008 (Northwest Environmentdl/écates), required the Clean
Water Act to view escaped aquaculture fish as paihs (Firestone and Barber 2003) and
the recent ruling is explicit in including all AlShis could allow the EPA to take a clear
lead role in the prevention aspect of the probl€his approach, however, would require
the EPA to become a member of the Task Force tarertisat the work being done by

the EPA is coordinated with other aspects of Al$iagement as well as additional
resources being allocated to the EPA to allow tak@ on these additional

responsibilities effectively.
Once invasive species are present in the USA, tefeenational and regional

coordination becomes the most important tool iv@néing further spread. Giving the

Task Force the authority and the resources toiti@elcreation of consistent regulatory
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policy within regions would allow it to improve tledfectiveness of the coordination
work it has already undertaken. For example, onstate has a management plan
approved by the Task Force, the state receiveadiabsupport from the Task Force.
This allows the Task Force to make sure these pleaet certain basic standards.
Consistency in regional AIS regulations could beiewed if the Task Force had the
resources to provide a similar financial incenfimestates adhering to Task Force
standards in their regulatory approach. As mudheimovement of AlS occurs at the
watershed level, the regional groups formed byTésk Force have the opportunity to
play a critical role. Coordinating priorities witha region would allow for more effective
communication with the public and for taking managet actions on a scale consistent

with watershed geographies rather than politicalnoaries.

The issue of control should also be addressed ghrearious investment in control
methodologies. Currently, available tools requépeated investments of time and
money and are only capable of small-scale erada{iSchwartz 1986, Marking 1992,
Verrill and Berry 1995). Given that multiple juristions are struggling with the same
species, combining their ability to invest in negtinology would allow for more
effective leveraging of limited resources. Governirfanding agencies, philanthropic
organizations, the private sector, and researc¢hunens could collaborate to support a
national endeavor to identify and fund priorityeasch and development of control
measures. This could be modeled on public healttef such as was done to

successfully eradicate polio (Quadros et al. 1992).

The two prongs of AIS management could also befrefit decision support tools (i.e.,
an information based system that helps providestesyatic decision-making
framework). On the prevention side, screening tooldd help determine which species
are of most concern and risk analysis tools, bogldin the framework developed by the
Task Force and the National Invasive Species Cotaejitould help determine which
pathways pose the greatest risk and, thereforel, toelee monitored more meticulously.
Such a decision support tool could help identify keeas for monitoring for new arrivals

or where control efforts would have the greategiant. Interviews with managers
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suggest they would find decision support toolsdaibeful in multiple aspects of AIS

management (Chapter 2).

All of these approaches would be aided by incre&seding. As it is unlikely that
natural resource management budgets will see ggnifincreases, we suggest
integrating AIS management into broader environmleguals in order to see multiple
benefits from every action and expenditure. Thisionclude a more holistic approach
within the field of AIS management (i.e. focusing actions that could mitigate the
impact of multiple species) as well as connecting Ksues to a broader set of
environmental management goals (i.e. improving ystesn health to reduce
invasibility). Consolidating and streamlining leasl@p would allow the many players in
AIS management to work together and take advardgaaited resources more

effectively.

CONCLUSION

The National Invasive Species act was an impogaolutionary step in AIS policy
instruments but there is room for significant imgFment. This analysis and the
perspectives of AIS managers at various levelstifyekey gaps in the current

legislation: insufficient regulation of invasiontpavays, the need for clearer leadership
and more streamlined use of limited resources aagweater focus on control of AIS once
they are present. We suggest an approach that addlgss these issues: designating
federal authority for managing alternate invasiathgrays and giving the Task Force and
its regional panels the resources and the authoriiyrther improve coordination of
control policies. This approach would build on &rig agencies and authorities and

better use limited resources.
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Table 3-1.Federal policy instruments fo

departments, agencies, and programs.

r oversight of AlSldhe responsible

Federal Policy Instruments

Department/Agency/Progran

Lacey Act (1900)

US Department of Interior

Federal Insecticide, Fungicide, and
Rodenticide Act (1947)

US Environmental Protection Agency

Convention on Great Lakes Fisheries
between the US and Canada (1955)

Great Lakes Fisheries Commission

National Environmental Policy Act
(1970)

All Departments and Agencies

Endangered Species Act (1973)

US Department ofitmte Fish and
Wildlife Service
US Department of Commerce — National
Oceanic and Atmospheric Administration

Nonindigenous Aquatic Nuisance
Prevention and Control Act (1990)

US Department of Interior — Fish and
Wildlife Service

US Department of Transportation — Coast
Guard

US Environmental Protection Agency

US Department of Defense — Army Corps
Engineers

US Department of Commerce — National
Oceanic and Atmospheric Administration
Aquatic Nuisance Species Task Force
Great Lakes Panel on Aquatic Nuisance
Species

Alien Species Prevention and
Enforcement Act (1992)

US Department of Agriculture
US Department of Interior - Postal Service

North American Agreement on
Environmental Cooperation (1994)

Council of the Commission on
Environmental Cooperatioh

Agreement on the Application of Sanita
and Phytosanitary Measures (1995)

WS Department of Agriculture

National Invasive Species Act (1996)

US Departnoérinterior — Fish and
Wildlife Service
US Department of Transportation — Coast
Guard
US Environmental Protection Agency
US Department of Defense — Army Corps
Engineers
US Department of Commerce - NOAA

Water Resources Development Act
(1999)

US Department of Defense — Army Corps
Engineers

Executive Order 13112 (1999)

National Invasive $ge€ouncil

" This is a tri-national entity established by th®, Canada, and Mexico.
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Great Lakes Fish and Wildlife RestoratiopldS Department of Interior — Fish and

Act (2006) Wildlife Service

Water Resources Development Act US Department of Defense — Army Corps|of
(2007) Engineers
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Table 3-2.Method of introduction for species that are nammeISA.

All information from this table comes from the USGIBS Database (United States Geological Survey
n.d.)

Species Method of introduction

Brown mussel Ballast water

Green crab Multiple pathways

Eurasian water milfolil Ornamental plant

Hydrilla Aquarium plant

Chinese mitten crab Ballast water; possibly intardl release
Ruffe Ballast water

Water chestnut Aquarium plant

Water hyacinth Ornamental plant

Zebra mussel Ballast water
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Table 3-3.AlS species named in NISA: impacts and controlstoo
All information from this table comes from the USGIB3S Database (United States Geological Survey

n.d.) except where noted

Species

Control tools

Spread across US
(State first documented in:

number of states currently

year of first documentation:

found in)
Brown mussel Physical removal, chemical control TX: 1990: 1
(Rajagopal et al. 2003, Barataria-Terrebonng
National Estuary Program n.d.)
Green crab Physical removal — trapping and | MA: 1833: 13

barriers, biological control being
researched

Eurasian water milfoil

Physical removal, herbicides
biocontrol being researched

VA: 1881: 46 (and DC)

Hydrilla Physical removal, herbicides, FL: 1953: 29
biocontrol using grass carp (another
problematic invasive)

Chinese mitten crab Physical removal — trapping and | OH: 1975: 8
barriers

Ruffe Physical removal, rotenone MN: 1986: 3

Water chestnut

Physical removal, herbicides,
biocontrol being researched

MA: 1859: 11 (and DC)

Water hyacinth

Physical removal, herbicides,
biocontrol only minimally successful

LA: 1884: 27

Zebra mussel

Chemical molluscicides, manual remov
desiccation, thermal, acoustical vibratio
electrical current, barriers, coatings, tox|
piping, CO2 injections, UV light, anoxia

alOH, MI: 1988: 30
n
c

hypoxia, flushing, biological control
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Table 3-4.Comparison of NISA and manager priorities; n desaatumber of mentions

during interviews.

Manager Priority

Associated NISA Purpose

Developing and carrying out management
plans and programs (n=19)

Developing a national plan
Procedure for creating state plans

Prevention of new introductions (n=15)

Ballast waisgyulations
Identifying and managing alternative
pathways

Containing existing introductions and
preventing spread (n=9)

Detecting introductions and dispersal
Managing invasions when necessary

Developing improved legislation and
regulations (n=8)

n/a

Facilitating coordination between responsih
groups and agencies (n=8)

lAquatic Nuisance Species Task Force
Regional Task Force panels

Outreach and education efforts (n=6)

Establishianplement educational
programs

Research and development, especially that
new control tools (nN=6)

d@xploratory studies and additional
research

Reduction of AIS impacts (n=4)

Understanding ardioing AIS
impacts

Acquiring sufficient funding (n=2)

n/a

Table 3-5.Aquatic invasive species of concern mentioned bypagers during
interviews. Asterisk denotes species mentioned 8AN

Species of Concern Number of
Mentions

Alewife 1

Asian carp 9

Brittle naiad 1

Common carp 1

Curly leaf pondweed 1

*Eurasian water milfoll 2

*Hydrilla 2

Kudzu 1

New Zealand mudsnail 3

Quagga mussel 11

Sea lamprey 2

Snakehead 2

Viral hemorrhagic septicemia (VHS) 4

*Zebra mussel 13
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Table 3-6.Legislation and management plans that managersaoned as being
influential.

Legislation/Management plan Number of
Mentions
State laws 12
NISA 9
Agency management plans 8
State management plans 8
Lacey Act 5
National management plans 5
Clean Water Act 2
Endangered Species Act 2
Convention on Great Lakes Fisheries 2
Executive Order 13112 1
Clean Air Act 1
Regional management plans 1
Federal Aid in Sport Fish Restoration Act 1

Table 3-7.Suggested improvements for existing AlS legistatiwentioned by managers
during interviews.

Improvement Number of
Mentions

Creating comprehensive policies to address prindipeasion vectors 23
Improved ballast water legislation (unintenad)
Pre-importation screening of species and @aintentional)
Rapid response and eradication

N 00 ©

Streamlined, comprehensive AIS legislation 14
Encompassing all AIS issues
Designating clear leadership and authority
Emphasizing agency coordination
Aiding consistency across states

N Wb O

(o]

National level control of AIS once they are present

N

Improving enforcement
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Great Lakes
(Members include: IL, (Members include: CT,
MA, ME, NH, NY, RI,

IN, MI, MN, NY, PA,
OH, WI - Estab. 1991) VT - Estab. 2001)

The Regional Panels of the
Aquatic Nuisance Species Task Force
Northeast

Mid-Atlantic
(Members include: DE,

DC, MD, NC, NJ, NY, PA,
VA, WV - Estab. 2003)

Western

(Members include: AK,
AZ, CA, CO, HI, ID, KS,
MT, ND,NE, NM, NV, OK,

OR, SD, TX, UT, WA, WY

and Guam - Estab. 1997)

June, 2010
Graphics by Don MacLean, USFWS

Gulf and South Atlantic

(Members include: AL, FL, GA,
LA, MS, NC, SC, TX - Estab. 1999)

Figure 3-1. Regional panels of the Aquatic Nuisanc®pecies Task ForceTaken from

the Aquatic Nuisance Species Task Force website.



CONCLUSION: A Decision Support Tool Blueprint folgaatic Invasive Species
Management
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INTRODUCTION

Currently, invasive species management tends tmbducted on a case-by-case basis
and in crisis mode. Tempel et al. (2004) found tmaasive animals were present in all
USA wilderness areas but only 15% of the areaseyexin the continental USA had
management plans for dealing with them. Inadeqiuatgs and personnel were the
reasons most often given for the absence of mamnaggotans. There are clearly gaps
between discovering the presence of invasivesymetag that they are a problem, and
taking steps to do something about them. This ntettietnanagement is a labor, time,
and money consuming process. This is especiaftyriumate because the field of

invasive species management often calls for quedksibns on limited budgets.

Another obstacle for invasive species managefsisiheer magnitude of the problem.
Effective invasive species management requiregat gieal of work on a number of
fronts. For example, The National Strategy andiémentation Plan for Invasive
Species Management (2004), recommends 19 separchtistinct short-term actions tied
to prevention, early detection and rapid respoocsetrol and management, and
rehabilitation and restoration as well as 11 adddl overarching goals. Attempting to
achieve the priorities outlined in that single ptaould be daunting enough, but to this
we must add all of the other priorities outlinedbther legislation, policy

recommendations, and management plans.

There is no shortage of policy instruments aimeadaressing management and control
of AIS. At the federal level alone, there are éparate policy instruments (11 acts, 2
agreements, and 1 executive order) (Chapter 3g¢sd policies are the responsibility of
nine previously existing federal departments arehagps and also motivated the creation
of five additional interagency groups (Great Lakesheries Commission, Aquatic
Nuisance Species Task Force, Great Lakes Panetjoatis Nuisance Species, Council
of the Commission on Environmental Cooperation jde Invasive Species Council).
These interagency groups have since released@uipolicy instruments in the form of

management plans and programs. Further, additageaicies, not specifically called on
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in the legislation, have joined in the fight agaimyasive species: the US Geological
Survey has created a Nonindigenous Aquatic Spedi@snation resource and NOAA

has formed the National Center for Research on #glasasive Species.

Invasive species managers are dealing with mulpiptaities, agencies, and
jurisdictions. Decisions they make must also taite account the ecological, economic,
and social issues. In this paper | lay out thafjaation for developing a decision support
tool (DST) to aid in aquatic invasive species (Atnagement, explore how the results
of my previous chapters inform creation of a DSat ik trusted by stakeholders, useful
to managers, and consistent with current polictrimsents. My results support the
development of a DST that helps users prioritizenghn a given geographic area
management actions (i.e., monitoring, inspectiongpntrol efforts) should take place.

DECISION SUPPORT TOOLS

Decision-making by natural resource managers isaalby difficult because these
decisions involve complex ecological issues as agkBocial, economic, and political
considerations. In the 1970s researchers begadeveeop the idea of decision support
systems. This idea came out of two areas of reBearganizational decision-making
and interactive computer systems (Keen 1978). ddmtisupport tools are especially
useful for natural resource management decisiocause they allow integration and
simultaneous viewing of information from differesdurces, they set transparent
standards for evaluation, and they provide usetts assimple and powerful way to

communicate their findings (Fedra 1995).
Managers and researchers have already developaiglsdecision support tools for use

in invasive species management. These tools cdiviaked into three categories: highly

specific, broadly applicable, and management fatuse
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Highly specific tools have been designed for mamg@ine species in a fairly narrow
context. For example, the Yield Loss Predictioml[Tor Field-Specific Risk
Management of Asian Soybean Rust (University oftileky 2009) addresses only one
issue for farmers: whether it is financially wottieir while to control for soybean rust on
their fields. Although these tools are useful igittspecific context, they cannot be
expanded to make decisions in different situati@neadly applicable tools bring
together a large amount of information, synthegizend make recommendations as to
which tools are available and most effective. ®xample of this type is the report
issued by the Global Invasive Species Prograntioe; to Address One of the Greatest
Threats to Biodiversity: A Toolkit of Best Preventand Management Practices
(Wittenber and Cock 2001). These documents suramarformation in order to make
broad recommendations, but they are more helpfuddtting policy and other higher-
level decisions. Such broad tools fail to provideamingful on-the-ground advice to

managers.

The third type of tool is one that assists managensaking a complex decision in a
number of different contexts. For example, Cadhal.g2004) designed a model to help
managers decide whether a weed invasion shouldadecated, contained, or not
managed at all. This model applies to multiplecgggeand takes into account economic
as well as ecological considerations. Unfortuyatislese tools are often released as a
static product, making it difficult for users to mpulate them in ways that would make
them more useful for their particular needs. Thesés can also be ‘black boxes’ leaving

users with little understanding of how the inp@kate to the decision recommendations.

DECISION SUPPORT TOOL BUILDING BLOCKS

My research focused on collecting the informatieeded to design management-focused
DST for AIS management. Information on stakehofsknspectives was collected in a
series of focus groups around the Great Lakes akd Champlain (Chapter 1).
Information on manager motivations and prioritiessveollected from qualitative, semi-

structured interviews with natural resource managethe Mississippi River Basin
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(Chapter 2). Finally, an analysis of the Natiomaddsive Species Act provided

information on legislative mandates, weaknessa$paportunities (Chapter 3).

Stakeholder perspectives (Chapter 1)

The focus groups on genetic biocontrol of AIS gisavide valuable information for
design of a DST. Public pressure can play a sigamti role in AIS decisions. If the
design of a DST takes into account stakeholdewsipes and concerns it is more likely
that stakeholders will trust the resulting tool aaspect the decisions resulting from its

use.

Focus groups made several recommendations thatdpraseful guidelines for other AIS
management decisions in general. These include:

e First, do no harm — AIS management is an alreaastfating situation,
stakeholders want to make sure management actidinsotvcause additional
problems and that limited funds are spent redupnoplems rather than
increasing them.

e Engage multiple viewpoints — Involving stakeholdeasly and often will allow
the resulting decisions to better reflect theirdseand values.

e Employ clear go/no-go reasoning — Using a framewtioak lays out the logic of
the decisions improves their defensibility and gtability especially if the
decision or its results are not what the public tedn

¢ Use a transparent process — A transparent proaadd wncourage stakeholder
participation as well as facilitate communicatidrdecisions and their rationale.

Focus group participants raised three concernsrirapioin DST development: ecological
impacts, financial concerns, and uncertainty. Fpatticipants were concerned about
adverse non-target impacts of genetic biocontinelogy. These impacts, especially
those related to impacts on other species and hineath, should be considered in all
AIS decisions and should be addressed in a DSTor8eparticipants were aware of the
limited resources available for AIS managementrasdarch. They felt that, whenever
possible, cost-benefit analyses should be donelfpdnsure those limited funds are
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spent as effectively as possible. Linking actiostsavith outcomes could be an
important part of a DST. Finally, uncertainty wasmf the prominent themes during the
focus groups. Decision support tools should hayi@kmechanisms for identifying and
addressing sources of uncertainty in the decisiaking process.

Policy analysis (Chapter 3)

The analysis of the National Invasive Species Az$ mtended to examine its goals, its
methods for achieving those goals, and whetheastlieen successful. This analysis led
to the recommendation that lead authority to prememw introductions via pathways
other than ballast water should be granted to eré¢cgency, potentially the U.S.
Environmental Protection Agency under the CleanaiNAtt. We also proposed that the
Aquatic Nuisance Species Task Force be grantediawaai authority and resources to
allow it to further increase regional coordinatmfrcontrol and containment efforts of
populations for AIS that are already establishetheénUSA. These task forces have
demonstrated the ability to coordinate the variagsncies and jurisdictions involved in
AIS management. Developing for them a DST that waxiplicitly focus on prioritizing
actions across a watershed could help improvectiosdination. A tool that helps
determine where in a watershed certain actionsldhmufocused could provide these
groups with support for further coordination or soldation of resources. Given that
AIS spread shows no respect for political jurisdics, a tool that is organized by
geographical boundaries rather than political aeedd further improve coordination

efforts.

Manager perspectives (Chapter 2)

The manager interviews were designed to determim@ttiorities and concerns driving
manager actions and decisions, elicit manager petisps on the strengths and
weaknesses of the current decision-making proeesskidentify potential roles for a DST
in their work. Results should inform the desigradbol that directly responds to the
needs of AIS managers. They also can aid in detémmivhat data should be included in

a DST and what characteristics the DST should have.
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Managers identified their top priorities in theldief AIS management (Table 2-1).
Prevention of spread, containment of existing Adpydations, and coordination between
concerned agencies and stakeholders ranked réydtiggly on the range of issues
managers were attempting to address (Table 242xelstingly, these priorities are the
same ones as our policy analysis (Chapter 3) iiethtas opportunities for improving the

desired outcomes of the National Invasive Specis A

Managers also identified the ecosystem servicesuieee most concerned with
protecting (Table C-1). These services, or a pfoxyhem, should be part of the
decision-making process. A DST should consider hest to protect these ecosystem

services as well as how management actions cofddtahem.

Managers indicated that the strengths of the ctidecision-making process are
e the diverse and knowledgeable agency staff involnelS management,
¢ their ability to communicate with the general papand
e the coordination between agencies and other irieetgmrties.

They indicated that the weaknesses of the curmexegs are

e unclear leadership and overlapping jurisdictions,

insufficient information,

a process that is too time-consuming,

a lack of documentation, and

insufficient capacity to adapt to changing conaisio

Removing these weaknesses would overlap with sekeygrinciples of robust
decision-making: transparency, documentation, adapd changing conditions and
information, flexible but structured and consistéanagers’ recognition of these gaps
with respect to robust decision-making was indiddig their identification of DST
characteristics they would find valuable. Theséuide:

e easily understood and communicated,

e transparent,

¢ inclusion of a knowledge repository,
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o flexibility,

e consistency and repeatability,

e documentable,

o efficient,

e spatially explicit, and

e explicitly deals with uncertainty
In summary managers are clearly aware that theieotidecision-making processes lack
important characteristics and see the use of a&@SW¥ay to incorporate them. It is worth
noting that many of the concerns identified by stakders in Chapter 1 (e.g.,
documented and transparent decisions, the neattitesss uncertainty) are also important
to managers. This indicates that these issuegiéicalcand should be included in any

AIS decision support tool.

Finally, managers identified that a DST would sgtteen their ability to address multiple

aspects of AIS management (Table C-2).

DECISION SUPPORT TOOL BLUEPRINT

We suggest a spatially explicit tool that allowsnagers to determine where, in a given
geographical area, to take specific managemerdrecti.e., monitoring, inspections,
control efforts). This will be accomplished by ling Geographic Information Systems
(GIS) data with an expert system. GIS is a compgpstem for “capturing, managing,
analyzing, and displaying all forms of geograpHicetferenced information” (ESRI
n.d.). Using this approach will allow the DST togdmatially explicit and view
management actions within the context of an emtatershed or management area.
Expert systems are computer programs designeataderthe decision-making ability
of an expert (Jackson 1998). They use a dialogfade to prompt users to answer
guestions. The answers to these questions arerntbemporated into the system’s
knowledge base and then the system uses an ingeegigine to reason with the rules and
produce an ‘expert’ recommendation. The experesystould allow incorporation of

user priorities and information that cannot be egped spatially. Combining information
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from the GIS and the expert system will lead tgatg consisting of the identification of
areas important for monitoring, inspections, anaditicl efforts (Figure C-1). Finally, our
DST will include a multi-criteria ranking techniqte help prioritize between the areas
identified, should the number of areas identifigdezd the number of actions that can be
taken with available resources. The technique wegadn this framework is known as the
SMART technique (simple multi-attribute rating tedues) (Ralls and Starfield 1995).

The focus of this tool was chosen to aid managetisair attempt to prevent the spread
of invasive species within their management aredscantain or reduce populations of
invasive species already established. The envidi@&T will provide the clear, logical,
and transparent process that is important to dakelolders and managers. The GIS
layers will also function as an information storake. That is, much of the required
information will not need to be reassembled forhedecision, thus improving the
efficiency and speed of decision-making. Inclusabthe expert system allows the tool to
take advantage of the knowledge of experienced gesaFinally, SMART is a
technique that allows the DST to incorporate aiggtory element. This tool will result

in documented decisions that provide guidance aeitain prioritization.

GIS layers incorporated in the tool will be chosemepresent:

e the ecosystem services managers wish to protestexémple, information about
recreational opportunities (e.g., boat access gpinbmmercial and industrial
services (e.g., location of power plants, areaomant for commercial fisheries),
and information about game species distributions;

e information about AIS species of concern — for eglancurrent distributions and
potential habitat;

e information about management and legal jurisdicierior example, information
about political borders and areas of responsibidityinvolved agencies; and

e information about potential AIS pathways and cotines — for example, include
information about natural (e.g., streams and waagsjvand human mediated

(e.q., shipping and high traffic routes) pathways.
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The expert system will contain three sets of qoesti
e (uestions that allow managers to assign relatiight®to the GIS elements;
e questions to elicit area-specific information tbahnot be expressed
geographically (e.g., whether AIS is interferinglwiecreation, the economic
value of AIS threatened activities);
e and questions that elicit action-specific inforroat{e.g., the cost of various
management actions, whether the actions would ligcply or logistically

feasible).

The information from the expert system will be conglal with the information from the
GIS layers and, together, will produce a GIS lahet identifies areas important for
monitoring, inspections, and control efforts. Thextnstep, when appropriate, would be to
use the SMART technique to prioritize among aréasser would take all identified
areas and rank them from most to least desirable fmmber of criteria (e.g. public
response, cost, effectiveness), which have preljidoeen weighted by their relative
importance. The output from this weighted rankily allow managers to see which
outcome best fits their priorities. Appendix J veatkrough an example using the
SMART technique. This technique has a number oéfiesn It allows explicit
consideration of issues that cannot be modeled roatly or compared directly. It also
allows managers working in different areas to dherrelative weights of the different
criteria to suit their particular management sitwatmaking a single model widely
applicable. Users can manipulate the relative ktsigf the criteria during a single
decision making process in order to evaluate thesmess of the top ranked outcome.
Finally, working through the SMART process can be&lin a participatory fashion,
involving representatives from various stakeholdgmips. This allows stakeholders a
voice in the process and a clear way to view haeir ghriorities influenced the final

decision.
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BAsIC DESIGN OF DECISION SUPPORT TOOL

Below, | present the basic design and highly sifigaliillustrative sample of the DST
described above. The tool is designed to guideisiee through a four-step process. Step
1 is a purely GIS based step in which multiple @Glgers are used to begin to identify
high priority sites. Step 2 adds a series of ‘ekpgaestions’ which link to the GIS layers
in order help managers to further prioritize theges. Step 3 is another series of ‘expert
guestions’ to help managers determine which typmariagement action is most
appropriate for a given site. Finally, if manageeed additional help further prioritizing
those sites, | have outlined an optional step A& to do so with SMART, an existing

multi-attribute ranking technique.

In this simplified, example version of the DST,ave used randomly generated numbers
to stand in for real GIS layers and a smaller $&I8 layers and questions than would be

used in a working version of the DST.

GIS Based Step (Step 1)
The first step of the DST is the GIS based steguffeis C-2 — C-5).

In this example tool, most data layer pixels atediin with random numbers. This
provided an unbiased way of generating hypothekigars. Readers should beware,
however, that these numbers may not make senseréa environmental context; for
instance, the random number generator approadb lie placement of power plants
(with heated effluent plumes that provide habitatdome AIS) on approximately half of
the management area pixels. Two layers, human pgthand natural pathways, were
not generated through random numbers in ordethieapathways’ in these layers could
be connected and discrete in the simplified tobk Tayer depicting the use level of the
pathways uses random number generators withinatievay pixels and zeros for all

non-pathway pixels.
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For the GIS based step of the example tool, Gi&métion is used to fill three sets of

data needs and create three intermediate GIS ddtaces:

1)

2)

3)

Current spread of AIS (Figure C-2) — In a real tdloils would be created using
GIS layers of the species distribution of the AlShe management area. The
example version presented here does not contaitiptews pecies-specific GIS
layers. Instead, there is a single layer in whigthepixel has a value of O
(multiple AIS present), 1 (a single AIS present)2dno AIS present). In a real
version of this tool, a set of GIS layers, withleane depicting the distribution of
a different AIS within the management area, codadbdmbined to accurately
reflect the number of AIS present in each pixel.eWhsing real GIS layers, users
should remember to calibrate the data matrix fr skep in such a way that the
highest value is given to un-invaded pixels, wita value of the pixel decreasing

as the number of AIS present increases.

Current state of the management area (Figure CIBlis-data set is used to
produce a GIS data matrix of key environmentallaites of the management
area, as identified by natural resource managedskay landmarks within the
area. In the example version, the key managebatés include biodiversity,
water quality, and game species abundance; andtkakg include boat access
points and power plants, which have heated efflpkmhes that provide suitable
habitat for some AIS. For biodiversity, water qiyaland game species
abundance each pixel is given a value of O (fole¢hst desirable state) to 5 (for
the most desirable state). For boat access powdipawer plants, both locations
prone to being negatively impacted by AIS, eaclebix given a value of 0
(indicating absence) or 1 (indicating presenceje€lioer these layers are summed
to give an overall value to each pixel with highelues indicating pixels that are
more valuable candidates for possible AIS manage(menhave higher
biodiversity, higher water quality, with a boat ass point or power plant).

Connectivity within the management area (Figure) G-#his data set is used to

produce a data matrix giving information about natand human pathways for
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invasion within the management area. In the exanaale there are two GIS
layers in which the presence of human mediatedyaath (e.g shipping and other
watercraft traffic routes) and natural pathwayg.(streams and other waterways)
is indicated by a 1 and the absence is indicatea GyA third GIS layer indicates
the level of human use of these pathways with @atohg no use due to no

presence of pathway and 5 indicating high use.

In the GIS step of the DST, the data matrices predy each of these sets of data are

summed into a single Step 1 data matrix (C-5).

In the example tool, in lieu of real data, randammibers were used to simulate GIS

layers, which allowed me to directly sum the Gl§fels to create the AlS, state of the

area, and connectivity of the area data matricegetisas directly sum those three

matrices into a single Step 1 data matrix. Wheatorg these matrices for a real version

of the tool, quantitative values for these layeilt lve available. These values could be

used instead of the presence/absence metrics akidga shown in this example tool. In

developing a tool that uses quantitative datadtheloper will need to build-in two

weighting steps (neither of which were includedhis example tool):

e When combining GIS layers into each of the threerinediate data matrices

(AIS, state, connectivity) it will be necessaryntake sure the quantitative data
are weighted properly, so that each layer cargesileweight in the final matrix.
For example, the matrix on state of the managemareat involves GIS layers of
very different kinds of data---biodiversity, watguality, and game species
abundance. The value scales for each GIS layetdbeuwcalibrated so that each
layer contributes equally to the final data matrix.

e After generation of the three intermediate dataricesd, it will be necessary to
properly weight the three matrices relative to anether, so that each carries the
same amount of influence over the pixels in thalfBBtep 1 data matrix. If left
un-weighted, intermediate matrices that result frnemy combined layers (e.g.
state of the management area) could have a gie#tence over the final Step 1

matrix than an intermediate matrix with fewer las/éz.g. spread of AlS).
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Expert System Questions Influencing the GIS Step &

The next step of the DST is a series of questiesgyded to 1) include additional
information in the final Step 1 data matrix thatulnot be represented in GIS layers
and 2) assign weights to the GIS layers in theiptsvstep so that they reflect the

priorities of decision makers actually using thel tg-igures C-6 — C-9).

1) To include additional information that is not cajettin the GIS layers, users can
create additional GIS layers to capture additiom@irmation. This information
will be added to the Step 1 matrix and retainedhiwithe DST as information for

future decisions.

The layers that users can create include:

e Where are AIS interfering with recreational oppaities? Rank these
areas 1 (slightly) through 3 (significantly).

e Where are AIS interfering with commercial fishingpmrtunities? Rank
these areas 1 (slightly) through 3 (significantly).

e Where are AIS interfering with power plant or otiredtustry functioning?
Rank these areas 1 (slightly) through 3 (signifigan

e |dentify any areas where your agency would be wntaibhccess or have
difficulty accessing in order to take managemetibas. Rank these areas

1 (some access difficulty) to 3 (unable to access).

When using real, quantitative data from GIS layersreate the Step 1 matrix, the values
used in the above rankings should be on a scal®ppgte for the range of values in the

pixels in that matrix.
In this example version, a fictitious fisheries rager only added one additional layer

(Where are AIS interfering with recreational oppioities?). Her priority areas for

protecting recreational opportunities are represgtiirough increasing the value of the
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pixels in those areas from 1 to 3, depending orséwverity of the AIS problem in that

pixel (Figure C-6).

2) Users will also answer questions to help assigmgsito the GIS layers

(produced in the first step of the decision suppmot) relative to one another.

Questions of this sort include:

Which is a higher priority: preventing any invassanto currently un-
invaded waterbodies or control the level of invasin high quality

areas?

The answer to this question results in a new lgyarwill be added to the
final Step 1 data matrix. If the user wants to ptime un-invaded areas,
those pixels will be given increased value in th8 @yer. If the user
wants to prioritize high quality areas, those pxelth high values for
biodiversity, water quality, and game species ahnod will be given

increased value in the GIS layer.

In this example version, our fictitious fisherieamager indicated her
priority was preventing invasions into currentlyimvaded areas. The
priority was reflected by increasing the value lblia-invaded pixels in
the intermediate matrix representing the currergag of AlS (Figure C-
2) by 5, an arbitrary value (Figure C-7). In a i@8T, decision-makers
would come to a consensus regarding how much weagisign to this

and other preferences.
What is the relative importance of reducing AIS auofs on recreation,

industry, and ecosystem health? Assign percentagesch (summing to
100%).
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These percentages will be used to assign relatdights to the GIS layers
making up the data matrix of the current statdhefrhanagement area.
The percentage assigned to recreation determiresdiyht assigned to
the layers of game species abundance and boasguuess. The
percentage assigned to industry determines thehvaggigned to the
layer of power plant locations. The percentagegassi to ecosystem
health determines the weight assigned to the layfdsdiversity and

water quality.

In this example version, our fictitious fisherieamager gave recreation a
weight of 50%, gave industry a weight of 20%, aadegecosystem health
a weight of 30%. These preferences were incorpaiatéhe data matrix,
by adjusting the relative weights of the GIS laymaking up the
intermediate matrix that represents the curremé stbthe ecosystem
(Figure C-3). In order to reflect the recreationgi# of 50%, the GIS
layers for game species abundance and boat acoes$s were each
increased by 25% when being summed for the areanation data
matrix. To reflect the industry weight of 20%, 1B&S layers for power
plants was increased by 20%. To reflect the ecesysiealth weight of
30%, the GIS layers for biodiversity and water gyalere each increased
15% (Figure C-8). A real DST should be designedlitmw users to
manipulate the weights of all GIS layers in oraeatcurately reflect their

relative importance.

It is worth reemphasizing the importance of malsnge all GIS layers within an
intermediate matrix and the intermediate matribesnselves are equally weighted at the
end of Step 1. Equal weighting at the end of Stepe&ns that the manager priorities
expressed in Step 2 are appropriately influenfiathe end of Step 2, users will have a
weighted version of the final Step 1 data matriihwgixel values now increased to reflect
the priorities of managers. The example matrix {FeégC-9) now reflects the priorities of

our fictitious fisheries manager.
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Expert System Questions For Selecting Final Areadnagement Actions (Step 3)
Once the first and second steps of the DST havsifokel the pixels that are high priority
for management actions, the third step of the xS series of questions to help users
determine what type of management action (i.e. todng, quarantine, or control effort)
is best suited to each high priority pixel. Quairaatefers to any action oriented towards
preventing spread of AIS from that location (elguting down a boat launch location or
restricting access to a site). Control effort refeer any action oriented towards reducing
the population of AIS at that location (e.g. phgsiemoval or the use of chemical

control options).

Responses to these questions and the relationstiyween them, and therefore the action
recommended by the DST, will be determined by geesics of the management area
and the capabilities of the agency using the DEToB are some general examples:
e For a high priority pixel without any AIS preseiitthe user answered
‘yes’ to the question “Have pathways into the pigeén identified?” and
‘yes’ to the question “Are identified pathways catiable?,” the expert
system would likely recommend monitoring.
e For a high priority pixel with AIS present, if thiser answered ‘yes’ to the
guestion “Have pathways out of the pixel been idiedf?” and ‘yes’ to
the question “Are identified pathways controllailafd ‘no’ to the
guestion “Are control tools available for the Algpent?,” the expert
system would likely recommend quarantine.
e For a high priority pixel with AIS present, if thiser answered ‘yes’ to the
guestions “Are control tools available for the Ad&sent?” and ‘yes’ to a
guestion about whether a control action is affoleléthe level at which a
control action becomes too expensive to be feasibldd be determined
through consultation with the users), the expestesy would likely

recommend control.
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When creating the list of questions that will bgaat of the expert system, knowledge
and understanding of the management area will bi@adr Many of the questions used
will likely be questions that managers already thgknselves when making these
decisions. This tool will help formalize the prosesd make explicit the relationships
among the questions. Over time, this will allow mgers to have a clearer understanding
of how their answers to these questions relatbd@ach other, the management actions

taken, and the results of those actions.

SMART System for Final Prioritization (Step 4)

At the end of this process, if the number of higlonity pixels identified for management
actions is greater than the number of areas witthiich managers can afford to take
actions, users can use a Single Multi-Attribute IRag Technique (SMART) process to
determine which management actions should be takamprioritized smaller number of

areas.

To do this, users should identify the criteria thi their highest priorities and will have
the most influence on their decision making prochtmy of these criteria will have

been made explicit during earlier portions of tfeTDOnce those criteria have been
identified users will have to predict the extenttioich management actions taken at each
of these sites will meet these criteria. A gendescription of SMART can be found in
Appendix J.

CONCLUSION

This approach addresses many of the needs ideniifienanagers and stakeholders.
First, this design allows the DST to act as anrmiation repository. GIS data can be
added and updated as more is collected, other weprents in understanding are
reflected in improving the logic of the expert gyat(something that can be done without
computer experts as the programming of the exgstém relies on logical “if..then”
statements rather than specialized programmingikeges) and in improving the answers

users provide to the expert system (somethingrétatires no reprogramming at all).
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This means that the tool would be adaptive withrequiring laborious upkeep. Further,
the tool could be freely available to users, faaraple, via the Internet. It could also be
an open-source tool, allowing interested partigertmluce additional versions of the DST

tailored to their circumstances.

This design also helps improve the documentatiahteateability of decisions made
with it. Each use of the tool could generate atdigile or paper trail documenting the
decision and the priorities influencing can be t¥ddy saving and printing the GIS
layers, answers to the expert system questionghandtermediate, final, and weighted
GIS maps. This will allow managers to recreate gdastsions and even rerun decision-
making processes in the light of new evidence. Bbtihhese actions will allow managers
to take a more adaptive approach to their AIS dmtimaking. Interviews with managers
found that the current decision-making process dogsacilitate incorporation of the
results of previous decisions into subsequent aeEgChapter 2), a major obstacle for
the actual practice of adaptive management. Becdueslogic behind every decision
reached with the DST is stored, the time and effagtiired to accurately and
transparently incorporate results of previous deassinto the information evaluated to
make subsequent decisions will be dramatically ceduln addition, managers will be
able to theoretically rerun decisions made in th&t,pivhich did not have the intended
outcome, in order to determine which elements efdécision-making process could
have led to a different decision. Such uses of & Bffer the potential to transform AIS

management by dismantling existing barriers to orisg adaptive management.

Another advantage to this DST is that it can bated and maintained with limited
specialized knowledge. Basic GIS skills will be deg to both use and update the tool,
but little other specialized knowledge would beessary. Although it would be valuable
to engage someone skilled in decision support &pdrésystems in creating the initial
version of the DST, typical natural resource manageuld maintain and update this tool
in-house due to the low level of technical knowlkedgquired for these tasks. This has
two significant advantages: 1) few resources woweld to be devoted to the technical

aspects of tool maintenance, and 2) managers iagloivits use and upkeep could be
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those managers most familiar with the managemeat, arhich will help keep the
information in the tool up to date and reflectihg best current understanding of the

management ecosystem.

This design takes advantage of existing strenggths knowledgeable managers,
relationships with other agencies and stakeholagerd)existing information (i.e., GIS
layers already in existence) and helps to addres&messes (i.e., clarify jurisdictions,
document decisions, implement a consistent buttadagecision process). Finally, this
approach helps improve robustness of decisionadiyrporating principles of robust
decision making that are currently inadequatelyesgnted in the AIS decision-making

process.

This tool design is unique in its combination opksticated technology and
participatory elements. Tools exist that combin& @ith multi-criteria methods but they
rely heavily on mathematical modeling and can bexbfack boxes that erode trust by
decision-makers and influential stakeholders (Maleski 2006). A tool recently
developed by USGS, which helps prioritize conseéovabbjectives across a watershed is
a step in the direction of what we are proposingh{iReder et al. 2011). This tool,
however, focuses only on spatial data and incotpsnao non-spatial elements and few
non-ecological ones. The DST proposed in this pepeovel in its approach and in its
responsiveness to the priorities and concernsudatexd by managers and stakeholders,

and could offer significant aid to those facindfidiilt AIS management decisions.
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Table C-1.Ecosystem services managers are most concernegnotecting (based on

Table 2-1 in Chapter 2).

Interviewees were presented with a list of ecosystéributes and services and asked to
select their top five. The right column gives thenber of times each attribute or service

was chosen.

Ecosystem Services

Number of
Times Chosen

Biodiversity

25

Water quality

23

Recreation

16

Game species abundance

14

Non-game species richness and
abundance

Nutrient cycling

Commercial and industrial
services

Aesthetics

Cultural values

Water quantity

Table C-2.Issues for a decision support tool to addresgleagtified by interviewees

(copied from Table 2-5 in Chapter 2). Within thegrdheses, the first number denotes

the number of times suggestions in that categorng W&ted and n denotes the number of
interviewees who had suggestions within that catego

Issue (# of suggestions)

Examples

Decision making guidance (25, n=14)

Stepwise guiddar less experienced
managers, which strategies should be us
at which locations

Prediction (16, n=12)

Ranking new species for inxersess,
likelihood of damage resulting from an
invasion

Prioritization (13, n=11)

Where to put money acrasandscape,
how to use limited funds

Information storehouse (13, n=7)

What are the atel control options?
What is surrounding the affected area?

Go/No-go determinations (10, n=7)

Costs of actimisno action, feasibility
guestions

Risk assessments (3, n=2)

Risk assessments fociagevorking in

an infested area

109

ed



Biodiversity

Management
jurisdiction

Boat
access
points

Information to
help weight GIS

Area
specific

information

Monitor

Action
specific

Inspect/
Quarantine

information

Control

r :
[ Monitor

[ Inspect/quarantine

7 Control

Figure C-1. Schematic of proposed decision support tool. Tiseganel gives examples of the types of GIS Iayleat will be used.
The information from the GIS layers will be comhdneith data from the expert system (second paméB.expert system produces

recommendations for key areas for monitoring, inEpas or quarantines, and control efforts. Thalfwutput of the DST is a GIS
layer with those key areas marked (third panel).
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no AlS

=multiple AlIS present, 1=one AlS present, 2=

AIS distribution: O:
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current spread of AIS in the management area. pxeth has a value of O (multiple AIS

Figure C-2. Intermediate data matrix from GIS step (Step 1hefDST depicting
present), 1 (a single AIS present), or 2 (no AlSspnt).
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Water quality: level of water quality from O (worst) to 5 (best)
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Figure C-3. Intermediate data matrix from GIS step (Step hefDST depicting the current state of the managearea (A). For

biodiversity (B), water quality (C), and game sgscabundance (D), each pixel is given a value fddieast desirable state) to 5
These layers are summed to give an overall valeach pixel (A), with higher values indicating disxéhat are more valuable

(most desirable state). For boat access pointar{&Epower plants (F), each pixel is given a valug @bsence) or 1 (presence).
candidates for AIS management.
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Figure C-4. Intermediate data matrix from GIS step (Step 1phefDST depicting

connectivity within the management area (A). Reaman-mediated pathways (B) and
natural pathways (C), each pixel is given a valu@ @bsence) or 1 (presence). For the
level of human use of these pathways, each pixglen a value from 0 (no pathway) to

5 (high use). These layers are summed to give arathwalue to each pixel (A), with

higher values indicating more used pathways.
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Figure C-5. Final data matrix from GIS step (Step 1) depictimg summed value of each
management area pixel at the end of Step 1. Taiexms produced by summing each of
the intermediate matrices (Figure C-2, Figure CBigure C-4A). Higher values

indicate pixels that are higher priority for manangst actions.
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Figure C-6. Data matrix representing areas where are AlS ieriexd with recreational
opportunities. Each pixel has a value from 0 (n8 Atoblem) to 3 (severe AIS problem).
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Figure C-7. Data matrix representing the manager’s prioritpmitecting uninvaded
areas. This data matrix is a modified version efrtiatrix in Figure C-2. Here, each pixel
with no AIS present has had its value increaseah f2do 7.
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Figure C-8. Data matrix representing the manager’s relativeriiies for protecting
recreation, industry, and ecosystem health. This ohatrix is a modified version of the
matrix in Figure C-3. Here, the values of the Gifelrs for game species abundance and
boat access points were each increased by 25% |8 &ayer for power plants was
increased by 20%, and the GIS layers for biodityeesid water quality were each
increased 15%.
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Figure C-9. Final data matrix from Step 2 depicting the weightalue of each
management area pixel. This matrix is producedltgying the matrix produced at the
end of Step 1 (Figure C-5) through incorporatiomainager preferences for protecting
recreational opportunities (Figure C-6), protectimjnvaded areas (Figure C-7), and
relative preferences for recreation, industry acmbgstem health (Figure C-8). Higher
values indicate pixels that are higher priority fieanagement actions. The highest
priority pixels are highlighted.

116



REFERENCES

Allendorf, F.W. 1991. Ecological and genetic effeot fish introductions: Synthesis and
recommendations. Canadian Journal of Fisheries\gndtic Sciences 48, 178-181.

Aquatic Nuisance Species Task Force. 2007. Aghatisance Species Task Force
Strategic Plan (2007 — 2012).
http://anstaskforce.gov/Documents/ANSTF_Strateden P2007_Final.pdf Accessed 11
November 2011.

Aquatic Nuisance Species Task Force and the Ndtiowasive Species Task Force.
2007. Training and Implementation Guide for Path®ayinition, Risk Analysis and
Risk Prioritization. The National Invasive Sped&suncil.
http://www.invasivespecies.gov/global/preventioefmntion_index.html Accessed 13
December 2011.

Aquatic Nuisance Species Task Force (a). ANS Taske-Members.
http://www.anstaskforce.gov/members.phgcessed 13 December 2011

Aquatic Nuisance Species Task Force (b). Committees
http://www.anstaskforce.gov/committees.phgressed 13 December 2011

Backstrand, K. 2003. Civic science for sustaingpilReframing the role of experts,
policy-makers and citizens in environmental govaoga Global Environmental Politics
3(4), 24-41.

Barataria-Terrebonne National Estuary Program. Brdussel.
http://www.btnep.org/subsites/invasive/oldcontentéisivesinla/aguaticanimals/brownm
ussel.aspXccessed 13 December 2011

Benfey, T. 2010. Use of triploidy for biocontrol imvasive species. Presentation at the
International Symposium on Genetic Biocontrol ofdsive Fish. Minnesota, USA.

Brown, P., Walker, P. 2004. CARPSIM: stochasticidation modelling of wild carp
(Cyprinus carpioL.) population dynamics, with applications for pesntrol. Ecological
Modeling 176, 83-97.

Bulow, F.J., Webb, M.A., Crumby, W.D., Quisenbei®yS. 1988. Effectiveness of fish
barrier dam in limiting movements of rough fishesni a reservoir into a tributary
system. North American Journal of Fisheries Managsr8, 273-275.

Byers, P.Y., Wilcox, J.R. 1991. Focus groups: Alijatve opportunity for researchers.
Journal of Business Communication 28, 63-78.

117



Cacho, 0.J., Wise, R.M., Hester, S.M., Sinden, 3004. Weed Invasions: To Control
or not to Control? Invasive Species System, Unitsecs Florida.
http://invasive.ifas.ufl.eduAccessed 27 November 27 2006.

Chun, K.J., Park, H.K. 1998. Examining the coniffigtresults of GDSS research.
Information & Management 33, 313 — 25.

Cotton, S., Wedekind, C. 2007. Control of introdlispecies using Trojan sex
chromosomes, Trends in Ecology and Evolution 22;4413.

Conklin, J. 2006. Dialogue Mapping: Building Shatéaderstanding of Wicked
Problems. John Wiley & Sons, Ltd, West Sussex &l

Convention on Biological Diversity. Aichi Biodivetg Targets.
http://www.cbd.int/sp/targets/ Accessed 11 Noven#fHrl.

Creswell, J.W. 2003. Research design: Qualita@uegntitative, and Mixed Methods
approaches, second edition. SAGE Publications, Jdmudi Oaks, CA.

Dean, W.E., Goraham E. 1976. Major chemical ancenaircomponents of profundal
surface sediments in Minnesota lakes. Limnology @odanography 21(2), 259-284.

Drake, J.M., Lodge, D.M. 2007. Rate of speciesuhtictions in the Great Lakes via
ships’ ballast water and sediments. Canadian Jbafiasheries and Aquatic Sciences.
64, 530-538.

Duggan, I.C., van Overdijk, C.D.A., Bailey, S.A., Jenkins, P.T., Limén, H., Maclsaac,
H.J. 2005. Invertebrates associated with residalé$t water and sediments of cargo
carrying ships entering the Great Lakes. Canadamal of Fisheries and Aquatic
Sciences. 62, 2463-2474.

Eiswerth, M.E., Darden, T.D., Johnson, W.S., Agapbf Harris, T.R. 2005. Input-
output modeling, outdoor recreation, and the ecaoaampacts of weeds. Weed Science
53, 130-137.

Environmental Protection Agency. 2011. 2011 Progdssuance of National Pollutant
Discharge Elimination System (NPDES) Vessel Gereeainit (VGP) for Discharges
Incidental to the Normal Operation of Vessels DFatt Sheet. U.S. Environmental
Protection Agency. http://cfpub.epa.gov/npdes/Mesagpermit.cfm Accessed 13
December 2011.

ESRI. What is GIShttp://www.esri.com/what-is-gis/index.htrAlccessed December 13,
2011.

Fedra, K. 1995. Decision support for natural resesimanagement: Models, GIS and
expert systems. Al Applications 9(3), 3-19.

118



Fiorino, D.J. 1990. Citizen participation and eowimental risk: A survey of institutional
mechanisms. Science, Technology, and Human Vahie®26-243.

Firestone, J., Barber, R. 2003. Fish as pollutdnisitations of and crosscurrents in law,
science, management, and policy. Washington LavieRRe78(3), 693-756.

Fisher, N., Cribb, J. 2005. Monitoring communittitaties to using gene technology
methods (daughterless carp) for managing commagn Caroperative Research Center
for Pest Animal Control. Valuemetrics, Australia.

Fletcher, A.R., Morison, A.K., Hume, D.J. 1985ffe€ts of carpCyprinus carpioL., on
communities of aquatic vegetation and turbiditymatterbodies in the lower Goulburn
River Basin. Australian Journal of Marine and FRreater Research 36, 311-327.

Fowler A.J., Lodge D.M., Hsia J.F. 2007. Failuregle Lacey Act to protect US
ecosystems against animal invasions. Frontiercaidgy and the Environment 5(7),
353-359.

Fuller, P.L. 2004. Freshwater aquatic vertebrateductions in the United States:
patterns and pathways, in: Ruiz, G., Carlton, ds(E Invasion Pathways: Analysis of
Invasion Patterns and Pathway Management. IslaessPYashington DC, pp. 123-151.

Funtowicz, S.O., Ravetz, J.R. 1992. Three typeshkfassessment and the emergence of
post-normal science, in Krimsky, S., Golding, Dd$g, Social Theories of RisRraeger,
Westport, CT, pp. 251-274.

Gibbons, M. 1999. Science’s new social contrach wiciety. Nature 402, C81-C84.

Gibbs, G.R. 2002. Qualitative Data Analysis: Exptans with NVIVO. Open
University Press, Buckingham, United Kingdom.

Goodwin, P., Wright, G. 1991. Decision Analysis idanagement Judgment. John Wiley
and Sons, West Sussex, England.

Grigoroich, I.A., Colautti, R.1., Mills, E.L., Hotk, K., Ballert, A.G., Maclsaac, H.J.
2003. Ballast-mediated animal introductions inltherentian Great Lakes: retrospective
and prospective analyses. Canadian Journal oéféshand Aquatic Sciences. 60, 740-
756.

Habitattitude. Home page. http://habitattitude. Aettessed 13 December 2011.

Hammond, J.S., Keeney, R.L., Raifa, H. 1999. S@hdices: A Practical Guide to
Making Better Decisions. Harvard Business Schoes®rBoston, MA.

119



Hayes K.R., Regan H.M., Burgman M.A. 2007. Intraitucto the concepts and methods
of uncertainty analysis, in: Kapuscinski A.R., HayeR., Li S., Dana G. (Eds.)
Environmental Risk Assessment of Genetically MadifOrganisms, Volume 3:
Methodologies for Transgenic Fish. CAB Internatipidallingford, United Kingdom,

pp 188-208.

Hayes K.R. 2011. Uncertainty and uncertainty anglysgethods. Technical report,
CSIRO Division of Mathematics, Informatics and $ti#ds, Hobart, Australia, 136 pp.
Available online. http://www.acera.unimelb.edu.aaterials/core.html.

Irvin, R.A., Stansbury, J. 2004. Citizen participatin decision making: Is it worth the
effort? Public Administration Review 685-65.

Jackson, P. 1998. Introduction To Expert Systehsd(ed.). Addison Wesley, Harlow,
England.

Jensen, D.A. 2010. Assessing the effectivenesguadtar invasive species outreach
influencing boater behavior in five states. Mast@rhesis, College of Education and
Human Service Professions, University of Minnesbialuth, MN.

Jentoft, S., Chuenpagdee, R. 2009. Fisheries amstalgovernance as a wicked
problem. Marine Policy 33, 553-560.

Kapuscinski, A.R., Patronski, T.J. 2005. Genetithods for biological control of non-
native fish in the Gila River Basin. Contract reporthe U.S. Fish and Wildlife Service.
University of Minnesota, Institute for Social, E@mic and Ecological Sustainability, St.
Paul, Minnesota. Minnesota Sea Grant Publicati@0.F

Keen, P.G.W., Morton, M.S.S. 1978. Decision suppgstems: an organizational
perspective. Addison Wesley, Reading, MA.

Krueger, R., Casey, M.A. 2000. Focus Groups: A fralcGuide for Applied Research,
3" edition. SAGE Publications, Newbury Park, CA.

Lee, KN. 1993. Compass and Gyroscope. Island Pveéashington DC.

Leung, B. 2002. An ounce of prevention or a pouhcuoe: bioeconomic risk analysis of
invasive species. Proceedings: Biological Scie2é8s 2407-2413.

Lubchenco, J. 1998. Entering the century of tharenment: A new social contract for
science. Science 279, 491-497.

Ludwig, D. 2001. The era of management is overskgsiems 4, 758-764.

120



Mack, R. N., D. Simberloff, W. M. Lonsdale, H. EwamM. Clout, F. A. Bazzaz. 2000.
Biotic invasions: Causes, epidemiology, global empgences, and control. Ecological
Applications 10, 689-710.

Malczewski, J. 2006. GIS-based multicriteria demsanalysis: a survey of the literature.
International Journal of Geographical Informatianefce 20(7), 703-726.

Marking, L.L. 1992. Evaluation of toxicants fortlsontrol of carp and other nuisance
fishes. Fisheries 17, 6-12.

Miles, M.B., Huberman, A.M. 1994. Qualitative D&aalysis: An Expanded
Sourcebook. SAGE Publications, Thousand Oaks, CA.

Millennium Ecosystem Assessment. 2005. Ecosysterdsiaman well-being: Wetlands
and water synthesis. World Resources Institute,Hidgson, DC.

Miller, A.W., Ruiz, G.M., Lion, K. 2004. Status ameknds of ballast water management
in the United States: Second biennial report ofNagonal Ballast Information
Clearinghouse. National Ballast Information Cleghause.
http://invasions.si.edu/nbic/nbicpubs.html Access&dNovember 2011.

Miller, A.W., Lion, K., Minton, M.S., Ruiz, G.M. 207. Status and trends of ballast water
management in the United States: Third bienniabntepf the National Ballast

Information Clearinghouse. National Ballast Infotraa Clearinghouse.
http://invasions.si.edu/nbic/nbicpubs.html AccessgdNovember 2011.

Mills, T.J., Quigley, T.M., Everest, F.J. 2001. Swe-based natural resource
management decisions: What are they? RenewablaiResalournal 19(2), 10-15.

Minnesota Department of Natural Resources. InvaSpecies in Minnesota: Minnesota
DNR. http://www.dnr.state.mn.us/invasives/index.h#alcessed 11 November 2011.

Mooney, H.A., Cleland, E.E. 2001. The evolutionemnpact of invasive species.
Proceedings of the National Academy of Science$986-5451.

Muir, W.M., Howard, R.D. 1999. Possible ecologidaks of transgenic organism release
when transgenes affect mating success: Sexuatiselend the Trojan gene hypothesis.
Proceedings of the National Academy of SciencdbefJnited States of America 96,
13853-13856.

National Invasive Species Council. 2008. 2008-2Raflonal Invasive Species
Management Plan.
http://www.invasivespecies.gov/main_nav/mn_NISC_EgementPlan.html Accessed
11 November 2011.

121



National Research Council (NRC). 1996. UnderstagéRisk: Informing Decisions in a
Democratic Society. National Academies Press, Wigshin, DC.

Northwest Environmental Advocates. 2011. NWEA $stBallast Water Lawsuit to
Control Invasive Species. Northwest Environmentdvdcates.
http://www.northwestenvironmentaladvocates.org/ltpgge _id=262 Accessed 13
December 2011.

Northwest Environmental Advocates v. U.S. EnvirontaéProtection Agency.
537 F.3d 1006. 9th Cir. 2008. LexisNexis Acadeieb. Accessed 13 December 2011.

Peters, R.G., Covello, V.T., McCallum, D.B. 199heldeterminants of trust and
credibility in environmental risk communication: Ampirical study. Risk Analysis 17,
43-54.

Pimentel, D., Zuniga, R., Morrison, D. 2005. Updatethe environmental and economic
costs associated with alien-invasive species ituthieed States. Ecological Economics
52, 273-288.

Pramualratana, A., Havanon, N., Knodel, J. 198pl@ing the normative basis for age
at marriage in Thailand: An example from focus groesearch. Journal of Marriage and
the Family47, 203-210.

Quadros, C.A. de, Andrus, J.K., Olive J., MacedB.CGle. 1992. Polio eradication from
the Western Hemisphere. Annual Review of PublicltHeEB, 239-252.

Rahel, F.J., Olden, J.D. 2008. Assessing the affgatlimate change on aquatic invasive
species. Conservation Biology 22, 521-533.

Rajagopal, S., Venugopalan, V.P., van der VeldeJ&ner, H.A. 2003. Response of
fouling brown mussel, Perna perna (L.), to chlaridechives of Environmental
Contamination and Toxicology 44(3), 369-376.

Ralls, K., Starfield, A.M. 1995. Choosing a ManagatStrategy: Two Structured
Decision-Making Methods for Evaluating the Prediog of Stochastic Simulation
Models. Conservation Biology 9 (1), 175-181.

Rittel, H., Webber, M. 1973. Dilemmas in a gendhnalory of planning. Policy Sciences
4, 155-169.

Roberts, N. 2001. Coping with wicked problems: ¢hse of Afghanistan, in Jones, L.,
Guthrie, J., Steane, P. (Eds.), Learning from h@gonal Public Management Reform,
Volume 11B. Elsevier Science Ltd., Kindlington, tad Kingdom, pp. 353-375.

Rohweder J., Vacek S., Thogmartin W.E. 2011. A TopPrioritizing Management
Units at Morris Wetland Management District. USG&per Midwest Environmental

122



Sciences Centehnttp://www.umesc.usgs.gov/management/dss/morris .intmdl
Accessed December 13, 2011.

Rubin, H.J., Rubin, I.S. 1995. Qualitative Intewieg: The Art of Hearing Data. SAGE
Publications, Thousand Oaks, CA.

Ruiz, G.M., Miller, A.W., Everett, R.A., Steves,,Rion, K., Whitcraft, C., Arnwine, A.,
Colinetti, E., Sigala, M., Lipski, D. 2000. Natidrizallast Water Information
Clearinghouse Interim Report (October 2000). Natiddallast Information
Clearinghouse. http://invasions.si.edu/nbic/nbicpltml| Accessed 11 November 2011.

Ruiz, G.M., Miller, A.W., Lion, K., Steves, B., Awine, A., Colinetti, E., Wells, E.
2001. Status and trends of ballast water manageimém United States: First biennial
report of the National Ballast Information Cleattmogise. National Ballast Information
Clearinghouse. http://invasions.si.edu/nbic/nbicplatm| Accessed 11 November 2011.

Salwasser, H. 2002. Navigating through the wickedsmess of natural resource
problems: Roles for science, coping strategies,daeision analysis. Sierra Science
Symposium. http://www.fs.fed.us/r5/snfpa/sciende/aaser-wickedproblems/ Accessed
11 November 2011.

Schot, J. 2001. Towards new forms of participatechnology development. Technology
Analysis and Strategic Management 13, 39-52.

Schwartz, F.J. 1986. A leadless stackable trapdovesting common carp. North
American Journal of Fisheries Management 6, 596-598

Showalter Otts, S. 2013. U.S. Regulatory frameworlgenetic biocontrol of invasive
fish. Biological Invasionsn press

Simberloff, D. 2003. Confronting invasive speciadorm of xenophobia? Biological
Invasions 5, 179-192.

Slovic, P. 1993. Perceived risk, trust, and demmcrRisk Analysis 13, 675-682.

Slovic, P. 1999. Trust, emotion, sex, politics, antknce: Surveying the risk-assessment
battlefield. Risk Analysis 19, 698-701.

Stop Aquatic Hitchhikers. Homepage. http://www.patyourwaters.net/ Accessed 13
December 2011.

Strauss, A., Corbin, J. 1990. Basics of QualitaResearch: Grounded Theory
Procedures and Techniques. SAGE Publications, Newark, CA.

Tait, J. 2009. Upstream engagement and the govesrafrscience. European Molecular
Biology Organization 10, S18-S22.

123



Tempel, D.J., Cilimburg, A.B., Wright, V. 2004. Tetatus and management of exotic
and invasive species in national wildlife refugdéderness areas. Natural Areas Journal
24(4), 300-306.

Thresher, R.E. 2008. Autocidal technology for tbatool of invasive species. Fisheries
33, 114-121.

Thresher, R.E., Kuris, A.M. 2004 Options for mamgginvasive marine species.
Biological Invasions 6, 295-300.

Union of Concerned Scientists (UCS). 2002. The dwedi Invasive Species Act: An
Information Update by the Union of Concerned Scstsit 8pp.

United States Coast Guard. Shipboard Technologiugtran Program.
http://www.uscg.mil/hg/cg5/cg522/cg5224/step.aspassed 11 November 2011.

United States Environmental Protection Agency. 2@BA’s 2008 Report on the
Environment. National Center for Environmental Assaent, Washington, DC;
EPA/600/R-07/045F. Available from the National Teidal Information Service,
Springfield, VA, and online at http://www.epa.gaet

United States Forest Service. 2004. The Natiorrat&jy and Implementation Plan for
Invasive Species Management. 24pp. University aftdeky, Plant and Soil Sciences
Department. Yield Loss Prediction Tool for Fieldespic Risk Management of Asian
Soybean Rushttp://www.uky.edu/Ag/Agronomy/Department/siwcessed November
1, 20009.

United States Geological Survey. Nonindigenous Aigupecies. http://nas.er.usgs.gov/
Accessed 13 December 2011.

United States Government Accountability Office. ddr7, 2003. Invasive Species:
Federal Efforts and State Perspectives on Chalteage National Leadership.
Testimony Before the Subcommittee on Fisheriesdhtgl, and Water, Committee on
Environment and Public Works, United States Ser@a# report number GAO-03-
916T.

United States Government Accountability Office.penber 9, 2005. Highlights of
GAO-05-1026T, a testimony before the Subcommitte®egulatory Progress and
Challenges in Preventing Introduction into U.S.t&va Via the Ballast Water in Ships.
Testimony before the Subcommittee on Regulatorairdf Committee on Government

Reform, United States House of Representatives. @Gp0rt number GAO-05-1026T
Verrill, D. D., Berry, C.R. 1995. Effectivenessani electrical barrier and lake drawdown

for reducing common carp and bigmouth buffalo alauncgs. North American Journal of
Fisheries Management. 15, 137-141.

124



Wilcove, D. S., Rothstein, D., Dubow, J., Philligs, Losos, E., 1998. Quantifying
threats to imperiled species in the United St&esscience 48, 607-615.

Wittenber R., Cock M.J.W. 2001. Invasive Alien SpecHow to Address One of the
Greatest Threats to Biodiversity: A Toolkit for B&sevention and Management
Practices. CAB International, Wallingford, OxorK | .229pp.

Wyler, L.S., Sheikh P.A. 2009. International llliégaade in Wildlife: Threats and U.S.
Policy. Congressional Research Service. 45pp.

125



Appendix A: Focus Group Information Packet

Thank you for taking the time to participate inoads group to discuss the use of
genetically modified organisms as a biocontroldquatic invasive species. You have
been invited to participate because you represgri@p that may be affected by the
intended and unexpected consequences of this tegy®use.

In our dicussion, we are hoping to capture therarige of opinions held by participants
on the topic of genetic biocontrol as this inforfmatwill be invaluable in guiding future
steps in the environmental risk assessment prottesggechnology’s development, and its
regulation. Bringing a new technology like gendticcontrol of invasive species into
practical application will require a good undersliawy of the stakeholders’ opinions,
attitudes, and concerns. By conducting a focusmrelatively early in the process of
developing genetic biocontrol methods, we hopendetstand how the you currently
view genetic biocontrol approaches and make sateythur views are taken into
consideration as the technology moves forward.

These focus groups are being conducted at seweaions around the Great Lakes and
the results will be compiled and presented at germational symposium addressing the
potential for genetic biocontrol as a control fovasive finfish and the risks associated
with its use kittp://www.seagrant.umn.edu/ais/bioconyrol

Attached, please find a list of the questions wiélva discussing in the focus group and
some brief background information about geneticdntrol technology. If you have any
guestions, please feel free to contact me.

| look forward to talking with you,

L5f

Leah Sharpe

PhD Candidate

Department of Fisheries, Wildlife, and Conservatology
University of Minnesota

sharp092@umn.edu

802-698-0259
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Focus Group Questions

What comes to mind when you hear people talk apenetically modified
organisms?

What comes to mind when you hear people sugges genetically modified
organisms as a control for aquatic invasive sp&cies

How do you see genetically modified organismsngtinto an aquatic invasive
species control program?

List the potential benefits of pursuing these tetbgies.

List your concerns about pursuing these technotodMhich ones are your top
concerns?

If this technology is pursued, what are the consages you are most concerned
about occurring?

How do you think your constituents/clients/publiowld respond to the use of this
technology? What do you think their biggest consevould be?

What would stop you from supporting this technoldgy

What would inspire you to support the use of thshhology?

If you could make a recommendation on whether ar tioproceed with developing
these technologies what would you say?
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Genetic Biocontrol Technology Information

Non-native fish, habitat degradation and water tgraent have combined to become
major stressors on the health of native fish aed thabitats in the U.S. Southwest. In
recent years, the impact of these stressors hde tbé precipitous decline of many

native fish species endemic to this area. Biolgdistve been searching for more effective
ways to reduce the negative impact of undesirabtemative fish. Improved biological
control of non-native fish could help address tumplex challenge.

A recent report by Kapuscinski and Patronski (2@9&)lored the potential for using
genetic manipulation methods as a new approadbidtmgical control of non-native fish
within the Gila River Basin. The report reviews ttatus of existing genetic methods
including chromosome set manipulations and recoarttibNA techniques; takes a
preliminary look at potential ecological and huntealth risks; outlines policy and
regulatory considerations; stresses the need fbpegsents an approach for multi-
stakeholder deliberation; provides general costtene estimates; and suggests
integration of these considerations into a multhponent research and development
program. As of the writing of this report, no tsgenic animal has been purposefully
released into the environment in the United States.

Since the early 1980s, two genetic manipulatiohrepies—chromosome set
manipulations and recombinant DNA methods—have lieefocus of considerable
research and development to improve aquacultuduption traits in fish. Both
techniques could be harnessed for biological cbofrmvasive fish species.

Chromosome set manipulations (also called ploidgimadations) enable production of
fish whose chromosomes come entirely from the roatee female parent, or in which
the number of chromosome sets is increased fromdheal pair to either three sets or
four sets. Induction of triploidy refers to indagifish to bear three sets of chromosomes
and, in some fish species, leads to varying degresterility. The presence of the odd
set of chromosomes presumably causes mechaniddéprs involving pairing of
homologous chromosomes during each cell divisiahthis disrupts the normal
development of gametes to some extent. Fish thadtarile but still enter into courtship
behavior could offer one tool for biological cortroy reducing the number of successful
matings, their presence could lead to a reductigropulation size. The idea of using
triploid sterilized fish for biological control hdmeen informally discussed within the
fisheries community for at least 10 years but hatsyat been applied in a field setting.

Another chromosome manipulation approach is knosviha Trojan chromosome
approach. In this method researchers would indixtenale fish to act as females and
mate with other XY males. A portion of the offsgyifrom those matings would be YY
“supermales.” Those “supermales” would also baté@ so as to induce them to mate as
females and would then be released into the vBlelcause these fish are unable to have
female offspring, over time, repeated stockinghef female-behaving “supermales”
would lead the serious skewing of the wild popuolasi sex ratios, leading to
predominantly male populations. (Cotton and Wed@R@07)

128



Recombinant DNA methods involve the transfer ofel@enetic constructs (also called
transgenes) into the fish genome, resulting irdineelopment of a “transgenic” fish
expressing a novel trait. Biologists have idendifeand refined techniques for
chromosome set manipulations for many fish speanelsgenerally understand the
associated strengths and weaknesses. The techoiggese transfer via recombinant
DNA techniques are not as fully developed and trengths and weaknesses not as well
understood. Purposefully releasing a transgenticeigressing a deleterious transgene
for biological control of harmful non-native fispecies is a relatively new idea for
applying recombinant DNA technology.

The recombinant DNA approach to controlling nonareafish populations is the release
of transgenic individuals (of the same speciehastargeted for control), bearing a
deleterious genetic construct (transgene) desigmddsrupt a specific aspect of the
organism’s life cycle or biology. The idea is thia¢ genetically modified fish would be
stocked into a wild population. Then, through mgsi with the wild fish, the deleterious
transgene would spread throughout the wild poparadind, ultimately, lead to a
reduction in the population size. A variety of gertould be targeted to control aspects
of development, survival, or gametogenesis in oiifigp The figure below illustrates
various points of possible disruption via transgenethods during the life cycle of a
fish. For example, targeted genes could controingortant aspects of body plan or gill
development or function during the embryonic ovéduperiods, or gamete development
during the juvenile period. In the future, improwaterstanding of gene function and
regulation could conceivably identify many diffetgenes that could be disrupted or
regulated for biological control purposes.

Erchiopwili Dismapr devebopment or
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control of invasive fish are poorly understood i@sent. Ongoing research to anticipate
the effectiveness and pitfalls of different genetiethods for biological control of fish
suggests that in many cases no one method willlbgueately effective alone and that
achieving desired levels of biological control miaguire adapting the approaches of
integrated pest management to the biological cbofnmvasive fish. An integrated pest
management approach might combine genetic methiksnwechanical or chemical
control methods, as well as the release of pheremattractants to improve the efficacy
of these other methods.

As research in all the required areas (from gesétigpopulation ecology) moves
forward, it will be important to periodically re-alate understanding of the potential
effectiveness and pitfalls of different genetic hoets. Meanwhile, we can draw on
insights learned from recent research on seveatkktopics: reproductive containment
of fish for aquaculture and conservation purposgsgration of transgenes into
established populations; risk assessment of tramsgeganism release; and traditional
biological control of other organisms, such as @tseEach genetic-based method may
offer potential benefits that need to be considandjht of the associated risks, which
must be carefully identified, assessed, and managed

Most of the information and language in the followng information packet was taken directly from
Kapuscinski, A. R. and T. J. Patronski. 2005. Gen&t methods for biological control of non-native
fish in the Gila River Basin. Contract report to the U.S. Fish and Wildlife Service. University of
Minnesota, Institute for Social, Economic and Ecolgical Sustainability, St. Paul, Minnesota.
Minnesota Sea Grant Publication F 20. Informationcoming from other sources is citied.

The complete Kapuscinski and Patronski (2005) iteqam be found online at:
http://www.seagrant.umn.edu/ais/biocontrol

Cotton and Wedekind. 2007. Control of introduceelcégs using Trojan sex chromosomes. Trends in
Ecology and Evolution 22(9): 441-3.
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Appendix B: Focus Group Questions

Opening Questions
1) Tell us your name, the agency or organization yeusasociated with and how
you are involved in aquatic invasive species work.

2) What comes to mind when you hear people talk abenétically modified
organisms?

3) What comes to mind when you hear people suggest g&netically modified
organisms as a control for aquatic invasive sp&cies

Transition Question
4) How do you see genetically modified organismsrgtinto an aquatic invasive
species control program?

Key Questions
5) List the potential benefits of pursuing these tetbgies.

6) List your concerns about pursuing these technosodMhich ones are your top
concerns?

7) If this technology is pursued, what are the consaqges/potential negative
impacts you are most concerned about occurring?

8) How do you think your constituents/clients/publiowid respond to the use of
this technology? What do you think their biggestaerns would be?

9) What would stop you from supporting this technof®dgy
10)What would inspire you to support the use of tahnhology?
Closing Questions
11)If you could make a recommendation on whether v tioproceed with
developing these technologies what would you say?
12)The purpose of this discussion was to explore yeelings and opinions on the
use of genetically modified organisms as a cortol for aquatic invasive

species. Is there anything we missed? Anythingwould like to say that you
didn’t get a chance to?
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Appendix C:
Interview Questions

- Currently, what are some of the biggest challengenvasive species management?

- Are there some AIS species that are of greatecexm than others? Which? Why?

- What are your greatest concerns for the wateresad your management areas? Could
you list the top 3 and why?

- What are your top priorities in invasive speceanagement? What are your strategies
for reaching these? Can you be specific/elaborate?

- What are your top economic concerns in invaspecgs management?

- What ecosystem services/values associated witkrwadies are you most concerned
with protecting? Could you list the top 5 and why?

- Does protecting these services drive your managéntecisions? Why or why not?

- Do you feel AIS threatens these services? Whathes do they threaten?

- Who makes the decision to control or not to aaritrvasive species?
- How is this decision reached? What is the prdtess
- What are the weaknesses of the current decisaking process? The strengths?

- How do you decide when an invasive populatioruhbe controlled? What elements
are considered when deciding whether to contraheasive population? Which factors

do you consider when deciding which control opi®best?

- Are there any other factors that are considanedanagement decisions that have not
been mentioned previously?

- Are there any decisions that you have made/kniotvat illustrate particularly
successful (or flawed) decision making?

- What issues should a decision support tool agddmebe useful to you?

- To what degree are other agencies included im yanagement actions?

- What legislation/management plans most directijpence your management action?
Do you have improvements/suggestions/changes yoloviée to see in these plans or
legislation?

- Earlier we spoke about challenges in AIS managetéo you see these challenges
changing in the future?

- The purpose of our discussion today was to determow invasive species control
decisions are made and how they could be improwade | missed anything?
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Appendix D:

List of ecosystem services associated with fresh teabodies (as presented to

interviewees)

Aesthetics

Biodiversity

Biotic resistance

Climate regulation
Commercial/Industrial services
Cultural values

Erosion protection

Food

Fresh water

Other products

Game species abundance
Non-game species richness and abundance
Hydrological regime regulation
Pollination

Pollution control and detoxification
Property values

Natural hazard regulation
Nutrient cycling

Recreation

Soil formation

Water quality

Water quantity

__Other
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Appendix E: Management concerns identified by managrs
The columns represent the four broad categorieswhich the responses were coded. Each entry ahuant corresponds to one
response or element of one response given by arvieivee.

AIS AIS related - direct AIS related - indirect Non-AlS

Aggressive animals AlS Keep lakes as healthy as possible Climate change

Prevent Asian carp Invasive species Biodiversity im@&te change

Asian carp Invasive species Species richness amtjabce Climate change

Bighead and silver carp Invasive species Endanggredies Nutrients from external sources

Cormorants

Incoming AIS

Loss of native species irgt to
the fish community

Internal nutrients

Prevent earthworm sprea

)

Unknown new species

Nigivdnabitat restoration

Impacts of tributaries

Eurasian water milfoil

AIS prevention

Protect wagepply

Direct effects of fishing

Flowering rush

AIS prevention

Water quality

Impastsommercial fishing

Hydrilla

AIS prevention

Changes to the trophic strue of
rivers

Impacts of harvests

Invasive mussels

Prevention of AlS spread

Dealiity ecosystem changes

Fishing and recreation iridast

Submersed invasive plant

S

Prevention of AIS spread

Dealing with ecosystem changes

Alteration of atlmological processes

VHS

Training agencies to prevent spread

Aesthetics

Landscape level impacts

Zebra mussels

Containment of AIS within infecteglaar

Manage for competing interests

Habitat loss

Zebra mussels

Manage AIS vectors

Meeting publieetgtions for
ecosystem services

Habitat loss

Prevent invasions via manmade waterways Habitatipalations

Regulation of trade vectors Over-manipulatiom@fatic plants

AIS invasions via shipping pathways Magnituddar€es impacting ecosystem
resilience

Improvement of federal policy to prevent Inability of policy to adapt to system

AlS introductions changes

AIS control costs

Manage species that cause ecosystem shifts

AIS impacts on recreational fisheries

AIS impacts on native species

AIS impacts on recreational opportunities

AIS impacts on commercial fisheries

AIS related economic impacts

AIS impacts on aesthetics
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Collecting data on AlS economic impacts

Assess available information and fill in
gaps to improve AIS understanding

Weigh costs and benefits, do more good
than harm

—

Determine which AIS species are greates
threats

Develop a consistent, simple, and
comprehensive AlS message for public

Get public buy in for AIS work

Make public education for AIS a priority

Increase AIS public knowledge and
awareness

11%

Work with public perception and respons
to AIS

Address AIS problems regionally rather
than state by state

Deal with AIS policy differences in inter-
jurisdictional waters
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Appendix F: Invasive species management prioritieas identified by managers
The columns represent the nine broad categoriesnihich the responses were coded. Each entry atuan corresponds to one
response or element of one response given by arvieivee.

Prevention Containment | Reduce Management | Legislation Coordination | Funding Reseallt Outreach and
Impacts education
Prevent AIS Contain AIS Reduce Manage sea | Work to get Assist Work to get Conduct Outreach and
introductions nuisance lamprey useful communication| funding research education
impacts legislation
Prevent AIS Contain AIS Reduce Manage curly | Achieve policy | Build Obtain Develop more | Outreach and
introductions impacts of leaf pondweed | consensus partnerships sufficient effective tools | education
established funding
invasives
Prevent AIS Contain AIS Reduce Manage zebra | Suitable Work with Develop more | Outreach and
introductions impacts to mussels federal stakeholders effective tools | education
allow for legislation to
native species prevent AIS
restoration introductions
and spread
Prevent AIS Prevent spread Pursue no Manage Asian | Federal level | Facilitate Develop more | Outreach
introductions of AIS control thatis | carp screening for | cooperation effective tools
worse that the imported among
AIS species stakeholder
groups
Prevent AIS Prevent spread Management | Set a national | Understand Improve Dissemination
introductions of AIS of aquatic ballast water | state and effectiveness | of information
plants regulation agency of control tools
standard priorities
Prevent AIS Prevent spread Comprehensive Set a regional | Work with Remediation | Increase
introductions of AIS management | ballast water | statesto research awareness
plan regulation achieve
standard management
goals
Prevent AIS Prevent spread Comprehensive Improve Support state
introductions of AIS management | ballast water | and tribal AIS
plan regulations programs
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Comprehensive

h

management
plan
Comprehensive
management
plan
Prevent AIS Limit spread of Management | Improve Get involved in
introductions AIS and control ballast water | regional panels
plan regulations
Prevent AIS Prevent spread Management
introductions of Asian carp and control
plan
Prevent AIS Management
introductions and control
plan
Prevent AIS Access
introductions management
and inspections
Prevent Eradication
introductions plan
via ballast water
Implement Long-term
introduction and management
decontaminatior plan
protocols
Implement Adaptive
screening and management
rapid response plan
protocols
Monitor new Integrated
introductions management
control
program
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Appendix G: Economic concerns identified by managesr

The columns represent the three broad categotie@svimich the responses were coded.
Each entry in a column corresponds to one respanskement of one response given by
an interviewee.

Cost of Control Cost of Damage (Monetary) Cost of Bmage (Non-
monetary)
control costs impacts on water utilities damages caused by ineasi
control costs impacts on water supply damages caused by invasives
control costs interference with water use environmental damages
control costs impacts on water services environmental damages
control costs impacts on municipal environmental damages
infrastructure/water intake
control costs costs to municipal water systemsg impact on natesurces
control costs are high and costs to industry loss of environmental services
ongoing
costs to industry
management costs impacts on industries that rely on non-monetized costs
moving water
remediation costs impacts on shipping loss of waterbody usage
costs of researching new control impacts on infrastructure loss of personal enjoytnoén
methods waterbody
costs to agency impacts on tourism eutrophication
impact on agency’s budget impacts on tourism p@kimvasion meltdown
insufficient funding impacts on tourism impactsfisth growth and
survival
insufficient funding for control impacts on tourism
insufficient long-term funding impacts on tourism
difficulty balancing competing | costs to those engaging in
needs recreational activities

incorporating AlS funding into | impacts on sport fishing
the bigger budget

impacts on recreation

impacts on recreation

impacts on recreation

impacts on recreation

impacts on recreation

impacts on recreation

loss of recreational opportunities|

impacts to recreational boating

impacts on commercial and
recreational fisheries

impacts on commercial and
recreational fisheries

impacts on commercial and
recreational fisheries

impacts on commercial and
recreational fisheries

impacts on fishing industry

impacts on fisheries

loss of fisheries resource

loss of fisheries resource

loss of resource use
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impacts on forest and timber
production

loss of profits from resource use

cost of dealing with damages

impacts on property values

impacts on the state economy

difficulty measuring costs
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Appendix H: Issues for a DST to address
The columns represent the six broad categoriesnhtoh the responses were coded.
Each entry in a column corresponds to one respanskement of one response given by
an interviewee.

Prediction | Go/No-go? | Prioritizing | Guidance, Information Risk
Structured repository Assessment
Decision-
Making
Predict Cost-benefit | Where to Step-wise Criteria to quantify Risk analysis
outcome of | analysis spend guidance for less | economic and
new money? experienced ecological impacts
approaches managers
What is the | Cost-benefit | Where to Decision tree for | Information about Risk
best avenue | analysis spend money| less experienced | AIS assessment
of control across a managers
and how landscape?
likely is it to
succeed?
Probability | Cost-benefit | Where to Checklists for Information about Risk
of control analysis focus reviewing an issug available control assessment
success management options for working
efforts? inan
infested
waterbody
Probability | Cost-benefit | Where to Guidance for Information about
of control analysis, and| focus following the NIS | available control
success when other | monitoring strategy options
issues should efforts?
take priority
Probability | Cost of Where to Provide structure Information about
of actions and | monitor? management options
preventing | no actions
introductions
Invasiveness| Feasibility of | Geographic | Help with early Information about
of incoming | control areas to detection available control
organism actions prioritize strategies options
Hierarchy of | Feasibility of | Balance Framework for Technical control
newly control resources responding to an | information
arriving actions between infestation
species monitoring
and other
actions
Ranking of | Impacts on | Where to Appropriate Monitoring
new AlS industry prioritize response for a information
management| rapid response
actions?
Ranking of | Impacts on | Help with Appropriate Information about
new AIS system resource response for a system
sustainability| allocation rapid response irreplaceability/vulner
ability
Screening Impacts on | Help with Appropriate Ecology of invaded
tool for key species | allocating response for a area
incoming limited funds | rapid response
species
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Likelihood
of continued
introductions

Best use of
limited
capacity and
funds

Rapid response
strategies

Information about
invaded area

Potential for Help Where to start? Information about
a site to prioritizing area around invasion
impact other
sites
Speed of Priority What to do? Methods for capturin
spread setting information
system
Potential When to end?
impacts of
AIS
invasions
Potential Choose an
impacts of appropriate
AIS control response
invasions
Potential Containment of
impacts of existing
AIS infestations
invasions

Prevent spread of
AlS

Prevent spread of
AlS

When is it
worthwhile to
pursue alternative
control
techniques?

Where best to use
alternative control
techniques?

At what level to
use alternative
control
techniques?

Assistance with
choosing tactics

How much energy
to putinto a
control effort?

Which strategies
to use at which
locations?

Measure
effectiveness of
decisions
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Appendix I: Existing legislation affecting AIS management

The Lacey Act (1900)

Of the 14 federal laws and regulations that affeahagement of aquatic invasive
species, the first on the record is the Lacey Ad9a®0. Although the main purpose of
the act was to reducing wildlife poaching, introtloe of non-native birds and mammals
“was also a concern.” The Lacey Act has been aetsdveral times, most significantly
in 1969, 1981, 1988 and 2008 but these amendmadtadisignificant impact the Act’s
role in management of aquatic invasive species Ldtey Act prevents deliberate
introductions into the wild except under federahauity as well as making it illegal to
import, transport, or acquire injurious wildlifélowever, only those species specifically
listed in the act are considered to be ‘injurioukslifie.” This means that a species must
go through a formal evaluation before it is addethe list. Oftentimes this means that a
species is only considered ‘injurious wildlife’ aftit is already present in the country and

causing problems (Fowler et al. 2007).

Although Fowler et al. (2007) refer to the Laceyt As the “primary legal tool protecting
US non-agricultural ecosystems against the intrbdo@nd spread of invasive animal
species” it is difficult interpret what the actuadent of the legislation was with regard to
invasive species, as they are never specificaliytimeed in the statute’s language. Itis
also difficult to understand Fowler et al.’s claimthe face of their findings that the Act
prohibits the importation of only 17 taxa, ninevdfich were already present in the
continental US at the time of listing. Further goomising the Act’s effectiveness is the
time it takes to list a new species and the govemntiw lack of authority to regulate that

species during the listing process.

The Lacey Act provides for both criminal and cpénalties for those who violate it, and
in 2007 the US Fish and Wildlife Service posted ikispectors at 38 ports across the
country enabling them to inspect approximate 25%eaiared wildlife shipments at the
US border (Wyler and Sheikh 2009). For those geitiat are listed as injurious before
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arriving in the country, it does seem that the lya&et has had its intended impact.
Fowler et al. (2007) found that, of the seven tagBpresent in the continental US at the
time of listing, none had established populatidrtha time of their article. However, a
2009 report to congress (Wyler and Sheikh) fouradl #ven some species that are listed
as injurious under the Lacey Act are still beinguggled into the country (e.g. Chinese

mitten crabs).

The Act’s effectiveness is further compromisedtry $mall number of listed species.
Currently the rule has two families, two general tiree species of invasive fish listed
as injurious. The United States Geological Suivay a website of nonindigenous
aguatic species on which there are 725 separatedseof fish alone. Given the tiny
fraction of invasive species falling under the gdiction of the Lacey Act, as well as the
time and the difficulty associated with getting aigdehal species listed under the act, it is
clear that the Lacey Act is of limited effectiveaes the overall effort to manage

invasive species.

The Lacey Act attempts to thwart invasions at taagport step of the invasion process
and, to a lesser extent, the introduction step®fitvasion process. However, by
focusing solely on listed species and primarilydeclared shipments of wildlife, the
Lacey Act has a limited impact on those steps. uAlisted species as well as undeclared
and accidental shipments go untouched by the &gsl On the other hand, a strength
of the Lacey Act is its focus on the managemeategyy of prevention. Preventing
invasive species from arriving in the first plasaifar better strategy than attempting to
control populations once they arrive (Leung 200%) the Lacey Act is the main piece of

US federal legislation for accomplishing prevention

Legislation 1947 - 1973

After the Lacey Act, the next enacted law affectimgoductions of non-native species
was the 1947 Federal Insecticide, Fungicide, amtkRiicide Act. This act gave the
Environmental Protection Agency the authority tguiate organisms being brought into

the country to function as pesticides. Althoughspecifically addressing invasive
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species concerns, it was the first act to giveBRA a voice in determining which
deliberate introductions of non-native species &hbe permitted. Like the Lacey Act,
this law focused on the transport and introducportions of the invasion process and the
management strategy of prevention but its scopmited to those species being

imported as pesticides.

The 1955 Convention on Great Lakes Fisheries betwe=US and Canada was the first
federal attempt to specifically and directly addraa invasive species problem. This
Convention established the Great Lakes Fisheriesnission with the goal of
controlling the invasive sea lampreégegtromyzon maringsn the Great Lakes. This goal
also made it the first piece of legislation to |dmkyond the strategy of prevention and
attempt to legislate control of an established snvaspecies. The Commission also has
the responsibility to work to maintain the fisheria the Great Lakes, which could be
construed as managing other invasive species thdd oegatively impact those fisheries
or preventing their introductions in the first pgacFurthermore, a 2000 partnership with
the US Corps of Engineers to “to protect and imprfish habitat in the Great Lakes”
could also be interpreted as resulting in managéwfanvasive species other than the
sea lamprey. Ultimately, however, this Conventaespite being the first to directly
address invasive species management, was limitecbjpe to the Great Lakes and to
species that could negatively affect fisheries

Between 1955 and 1970 there was little changeddetieral perspective on invasive
species management and control. There was aruelihigpact on invasive species
management in the 1970s with the passage of tws: ldne National Environmental

Policy Act (1970) and Endangered Species Act (L9A3hough neither piece of
legislation had the specific intent of addressimgasive species issues, both can be seen
as having indirect impacts on AIS management datssi The Endangered Species Act,
for example, would require management of an inveaspecies if it threatened an
endangered native species. The National EnvirotethBolicy Act requires that the

federal government consider the environmental irnpinon-native species that a
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federal agency proposes to introduce or that a&detion might inadvertently

introduce or move.

Legislation 1990 - 1999

It wasn’t until 1990 that the federal governmena&ed legislation directly addressing
the invasive species problem. In contrast to #iyfnarrow concerns of previous laws
with regard to aquatic invasive species, the Nagembus Aquatic Nuisance Prevention
and Control Act of 1990 was concerned with all diguavasive species, although zebra
mussels were of special concern, in all US watelidso Furthermore, the law called on
the responsible government agencies to preventefutiroductions, reduce impacts of
established invasive species, develop new preveatid control methods, and
coordinate research, prevention and control effars information dissemination at the
federal level. This law was the first federal rgieiion of the serious and widespread
nature of the invasive species problem. It alsaigd the Aquatic Nuisance Species
Task Force in order to have oversight and coordinait the federal level. Although this
attempt was flawed, it was an important first seepyas discussed in the main text of
Chapter 3.

In the years following the sweeping and ambitioaniNdigenous Aquatic Nuisance
Prevention and Control Act, there was little sigraht change in the federal picture in
terms of aquatic invasive species management992 the Alien Species Prevention and
Enforcement Act made it illegal to ship those oigars designated as ‘injurious’ under
the Lacey Act through the US Mail, thus expandimgiteach of the Lacey Act. In 1994,
the North American Agreement on Environmental Coapen between Canada, Mexico,
and the United States formed the Council of the @@sion on Environmental
Cooperation. The objectives of the Agreement werg broad and general goals of
environmental protection. Although it is not tleedis of the agreement and is only
mentioned briefly, there is specific mention ofaswe species: “The Council may
consider, and develop recommendations regardingoticespecies that may be harmful”
(Article 10(2)(h)). Once again, there was no digant change in federal responsibilities

but awareness of invasive species was clearly @nigb.
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The 1995 Agreement on the Application of Sanitargt Rhytosanitary Measures was an
agreement to “harmonize” sanitary and phytosaniaeasures among World Trade
Organization members. Sanitary and phytosanitagsures are defined, in part, as
measures “to protect animal or plant life or healithin the territory of the Member
from risks arising from the entry, establishmenspread of pests, diseases, disease-
carrying organisms or disease-causing organismbeé goal of this policy instrument
was not to decrease the risk of introducing invasipecies through international trade.
Instead, it was to limit the impacts that individlo@mber nations’ sanitary and
phytosanitary measures could have on internatimadé. This legislation limits the
measures that individual member nations can takeeeent introductions of AIS
through international trade and actually requihesrt to consider minimizing the impact
on trade when instituting their sanitary and phgtotary measures. Although reducing
the risk of AIS introductions has always had tdbaé&anced with other considerations,
this Agreement mandates that international trada jp@mary consideration and created a
Committee on Sanitary and Phytosanitary Measumdidis the power to monitor and
challenge the standards, guidelines, and recomrtiendaet out by member nations.
Although this legislation contains language toaltbe US to limit introductions of
invasive species via trade, it also places siganifidimits on the US’s ability to do just
that.

The National Invasive Species Act (1996) was atteaization of the Nonindigenous
Aquatic Nuisance Prevention and Control Act of 188t expanded the list of AIS
named in the Act and the areas in which voluntaliabt water management was

recommended.

The Water Resources Development Act of 1999 doesreate any significant changes
in the policy arena and invasive species managems@at its central focus. It does,
however, reinforce the importance of controlling smprey within the Great Lake

system.

146



Clinton’s Executive Order 13112 (1999)

In 1999 Clinton issued an Executive Order aimecbatdinating the federal efforts of
controlling invasive species. The Executive Omdiezcted all federal agencies to use
their programs and authorities to 1) avoid invasipecies introductions and spread, 2)
monitor, detect, and respond to invasive specigsilations, and 3) conduct research and
educational activities related to invasive speniesagement. The Executive Order also
created the National Invasive Species Council askled it with creating a national
invasive species management plan and encouragordination of invasive species

management efforts at levels ranging from locahternational.

Although this language is certainly broad, it iscalague and confers no additional
authorities or requirements when it comes to agawatpns. As one federal employee
put it “the executive order says that all agenstesuld be thinking about [invasive
species], but some agencies aren't at all.” Algtothe Executive Order’s effectiveness
is hampered by its lack of legislative mandatbag had the effect of putting the invasive
species issue on every agency’s plate and provbntge measure of federal

coordination for invasive species management effort

Legislation 2006 - 2007

The Great Lakes Fish and Wildlife Restoration Af(J6) is another act in which
invasive species management is a tangential, rdtharprimary concern. It does,
however, show a growing awareness of invasive spassues. The main goal of the act
is to facilitate the creation and implementatiorisii and wildlife restoration projects in
the Great Lakes, but all of these projects mustdmssistent with the Nonindigenous
Aquatic Nuisance Prevention and Control Act of 199Be Act also reconfirms the
responsibility of the Great Lakes Fishery Commisgmcontrol populations of sea

lamprey within the Great Lakes.
The increased presence of AIS issues in the 20&Toveof the Water Resources

Development Act, especially in comparison with 1889 version, is a sign of the

growing awareness of the magnitude of the AIS gobl The act authorizes several
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major studies: one looking into developing and tingga way to prevent AlS spread into
the Upper Mississippi River basin, one to deterntimeefeasibility of an AIS barrier at

the Lake Champlain Canal, Vermont and New York, @amel to finish construction and
maintain operations of the Chicago Sanitary ang Slainal Dispersal Barrier, Illinois.
The act also authorizes creation of a managemantfpt the Upper Connecticut River
ecosystem in which AIS are one of eight major istoebe addressed and permits the use
of chemical control techniques of invasive aquplants in the Lake Champlain basin,
Vermont. The increase in AIS projects, as welnase clearly defined goals of the Act,
are encouraging signs. However, it is worth nothrag, in Section 1006 of the Act,
which identified 43 small aquatic ecosystem resiongprojects to be studied and carried
out, if appropriate, only one of the 43 projectstr@ed restoration in response to AlS
damage. Further, of the 100 studies to be caaugdinder the act’s authority, only two
mention addressing AlS issues. One study devglagscols for usingzuhrychiopsis
leconteifor biological control of Eurasian milfoil in theortheastern USA and one to
determine the feasibility an aquatic ecosystenoraibn addressing water quality and
AIS issues in New York’s Finger Lakes. This suggdisat there is still room for

improvement.
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Appendix J: Extended Description of SMART"

Simple Multi-Attribute Rating Technique (SMART) @escribed by Ralls and Starfield
(1995) as “ranking of the sum of weighted critériRossible decision options are
evaluated in terms of how well they meet critehiatthave been identified as important
by those using the technique. SMART has becomelwigsed for several reasons: its
transparent nature allows users to have greatdidemace in the decision-making
process, the technique can be used relatively tywiakd it is useful in a group mediation
capacity. Goodwin and Wright (1991) identify eigteéps of SMART:

1) Identify the decision makers (e.g., natural reseumanagers from state and
federal agencies, representative from environmemdlconservation groups,
representative from citizen groups and lake astons),

2) ldentify the possible decision options (e.g., deiae which of the high priority
pixels should be selected for management actions),

3) ldentify the criteria important to the decision-rea&k and the decision problem
(e.g., recreational opportunities, biodiversitydgat constraints),

4) Evaluate each decision option in terms of how wWedly address each criterion
(e.g., on a scale of 0 to 100, rank each pixehtaw well the recommended
management action at that site would protect réiorea opportunities or how
much it would cost),

5) Weight all of the criteria in terms of their relaiimportance (e.g., determine the
relative weight of each criterion listed in stemBjing each criterion a percentage
weight, such that the percentages given to eatdriom sum up to 100%),

6) Use the two rankings (steps 4 and 5 above) torgevarall ranking for each
decision option (e.g., multiply the weight givengach criterion with the rank of
each option for that criterion, then sum thoseafbcriteria for a given option),

7) ldentify the top ranking option, and

A Goodwin, P., Wright, G. 1991. Decision Analysis fidanagement Judgement. John Wiley and Sons, WsSES,

England.
Ralls, K., Starfield, A.M. 1995. Choosing a ManagemStrategy: Two Structured Decision-Making Methéat
Evaluating the Predictions of Stochastic Simulatitwdels. Conservation Biology 9 (1), 175-181.
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8) Perform sensitivity analyses to determine how rothestop option is to changes
in the relative criteria rankings and to assumiorade in the option evaluation

process.
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