
Rangeland Ecology & Management 74 (2021) 151–164 

Contents lists available at ScienceDirect 

Rangeland Ecology & Management 

journal homepage: www.elsevier.com/locate/rama 

Collective Action and Invasive Species Governance in Southern Arizona 

✩ 

Aaron M. Lien 
a , ∗, Elizabeth Baldwin 

b , Kim Franklin 
c 

a University of Arizona, School of Natural Resources and the Environment, Tucson, AZ, 85721, USA 
b University of Arizona, School of Government and Public Policy, Tucson, AZ, 85721, USA 
c Arizona-Sonora Desert Museum, Tucson, AZ, 85743, USA 

a r t i c l e i n f o 

Article history: 

Received 2 August 2019 

Revised 27 July 2020 

Accepted 13 October 2020 

a b s t r a c t 

Invasive plants can have significant negative effects on human and ecological communities, including re- 

duced productivity and biodiversity and increased fire risk. Effective mitigation of invasive species likely 

requires action by heterogeneous actors who span jurisdictions, sectors, and levels of governance. While 

there has been significant research to develop targeted mitigation techniques that slow or halt the spread 

of specific invasive plants, there has been relatively little complementary work to develop knowledge 

about the implementation of these management techniques through effective governance systems. To 

address this gap, we interviewed and conducted archival research on land managers involved in the miti- 

gation of buffelgrass ( Pennisetum ciliare, syn: Cenchrus ciliarus ) invasion in southern Arizona to investigate 

how existing and emerging governance arrangements encourage or undermine individual and collective 

action to manage invasive plants. Our results show that a key challenge of managing invasive species is 

identifying the mechanisms that will allow heterogeneous actors to overcome internal barriers to coor- 

dination with others and enable collective action. These internal barriers are multifaceted, involving laws 

and policies, cultural traditions and mandates, the availability of monetary and human resources, and 

information on causes and consequences of species invasion and effective approaches to mitigation. Ap- 

proaches to solving these problems must include improved knowledge of internal institutional structures 

and the opportunities and barriers they present to collective action, the preferences of heterogeneous 

actors when presented with information about future ecosystem conditions absent coordination, the fac- 

tors that prevent individuals within different organizations from following through on commitments to 

participate in collective action institutions, and how each of these conditions affects the availability and 

persistence of resources for mitigation. Together, improved knowledge of the relationships between these 

factors may provide new approaches to proactive management of emerging resource management chal- 

lenges, from invasive species to emerging diseases. 

© 2020 The Society for Range Management. Published by Elsevier Inc. All rights reserved. 
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Invasion of non-native plants is an emergent environmental

roblem whose complex characteristics make it difficult for pol-

cy makers and land managers to develop durable and effective

anagement solutions ( Beever et al. 2019 ). Invasive plants can

ave significant negative effects on human and ecological commu-

ities, including reduced productivity and increased fire risk ( Lyons

t al., 2013 ). However, there is often uncertainty regarding the tim-

ng and extent of these impacts, potentially slowing or prevent-
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ng the emergence of public support in favor of preventive action

nd of new management regimes to address the impacts of inva-

ive plants ( Brenner & Franklin 2017 ). Under these circumstances,

raditional policy instruments and approaches—such as command 

nd control, market-based, or community-based natural resource 

overnance—may fail to achieve lasting, substantively effective re-

ults ( Bagavathiannan et al. 2019 ). While there has been signifi-

ant research to develop targeted mitigation techniques to slow

r halt the spread of specific invasive plants, there has been rel-

tively little complementary work to develop knowledge about the

mplementation of these management techniques through effective 

overnance systems ( Graham et al. 2019 ). In this paper, we use an

n-depth case study approach to understand the collective action

hallenges presented by invasive species management. We inter-

iew land managers involved in the mitigation of buffelgrass ( Pen-

isetum ciliare, syn: Cenchrus ciliarus ) invasion in southern Arizona
ts reserved. 
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1 One of this study’s coauthors has been involved in several of these effort s. 
o investigate how existing and emerging governance arrangements 

ncourage or undermine individual and collective action to manage 

nvasive plants. 

Collective action dilemmas occur in situations where individual 

nterests run counter to the common interests of a group of

ndividuals ( Olson 1965 ; Poteete et al. 2010 ; Baldwin et al. 2018 ).

here such situations arise, there are potential gains a group 

an realize if collective action is taken, but individual actors may

ace insufficient incentives to undertake these actions ( Ostrom 

990 ). Under such circumstances, few private actors will have

ncentives to provide a good, regardless of the potential gains 

hat could be realized from doing so ( Ostrom 2003 ). Invasive

pecies management is an example of a collective action problem 

 Graham et al. 2019 ). Impacts tend to span jurisdictions, sectors,

nd levels of governance. Effective mitigation of invasive species 

ften requires action by heterogeneous actors who have diver- 

ent interests in prevention and mitigation, as well as different

esources and capabilities to bring to bear on the problem ( Albers

t al. 2010 ; Decker et al. 2012 ). For example, some invasive grasses

rovide a valuable forage resource while simultaneously changing 

re regimes and reducing biodiversity ( Marshall et al. 2011 ). The

ctors who are most affected by these changes—recreation users, 

or example—may not have the resources needed to mitigate the 

mpacts. Meanwhile, actors who are well-positioned to prevent 

r mitigate harms (e.g., livestock grazers) may see few negative

mpacts and therefore have little reason to join with others in

itigation efforts. Moreover, emergent problems that are new to a 

iven jurisdiction may require cooperation between and among ac- 

ors who have limited experience with each other, or there may be

nstitutional and organizational barriers to effective cooperation. 

Collective action dilemmas are challenging but not insurmount- 

ble. Indeed, a large and growing body of empirical evidence has

xamined one type of collective action problem—management of 

ommon pool resource (CPR) systems—and found that local com- 

unities can often manage such problems, provided that appro- 

riate governance arrangements exist to bring resource users to- 

ether to agree upon appropriate rules for sustainable resource 

se ( Ostrom 1990 ; Cox et al. 2010 ; Cox et al. 2016 ). Recent schol-

rship on collective action suggests that fundamentally, the reso- 

ution of collective action dilemmas requires that relevant actors 

ome together to devise and implement solutions that align indi- 

idual incentives with those of the group ( Baldwin et al. 2018 ).

resuming that there are gains that the group can realize from

ffective invasive species management, it should theoretically be 

ossible to devise some sort of governance arrangement—a pol- 

cy instrument, an informal set of rules, a funding mechanism,

 coordinating body—that changes individuals’ incentives enough 

o prompt the actions needed to address invasions. The partic- 

lar governance arrangements needed, however, will depend on 

he context at hand, including the nature of the collective action

ilemma itself, the characteristics of the actors involved, and the 

nformation available about the problem. Scholars have begun to 

heorize about whether and how Ostrom’s work on collective ac- 

ion might be applied to the problem of invasive species manage-

ent ( Bagavathiannan et al. 2019 ; Graham et al. 2019 ), but to date

here has been limited empirical investigation of invasive species 

s a collective action problem. 

To understand the dynamics of collective action dilemmas in 

he context of invasive plant management, we focus our attention 

n a particular case—buffelgrass in the Sonoran Desert of south- 

rn Arizona. Invasive buffelgrass poses an imminent and signifi- 

ant threat to the region: if left unaddressed, it can outcompete

ative species, eventually causing an ecological state change that 

ill fundamentally alter the character and function of the region’s 

cosystems, increase fire risk, undermine the tourism and outdoor 

ecreation sectors of the southern Arizona economy, and reduce 
uality of life for residents in the region ( Evans et al. 2001 ; Friedel

t al. 2007 ; Lyons et al., 2013 ; Jarnevich et al. 2015 ; Castellanos

t al. 2016 ). While ecologists and conservation biologists have long

arned of the consequences of buffelgrass invasion, and conser- 

ationists have developed forums for information sharing and co- 

rdination, the diverse public and private land managers on the 

ront lines of buffelgrass management have yet to undertake suffi- 

ient individual and collective action to keep the buffelgrass pop- 

lation in check. Specifically, this research shows how existing and 

merging institutions for invasive species management promote or 

ndermine collective action between government agencies in the 

tudy region. We draw on interview and archival data to explain

hy past effort s at collective action have failed and to suggest gov-

rnance mechanisms that might prompt effective individual and 

ollective action by land managers in the region. 

esearch design, methods, and data 

We use the Tucson basin of Pima County, Arizona as a case

tudy ( Yin 2018 ). This region includes a wide range of public and

rivate landowners who have struggled to consistently undertake 

ndividual and joint actions that would contribute to the mitiga- 

ion of buffelgrass impacts. Efforts to promote collective action on 

uffelgrass occurred as early as 2008, using a range of institutional

pproaches, and new efforts are continually emerging. 1 The Tucson 

asin thus provides a useful case to examine how actors have en-

aged in collective action efforts and derive lessons from the var-

ous iterations of management institutions that have formed and 

issolved over time. 

Our approach is qualitative. We conducted interviews with key 

nformants and conducted archival research on the institutional 

tructure of collective action forums to understand how past and 

urrent institutional arrangements promote or discourage collec- 

ive action for buffelgrass mitigation between land management 

gencies in southern Arizona. Here, we review our case study site

nd the methods for interview and archival data analysis. 

tudy Site 

Buffelgrass is a warm-season bunchgrass native to Africa 

 Marshall et al. 2011 ). It was introduced to southern Arizona,

exas, northern Mexico, and other regions around the world for its

rought tolerance and its ability to withstand moderate to heavy 

razing by cattle and other livestock ( Van Devender & Dimmitt

006 ). With these benefits also come challenges. Buffelgrass is a

re-tolerant species native to African savannah ecosystems, while 

any of the places where it has been introduced are fire-intolerant

esert scrub ecosystems. This is certainly true for the case study

egion ( McDonald & McPhearson 2011 ). 

The Tucson basin is located in southern Arizona ( Fig. 1 ). South-

rn Arizona is characterized by a varied topography that promotes 

igh plant and animal biodiversity ( Philips and Comus 20 0 0 ). Tuc-

on, Arizona is the only major urban center in the region. It is lo-

ated in a desert valley at the base of three mountain ranges: the

anta Catalina Mountains, the Rincon Mountains, and the Tucson 

ountains. The valley floor and lower slopes of these mountains 

p to about 1 200 m are characterized by a desert scrub plant

ommunity ( Lowe 1964 ; Philips and Comus 20 0 0 ). This plant com-

unity consists of cacti, small desert trees such as palo verde and

ronwood, woody shrubs, and sparsely distributed grasses ( Philips 

nd Comus 20 0 0 ). Native desert scrub is highly fire resistant—

ildfires are generally unable to spread due to poor connectivity 

etween plants. At the same time, this characteristic makes the 
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Fig. 1. Map of study region. The complex mix of jurisdictions in the region includes USFS, NPS, Pima County park lands, City of Tucson, Native Nations, and other jurisdictions. 

The green outline is the boundary of the Sonoran Desert Cooperative Weed Management Area. The smaller black box is the approximate scope of the study area for 

this research. Buffelgrass occurs in places throughout the Sonoran Desert CWMA, but the heaviest invasion is centered around Tucson, Arizona. Source: Sonoran Desert 

Cooperative Weed Management Area/Arizona Sonora Desert Museum. 
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lant community highly vulnerable to degradation by fire when it

oes occur because the plant species present are not adapted to

re. Wildfires are not a common form of disturbance in the sys-

em ( McDonald & McPhearson 2011 ). The iconic saguaro cactus,

hich suffers high mortality when burned, is also endemic to the

onoran Desert and is the primary reason for the designation of

aguaro National Park ( NPS 2019a ). The saguaro cactus is of criti-

al importance culturally, economically, and ecologically in south-

rn Arizona. 

Buffelgrass has two major impacts on the ecosystem, both of

hich can result in large-scale ecosystem degradation. First, it out-

ompetes native flora for scarce water and other resources ( Stevens

 Fehmi 2011 ; Lyons et al., 2013 ; Castellanos et al. 2016 ). Buffel-

rass typically responds more quickly to rainfall than native grasses

nd requires less rainfall to initiate growth at the beginning of the

rowing season. Southern Arizona experiences a bimodal rainfall

egime with about half of the precipitation arriving in the form

f intense thunderstorms in the summer and the other half arriv-

ng during the winter months ( Philips and Comus 20 0 0 ). Unlike

any native warm-season grasses, buffelgrass will grow and re-

roduce in both the summer and winter rainy seasons when rain-

all and temperatures are adequate. These characteristics allow it to

utcompete most native flora and develop near monocultures over
arge swaths of previously highly biodiverse desert scrub ( Olsson

t al. 2012 ). 

Second, buffelgrass is adapted to fire. Most of the year, buffel-

rass is dormant and highly flammable. This characteristic, when

ombined with its ability to grow in dense patches that fill in

he empty spaces between native vegetation, allows buffelgrass to

arry fire across what would otherwise be a fire-resistant land-

cape ( McDonald & McPhearson 2011 ). While a large fire has not

ccurred in the study region since the introduction of buffelgrass,

any experts see such an event as inevitable if buffelgrass is al-

owed to persist and spread ( Friedel et al. 2007 ). The introduction

f landscape-scale fire is expected to cause an ecological transition

rom a biodiverse desert scrub plant community to a buffelgrass-

ominated desert savannah, including significant reductions in bio-

iversity and near-complete loss of saguaro cactus ( McDonald &

cPhearson 2011 ). 

The invasion of buffelgrass in the Tucson basin takes place

ithin a complex institutional and policy context. Land owners

nd managers in the region include federal agencies, the National

arks Service (NPS) and the US Forest Service (USFS); Pima County

nd various county departments (e.g., Parks and Natural Resources,

ransportation, and Flood Control); the City of Tucson and its var-

ous departments; private individuals; and homeowners associa- 
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Table 1 

Specific actors involved in buffelgrass management in Pima County, Arizona. Actors 

are separated into three groups: policy actors, who implement land management 

laws and policies at various levels of government and have direct land management 

responsibilities; economic actors, who do not have administrative authority to im- 

plement laws and policies but must follow existing federal, state, and local laws 

and have an economic interest in outcomes of buffelgrass mitigation; and commu- 

nity actors, who seek to influence laws and policies related to buffelgrass mitigation 

and may participate in management but are not directly responsible for implemen- 

tation of law and policy. 

Policy Actors—own land and set land management policies: 

National Parks Service 

Bureau of Land Management 

US Fish and Wildlife Service 

US Forest Service 

Department of Defense 

Tohono O’dham Nation 

Pascua Yaqui Tribe 

AZ State Lands Department 

AZ State Parks 

AZ Dept. of Transportation 

Pima County 

City and County Parks Depts. 

Pima County Dept. of Transportation 

Cities and towns regionally 

Economic actors—own land but do not directly set land management policies : 

Homeowners’ associations 

Land developers 

General public 

Community actors—influence land management policies but do not implement them : 

Nongovernmental organizations 

t  

d  

c  

t  

i

l  

o

d

a

l  

l

a

a

b  

B

C  

t  

p  

s  

f  

a

t  

f

r  

m

p

b

t

t

c  

“

u  

N

d

t  

t  

n

h  

F  

b  

t  

T  

e  

r

e  

o  

l

v  

c  

R  

w  

3  

c

b

p

q  

i  

o  

c  

o  

t  

e  

m

B  

t  

t  

a

i

(  

t  

t

 

d  

c

o  

n

i  

m

d

t  

c  

t

f  

0  

v

a

t  

a  

e  

T

d  

i

a

T

s

a

o

p

ions (HOAs) ( Table 1 ). In some cases, these actors are wholly in-

ependent of others. For example, the NPS and USFS operate ac-

ording to federal laws, rules, and policies, and Pima County and

he City of Tucson have no explicit power to regulate or directly

nfluence management decisions on federally owned lands. Simi- 

arly, the NPS and USFS have no power to regulate adjacent county

r privately owned lands. In both of these examples, however, 

ecisions made by the managers on neighboring properties can 

ffect the likelihood of buffelgrass’s continued spread across the 

andscape. The USFS, NPS, and Pima County are the three largest

andowners in the region and the largest landowners of wildlands 

ffected by buffelgrass invasion. Because of this, these three actors 

re the most important for successful collective action to mitigate 

uffelgrass im pacts. We focus our interviews on these three actors.

asic Attributes and Biophysical Conditions of Actors 

Saguaro National Park (SNP) —The NPS was established by 

ongress in 1916 with a mission to “conserve the scenery and

he natural and historic objects and the wildlife therein and to

rovide for the enjoyment of the same in such manner and by

uch means as will leave them unimpaired for the enjoyment of

uture generations” ( NPS 2019b , p. 10). This mission sets the NPS

part from other US federal land management agencies in that 

he NPS is tasked with maintaining natural areas as they are for

uture generations rather than enabling sustained use of land and 

esources by a range of users. The NPS’s resource conservation

ission is reflected in the legislation establishing each national 

ark, including SNP, initially designated as a national monument 

y presidential proclamation in 1933, with explicit reference to 

he extraordinary natural values present in the areas included in 

he monument and their need for preservation. The proclamation 

alls for protection of “giant cactus” ( NPS 2019a ) because of its

outstanding scientific interest” ( NPS 2019a ). The national mon- 

ment was created out of lands belonging to the USFS Coronado

ational Forest; the proclamation makes specific reference to the 

ifferences in management mandated for monument lands relative 

o the prevailing management of the national forest: “any use of
he land which interferes with the preservation or protection as a

ational monument is hereby forbidden” ( NPS 2019a ). 

Over time, the monument was expanded to include large land 

oldings both east and west of the city of Tucson, Arizona (see

ig. 1 ). The monument was officially converted to a national park

y Congress in 1994, at which time the most recent expansion of

he park took place. Today, the total area of the park is ≈37 0 0 0 ha.

he eastern portion of the park is over twice the size of the west-

rn unit. The overall mission of the park, to maintain the unique

esource values, specifically saguaro cactus, was not changed. The 

astern and western portions of the park vary significantly in ge-

graphy and ecosystems present. The eastern unit of the park is

arger and more geographically and ecologically diverse, with ele- 

ations ranging from 750 m to over 2 500 m ( NPS 2019c ). Saguaro

actus and buffelgrass are only found on the lower slopes of the

incon Mountains up to ≈1 300 m ( Philips & Comus 20 0 0 ). The

estern unit of the park ranges in elevation from 700 m to ≈1

00 m ( NPS 2019c ). As a result, saguaro cactus and buffelgrass are

apable of growing virtually anywhere in this park unit. Between 

oth park units, SNP receives approximately one million visitors 

er year and is a significant contributor to Tucson’s economy. 

Coronado National Forest—The overall mission of the USFS is 

uite different from that of the NPS. The USFS mission is stated

n policy in the agency’s Organic Act of 1897, “… for the purpose

f securing favorable conditions of water flows, and to furnish a

ontinuous supply of timber for the use and necessities of citizens

f the United States” ( USFS 2019a ). This mission was affirmed in

he Multiple Use Sustained Yield Act (1960) and the National For-

st Management Act (1976), both of which establish rules the USFS

ust follow in timber, range, and general resource management. 

eyond specific legal mandates, the USFS also has a strong cul-

ural tradition of multiple use management that can be traced back

o the first chief for the USFS, Gifford Pinchot. Pinchot espoused

 conservation ethic grounded in a utilitarian view of sustainabil- 

ty, “… the greatest good for the greatest number in the long run”

 USFS 2019b ), that has held such sway in the culture of the agency

hroughout its history that its official centennial film and book are

itled The Greatest Good ( Miller & Staebler 1999 ). 

The ≈695 0 0 0-ha Coronado National Forest is one of the most

iverse national forests in the United States due to its unique

onfiguration. Unlike most national forests, the Coronado is not 

ne contiguous block of land. Instead, it is made up of discon-

ected islands of forest found on successive north-south trend- 

ng mountain ranges across southern Arizona (see Fig. 1 ). These

ountain ranges are administratively organized into five ranger 

istricts, with each ranger district typically responsible for one or 

wo mountain ranges. The forest boundary for each district is typi-

ally on the lower slopes of a given mountain range. This results in

he presence of ecosystems ranging from desert scrub to subalpine 

orests on the highest peaks. Elevations range from ≈700 m to 3

 0 0 m ( USFS 2019c ). Like SNP, buffelgrass is found at lower ele-

ations on mountain slopes surrounding the Tucson metropolitan 

rea coincident with saguaro cactus. Unlike SNP, many districts of 

he Coronado have no or very little buffelgrass. Most of the suit-

ble habitat for buffelgrass in its current range is found in one for-

st district, the ≈105 0 0 0-ha Santa Catalina District, which borders

ucson. 

Pima County Natural Resources, Parks and Recreation —The parks 

epartment in Pima County, Arizona is unique. In addition to own-

ng and operating urban parks throughout the county, Pima County 

lso owns thousands of hectares of natural areas and ranchland. 

he natural areas are managed similarly to national parks—for con- 

ervation and preservation of natural resources for the enjoyment 

nd education of the public. Ranchlands were purchased through- 

ut the county to maintain rural character, prevent urban sprawl, 

rovide habitat for wildlife, and support the regionally important 
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d  

how these characteristics affect collective action. 
ultural heritage of ranching. The natural areas program, which

ncludes the natural areas and ranchlands, developed over time

hrough the adoption of taxpayer funded bonds to purchase land

nd through the implementation of an agreement with the fed-

ral government for the protection of threatened and endangered

pecies ( Pima County 2019a ). 

While buffelgrass is found on county-owned lands through-

ut the Tucson metropolitan region, Tucson Mountain Park is the

enter of both buffelgrass invasion and mitigation effort s by the

ounty. Tucson Mountain Park is an ≈8 0 0 0-ha natural area west

f Tucson. It shares a boundary with the western unit of SNP and

overs the southern portion of the Tucson Mountains. Between SNP

nd Tucson Mountain Park, the vast majority of the Tucson Moun-

ains have protected status. The topography and plant communities

re also shared with SNP West. Tucson Mountain Park was estab-

ished for similar reasons as SNP—to protect outstanding and im-

ortant natural resources, including saguaro cactus, and to provide

or recreation ( Pima County 2019b ). 

Other Actors—In addition to the major land management agen-

ies profiled earlier, several other important agencies and landown-

rs are important to the overall success of buffelgrass mitigation

ffort s in the region, but they own less land and have less direct

anagement responsibility for buffelgrass mitigation: the Arizona 

tate Land Department; land developers; other city, county, and

tate departments and agencies; and HOAs. While we did not in-

erview representatives from these actors as a part of this research,

e comment on their general role in regional buffelgrass mitiga-

ion. 

The Arizona State Land Department own thousands of hectares

f land in southern Arizona, though most of this land is outside

he immediate Tucson metropolitan area. These lands were given

o the State of Arizona at statehood by the federal government and

re held in trust by the state for the benefit of public education

nd other trustees. State lands are highly diverse. In the study re-

ion, they tend to cluster in the outlying valleys surrounding the

ucson metro area. The State Land Department prioritizes two land

ses (development and livestock grazing), as they are seen as max-

mizing the economic returns from trust land to the trustees ( ALSD

019 ). Therefore, a direct linkage between land developers and the

tate Land Department exists. Buffelgrass occurs on both state trust

ands and land owned by developers or undergoing development.

isturbance of land as a result of the development process may

lso favor establishment of buffelgrass. 

Other city, county, and state agencies are also directly engaged

ith invasive plant management. They own land affected by buf-

elgrass invasion, affect the spread of buffelgrass in carrying out

ay-to-day activities, or regulate land use through enforcement of

ules and ordinances. For example, roads are a potential vector of

pread for buffelgrass across the landscape. Decisions about weed

ontrol along roadway rights-of-way may influence the spread

f buffelgrass to adjacent lands owned by the NPS, USFS, Pima

ounty, etc. While few of these actors are significant landowners,

heir participation in collective action for buffelgrass mitigation

ay be important at a landscape scale. County and city depart-

ents that make and enforce land use regulations and ordinances

e.g., weed control ordinances) may also have an impact on inva-

ive species spread beyond government-owned land. It is, however,

eyond the scope of the current study to assess the impact of

xisting ordinances and code enforcement activities on buffel-

rass control by actors such as developers, HOAs, and individual

omeowners. 

Homeowners associations are a unique actor. They set and en-

orce rules that apply to small areas of land within the study area

ut typically own or directly control only a small amount of land

hemselves. Therefore, the actions taken by HOAs are a reflection

f the interests of their members—the homeowners in a given de-
elopment. HOAs are common in the suburban areas surrounding

ucson. As such, they are often located on the edges of the ur-

an area at the interface with natural Sonoran Desert ecosystems

here buffelgrass and saguaro cactus are common. 

ey Informant Interviews 

We conducted key informant interviews with three agencies in

he study region: Pima County Parks and Natural Resources De-

artment (hereafter Pima County), the NPS, and the USFS. We se-

ected these agencies because they are proportionally the largest

andowners and land managers in the study region, and a large

ortion of the lands they own in the region are affected by buffel-

rass invasion. Buffelgrass mitigation efforts in the region are un-

ikely to succeed without the involvement of each of these agen-

ies because of the amount and location of the lands they own or

anage. Each agency also has an active buffelgrass mitigation pro-

ram and a long history of participation in buffelgrass mitigation

ctivities. 

We interviewed three key informants at each agency. Key infor-

ants were selected based on 1) the advice of coauthor Franklin

nd 2) the position of each informant in the structure of the tar-

et agency. Franklin is the convener of the Sonoran Desert Co-

perative Weed Management Area (CWMA), a new effort in the

tudy region to develop a forum for interagency coordination on

nvasive species management, and has years of experience working

ith agencies throughout the study region as lead invasive species

cientist for the Arizona-Sonora Desert Museum. Informants’ posi-

ions within the agencies ranged from high ranking agency lead-

rs with the ability to set policy within an organization, to mid-

le management responsible for directing field staff, to field level

ersonnel who implement agency policy on a day-to-day basis. In-

erviews were conducted during the summer of 2019. Most inter-

iews were conducted at the informant’s workplace in a closed of-

ce. Two interviews were conducted in cafés in Tucson, Arizona. 

While the total number of informants, nine, was relatively

mall, this study population represents the majority of actors with

ach of the three organizations that are directly engaged with buf-

elgrass mitigation. For example, Coronado National Forest has one

orest district level staff person responsible for implementation of

nvasive species management. This field-level person is overseen

y one staff person in the Coronado National Forest headquar-

ers. Finally, the leadership of the forest is divided by mission ar-

as, with one high-level manager responsible for natural resources

anagement, under which invasive species fall. As a result, only

hree people with the forest have deep knowledge of its buffelgrass

itigation effort s. Each of these individuals was interviewed f or

his study. Similar conditions exist in the other organizations in-

luded in the case study—a relatively small number of Pima County

nd NPS employees are actively engaged in buffelgrass manage-

ent. Those who were most knowledgeable of the activities of

ach organization were interviewed. Because of the limited num-

er of informants, we were not able to achieve theoretical satu-

ation on topics related to interagency cooperation and collective

ction, nor was theoretical saturation possible. We included all key

nformants with knowledge of the phenomenon of interest: those

irectly and intimately involved in buffelgrass management and

itigation ( Gubrium et al. 2012 ). Data from respondents within

ach individual organization were largely consistent. Therefore, we

ave high confidence in data related to actor attributes and inter-

al institutional constraints. Due to concerns about the adequacy

f the data generated by the interviews, we supplemented these

ata with archival research to verify and strengthen our conclu-

ions. Together, the interview and archival data provide a complete

ataset of the internal characteristics of the agencies we study and
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collective action venues. 
Interviews followed a semistructured format. Questions were 

eveloped around the following research themes: 1) organizational 

tructure and invasive species management fit within the organi- 

ation, 2) perceived impacts of buffelgrass on native ecosystems, 

) approach to and level of success with buffelgrass management, 

) buffelgrass management policy and management program struc- 

ure, and 5) relationship with outside entities in regard to buffel-

rass management. The interview guide is available in the supple- 

ental materials accompanying this paper. Questions included in 

he interview guide drew on 1) theories of collective action and

PR management to understand the institutional and social factors 

hat enable and constrain collective action for buffelgrass manage- 

ent ( Ostrom 2005 ; Poteete et al. 2010 ) and 2) a case study ap-

roach to understand the “how” and “why” of buffelgrass manage- 

ent and collective action from the viewpoint of each informant 

 Poteete et al. 2010 ; Yin 2018 ). Specifically, we structured the in-

erviews around the components of the Institutional Analysis and 

evelopment Framework ( Ostrom 2005 ), with a specific emphasis

n understanding actors, institutions, and biophysical conditions 

nd how these factors related to observed outcomes. All questions 

ere open ended and qualitative. Interviews ranged from ≈40 min 

o nearly 2 h in length. All interviews were conducted by an in-

erviewer and a notetaker. Interviews were also recorded to ensure 

he accuracy and detail of notes. The study design and methods

ere reviewed and approved by the University of Arizona Human 

ubjects Protection Program (protocol 1805616077). 

Following each interview, the notes and recording were tran- 

cribed for analysis. We used a combined deductive-inductive, the- 

atic coding approach to analyze interview transcripts ( O’Reilly 

009 ). We began by establishing five general themes correspond- 

ng to our research themes and corresponding theories of collec- 

ive action and coded each interview into these five broad cat-

gories. We then inductively developed more specific subthemes 

ased on individual responses. For example, to address research 

heme one, organization structure and invasive species manage- 

ent fit within the organization, we coded the role of the individ-

al within the organization (leadership, middle management, field 

evel); data about the overall management focus of the organiza-

ion (general resource management, conservation, preservation, en- 

ironmental education); and data about how invasive species fit 

nto the overall organizational structure (primary focus, secondary 

ocus, uncertain). At each step of the coding process, one mem-

er of the research team coded the interviews. Coding was con-

ucted manually and organized using spreadsheets without the aid 

f qualitative research software. The research team then reviewed 

he coding results and met to discuss and agree on final coding

f the interview transcripts. In each of these subthemes, summary 

ata was recorded to enable interpretation of results. Finally, after 

oding interview data from all informants from a given organiza- 

ion, we produced a synthesis summarizing the responses relative 

o our research themes. 

ynthesis of Interview Data 

To address our research questions of how existing and emerg- 

ng institutional arrangements promote or undermine collective ac- 

ion among actors and across levels of governance, we synthesized 

nterview data to understand the factors that shaped individual 

gency management activities. These factors mirror the themes of 

sed in the development of the interview guide and are consistent

ith collective action theory, including perceptions of the problem, 

otivations and incentives to prioritize action, available resources 

nd capabilities, and any organizational rules and procedures that 

ight act as barriers to individual or collective action. We com-

ared these results across agencies to identify areas of alignment 

nd/or misalignment and consider the implications of alignment 
nd misalignment for the design of policy venues where collec- 

ive action might occur. Where there was significant alignment be- 

ween organizations, we expected to see greater cooperation, coor- 

ination, and engagement in venues for collective action. 

rchival Data Analysis 

To provide additional context for the understanding the chal- 

enge of collective action for invasive species management and to 

erify the themes identified in the interviews, we supplemented 

nterview data with analysis of archival data from past effort s in-

ended to enable regional management of buffelgrass. There were 

hree such organizations: the Southern Arizona Buffelgrass Coordi- 

ation Center, a now defunct nongovernmental organization; the 

uffelgrass Working Group, a consortium of organizations inter- 

sted in buffelgrass management; and the Sonoran Desert CWMA, 

 new organization focused on management of buffelgrass and 

ther invasive species in southeastern Arizona. Here, we focus on 

he Buffelgrass Working Group because it was explicitly created 

s a venue for collective action, while Southern Arizona Buffel- 

rass Coordination Center was an independent organization that 

layed a coordinator role for the Buffelgrass Working Group, and 

he Sonoran Desert CWMA is a new organization that did not yet

ave data available for analysis. 

We analyzed the Buffelgrass Working Group strategic plan us- 

ng the codes developed during the analysis of the key informant

nterviews to determine if and how the institutional arrangements 

f these collective action venues address the concerns and barri- 

rs identified by key informants. The Buffelgrass Working Group 

trategic plan was developed by participating stakeholders and was 

ntended to guide regional coordination and collective action on 

uffelgrass mitigation. The purpose of our analysis was to deter- 

ine if and how this plan provided incentives to participate in

uffelgrass mitigation, im proved availability of resources for partic- 

pating actors, and addressed perceived barriers to participation in 

ollective action. We used these data to supplement and validate 

ur interview data given our relatively small sample of interview 

nformants. 

At this point we make no determination of the quality or ef-

ectiveness of collective action relative to buffelgrass management. 

ffort s to date have not resulted in the eradication of buffelgrass

n the region but are ongoing. It may be premature to render judg-

ent without additional data collected over time. We do assess the

ongevity of collective action and analyze how alignment or mis- 

lignment of institutional arrangements within and between actors 

ffect the persistence of collective action over time and use these

ata in concert with related literature to improve our knowledge 

f invasive species management as a collective action challenge. 

esults 

We present our results in three sections. First, we use findings

rom interviews to examine how individual organizations are 

ffected by buffelgrass, their internal resources and capabilities 

o address the problem, each actor’s contribution to buffelgrass 

itigation, and how institutional factors within each organization 

hape these factors. Together, these sections provide data on the 

ttributes, resources, and institutional arrangements influencing 

he actions of individual actors, which in turn affect collective 

ction ( Ostrom 2005 ). Second, we synthesize across interviews to

ummarize past management of buffelgrass and draw conclusions 

bout barriers to collective action. Third, we analyze archival data 

n the institutional arrangements of current and past effort s at

ollective action to provide additional institutional context for 

ndings from the interviews and suggest lessons for emerging 
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h  
nternal Factors Influencing Individual Actors 

ffect of Buffelgrass on Individual Actors 

All interviewees reported that their agency is negatively im-

acted by buffelgrass, with most citing similar concerns about the

ffect of buffelgrass on native Sonoran Desert ecosystems. Common

hemes were that buffelgrass changes ecosystems by increasing fire

isk, changing plant community composition, and directly threat-

ning the long-term persistence of saguaro cactus. Interviewees

rom SNP directly tied mitigation and eradication of buffelgrass to

he agency’s overall mission of preserving natural resources “unim-

aired” for future generations: “Our primary purpose is to protect

he Sonoran Desert … particularly Sonoran Desert plants, more

roadly the Sonoran Desert and sky island ecosystem. ... We see

uffelgrass as a direct threat, primarily to the Saguaro and sec-

ndarily to the ecosystem.” Pima County interviewees had a simi-

ar perspective, noting its mission to protect the resources in Tuc-

on Mountain Park as a natural preserve for county residents and

aguaros as a resource important to the county’s tourism economy.

nterviewees from the USFS provided slightly different responses.

hile clearly recognizing the ecological impact of buffelgrass on

SFS managed lands, it was also clear that buffelgrass is just one

riority out of many: “[Coronado National Forest is responsible for]

ctivities encompassing the full range of USFS activities, from re-

ource management to recreation. In the Coronado the focus is

ecreation, fire, range.” This stands in contrast to an SNP respon-

ent who stated, “Buffelgrass is the number one priority of Saguaro

ational Park.” Importantly, buffelgrass occurs on only a small por-

ion of the USFS lands in the study area, and the USFS also has

any other invasive plant species on its lands, as well as signifi-

ant recreation and fire management responsibilities. 

nternal Resources Available to Each Actor 

The NPS has more staff per hectare managed than other agen-

ies studied and has devoted significant staff resources to manag-

ng buffelgrass. In addition to the staff responsible for planning and

mplementation of buffelgrass management, Saguaro National Park 

as as many as seven staff members who contribute to buffelgrass

itigation at some point during the year, plus additional volun-

eers and interns. The NPS also has both a regional and national

eam focused on non-native plant issues, so the management of

nvasive species has strong support throughout the organization.

ima County also has staff that have invasive species management

s part of their formal duties. These staff members are also re-

ponsible for other land management duties within the natural ar-

as program but devote significant time to buffelgrass mitigation,

specially in Tucson Mountain Park. In contrast, the USFS has no

taff dedicated to invasive species management. Instead, invasive

pecies management is an “ancillary duty” of the range manage-

ent staff in one forest district: “It’s frustrating because we’re try-

ng to keep the momentum. There is no earmarked funding for

nvasives—all funding is directed at the range program, monitoring,

tc.” As a result, there is one staff person working on the buffel-

rass problem and this person can only dedicate limited resources.

All three agencies face challenging funding environments that

imit their ability to carry out an effective buffelgrass mitigation

rogram. While SNP and the USFS generally have funds available

or buffelgrass treatment each year, the timing of this funding is

nconsistent. The certainty of funding is higher for SNP than for

he USFS; the Coronado National Forest (CNF) has no permanent

udget for invasive species treatment and instead must compete

ith other priorities on an annual basis: “I have funding now, but

 don’t have guaranteed funding every year.” Dedicated funding is

articularly important for the USFS, whose limited staff resources

equire the agency to rely on outside contractors to carry out buf-

elgrass mitigation work. The contracting process in turn creates a
econd step delaying translation of monetary resources into action

n the ground. While the CNF has been able to allocate funding to

uffelgrass in past years, uncertainty surrounding funding is an im-

ediment to developing a more robust treatment program. Saguaro

ational Park, in contrast, has salaries of staff members built into

ts base funding, has prioritized devoting staff and budgetary re-

ources to buffelgrass, and reports that funding is generally reli-

ble, although insufficient to treat all of the park’s impacted ar-

as. In past years, Pima County had funding allocated to buffelgrass

reatment, but this support has declined, and county resources are

ow limited to staff resources and occasional funds for contractors.

ontribution of Each Actor to Buffelgrass Mitigation 

Of the agencies included in this study, SNP has the most com-

rehensive and well-supported buffelgrass management program. 

he reasons for this are largely attributable to the mission and

tructure of the NPS and SNP, as compared with a particular

eightened interest in buffelgrass or greater recognition of the

roblem relative to other actors. The NPS has a mission directly

riented toward resource preservation rather than resource use

r management. All SNP interviewees described the primary mis-

ion of the park as protecting saguaro cactus and associated plant

ommunities. As a result, at the organizational level SNP has a

tronger motivation to act on buffelgrass mitigation than the USFS

r Pima County. However, this commitment to management on its

wn lands does not appear to extend to neighboring jurisdictions.

hile one interviewee mentioned the Sonoran Desert Weedwack-

rs (SDW), a volunteer organization focused on buffelgrass control

n Tucson Mountain Park, as a partner organization, the other in-

erviewees did not mention the existence of an ongoing relation-

hip. In fact, two of the three interviewees specifically noted that

he NPS does not work across boundaries: “we got extra fire money

his year. … We couldn’t share it with partners unless they’re next

oor neighbors. We could share with the Coronado [National For-

st] but we didn’t.” In sum, relative to other actors, SNP has a ro-

ust buffelgrass control program focused on removing buffelgrass

rom areas popular with tourists and eliminating large patches of

uffelgrass within the park’s interior using herbicide application

ith helicopters. Despite this, SNP interviewees report that they

re losing ground and that buffelgrass continues to expand in the

ark: “It’s not a static problem, so it’s like attacking a monster

hat’s growing new heads the more you stab it.”

The USFS and Pima County have a range of responsibilities

argely focused on resource use and management rather than pro-

ection. While staff recognize buffelgrass is a problem, because it

s not prioritized by the organization, management effort s are de-

cribed as “treading water” or “trying to keep up.” Interviewees

eported that the forest is losing ground due to limited resources

nd bureaucratic challenges with applying management resources 

n the ground: “The forest plan modeling shows if we don’t do 1

00 acres a year, then we are going to be losing ground. We use

he modeling in planning but it can be hard with the funding avail-

ble.” The management that does take place does not apply inno-

ative techniques or involve coordination with other actors across

oundaries. This is in spite of CNF sharing boundaries with SNP

nd several large HOAs. The USFS does accept volunteer assistance

hen possible, but limited staffing resources makes this difficult.

elative to the USFS, the county places a high priority on invasive

pecies treatment but does not have the same level of resources

s the NPS to back up this interest. The county has been a leader

n the region over time in both buffelgrass treatment through the

DW volunteer program and its role in coordinating and engaging

ther actors in the region in a more systematic and collaborative

reatment of buffelgrass. 

Despite the county’s interest and leadership in the past, this

as not translated into effective buffelgrass treatment over time.
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ounty leaders generally perceive buffelgrass as a persistent prob- 

em and do not think the mitigation program is making a sig-

ificant difference in the spread or persistence of buffelgrass in 

he county: “All the concerns that were raised [about buffelgrass] 

ave not come to fruition even though the problem hasn’t been

ddressed. [I] remember talking to Mayor Walkup and being told 

here was no political case to be made because there was really no

vident crisis. It is limping along because the issue isn’t seen as a

ig enough of a problem by politicians and administrators.”

Despite this, leadership does support ongoing effort s to treat 

or buffelgrass in areas prioritized by staff and is working to de-

elop new systems (e.g., a geodatabase of buffelgrass distribution 

nd treatments to improve prioritization). The county made a sig- 

ificant regional contribution by taking a leadership role in early 

oordination effort s, which resulted in a collaborative program to 

est the effects of aerial spraying for the NPS. The county and the

SFS provided funding, and the county provided the land to test

erial spraying. Federal actors did not have the ability to imple-

ent a test program due to the need for an environmental assess-

ent under the National Environmental Policy Act (NEPA) before 

ny aerial spraying of federal lands could take place. The county

ilot program provided the data needed to complete the NEPA pro-

ess. However, beyond the NPS, no other entities have used aerial

praying due to its high cost. Since the program to gain approval

or aerial spraying ended in the early 20 0 0s, coordination activi-

ies seem to have waned somewhat but are still a priority of the

ounty. 

ummary of Institutional Arrangements for Individual Action 

Saguaro National Park, the USFS, and Pima County all operate 

n different institutional settings. These differences result in both 

arriers and opportunities for individual and collective action to 

ddress buffelgrass invasion on their own lands and regionally. Al- 

hough they are both federal agencies, the institutions structuring 

ecision making in SNP and CNF at the local level are quite differ-

nt. These differences are the result of both the formal regulations

hat establish the rules the actors follow in implementing their in-

asive species programs and the agency traditions that have devel- 

ped over time. 

The interview results clearly show differences in agency tradi- 

ion and institutions between the USFS and NPS. The USFS is hier-

rchical in structure, with institutions and traditions that reinforce 

his hierarchy. Management decisions in the CNF are driven by a

ombination of regulatory requirements, national and regional pri- 

rities, and how these priorities trickle down to the forest districts

hrough the CNF leadership and the forest plan, which guides de-

ision making at the forest level. Staff priorities are set primarily 

t the district level in response to direction from the forest super-

isor’s office and the forest plan. At all levels, staff seek to bal-

nce management to benefit multiple uses, including recreation, 

ildlife, grazing, and timber. The result of these formal and infor-

al institutions is deprioritization of buffelgrass treatment in fa- 

or of other priorities dictated by regulations and interpreted by 

istrict-level managers and the forest plan. The USFS must meet 

lear regulatory requirements for administration of grazing allot- 

ents, but there are no specific requirements for invasive species 

anagement. Activities other than invasive species management, 

owever—particularly range management—are higher priorities: 

Range is a use and brings in money. It is a socio-economic activ-

ty in the area, not so much in Tucson but everywhere else. So yes,

hat’s where we staff, that’s where the money goes, it’s where the

ublic use is. I’ve never worked on a forest that had district folks

hat [invasive species] wasn’t just a collateral duty.” The forest plan 

alls for limited treatment on USFS lands but acknowledges that 

he recommended level of treatment will not stop the expansion 
f buffelgrass on forest lands. This results in weak internal incen-

ives for action to mitigate buffelgrass. 

In contrast to the USFS, the NPS and SNP’s traditions and insti-

utions are more supportive of internal action on buffelgrass. Inter- 

iewees described the SNP and the agency in general as less rigid

nd less hierarchical than the USFS: “One thing is that the Park

ervice is very decentralized. So each park superintendent has in- 

redible power to determine what activities go on in the park. Part

f that is recognition that each park is unique.” Individual parks 

ave more flexibility to address unique resource management chal- 

enges. Local staff set priorities for treatment consistent with the 

ission of the park. This fits with an agency culture focused on

reservation of resources in parks as they are today. In the case

f SNP, this includes effort s to mitigate the impacts of buffelgrass.

aguaro National Park staff work together to establish local prior- 

ties for management, including buffelgrass, and leadership gener- 

lly follow these recommendations when funds are allocated. The 

ark superintendent has consistently supported buffelgrass treat- 

ent. 

Both the NPS and USFS are subject to NEPA. As a result, major

ctions undertaken by the agencies to mitigate buffelgrass must 

ollow NEPA rules. Information rules are of particular importance 

n the NEPA process—rules that establish how and when infor- 

ation is exchanged between the agency carrying out the NEPA 

rocess and other actors, including the public. While SNP has 

avigated the NEPA process to enable aerial spraying of buffelgrass 

ith the assistance of Pima County, the USFS has not gone through

his process and sees NEPA as a barrier to individual action: “We

eed to do a full EIS to do aerial spraying and the process is likely

ime prohibitive. EISs [environmental impact statements] scare 

eople. [We] have looked into doing an EA [environmental assess- 

ent], but [were] told that it has to be an EIS. I can’t understand

ow the NPS can get away with EA but we can’t.” The USFS has

 long history of contentious NEPA processes, generally uses its 

wn staff to complete NEPA requirements, and is frequently sued 

y outside actors claiming inadequate analysis of environmental 

mpacts or violations of process rules. The NPS does not share

his history. As a result, NPS was willing to go through the NEPA

rocess to enable aerial spraying while the USFS was not. 

Pima County’s institutional setting is different from that of the 

ederal agencies. Over time, the county has established an inter- 

ally focused program for mitigating the impacts of buffelgrass on 

ucson Mountain Park through the use of community volunteers. 

he institutions supporting this program seem to be largely the 

esult of tradition and the influence of external actors on county

ecision makers during the 1990s and early 20 0 0s. The county

ontinues its treatment program, not because it is required to, 

ut because personnel think it is consistent with the mission of

ucson Mountain Park and important for maintaining the desert 

cosystem generally: “I know we have made a difference in Tuc-

on Mountain Park and other places around Tucson that if we had

ot been doing what we are doing, things would have been very

ifferent.”

arriers to Collective Action 

The biophysical conditions of each actor and their respective 

evels of interest in buffelgrass mitigation suggest a high likelihood 

f engagement in collective action to address the threat posed by

uffelgrass. The natural resources valued by each actor are threat- 

ned by buffelgrass, namely saguaro cactus and the associated 

onoran Desert scrub plant community. The USFS, SNP, and Pima 

ounty each recognize the threat posed by buffelgrass to this val-

ed resource and interviewees with each agency expressed that 

uffelgrass mitigation was at least a moderate priority. For SNP and

ima County it was a high priority. Moreover, combining efforts 
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Table 2 

Summary of select actors’ characteristics and barriers to participating in individual and collective action to mitigate buffelgrass in southern Arizona. Columns correspond 

with the organizations listed in the first row of the table. Rows are categories of attributes identified from interview results. Characteristics of homeowners associations 

(HOAs) and developers is the result of information gathered in interviews and from external sources. 

SNP CNF Pima County HOAs Developers 

Org. attributes/ 

biophysical conditions 

Preservation mission; 

park has significant 

biological resources 

and buffelgrass 

invasion 

Multiple-use mission; 

forest is dominated by 

uses and biological 

resources that are not 

threatened by 

buffelgrass 

Preservation mission; 

parks have significant 

biological resources 

and buffelgrass 

invasion 

Diverse goals set by 

member landowners; 

many border parks or 

forest and have 

buffelgrass 

management issues 

Economic/ 

profit-maximization 

goal; may border parks 

or forest; buffelgrass 

thrives with 

disturbance 

Effects of buffelgrass on 

org. 

Harms Sonoran Desert 

plant communities 

with fire and 

competition 

Harms Sonoran Desert 

plant communities 

with fire and 

competition 

Harms Sonoran Desert 

plant communities 

with fire and 

competition 

Increased fire risk but 

may be considered 

aesthetically pleasing 

Increased fire risk but 

may be considered 

aesthetically pleasing 

Resources for 

individual action 

High relative to other 

actors; staff and 

financial resources 

generally available each 

year 

Low relative to other 

actors; no dedicated 

staff or funding 

Low/moderate relative 

to other actors; limited 

staff and inconsistent 

funding 

Unknown; resources 

would need to come 

from internal 

volunteers or budgets 

Unknown; contribution 

of resources may affect 

profitability 

Contribution to 

buffelgrass mitigation 

Comprehensive 

program using staff and 

volunteers; invaded 

areas increasing 

Limited program using 

contractors and 

occasional volunteers; 

invaded areas 

increasing 

Moderate program 

using staff and 

volunteers; report 

success in Tucson 

Mountain Park 

Unknown Unknown 

Org. Institutional 

arrangements 

Flexibility to address 

unique resource issues; 

subject to NEPA rules 

Hierarchical with goals 

set by national and 

regional offices; subject 

to NEPA rules 

Responsive to 

community interests 

and concerns but 

limited internal 

flexibility; not subject 

to NEPA rules 

Variable based on 

individual HOA codes, 

covenants, and 

restrictions; subject to 

local ordinances 

Variable based on 

developer/ corporate 

structure; subject to 

local ordinances 

Barriers to individual 

action 

Preservation mission on 

its own lands results in 

an internal focus 

Contracting rules for 

external service 

providers; inconsistent 

funding; lack of 

organizational interest 

Preservation mission on 

its own lands results in 

an internal focus, but 

has shown most 

interest in external 

coordination 

Unknown Unknown 

SNP indicates Saguoro National Park; CNF, Coronado National Forest. 
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s  
nd leveraging limited resources through a coordinated mitigation

rogram could help to overcome the serious resource constraints

hat all actors face. However, significant barriers to collective ac-

ion result from misalignment of each actors’ internal institutional

rrangements and attributes ( Table 2 ). 

These barriers are reflected in the disparity of financial re-

ources available to each actor. Funding challenges are related to

hree issues: 1) insufficient funding relative to the extent of the

roblem; 2) institutional rules controlling how funding is allocated

nd the processes that must be followed to spend money; and 3)

onsistency of funding over time. The USFS struggled with prob-

ems related to the allocation of funding from higher levels of bu-

eaucracy and contracting requirements for paying outside entities.

he CNF could not rely on funding to arrive at the time it is needed

o effectively treat buffelgrass at the optimum time of year to kill

lants. In addition, because buffelgrass requires retreatment for as

any as 5 consecutive yr, consistent funding is needed over time,

hich has often not been the case: “As budgets get leaner [buffel-

rass funding] has dropped off. As budgets get cut, invasives is one

f the first things to drop off.” Rules for contracting with exter-

al service providers were also a significant impediment to utiliza-

ion of available financial resources. Contracting regulations often

lowed the issuance of contracts to the point where ideal treat-

ent windows had already passed. Pima County faced similar is-

ues, with inconsistent funding and difficult contracting rules that

equired selection of inexperienced landscaping contractors rather 

han companies with wildland weed control expertise. In contrast,

hile SNP’s funding was by no means assured, interviewees felt

he program was relatively stable on a year-to-year basis, which

llowed them to implement a consistent treatment program: “In

atural resources … we recognized that buffelgrass is our number
ne issue. … We advocate within the park to make sure that buf-

elgrass stays a park priority.”

Differences in the attributes of actors also appear to impair

onsistent coordination between actors, particularly attributes re- 

ated to agency traditions and institutional structures. Actors are

rimarily focused on treatment on their own lands and fulfilling

heir own agency missions—preservation for SNP and Pima County

nd multiple-use management for the USFS. While each of these

gencies has participated in venues for collective action (described

ore fully later), interviewees suggest that these effort s have fo-

used primarily on sharing information and have yielded few ef-

orts to systematically coordinate mitigation effort s or share re-

ources. Saguaro National Park and Pima County are facing what

nterviewees regard as overwhelming buffelgrass challenges on 

heir own lands and have not done much to look beyond their own

reatment programs to a regional coordination strategy. Intervie-

ees identified a single instance of cross-agency resource sharing,

here the county and the USFS contributed resources that enabled

NP to systematically test the efficacy of different treatment ap-

roaches on NPS lands, including aerial spraying of herbicides us-

ng a helicopter. County respondents also report a relatively high

mount of coordination and cooperation with other actors, though

t is unclear if these arrangements are routine. County respondents

eport working with other organizations on volunteer effort s to

hare equipment and expertise and plan eradication strategies on

ands with a common boundary: “I feel great about some areas

where we have worked hard on one side of the fence and the

LM or the USFS or the NPS has the other side of the fence. You

ave to work hard together in an area to be successful. We have

ome areas where the NPS has come on board nicely.” While field

taff report the existence of formal memorandums of understand-
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l

a

ng (MOUs), leadership staff did not mention any formal adminis- 

rative mechanisms between the county and other actors. 

From the interviews there is no indication that the CNF is in-

erested in or would have the capacity to engage in transboundary

ooperation with other entities. There is also limited evidence that 

he CNF regards buffelgrass as a particular management priority 

elative to the many other challenges it faces. This is clearly a re-

ection of informants’ understanding of the multiple use mandate 

nd tradition of the USFS. They see buffelgrass as just one manage-

ent challenge among many. More pressing challenges to ensuring 

orest health and ensuring long-term use and enjoyment of the for-

st by the public include range management to prevent ecosystem 

egradation and fire prevention and management to prevent large- 

cale fires. Finally, overall management direction comes from na- 

ional and regional offices; the USFS is highly hierarchical and the

ack of engagement in invasive species management locally is in 

art a reflection of the priority the national and regional offices of

he USFS place on invasive species management relative to other 

ultiple use goals: “Funding is an issue. Staffing is an issue. Na-

ional priorities aren’t focused on it. Areas where there is the most

oise made is where the focus is. … Things are driven by what the

ublic wants. The current focus … is on public use.”

ast, Current, and Emerging Venues for Collective Action 

ast Venues for Collective Action: the Buffelgrass Working Group 

By the mid-20 0 0s, it had become abundantly clear to federal

and managers and conservation biologists that buffelgrass posed 

 serious threat to the sustainability of the Sonoran Desert land-

cape. Moreover, it was also clear that individual land managers’

ffort s were insufficient to address the buffelgrass problem. In 

esponse, actors in the region have developed or initiated a num-

er of policy venues and forums to increase coordination and 

ooperation on buffelgrass. These effort s have met with mixed 

uccesses: actors in the region have cooperated—and some con- 

inue to cooperate—on scientific research, information sharing, and 

ublic outreach, with some significant success in building scien- 

ific understanding of buffelgrass treatment options and increased 

ublic awareness. On one occasion, actors worked collaboratively 

o secure external federal funding for buffelgrass eradication 

rojects that aligned with federal wildfire prevention objectives. 

ut these injections of federal funds have been short-lived. When 

his article was written in 2019, cooperative effort s in the region

ad for some time focused largely on information sharing and 

trategic planning, while individual land managers either struggled 

o address the problem with inadequate funding and resources (as 

n the case of SNP, CNF, and Pima County), or simply chose not to

ake action (as in the case of HOAs and developers). 

In 2006, an informal coalition of agency representatives, non- 

rofit organizations, city and county leaders, and university re- 

earchers met with the goal of improving buffelgrass manage- 

ent across jurisdictions (BWG 2008). The more formal Buffel- 

rass Working Group was established later that year, comprising 

ore members of the informal coalition, as well as organizations

ho had contributed financially to buffelgrass management effort s 

hrough the Cooperative Ecosystem Study Unit. Members signed 

 formal memorandum of understanding that outlined the Buf- 

elgrass Working Group’s purpose and structure, as well as each 

embers’ obligations. The Buffelgrass Working Group became the 

rimary regional venue for collective action to mitigate the impacts 

f buffelgrass. 

The Buffelgrass Working Group’s initial priority was to prepare 

 5-yr strategic plan for proactive buffelgrass management, which 

as released in 2008. The plan identified 12 management goals 

eeded to minimize buffelgrass spread and impacts in the region. 

hese goals included the development and funding of a lead or-
anization to coordinate collective action; ongoing scientific re- 

earch; extensive public outreach; and development of local ordi- 

ances to prompt action by all landowners in the region. Intervie-

ees widely acknowledged that the plan’s public outreach effort s 

ad been successful, noting that community members are knowl- 

dgeable about buffelgrass, and community volunteers have orga- 

ized monthly buffelgrass pulls for well over a decade. The Buf-

elgrass Working Group was also the primary venue for coordina- 

ion between federal and local actors for development of a suc-

essful Wildland Fire Resilient Landscapes funding proposal that 

rovided a short-term injection of financial resources to the region 

or buffelgrass mitigation. Yet 10 yr later, many of the Buffelgrass

orking Group’s management goals have yet to be realized. Subse- 

uently, the Southern Arizona Buffelgrass Coordination Center was 

reated to coordinate collective action, but without funding, the or- 

anization was dissolved in 2016, and its functions were assumed 

y the Arizona-Sonora Desert Museum, a local conservation and 

utreach nonprofit. The Southern Arizona Buffelgrass Coordination 

enter and SNP were both successful in securing federal funding 

or buffelgrass eradication, but both grants were part of short-term 

rograms and have not led to long-term funding for continuous 

radication effort s. 

merging Venues for Collective Action 

In 2018, the Arizona-Sonora Desert Museum initiated a new fo- 

um for collective action—the Sonoran Desert CWMA. CWMAs are 

n approach to invasive plant management devised in Idaho in the

ate 1990s when state and federal land managers began to rec-

gnize invasive aquatic weeds as a threat to regional ecological 

ealth requiring cooperation across a wide range of landowners 

nd other actors with a stake in managing invasive plants. Since

hen, CWMAs have formed across the United States. CWMAs typ- 

cally serve as a platform for relevant actors to share informa-

ion and other resources and engage in region-wide strategic plan- 

ing. CWMAs also encourage and facilitate the creation of MOUs 

etween members, allowing them to formalize agreements about 

he actions that each member will take, as well as how resources

ill be developed, used, and shared among members. Today, the 

merging Sonoran Desert CWMA is the primary policy arena where 

ultiple actors interact and engage in, or work toward, collective 

ction to manage buffelgrass in Pima County. As a new and emer-

ent form of collective action, the Sonoran Desert CWMA lacks a

ufficient track record for analysis here, but it nonetheless provides 

vidence that actors on the ground continue to identify coordina- 

ion and cooperation as crucial needs in their effort s to address

uffelgrass. 

iscussion 

ollective Action on Buffelgrass in Southern Arizona 

The results of our interviews with SNP, the USFS, and Pima

ounty provide data on both contemporary actions by these orga- 

izations to mitigate buffelgrass and their impressions of regional 

ollective action to manage buffelgrass over time. Here, we syn- 

hesize the interview results to identify areas of effective and inef-

ective coordination and offer explanation for why collective action 

ormed around certain activities but not others. In summary, we 

nd evidence that successful collective action to share information 

n the science and impacts of buffelgrass took place but limited

vidence that coordinated buffelgrass mitigation effort s have oth- 

rwise occurred. The difference in outcomes between information 

haring and on-the-ground mitigation activities are attributable to 

he complex nature of invasive species as a collective action prob-

em and dissimilar internal institutional arrangements, attributes, 

nd biophysical settings of each actor. 
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At the time of this study, collective action on buffelgrass miti-

ation was near its historical low point. A venue for coordination

etween agencies and other actors, the Buffelgrass Working Group

ad stopped functioning. The emerging Sonoran Desert CWMA,

hich in many ways was intended to fill the void left by the Buf-

elgrass Working Group, had been formed but was in the very early

tages of identifying the scope of its work, the actors who would

e involved, and the group’s immediate priorities. This moment of

ack of regional coordination was evident in the interviews, with

ost respondents focused on their own agency’s lands and respon-

ibilities and making only limited reference to ongoing work with

ther organizations. 

Despite this, the effects of past collective action on informa-

ion sharing and public engagement are clear in the buffelgrass

itigation programs of each agency and the attitudes of the in-

erviewees. Each agency recognized a significant increase in public

wareness about the problems posed by buffelgrass and credited

he Buffelgrass Working Group in achieving this goal. It was also

lear that all interviewees clearly understood the threat of buffel-

rass to Sonoran Desert plant communities, regional economic de-

elopment, and the built environment. All entities were using in-

ormation developed through the Buffelgrass Working Group pro-

ess on the approaches to buffelgrass eradication, namely repeated

erbicide spraying or manual pulling over a period of at least 5

r, the length of time needed to deplete the soil seed bank. Pima

ounty specifically noted its role in enabling helicopter spraying by

NP as a marquee example of what was possible through regional

oordination on science and management information. 

Significantly, collective action to share information and scien-

ific findings about management of buffelgrass did not challenge

ny of the agencies’ traditions or internal institutional arrange-

ents. None have rules restricting participation in information

haring about management with other agencies or the public. In

act, the USFS and SNP have rules under NEPA and other laws that

equire information sharing. Other actors that were members of

he Buffelgrass Working Group, including the USGS and the Univer-

ity of Arizona, also had specific scientific- and information-sharing

issions that were directly supported by engagement in the Buf-

elgrass Working Group. Therefore, collective action to share infor-

ation had a relatively low barrier of entry for the agencies in-

olved. 

In contrast, collective action to engage in coordinated mitiga-

ion efforts across different land ownerships ran into several barri-

rs: differences in agency attributes (preservation vs. multiple use

issions and traditions; locally generated management priorities

s. priorities generated by national and regional policy makers and

egulations) and agency institutional arrangements (the process of

llocation of funds, staffing levels, contracting rules, etc.). Each

gency had strong incentives—and in some cases legal obligations—

o ensure as much buffelgrass mitigation took place on its own

ands as possible. This limited their ability to engage in coordi-

ated regional action that might be more effective at reducing buf-

elgrass in the region, but that could potentially direct manage-

ent resources away from one agency in favor of another. 

The incentives that individual agencies face to focus primarily

n their own individual lands are likely exacerbated by the fact

hat individual agencies lack sufficient funding to fully treat inva-

ions on their own lands. All three agencies expressed concern that

hey were not keeping up with the problem on their own lands. If

ctors had greater access to funding, they might well be more open

o working across agency jurisdictions to treat buffelgrass where

t would have the greatest ecological benefit for the region as a

hole. In the current funding landscape, however, land managers

ay feel forced to focus their limited resources on their own lands.

his finding is consistent with past research, which shows that in

he context of limited funding, weed management programs fo-
used on a single jurisdiction treat larger areas than collaborative

rograms ( Hershdorfer et al. 2007 ). 

Limited collective action on management did occur in unique

ircumstances when a potential infusion of additional resources

eant that the benefits of collective action outweighed the costs.

he primary example of this was the Wildland Fire Resilient Land-

capes initiative. In this instance, in order to receive funding, fed-

ral and local agencies needed to work together to develop a re-

ional project. Collective action was enabled by a recognized need

o enlarge the resources available to all actors and the availabil-

ty of a forum—the Buffelgrass Working Group—for this coordina-

ion to take place. In the time since the Wildland Fire Resilient

andscapes initiative, federal support for cooperative, multiagency, 

andscape-level management has waned. In the absence of other

imilar opportunities to expand regional economic resources, co-

rdination failed to persist. This example does, however, high-

ight the potential role for federal land managers in encouraging

nd supporting cross-agency cooperative efforts to address invasive

pecies. 

Beyond the demands placed on each agency to meet internal

anagement goals, lack of staff resources severely constrained the

bility to engage in collective action. The USFS has never had dedi-

ated invasive species staff. The scale of the problem on SNP lands

emands that its staff focus inward rather than outward. Pima

ounty at one time was the most engaged in regional coordination

ffort s, but over time as the problem persisted and major ecologi-

al consequences did not emerge (e.g., a large destructive wildfire),

igh-level interest seemed to wane and staffing resources declined.

ack of staff at the USFS and Pima County has resulted in both re-

ying on contractors to carry out work, with significant resources

evoted to navigating the contracting process rather than engaging

ith other entities to coordinate activities. Even where agencies

hared boundaries—a circumstance that would seem to encourage

ollective action because of the likelihood that buffelgrass would

pread from one agency’s land to the others—little to no collective

ction was reported. 

nderstanding the Nature of Invasive Species as a Collective Action 

roblem 

Thus far, we have discussed invasive species as a collective ac-

ion problem to be managed by those who contribute to or are

ffected by the problem. But scholars often note that there are dif-

erent types of collective action problems with different available

olutions and, thus, different recommendations for managers and

ecision makers ( Graham et al. 2019 ). Our case study points to two

ypes of collective action problems as particularly relevant for in-

asive species management—public goods problems and CPR prob-

ems. 

Many scholars identify invasive species management as a pub-

ic good ( Ayer 1997 ; Toleubayev et al. 2007 ; Graham 2014 ; Niemiec

t al. 2016 ). In classical terms, public goods are those that are

onexcludable and nonrivalrous in consumption, such as light-

ouses and national defense, such that they are most effectively

rovided by a single government entity ( Ayer 1997 ). Government

gencies have traditionally taken a leading role in addressing inva-

ive species management, and many scholars have posited or as-

umed that invasive species most resemble a public goods prob-

em, where private actors have little or no incentive to take action

nd thus action is required by the government ( Ayer 1997 ; Graham

014 ; Ervin & Frisvold 2016 ). 

Other scholars have posited that invasive species are a CPR

roblem ( Kruger 2016 ) or a hybrid good with characteristics

f both public goods and CPRs ( Ervin & Frisvold 2016 ). Classic

PR problems—such as community management of forests and

sheries—occur when multiple actors have access to and incentives
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o use resources whose consumption is rivalrous, setting up the 

amous “tragedy of the commons.” Unlike public goods problems, 

PR problems may be best governed through coordination among 

nd between the users who contribute to and are affected by prob-

ems ( Ostrom 1990 ). Authors that characterize invasive species as

PR problems focus on the way that many individual actors play a

ole in contributing to the spread of a species, such as coordination

cross ownerships ( Kruger 2016 ) and the development of chemical

esistance to pesticides ( Ervin & Frisvold 2016 ). These characteris-

ics of the problem are rivalrous: lack of cooperation by some ac-

ors may undermine the effectiveness of mitigation actions by oth- 

rs, and overuse of pesticides may reduce efficacy for others. From

his perspective, solutions should not be top down or agency based

ut should rely on coordination and cooperation among relevant 

ctors. 

Our findings suggest that invasive species can present a com- 

lex, dual collective action problem that includes the public goods 

roblem of gathering and sharing information about an emergent 

roblem and a CPR problem of coordinating effective mitigation 

cross multiple land managers. Both the public good and CPR as-

ects of the problem are important for understanding the develop- 

ent, or lack thereof, of collective action for invasive species mit-

gation. In our case study, collective action around the production 

nd sharing of information is well developed, but persistent bar- 

iers continue to hinder collective action around invasive species 

itigation in the region. 

First, information about the science and management of in- 

asive species is a public good ( Ervin & Frisvold 2016 ). Scientific

nformation is nonrival—one land manager’s use of information 

oes not undermine another’s ability to do so—and it is both

ifficult and a contravention of public policy to exclude others 

rom using nonpatented scientific information. In addition, produc- 

ion of scientific information entails costs that often make public 

gencies, rather than individual actors, best suited to provide this 

ublic good. Our results tend to confirm that information about 

nvasive species and their management is best characterized as 

 public good problem and best produced by agencies that have

he resources to do so and then freely share with others who can

se the information. In our case, information about buffelgrass 

anagement was developed cooperatively between Pima County 

nd SNP and freely shared with other actors in the region, and

nformation sharing was the most common form of cooperation 

hat interviewees identified. There are few barriers to sharing 

nformation: doing so is a low-cost action for an individual agency,

nd information sharing could potentially enhance individual land 

anagers’ ability to address the problem on their own lands. This

nding is also consistent other studies that show that information 

haring, such as monitoring arrangements and knowledge of so- 

ioecological systems, are the most common elements of invasive 

pecies management programs ( Graham et al. 2019 ). 

Other scholars, however, suggest that invasive species control 

tself has some of the characteristics of a CPR problem, at least

ithin settings such as our case study, where individual land man-

gers must manage individual parcels. While one land manager’s 

se of information does not affect another land manager’s ability 

o do the same, land managers’ ability to control invasive species

s dependent upon other nearby land managers’ effort s to do so.

hus, if some actors are unable or unwilling to engage in invasive

pecies control, the efficacy of others’ effort s is diminished, mak-

ng invasive species management at least weakly rivalrous and sug- 

esting that resolution of the collective action problem will require 

oordination of control strategies across land ownerships ( Ervin 

 Frisvold 2016 ). Here, our study highlights the potential barriers

hat might undermine effective coordination among individual ac- 

ors. We find that individual actors have different incentives and 

riorities for devoting resources to invasive species control; that 
haring of resources may be infeasible; and that these problems 

re exacerbated by insufficient funding and staff resources. 

In addition, invasive species themselves are extractive users of a 

PR—the natural environment in a given place. In our case, buffel-

rass is a “user” of Sonoran Desert scrub plant communities. It di-

inishes the value of this community for other users, carrying out

his activity without reference to the human institutions that have 

eveloped for the use and management of these resources. There- 

ore, institutions that enable treatment of natural resources as pri- 

ate goods—the land tenure system that divides the landscape and 

he institutional arrangements structuring the activities of the in- 

ividual landowners—are undermined. The result of this collective 

ction failure is continued spread of buffelgrass and its continued 

se of additional resources while siloed, inward-focused resource 

anagers struggle to locate and eradicate new infestations. 

anagement Implications 

Effective management of buffelgrass and invasive species gen- 

rally requires collective action across heterogeneous organizations 

 Albers et al. 2010 ; Jarnevich et al. 2015 ). In the case of buffelgrass

nvasion in southern Arizona, many actors are interested in miti- 

ating the impacts of buffelgrass on native Sonoran Desert scrub 

lant communities. Some of these actors have been able to pro-

uce information about buffelgrass mitigation techniques, and ac- 

ors have engaged in extensive collective action around sharing and 

issemination of this information. However, differences in the at- 

ributes of actors, institutional arrangements guiding their behav- 

or, and lack of resources relative to the extent of the problem have

imited the development of long-term, effective collective action to 

ontrol the species’ spread in the region. Our case study of buf-

elgrass management shows that careful consideration of invasive 

pecies management as a collective action problem reveals nested 

ollective action problems involving different types of public goods 

nd CPRs. 

After arrival and initial establishment, invasive species present 

ultiple collective action challenges. To effectively mitigate an ag- 

ressive species such as buffelgrass, actors must work together on 

he coordination, gathering, and sharing of information related to 

itigation and coordination of mitigation activities across juris- 

ictions. Our research suggests that information production most 

esembles a public goods problem, where actor(s) with sufficient 

ncentives and resources can effectively produce information for 

thers who would benefit from it. In southern Arizona, two agen-

ies worked together to produce information that was valuable to 

 wider range of heterogeneous actors; and this information has 

een widely and effectively disseminated through an evolving set 

f institutions, starting with the Buffelgrass Working Group and 

ontinuing through the more recent Sonoran Desert CWMA that 

as emerged to take its place. 

While we characterize production of information as a public 

oods problem, our study also shows that the dissemination of 

hat information is a multiactor process, requiring collective action 

n the part of multiple actors. In our case, information has been

idely disseminated because the benefits of information sharing 

re high and the barriers are low. Each actor gains resources that

mprove their ability to achieve their internal goals, without risk of

iolating internal institutional rules and norms. At the same time, 

e also note that actors in the region have struggled to create,

aintain, and support the cooperative organizations that support 

his kind of information dissemination. The initial organizations 

hat were developed for this purpose are no longer in existence,

nd the organization that has emerged to take its place—the Sono-

an Desert CWMA—is supported largely by an area nonprofit. Man- 

gement effort s to address invasive species should consider not 

nly the importance of information production as a public good 
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ut also the importance of supporting the organizations that pro-

ide infrastructure and institutional support for directing and dis-

eminating research and information. 

Our study also suggests that the nature of the collective action

roblem shifts as actors attempt to move from information sharing

o addressing the core of the problem—mitigation on the ground.

hile a single, well-resourced agency might well be able to pro-

uce the necessary information on control strategies, implement-

ng control strategies tends to require more coordination among

djacent land managers, since the efficacy of one manager’s miti-

ation may be affected by others. Here, our case study shows that

ollective action on mitigation effort s has lagged behind collective

ction on information production and dissemination. Our study

lso identifies some of the key barriers that limit both individ-

al and coordinated control effort s between federal land manage-

ent agencies, including internal institutions, cultural traditions 

nd mandates, and the availability staff and other resources. All of

hese barriers are exacerbated by insufficient funding, which fur-

her limits agencies’ ability to look beyond their own effort s to

keep up” with the problem and consider more regional strategies.

From a management perspective, this suggests that where some

and managers lack sufficient incentives or resources to address in-

asive species, individual and collective efforts to address the prob-

em are unlikely to simply emerge on their own. Instead, some

ctor(s) need to identify the barriers to effective action and co-

rdination and identify mechanisms that will help to overcome

hose barriers. In our case, this occurred on a one-time basis when

ederal agencies made funding available for coordinated, cross-

oundary eradication aimed at reducing fire risk. Effort s to iden-

ify and overcome barriers might also occur locally, if jurisdictions

re able to develop and fund programs that provide a similar set

f incentives and resources for coordinated action. 

Regardless of whether these effort s are initiated locally or fed-

rally, however, our case study shows that approaches to solving

hese problems must include improved knowledge of internal insti-

utional structures and the opportunities and barriers they present

o collective action, the preferences of heterogeneous actors when

resented with models of future ecosystem conditions absent co-

rdination, the factors that prevent individuals within different or-

anizations from following through on commitments to participate

n collective action institutions, and how each of these conditions

ffects the availability and persistence of resources for mitigation.

ogether, improved knowledge of the relationships between these

actors may provide new approaches to proactive management of

merging 21st century resource management challenges, from in-

asive species to emerging diseases. 
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