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What Can Decision Analysis Do for Inv
Species Management?

A. Maguire*

Decisions about management of invasive species are difficult for all the reasons typically
addressed by nultiatribute decision analy uncertain outcomes, multiple and conflicting
objectives, and many interested parties with differing views on both facts and values. 'T'his
article illustrates how the tools of multiattribute analysis can improve management of invasive
species, with an emphasis on making explicit the social values and preferences that must inform
invasive species management. Risk assessment protocols developed praviously for invasive
species management typical ly suffer from two interacting flaws: (1) separating risk assessment
from risk management, thus disrupting essential connections between the social values at
stake in invasive species decisions and the scientific knowledge necessary to predict the likely
impacts of management actions, and (2) relying on expert judgment about risk framed in
qualitative and value-laden terms, inadvertently mixing the expert’s judgment about what
is likely to happen with personal preferences. Using the values strueturing and probability
modeling eleme nts of formal decision analysis can remedy these difficulties and make invasive
species management responsive to both pood science and public values. The management of
feral pigs in Hawaiian ecosystems illustrazes the need for such an integrated approach.
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L INTRODUCTION

cment dedsions are likely o sulfer (rom all of these
difficul ties.

Simee this article 1s part ol & workshop on what
theoretical ceology may of et Loin vasive speeies man-
agement, I will focus on (1) using decision analys
wals W lacilitale o commeetion between resulls (rom
theoreticsl ceology und munagement decisions and
(2) using decision unaly uminule imporant cl-
cments of nvasive specics decisions (hat may be

e is Lo suggest how a
L be helpiul for
nvasive specics managemenl The framework that 1
use comes from docision unalysis, specifically multi-
attribule utility analysis: this framework is especially
helplul for decisions that are diflicult beeaose (1) the
outcomes of possible muanagement selions are uneer-
tain: (2) there are several objectives [or management.
some of which may conflict: und (3) there are numer-
ous parbics interested m the management decision,
cach with its own view ol whal is likely Lo huppen
und with its own prioritics smong the many compet-
mgobjeetives [or management. Invasive specics muan-

The purpose of this artic
structured decision framework m

wleeted by analyses that focus on theorctical ceolog
Examples of the former include using population dy
namics modcls 1o estimate the Fkelihood of various
pest population sizes resulling from alicrnative man-
agement seenarios and using structured didtation of
expert opinion o supplement results from modelin
A Tarth Sciences Toe 804 fi61d studics of invasive species population dy

! Nicholas School of the Environmen

W38, Duke University, Durham, NC 27080328, T8 Az 16l: 919 namics. Examples of the Tatter include (1) using mul-
1 380: L 919-6848741: Imaguire Fdukesdu tiattribute utility analysis (o articulate the many goals

859 [

T2AZAM00 (RYSIZ 0N 20M Socicly o Risk Aalysis

Page: 1




8.Maguire.Decision Analysis and Invasives.2004.marked.pdf

L1

ol invasive specics mamagement and expross pric
tics among those goals and (2) wing decision analy-
sis us 4 framework Lo lacilitale communication with
stukcholdersand other nlerest groups aboul invasive
specics biology and management allemnatives.

SIVE SPECIES MANAGEM
TONS

ment, it may be helplul to oulline the
jons (hat managers are kely o face. Or

purposclul introductions or aceidentally. The latier
decisions often center around allocation of searce Te-
sources: selling prioritics for control among many
invasive specics and, for particular spedes, deciding
which methods of control will provide the most ben-
elit for the least cost.

Entry decisions include (1) deeisions about
whether und how Lo Testrict polenitial routes of entry
for or ganisms that may be introducedinadvertently in
the course of some otherwise law(ul activily, such us
shippmng or Lounist travel, and (2) decisions shoul pur-
poselul mmportation of organisms hat are considered
desirable by al least some constilucneies, such as hor-
teullunists or cxolie ammal cnthusiasts In the casc
ol madvertent introductions, some of the questions
facing regulators include: Whal organi hi be
introduced and in whal numbers? Are they Tik
spread beyond the immediate entry point? 1f they do

by at leust some constituencics because they do harm

1o humun ve biola? Who or whal i
likely 1o be harmed and (o whal cxtent? What steps
could be taken o minimize the likelhood of inadver-
ent ntroduction? Who would be harmed and who
might benelit from aking those steps? Whal would
they cost

In the case of purposelul introductions, someone
hus alrcady decided that the organism is desirable
enough o warrant mporting it Regulators then laee
muny of the same questions as for insdvertent mire-
ductions. In addition, they must ask: Do the risks of
pulentisl hurm from this mportation justily the costs
that controls will pose (ot those who wish Lo import
the organism? In addiion, they may ask: IT the ntro-
duction turns out Lo be harmiul woulditbe possible

Maguire

retricve the introduced organisms®" For both kinds
of eniry decisions, resources for gathering informa-
tion needed 0 make decisions aboul restrictions and
resources lor monitoring polential peints of eniry to
ensure that regulations sre being followed are Timited,
obliging regulators o make & further set of decisions
Lo allocate searee resources where they are hkely o
do the most good.

Decisions about control of specics alter they have
arrived are at least cqually complex. Regulators must
anticipale how Tikely an organism is o extend its
. how quickly, and m what numbers. They must
project the Hkely offeets of the organism at difler-
ent population sizes and in different habitals om ceo-
nomic, ceological, and acsthete values. These values
arc likely w diller smong differenthuman consi luen-
s, ralsing cquity coneerns about the distribution of
harmiul. and ol any benelidal, elficets of the invasive
specics Regulators must analyre potential me thods of
control and project the probabiliics of achicving var-
1ous levels of suceess, along with the likehhood of ad-
verse side effeets that, again, will likely differ smong
dilferent human eonstituencies. Sinee the resourees
for monitoring and treatmen of invasive specics pop-
ulations are inevitably fimited, regulators must weigh
all these uneerlain costs and benelits in order 0 al-

Tocale scaree resources among candidates for control
aclivilic:

Diceisions about management ol invasive speeics
thus exhibit all of the characteristics that dedsion
amalysis is supposed to be good lor uncerlain oul-
comes: many. polentially conflicting. objectives: and
mulliple interest groups that may be alfceled dilfer-
enily by dedsions taken. T will show how using de-
m analysis o represent these charscieristics
plicidy provides 4 conceplual (us well s a quantil
tive} framework to help managers use scientilic data
o their [ullest advan tage and o help scicentists frame
their work so that 3 will be most usclul for muanage-
ment deeisions.

3. FERAL PIGS IN HAWAIIL

To provide a context for this demonstration, |
will use the management of leral pigs (Sus scrofia) m
Huwaii, which cxemplifics the complex interplay of
humun values and ceological interactions that make
invasive species management decisions difficult. Pigs
were brought Lo Hawaii both by the Polynesiuns who
first setfled in the islands' and later by Europedn
setllers. Deseendants of these introduced animals
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estublished themsclves throughout the islands, repro-
ducing al incredibly Tapid rates and damaging native
ceasystems by uprooting native plants and facilitating
the spread of introduced speeics™ In addition, tree
cavilics erealed by the pigs lacilitale range expansion
und population growth of mosquitocs (alse nonna-
tive ). which carry avian discascs (malaria and pox) Lo
which native forest birds are naive, decimating native
hird populations and encouraging range expansion ol
the muany introduced bird specics in Hawaii™ Even
the runge cxpansion of the Teral pigs into higher cle-
vations may be driven by the dynamics of other non-
native nvaders, carthworms, which are a major lood
of the pigs.

The human side of this storyis cqually complex!
Managers of the casingly scaree nalive forest in
national purks, stale natural arca reserves, and private
comservalion areas, such as those owned by the Na-
twre Conscrvancy, are desperale o proteel remaining
forests und, where possible, restore those thal have
alrcady been degraded. Native Hawanians micrested
m traditional medicmal and food uses of native plants
also have an mterest m forest preservation. Ammal
dumage specialists from federal and state agenvics
are charged with finding humane and elfcetive means
ol controlling undesirable introduced species such us
pigs. Native Hawaiian hunters Lake pigs for subsis-
tenee and, perhaps more significantly. to celebrate
major lile cvents such as weddings and funcrals They
altach u cultural significance Lo having wild pigs Lo
hunt, preferably lots of them. State gamelands man-
s arc in the awkward position of trying o man-
for Targe mumbcers of pigs on lands adjacent 1o
protecied areas where other stale managers are do-
ing their best Lo cradicate pigs. Some of the methods
uscd Lo kill feral pigs, meluding neck snares Tell unat-
tended forlongperiods, ™ have altracted the attention
of unimal rights activists, boll Huwaii and inlerna-
tiomally: these groups have used dramatic sit-ins and
dandesting the s of snares 1o protest what they view
us nhumune control methods

(2

4. THE “PROBABILITY MODEL™ PART
OF DECISION ANALYSIS

It will be obvious (o both muny
icul ceologists that one of the biggest dilficulties in
dedding how o munage invasive speaes is noLknow-
g for sure whal is going W happen al the point of
mtroduction. us the species spreads, or when controls
ure being upplicd. Articulating the range of things that
might happen, undassigning some prohabilitics (o the
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things that might happen. is onc of the hallmarks of
decision analysis: thisis the “probability model” phase
ol decision unalysis, a deseription of how the world
works. This is perhaps the most ohvious point where
theoretical ceology could be helplul: developing pre-
dictions of whatis Kkcly Lo happen.

Population ceology is perhaps the most immedi-
alcly Tkely contributor (o invasive specics manage-
mentdedsions, providing predictions of howmany or-

i ightbel dut what time. When
# munager needs lo make projections of the patiern
und rate of spread of a potentially invasive spedes in
order 1o make judgmenis about whether or not con-
trolmeasures or restrictions on importsneed be putin
place. results [rom population modeling can be used
(o paramelerize the probabililymodel portion of a
deersion analysis These results can be expressed in
terms of @ continuous distribution (Fig. TA), a dis-
approximation o a fundementally conlimuous

crely

pracess (Fig. 1B), or a fundamentally diserete set of
events, such as prosencclubsence (Fig. 1C). Similarly,
population ceology could be helplul in projecting the
Tikely impact on an invasive species population of o
Piological wontrol wgent, such as a predator or discase
agent, or of & chemical control, via its impact on re-
productive sndior morlalily rutcs. A combination of
population ceology and cvolutionary ceology might

be needed Lo carry projections into the Ton

where co-udaplive interactions of u biological contral
'y the pupu-
Tation dynamics of both target and control organisms.
Any of these results would fit inlo the probubility-
moddling part of a decision analysis.

1 ceology might con-

agent und an invasive specics might modil

ve spedes, some ol w
use species” ecologieal characteristies (o help predi
which urelike sive polential (cg. USGS
2000):'7 sometimes these sre augmented by empirical
(%49

¢ lohavein

studics ol the lactors sssocialed with mvasiveness
These protocols can be formalizced in decision Lrees
where ceological charactenistios are used o predicl
invasive spread and Lo decide whether or not Lo ac
L purposclul miroduction (¢
v ceology muy alsos
pes of ceologieal communitics or ceosystems that
are more vulnerable (o invasion (e.g.. islands. depau-
perale biota).

All ol these contributions [rom  theorel-
el ceology (it into the probability-modeling part of
decision analysis and help clanily the range of possible
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Fig. 1. Fussible vutcomes of control deisions shuwn i (A} con-
inaws probability distributions of popubstion size centered un
100 k™ for*nocontrl* and S0 km ™ for “control, (T8 three-parl
discrete approsimations W an underying continuous distrbution
of pupulation sizes. and (C) inheren Uy disrete svents
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oulcomes from inadvertent introductions or from
purposclul importation or control acti It may
be empting 1o think that good knowledge sbout
invasive species population dynamics will by itsell
provide a sulislying answer o management g ucstions
ahout what should be done, but il cannoi per form that
[unction in the absenee of the other side of dedsion
unalysis: (he modeling of valucs and prelerences

5. THE ROLE OF THE “VALUES MODEL"
PART OF DECISION ANALYS!

Decision analysis is concerned not only with pre-
dicting what is Tikcly o happen, via the prohability
maodel. but also with guiding what, il anything. ought
tobedone about it thai larger task requires the ana-
Tyst omaodel preferenees over the range of things that
might happen. The main (cature (that distinguishes
invasive species like kudeu (Puerana montana var.
lobata) (rom invasive specics like the seven-spotted
lady beelle (Coccnella seprempunctata) is thal pea-
ple by and lurge do not like the clfeets of the for
y ¢ do like the effeets of the lalter.
Linking cxpressions of positive and negative im-
pact on people’s values to the deseription of what is
Tikely to happen is essential to making good decisions
shoul mvasive specivs management, Decision proto-
cols such as Reichard and Hamiltons™ (Fig. 2) ing
cate which species Lo aceept or rejeet on the basis of
ceological churacteristics, but they fil o incorporate
information aboul the consequences of these chorees
in lerms of ceological, finandal, or acsthetic clleels
¢l are subject Lo error

s or rejecting onc that is

when @ nonin

ES
z
3
=
o
2
o

and distributed differently amomg s
population (¢g.imporiers versus the general public).
Decisions Lo aceepl ot rejeet should weigh these dil-
ferential comsequences in conjunction with the ke
Tihood of making an erroncous delermination when
sclting standards forimportaion restrictions Thomas
und Rundall’s ceonomic analysis ales lnum-
eiul comseyuences ol importation decisions. but not
the muny nonfmanaal values that might be alfecled.
Articulatmg the human values that are likely Lo be
feeted by introduction or spread olanin e
15 4 necessary lirst siep in determining the
that must be meluded in the probubility-modeling
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Docs the species invade |
clsevwhere, outside of North |
America!

No Yes

!—T: itin a famaly or genus with
| spocies that are already
Is 1t an interspecific °
hybrid with knovm seed m;::::mm
stenlity?
Ya
No
Reject
Is itnanive to pans of North
- Amesica other than the region of
Is it native to parts of Neith "
ot than the the proposed infroduction” |
region of the proposed No Yes
imtroduction? {
Further Aceept Reject .
analysis‘monitoring Yes No Further analysis/
needed monitoring
needed
Does it spread quickly 15 the puvenile period usually less than 5
by vegetative means? years (trees), 3 years (shrubs and vines), or
does 1t grow very rapidly in its
2 yaars?
) Ne Yes
Accept  Further analysis/
monitoring needed
Does it reproduce
quickly vegetatively?
R—
No Yo Yes
Is it in 2 famuly or genus
with species that are already o Reject
strongly imvasive in North Da the seeds require D the sesds require
America? pretreatment for prétreatment for
germination?
Yes, No e
— Necept Yes \Vn Yes / \No
momitoring needed

Is it in a family or genus with
species that are already strongly
| mvasive in North America?

/-

Accept Further analysis!
manitoring needed

Further analysis/ Reject
monitoring peeded

Tig. 2. Diecision tree for woody North American inyisive species (rom Reference 8, with permission from Tlackwel 1)

portiom of 4 decision (ramework [or invasive speeics Multistiribule utlity anulysis a framework lor
munagement  how lurge o geographic regon. how Tmking tradeolls smeng conflicting objectives with
long u timefrume, what other specics populations, snd uncerigin predictions of how those objectives are
what physical parameters o model. likely Lo be aifecied by munagement allernatives
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Tig. L Tmpactof srrors in judgment about invasive potential of a
candidate for purpose ful introduction on ecological, financial, and
aes thetic vilues Symbols indicate the direclion of change, il
frum the s lalus g .

i any

starts with an ubjectives hicrarchy representing the
suile of gouls being pursued by decision makers and
affeeted partics The objectives hicrarchy is ereated
by prabing interested partics shout the
and gouls; those who make decisions sbout invasive
specics, these whomight be materially affectedby de-
cisioms Laken, and those whe could stand in the

coneems

of successlul implementation of decisions taken sre
all interested partics. In decisions about control of
feral pigs in Ha
munagers for national parks, stale natural wrca ro-
Le nature reserves, such as the Na-
s contral personnel
me managers from

. interested partics indude Tand

serves, and pri

Lure Conservancy; animal damag
from statc und federal agenci

native Hawaiians interested in

state wildlife ugen
medicinal plants: nativ
animal rights activists from Hawaii and dsewhere.

an claboration ol higherlevel goals, and the Towest

Tevel om the hicrarchy is composed of measurable at-
tribules that can be used Lo assess how well the goals
reprosented in the hicrarchy are being met 1% These
measurable altribules form important links between
the valuesand proferenees moddl and the probability
model parts ol the overall decision analysis To those
who are modeling how the world works, they show
exaelly whal sort ol outpul from those models would
be most uselul for (he management decisions athund.

In the risk assessment und risk management
framework wsed by (he VLS. Environmentsl Protee-
tion Ageney (EPA )Y specilying an ohjectives hier-
urchy und a fist of measurable atiribules is part ol the

Maguire

Best manugement for feral pigs

Native flora and fauna
Forcst birds
Diversity
Densiry
Disease incidence
Understory plants
Densiry
Diversity

Hawaiian culture

Traditional medicine/food
Flanrt diversiry
Planr densiry

Lifc cvent cclebrarions
Pig density

Rospeetful resource use
Figs killed hut not eaten

Safety of nontuar gets
Humans
Marmakny
Injury
Pets/hunting dogs
Nontarget fauna

Humane methods
Minimum mortality
ios killed
Minimum suffering
Time to death

Cost cffective
$ to mainiain low pig density

Tig. 4 An objectives hierarchy showing gouls and measures (in
alics) for feral pi ment in T Tndented entries are
elaboratiors of (e & vel goal Lo the upper lelL

he man-

“plunning” phasc of risk wsscssment, whe

agers and dea:
the world for wh
mation. In the

ch they need risk assessment infor-
¢ of foral pigs in Hawaii, it may be
obvious that predicting the numbers of pigs in diffor-
ent Tocations will be important, bul cven more im-
portant will be extending those projections o pre-
dicl the impact of these numbers of pigs on native
plants, om the dynamics of nonnative compelitors on
mosguilo habital, on moesquito populations, on dis-
CHSC OTEUNISMS, ON Wransmission Lo native birds, snd
s0 on. More difficult still s expressing preferences of
various human comstituencics over the range of ceo-
Togieal outeomes predicied by the probability models

on makers articulate the lcatures of
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For example, ulility functions expressingrdlativepref-
crenees for different populution densitics of feral
pigs or for different rates of extinetion of native for-
st birds are likdly to differ dramatically for Nalure

alucs™ model portion of dedsion anal-
ysis feeds back fo the probahility-modeling portion
by showing where hetier predictions of what is Tikel
0 happen are necessary o disciminaie among al-
ternati ve managemen Lactions versus where decisions
can be made withconlidence cven under considerab)
unceriainty.

6. RISK PROTOCOLS AND USE OF EXPERT
OPINION: MIXING “FACTS”
AND “VALUES™

When quantitative predictions of the population
dynamics of the pest and ils impact on socially valued
gouls are acking, managers sometimes use gualita-
live Tating seales (o muke invasive spedics munag
ment deewsions. Agendies have developed protocals
for making Tisk assessments for potentially mvasive
specics consisting mainly of qualitative ratings of char-
acteristics thought Lo be predictive of invasive polen-
tial. Forexample, the pestrisk asscssment protocol ™
uscd by the Animal and Plant Health Inspection Scr-
viee (APHIS) torate isks [rom pestorganisms insolid
wood packing material (SWPM) consists of seven cl-
cements rated high, medium, or low und a set of rules
for combining these separale ratings mnto wn overall
assessment ol high, medium, or low risk. For cxam-
ple, potential for ceonomic damage i
ing o the numbcer of Tisk factors prosent,
known altacks on products of commereial value, abil-
ity Lo evolve more virulent strains, and Tack of control

raled accord-

such us

MCasures.

Expert opinion is used throughout qualitative
rating schemes wherever judgments are made shoul
raling categorics For cxample, under “cnvironmen-
]l damage polenfal” the SWPM risk assessment
scheme asks respondents whether or not the pest or-
mism & “expected Lo cause significant dircel cnvi-
ronmenlal elfcets such as extensive ceoloy
tiom or large-scale reduction in biolog
Sinee there is no desr direction on what
cnt,” “extensive,” ot “large-seale” mean in practice,
the expert’s Tuling is inevitably an amualgamation of
judgments about the biologieal behavior of the pest

und personal delimiions of these qualilying terms

Euch persom’s delimition of “signilicant” is necessarily
timged by personal values, which & no problem when

cach of usmakes our owa personal d
comes a problem when we arc asked to provide suc
judgments on behall of others who may hold quite
differentvalues. The APHISrating system,'™ with i
seven calegorics and rules (ot combining judgments
is & hig improvement over completely unstruciured
usces ol expert opinion, where the expert is asked o
render a comprehensive opmion about whether ornot
a particular pest should be controlled with no artic-
ulation of the reasoning hehind the opinion. Never-
s there are more syslemalic s of using cx-
pert opinion that avoid the insdverient mingling of
the expert’s opinions about the way the world works
with personal values Using expert opinion i a more
syslematic way bridges the gap between purely quali-
Lative rating schemes and more quan titative nalyses
and climinates the inadverlent co-mingling of facts
and values in the decision protocol.

Structured methods for cliciting experl opimion
and incorporating it mto a decision framework can
be found in texts such as Clemen,™ Meyer and
Booker," and Morgan and Henrion ( Chaplers 6 and
7)) A ¢entral principle of using exper Lopimion well
is to decompose the complex process the expert is
being asked Lo assess into component parts that arc
more straightlorward to assess and less ikely Lo nad-
vertently mmix assessments of [sel with the milucnee
of personal values. For cxample, nstead of asking an
expertin pigpopulation dynamics to predict the popu-
Tation level of pigsin a given reserve under aspeilicd
Tevel of snaring effort, ask the expert Lo answer a se-
Ties of questions: Whal are your assumplions about
the shape of the relationship between smaring cllort
and pig mortality? Will snares differentially caplu
pigs of dilferent sexes snd ages? How do these a
sumplions vary scasonally’? With devation? What arc
your assumplions ahoul density-dependent moch:
misms that may afleet reproductive Tates? In part
ulur, what will happen Lo reproduc
ful at reducing pig populations o ve
% Decomposing a complex process mlo its
componcnl parts provides @ natural svenuc Lo Tnk
chicitation of expert opinion with models (tom theo-
tetical ceology. Expert opmioncunbe used todevelop
the purameters, as well as the strueture, of 4 popula-
ton dynamics model: thutis w more defensible use of
expert opinion than cliciting an overall projection of
population size.

Fig. 5 shows u Bayesiun beliel network for the
pig dynumics deseribed above (see Varis!' for back-
ground on Bayesian beliel networks for environmen-

tal problems, and Borsuk er al''” and Reckhow! ™

v rales il smares
Tow
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terrain

Tig. 5. A Tayesian beliel network representing conditional prob-
ability relationships amanyg Gactors i the impactof snar-
ing on pig population size. Note thal this & ol a dynamic model
of these ey lem proceses, but instead a snapshot of statistical

dependenies.

for sdditional cxamples). The arrows connecting the
clements of the modd represent conditional proba-
bilily relationships (c.g., the probubility distribution
of pig movement patiems given a particular wmbi-
nation of scason, dlevation, and terrain). Where there
are empirical duta, these conditional probubilitics can
b estimated using regression or other statistical tech-
niques. Where empirical data are Tacki

a combi-

nation of expert opinion and ceological theory can
b used (o oblain the conditional probabilities (Note
th

a Bayesian belicl network reprosonls a smapshot
time, nol a dynamic model, and the arrows repre-
sentcondionalily, not feedbuck or lows of cn
mulcrials ) The Bayesian netfrumework organizes the
usc of expertopinion so that the expert can respond Lo
clearly pused questions sbout thelkelihood ol clear
defined ovents. This spproach Lo using expert opin-
ion o lill in gups in cmpirical dala and theore Geal
understanding avoids the pitlalls of rating schemes
thal confound the expert’s judgment sbout what i
lik cly Lo happen with personal pr
sble o how competin
ucs (¢ g linancial costand cnvironmental prolection)
should be balunced.

Formuost axa of coneern Lo Invasive speeics man-
agers, neither empirical duta nor theoretical con-
structs are well-enough developed o provide guid-
ance for control decisions unless sugmented with
expert opmion; [or many speeics, cxperl opinion muay
huve W supply [ormation on which mun-
agement deeisions will be based. Using structured

ences aboul whal

ouleomes are more de

Maguire

protocols Lo carry oul the assessment clevates expert
opinion to acredible application of scicntific method.
rather than an unstructured display of “advocacy sci-
ence™ in pursuit of a predelermined management
agenda The sieps of a structured use of expert opin-
jon (modilicd from Clemen)™ include: (1) Define
the problem andidently the clements of the problem
for which ¢xpert opinion is needed. (2) 1dentil

cssment. (4) Croale a ™
for the chain of mference from the mlormation 1o be
clicited Lo the assessment results needed. (5) Provide
the experts with a common pool of background in-
formation. (6) Train the cxperls i asscssment pro-
tocols (cg.. methods for cliciting subjective proba-
bility distributions). (7) Elicil the assessmenls and
verily the results by triangulation from several assess-
ments (8) Combine the judgments of several experls
il needed (eg., using Delphi methods) . (9) Docu-
ment the assessment process. Use of expert opimion
in practice i usually much sloppicr than this and it is
Tare [or assessments Lo Tollow all of these steps.

Even when Bayesian belicl networks are not pa-
rumelerized via w combmation of expert opinion. the-
ory, and empirical data, they serve a valusble purpose
by making “mental models™ of complex ceological
processes availuble for serutiny (e, Referenee 20).
Bayesian netmodeks reveal the builder's assumptions
aboul corrclation, and sometimes cause and clfeel,
in systems such as the pig-forest-mosquito-bird com-
plex in Hawaii. Making these assumptions explicil
is espocially fmportant where disputing partics sce
the problem dilferently and conlusion about which
parts of the disagreement arce shoul matlers of (act
and which parts arc aboul value dilferences impede
solutions.

7. MODELING THE INTERESTS
OF MULTIPLE PARTIES

Thisclementolinvasive specicsmanagement, the
influcnee of multiple groups with differing prioritics
onmanagement decisions may seem especial

alrcady deseribed the many partics interested in man-

agement of feral pigs m Huwall and some of their
conllicting goals und dillering prioritics. Even m less-
L the roles of multiple stakeholders
und multiple decision makers can exerlus much influ-
ence over management decision muking as seientific
informalion on species population dynamics und ceo-
Togieul clfces Even m the decidedly uncharismalic
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Invasive Spedes Manage ment

SWPM, mun-

casc of pests thal might be in trodue
P interests of (1)

ers must respond Lo the competin

producers, importers, distributors, and consumers of

the products being shipped in SWPM: (2) produc-
ers of the SWPM itscll: (3) shippers und handlers

of the products and packing materials: (4) users of

the services and [unctions of specics and ceosysiems
that might b allceted by the spread of pests rom
SWPM: und (5) the general public and mterests con-
cerned with environmen tal integrity. Disagreements
among nicrest groups commonly muddle disagrec-
ments about the lfactual basis [or concem with diller-
cnees novalues and prioritics.

In the ¢ ol SWPM pests, imporiers and on-
vironmentalis is may disagree aboul the potential for
harhoring pests in SWPMand the potential for spread
of uny pests that may be imported secidentally. They
will almost certainly disagree about what hkelihood
of mtroduction or Tikelihood of spread should ng-
geralarms undpreventive actions. And, they cerlaily
have dilferent prioritics among compeling objectives,
with short-term lnancial gain looming much larger
for impor ters than for environmentalists, and the con-
verse being the case [or long-term effcets on nalive
biodiversity. These stakcholder values
ally seen ss quite disjunct from the scientifically based
risk assessment process, where the “laets™ of the mat-
ter are articulated. The wual consequence of this dis-
Junction is that sciencee and values cach have some
miluenee on decisions aboutinvasive specics manage-
ment, but those influences are often independent and
uncoordinated. For cxample, EPA’s risk assessment
protocol!™ deliberately dissociale risk assessment
(the “lacts of the maller™) from risk man
(which incorporates values and preferences), exeepl
for rather narrowly delined micractions in the plan-
ning and report cs of an assessmonl, so (hat
values issucs will nol compromise the scicn
hilily of the risk asscssmen U Although EPA's worry is
purhaps justilied il scicnee and valucs arc muddled in
the way (hey often arc in unstruetured decision pro-
cosses, such as the umstructurcd usc of cxpert opimion,
4 Myor purpose i ousing more siruelured decision
tools ike dedsion anuly s Lo allow both the laas
und (he values o play their sppropriste role in the
sis informing cuch other n o helplul way.

Muking (ulluse of the values modelng portion of
deasion analysis cun provide a framework (or nego-
ations among those interested in an invasive speeics
managemen decision. > To do this. the objedives
hicrurchics deseribed carlier should be “composil
hicrarchics, incorpor ating the essential goals of all the

UCS UTC usU-

ic credi-

867

interested partics in one hicrarchy (cg. Fig. 3) that
Tets all the partics sce what goals must be addressed
by any manugement scheme (hal is (o cnjoy broad
suppor L The Towest leval of the objectives i
consists of measurable attributes, giving all the partics
dircetion for pathering and analysing techmical in-
formation. such as population modeling resulls, o
project Hkely oulcomes of managemoent activilics
Creating a common stake in developing the weehni-
cal hasis [or myvasive specics managemen decisions
s “joinl [aciinding,” a sharing ol informa-
tion and analyses, rather than seerclive duclimgamong
disputing partics with information scleded o sup-
port their own positions.™! A (ull muliairibule util-
ity amalysis cxpresses the preferences of cach party
over the range of possible managemen toulcomes and

fornegotiating tradeolfs among conllicting objectives
and for recomciling arguments about the distribution

eisions. EPA has used st
this sort (sometimes called “negotialed T
or “negotiated rulemaking”) lo develop regulations
[or pestivide labeling and for toxies emissions*? al-
though rurely with the explicil aliention Lo values
structuring that is described here. Negotiated solu-
tioms of this sorl maintain a betier hnk belween the
“luels” parl of management decision muking and the
“values”™ parl than does the more usual mode where

ilic analysis comes first and i then lefl be-
ol political pressures that refleet com-
peting views on the proper Lradeol s smong compe
mg

ducs.

8. SUMMARY

Ly, multiple and conllic
ing objectives, und disputing partics Dee
can help with cach of these sources ol difficult
The probubility-model portion of dec
ly represents sourees of uncerlainty
Tales of spread of un mroduced organism or clice-
tveness of control setions. The probability model &
4 mutural place for results ftom theoretical ceolog
LWy Cnler invasive sped s
helping W prediet the range of (hings that might hap-
pen und how Tikely cach ol those things is. The values
maodeling portion of dedsion analysis helps make (he
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conncetion between theoretical ceology and manage-

therelore, should be the endpoints of models based
on theorctical ceology. When nadther theory nor em-
pirical data arc sullident w predict what is Tkdy o
happen. expert opinion can help fill the gap. De m
unalysis structures the clicitation of cxpert opimion
o luke advantage of the experts understunding ol
the ceological inleractions alfeeting outcomes and Lo
avoid inadvertent mixing of the expert’s personal vi
ues with judgments aboul what is ikely w happen.

The values structuring portion of dedsion analy-
5 answeTs Tmportant needs in invasive spoecics man-
.:L\.m\.nllhlan.(:ulsldu therealm ol theoreticaleeol-
ogy. Decision snalysis can help articulate the many
sals of those who have a stake m mvasive speeics
management deisions, their prioritics among those
goubs.and their preferences smong the possible things
that could huppen. The resulting sirueture can be used
to facililale negotisted agreements on management of
invasive specics that satisly the essential goals of all
purlics. Such negoliated agreements do a belter job
ol preserving the conmection between thescientificin-
put derived from theoretical ccology and private and
pubhic values than does the more usual mode ol over-
riding seicnce with political pressure.
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