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ABSTRACT. Wedevel op an analytic framework for theanal ysis of robustnessin social-ecol ogical systems
(SESs) over time. We argue that social robustness is affected by the disturbances that communities face
and the way they respond to them. Using Ostrom's ontological framework for SESs, we classify the major
factors influencing the disturbances and responses faced by five Indiana intentional communities over a
15-year time frame. Our empirical results indicate that operational and collective-choice rules, leadership
and entrepreneurship, monitoring and sanctioning, economic values, number of users, and norms/social
capital arekey variablesthat need to be at the core of futuretheoretical work on robustness of self-organized

systems.
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INTRODUCTION

Although many studies have examined human—
environment interactions, most focus on natural
components and a few contain data on social
components measured over time. This reflects the
difficulty of developing long-term data sets on
socia-ecological systems (SESs) and the lack of
theory to guide such investigations. We develop a
theoretical framework to guide the analysis of
change over timein SESs, building on theliterature
ontherobustnessof SESs(Anderieset a. 2004) and
on Ostrom’'s (2007, 2009, Basurto and Ostrom 2009)
ontological framework for analyzing sustainability
of SESs to develop a microlevel approach to
analyzing how human communities adapt to
disturbance. We apply this framework to the
analysis of five intentional communities that own
forests in southern Indiana and have responded to
diverse disturbances.

Theoretical framework

The core concern in the literature on SESs has been
tounderstand why some systemspersistindesirable
states over long periods, whereas othersdo not. The
concepts of resilience and robustness both capture
the observation that persistence is related to how
systemsrespondto change. Resiliencewasfirst used
to analyze over-time problems of SESs by
ecologists. Contemporary usesin the SESliterature
draw on the definition offered by Holling: the
capacity of a system to maintain structure and
function through disturbances, without necessarily
returning to a particular reference state (Holling
1973, Harwell et al. 1977, Turner et al. 2003, Folke
2006, Walker and Salt 2006). Although resilience
has been useful in ecological studies, it has proved
difficult to operationalizein social settingsinwhich
humans are able to design rules and anticipate
disturbances (Carpenter et al. 2001, Anderies et al.
2004).
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"Robustness’ is used in the literature on designed
systemsin engineering to refer to "the maintenance
of desired system performance when subjected to
external or internal unpredictable perturbations’
(Carlson and Doyle 2002:2539). Anderies et al.
(2004) propose that this definition is more
applicable to the social aspects of SESs than the
related definition of resilience, because human
institutions and organizations, like bridges and
airplanes, aretheresult of consciousdesign. Robust
systems have the capacity to continue to meet a
performance objectiveinthefaceof uncertainty and
shocksdueto conscious human decisions (Anderies
and Janssen 2007). Robustness also captures the
problem of trade-offs. Anderiesand Janssen provide
examples of how systems designed to be robust to
certain types of disturbances are frequently less
robust to other disturbances. Thus, increasing
robustness to one type of disturbance may reduce
robustness to another. Anderies and Janssen argue
that long-term robustness is a result of modest,
short-term cycles of failure and recovery. Modest
disturbances or failures alow for learning and
evolution to occur and help maintainflexibility. Y et
theory does not provide clear guidance for
distinguishing which failures will foster long-term
robustness and which will lead to system
degradation, nor does current theory offer guidance
asto what system factors will enhance robustness.

There are challenges in applying a robustness
perspective empirically. Because entities that are
not robust are unlikely to survive over long periods,
itisdifficult to avoid sampling bias. In our case, we
are aware that many communities analogous to
thosein our study failed prior to theinitiation of our
study (Zablocki 1980, Oved 1999). Thus, weare, in
effect, sampling on the variable "persistence” that
islikely to be closely correlated with the dependent
variable. This presents a barrier to making certain
kinds of causal claims (King et al. 1994, Brady and
Collier 2004). In addition, gathering data on
robustness (response to perturbation) is more
difficult than gathering data on persistence. A
community that persistsfor along time—ameasure
of success frequently used by sociol ogists studying
communities and organizations (Kitts 2000, 2009)
—may be robust to perturbations, or it may smply
have avoided threatening perturbations due to
chance or location in a stable socia-political
context. Because detailed case analysisisnecessary
to distinguish the causes of persistence, studies of
robustness and resilience tend to be small-N case
studies (e.g., Fabricius et a. 2007). These case
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studies are useful for developing theoretical
arguments and understanding complexity but may
be insufficient for testing causa clams using
techniques drawn from mainstream quantitative
social science (King et al. 1994, Ragin 2000, Brady
and Collier 2004), particularly situations in which
the number of important causal variables may be
much larger than the number of cases (Agrawal
2001).

We address these methodological challenges by
disaggregating our cases into a larger number of
observations that focus on causal processes. King
etal. (1994) arguethat casestudiestypically contain
many observations. In our study, each community
case provides severa opportunities to observe
disturbances and community responses; thus, our
unit of analysisisnot communitiesbut disturbances
and responses, which are clustered by community.
These are the processes that are theorized to form
the basis of social robustness. Brady and Collier
(2004) arguethat observations of the causal process
are necessary for understanding causal mechanisms.
Even with several observations of key processesin
each of the five communities, we do not have
enough data to establish correlations between key
variables. Our observations of the causal process,
however, enable us to develop theory about how
robustness develops in SESs. Although all of our
communities have persisted for the period of our
study, their responses to individual disturbances
illustrate the extent to which they are robust to
certain classes of disturbances and illustrate that
there are multiple causal pathways (Ragin 2000)
that lead to the observed outcome of persistence,
not all of which reflect equal levels of robustness.
In the remainder of this theoretical section, we
definethe termsand ontological framework that we
use to describe the process of disturbance and
response that underlies robustness.

Definitions of disturbance, response, and
adaptation

Ecologists define disturbance as "any relatively
discrete event in time that disrupts ecosystem,
community, or population structure and changes
resources, substrate availability, or the physical
environment” (White and Pickett 1985:7).
Extending this definition to SESs, we define
disturbance as a relatively discrete event that
disrupts social or ecological communities, resulting
in changesto the physical or socia environment. It
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is important to recognize that disturbances to the
social system may arise from changes in either
social or ecological variablesand may vary spatialy
and temporally, existing on continua of magnitude
(from minor disagreementsto major social conflict
or natural disaster) and tempora scale (from the
pulse of aflash flood that lasts hoursto the press of
adrought that lastsyears). Long-term disturbances,
such asdroughts, could be described as continuous,
however, we prefer to see them as discrete events
occurring over long periods.

Responses can be understood as actions and events
that occur in reaction to disturbances. Social
responses to disturbances differ from biophysical
responses. Biophysical systems respond through
selectivepressure: aspectsof asystemthat fail cease
to exist, and those that work remain. In social
systems, humans have, to some extent, the capacity
to plan, anticipate, and consciously design their
social and physical surroundings. Anticipatory
actions are those involving planning or anticipation
of adisturbance, that is, acting before adisturbance
takes place. Inaction—not responding to a
disturbance—is also aresponse, in the sense that it
representsadecisiontotakeno action or aninability
to act.

An adaptive response allows the system to "better
cope with, manage or adjust to some changing
condition, stress, hazards, risk, or opportunity”
(Smit and Wandel 2006:282). Along the samelines,
maladaptive responses hinder the ability of the
system to cope with, manage, or adjust to achange
in condition, stress, hazard, risk, or opportunity. In
addition, there may be neutral changes or responses
that do not ater the ability of the system to cope
with, manage, or adjust to a change. The
consideration of whether a response is adaptive,
mal adaptive, or neutral isanormative evaluation of
the concept of success. In our analysis, we consider
responses that contribute to the persistence of the
forest and community in the face of a given
disturbance to be adaptive, and we consider those
that weakened the community's ability to persist or
maintain itsforest as maladaptive. It isimportant to
note that inaction, as described above, is not
necessarily a maladaptive response. In a world of
complex causality, it is entirely possible that a
response or anticipatory action may be adaptive in
some ways, maladaptive in others, and neutral in
others. Thus, theexistenceof trade-offs—losingone
quality or aspect in exchange for another—may be
afundamental aspect of the process of adaptation.
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Introduction of the diagnostic ontology

The analysis of robustness in SESs is hindered by
the large number of potential variables of interest
(Agrawal 2001). Ostrom's (2007, 2009) ontol ogical
framework identifies SES variablesthat explainthe
nature of disturbances and anticipations/responses
within the five communities (Figure 1). This
framework is a structured summary of a long
tradition of scholarship trying to explain (1) the
factors affecting the possbilities of self-
organizationand collectiveactionand (2) thefactors
affecting the relative success of management of
common-pool resources (Agrawal 2001, National
Research Council 2002, Agrawa 2007). A given
study doesnot needtoincludeall variablesbut rather
thosethat areidentified, based on previousresearch,
asmost relevant for that particular context. Basurto
and Ostrom (2009) first applied this framework to
understanding the determinants of collective action
and robustness in the context of fisheries. Here we
use our data to identify factors that enhanced
robustness in forestry-based cases, by tabulating
those factors that contributed to enhanced
robustness across severa cases, as described in
Methods. This inductive approach can lead to
further theory-building about the determinants of
robustness in the social aspects of SESs.

Six setsof variablesbroadly affect collective action
(Table 1, Ostrom 2009): (1) resource system (RS)
—such asthe clarity of the system's boundaries, its
Size, its productivity, and the predictability of its
dynamics; (2) resource unit characteristics (RU)—
their mobility, regeneration rate, and economic
value; (3) governance system (GS)—the prevalent
institutions and norms at different scales (local,
national, etc.) and the structure of the network of
users; (4) user or group characteristics (U)—such
asgroup size, socioeconomic heterogeneity, history
of use of the system, leadership, social capital, and
mental models, (5) the social, economic, and
political  settings (S)—level of economic
development, demographic trends, and political
stability; and (6) related ecosystems (ECO)—
including larger-scale water and wesather systems.
Starred variables in Table 1 are those identified
below as having an impact on the process of
robustnessin at least one disturbance.
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Fig. 1. Thefirst tier of aframework for analyzing an SES. Source: Adapted from Ostrom (2007:15182).
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METHODS

The study system

Our study examines events at five self-organized
intentional communities that own forested land in
south-central  Indiana. The Fellowship for
Intentional Communities (http://www.ic.org/) def-
inesanintentional community as"aninclusiveterm
for ecovillages, cohousing, residential land trusts,
communes, student co-ops, urban housing
cooperatives, alternative communities, and other
projects where people strive together with a
common vision." Although similar, self-organized
communities have been studied as points of
sociological and historical interest (Kanter 1972,
1973, Zablocki 1980, Janzen 1981, Laffan 1997,
Brown 2002), the focus has been on socid
dynamics, not human—environment interaction. All
five of our communities were founded during a

wave of interest in communal living in the 1960s
and 1970s. In a comparative study of intentional
communities, Zablocki (1980:2) found that "most
of these experiments fail; the few that succeed are
usually drastically modified over time." Although
there is a sociological tradition of studying the
lifespan of communal groups (Kitts 2000, 2009),
the focus of these studies has been on statistical
analyses of the covariates of communities lifespan
(essentially a "black box" regression approach),
whereasour focusison understanding the processes
of adaptation and change, which we argue are the
mechanisms that underlie group persistence.

There are three reasons why these intentional
communities are good sites for the study of
robustness. First, intentional communities in the
United States have substantial |atitude to organize
without interference from external authorities. This
enablesusto focusoninternal dynamics, rather than


http://www.ecologyandsociety.org/vol15/iss4/art9/
http://www.ic.org/

Ecology and Society 15(4): 9
http://www.ecol ogyandsociety.org/vol 15/iss4/art9/

Table 1. Factorsthat contributeto community responsesto disturbances. Adapted from Ostrom (2009:421).

Social, Economic, and Political Settings (S)

'S1- Economic development
'S2- Demographic trends
S3- Political stability

Resource System (RS)

'RS1- Sector (e.g., water, forests, pasture, fish)
'RS2- Clarity of system boundaries

TRS3- Size of resource system

RS4- Human-constructed facilities

RS5- Productivity of system

RS6- Equilibrium properties

RS7- Predictability of system dynamics

RS8- Storage characteristics

RS9- Location

Resource Units (RU)

RU1- Resource unit mobility

RUZ2- Growth or replacement rate
TRU3- Interaction among resource units
"RU4- Economic value

RUS5- Number of units

RUB6- Distinctive markings

RU7- Spatial and temporal distribution

SA- Government settlement policies
S5- Market incentives
S6- Media organization

Governance System (GS)

GS1- Government organizations

GS2- Non-government organizations

'GS3- Network structure

'GS4- Property-rights systems

'GS5- Operational rules

'GS6- Collective-choice rules

'GS7- Congtitutional rules

'GS8- Monitoring and sanctioning processes

Users (U)

"U1- Number of users

U2- Socioeconomic attributes of users
TU3- History of use

"U4- Location

"U5- L eadership/entrepreneurship

TU6- Norms/social capital

TU7- Knowledge of SESYmental models
U8- Dependence on resource

U9- Technology used

Interactions (1) - Outcomes (O)

I1- Harvesting levels of diverse users
[2- Information sharing among users
I3- Deliberation processes

I4- Conflicts among users

I5- Investment activities

16- Lobbying activities

|'7- Self-organizing activities

18- Networking activities

O1- Socid performance measures

(e.q., efficiency, equity, accountability)
O2- Ecological performance measures
(e.g., overharvested, resilience, diversity)
O3- Externalitiesto other SESs

Related Ecosystems (ECO)
ECO1- Climate patterns

ECO2- Pollution patterns

ECO3- Flowsinto and out of focal SES

Variables that are identified with explanatory power in our case study analysis.
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on the complex regional and national politics that
determine land use in many contexts. This does not
mean that our analysis is relevant only for
communities that lack external disturbances.
Rather, the analysis shows that careful over-time
case study comparison guided by aclear theoretical
framework can help illuminate how communities
persist over time while responding to different
disturbances. Thereal valueisinthegeneralizability
of our approach, which can deal effectively with
complexity, and not of the generalizability of
particular community characteristics. Second, each
of these communities has experienced severa
disturbances, allowing multiple observations of
response processes. Finally, each community has
been studied by researchers from the International
Forestry Resources and Institutions (1FRI) research
program for 15 years, providing a data set with
unusual social-ecological and over-time coverage.

| FRI methods

The IFRI research program was started in the early
1990s by scholars interested in understanding
institutionsthat facilitated collectiveactionin forest
management (Ostrom and Wertime 2000,
Wollenberg et a. 2007, Poteete and Ostrom 2008).
IFRI aimed to address two shortcomings in the
literature. First, case study findings could not easily
be generalized. Second, scholars from diverse
disciplines used inconsistent terminology and data
measurement techniques, hindering asynthesisthat
could contribute to generalized theory. IFRI
developed a consistent methodology, with a set of
common research instruments, to measure both
social and ecological (forest) conditions across
many sites and over time to develop a large-N
database. To date, the IFRI program has collected
dataat morethan 250 sitesin 15 countries, including
the 5 sitesanalyzed in thisstudy that have been used
for IFRI training seminars at Indiana University.

IFRI research combines standard techniques for
forest mensuration with tools drawn from
Participatory Rural Appraisa (Chambers 1994),
including participatory mapping, participant
observation, focus groups, and semistructured
interviews. All information isentered onto standard
IFRI coding forms (Wertime et al. 2007) and then
entered into a relational database. Copies of IFRI
coding forms and information on accessto the IFRI
database are available from the IFRI center at the
University of Michigan (http://www.sitemaker.umich.
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edu/ifri/nome). Each of the sites in this study has
been visited three times, at approximately 5-year
intervals, between 1994 and 2008. Site visits were
conducted as part of annual IFRI training seminars
and involved teams of 6-10 graduate students,
visiting IFRI scholars, and resident faculty. Asthe
sites are all within a 30-minute drive of the 1U-
Bloomington campus, each visitincluded numerous
trips to the community over a 2-month period to
conduct forest mensuration, map key characteristics
of theforest, and conduct extensiveinterviewswith
and observations of community members. Our
analysis is based on reports written for the
communitiesafter each sitevisit, information stored
in the IFRI database, and our own experiences
visiting the five communities. The names of the
communities have been changed to protect their
identities, however, the names are consistent with
previous publications (Gibson and Koontz 1998,
Poteete and Welch 2004).

Thefive communities

Maple was founded in 1976 on 300 acres (66%
forested) by a group of young people. Over time,
the community has fluctuated between 10 and 40
members at its peak. It now has 23 members who
are rather homogeneous in terms of values and
socioeconomics. Decisions used to be made by a
consensusbut are now made by majority rule(Table
2).

Oak was founded in the late 1960s when a wealthy
couple purchased over 1000 acres and sought like-
minded individual stoform acommunity. Emphasis
was placed on developing a spiritual relationship
with the earth, but the recruits were relatively
heterogeneous. Membership stabilized to approximately
40 individuals in the mid-1970s. Community
membersformed a"church” to serveasalegal entity
to hold the property after the founders sold half the
property and left the community. Decisions are
made by majority rule, although consensus is
preferred. Dueto multipleconflictsthat havelanded
in court, membership declined to 10 people in the
last 15 years, leading to greater homogeneity (Table
2).

The Box Elder community began in 1983. Initially,
the stable, homogeneous, 20-member group held
fairs and festivals to raise funds and celebrate a
spiritual connection to nature at local state parks. In
1987, they purchased 109 acres (83% forested).
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Table 2. Characteristics of five forest communities in southern Indiana.

Maple Oak Box Elder Twin Oaks Tulip Poplar
Origin 1976 Late 1960sto early 1983 1971 1969
1970s
Area (acre/ha) 304/123 450/182 109/44 140/57 1100/445
Forested (acre/ha) 200/81 110/45 90/36 120/49 590/239
(66% of area) (25% of area) (83% of area) (86% of area) (54% of area)
Timber harvest No Yes No No Yes
Founding members About 10 2 About 20 2 2
Group sizechange Slowly increasing Firstincreasingup Members: stable  Two friendswere  Selling of 1-acre
up to 40 people; to 40 people; Festival visitors:  included very lots to private
decline after firein decrease after increasing early, now only individuals; 527
1980; 23 members conflicts; about 10 (hundreds) one member left  permanent adult
today people today residents today
Group Low First high, today = Low Low High
heterogeneity low
Motivationto start Community life;  Community life;  Spiritua refuge; Privacy in nature  Privacy; residential
community back-to-the-land ~ securing gathering securing gathering development;
space space recreation
Governance All membersand  All members Elder council All members Board of nine
council directors
Decision making  First consensus, Majority rule First consensus, Consensus rule Majority rule
later mgjority rule later majority rule
Internal social Tree cutting; Tree cutting; Tree cutting; Moving away and  Tree cutting;
disturbances change of |eadership/ leadership death of members change of
generations membership generations
External social Poaching; Poaching; Trespassing; Trespassing; Trespassing;
disturbances hostility from trespassing; hostility from poaching poaching
neighbors conflict with neighbors
neighbors
Natural Firein 1980 None None None Lake-level
disturbances differences;
flood in 2008;

erosion at laked/in
forests
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Governance of the community rests with an elder
council; decisionswerefirst madeby consensus, but
later by majority rule. In recent years, internal
conflicts led to a substantiad community
restructuring, as an important leader was expelled
andthecommunity incorporated asalegal nonprofit
(Table 2).

The community of Twin Oaks began in 1948 when
agroup of investors purchased 120 acres of land as
a tax sale. In 1971, one investor obtained full
ownership for his son who, along with a college
fraternity brother, purchased 120 acres as co-
owners, and later purchased an additional 20 acres
to facilitate access from the public road. To finance
improvements, thetwo young men sold two 20-acre
parcel sdelineated fromtheoriginal 120 acrestotwo
additional friendsin 1976. Eighty-six percent of the
land is forested, has not been harvested, and falls
partly under joint and private ownership.
Governance was shared equally among members,
and decisionswere made by consensus. The number
of community members remained constant for 30
years; however, immediately prior to our last site
visit, in 2008, one member died and two moved
away. Although this site cannot be considered a
community today, we analyzed data from the 10
years before this change (Table 2).

Tulip Poplar wasfounded in 1969 by two real estate
developers who initially intended to creaste a
retirement and vacation community on 1100 acres.
The land is 54% forested, with two manmade,
communally owned lakes. Through the selling of
small private lots, today there are 527 permanent
adult residents. An elected board of nine directors
governs this relatively heterogeneous community
by majority rule. Forest ownership is a mix of
private and communal tenure, and unlike the other
four communities, there have been significant
timber harvests on both private and public forests
(Table 2).

Shared settings

All of the five communities share a supportive
context for self-organization. Property rights and
therule of law are strong. In contrast to community
forests in many developing countries (White and
Martin 2002, Larson and Ribot 2007, Agrawal et al.
2008, Sunderlin et al. 2008), none of these five
communities hasfaced attempts by governments or
other powerful actorstotaketheir land through legal
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or extralega means. This is captured in the
framework variable S3, political stability. In
addition, the members of the communities are
participants in a prosperous regional economy that
enablesthem to earn aliving without exploiting the
natural resources on their land. Thisis captured in
framework variable S1, economic development. As
aresult, the primary land uses are nonconsumptive.
This does not mean the land is not important;
community membersclearly valuetheir forestsvery
deeply, and in some cases the forest has a spiritual
value, analogous to sacred groves found in China,
Ghana, India, Mexico, Nepal, Thailand, Uganda,
and Zimbabwe (Ostrom 2005:235). No variable in
the existing framework adequately captures these
spiritual values. However, framework variable
RU4, economic value, could be modified to capture
thesespiritual values, whicharedifficult tointegrate
into a political economic framework.

Method of analysis

Asdiscussed above, thereislittle existing theory to
guideour searchfor factorsthat enablecommunities
like those in our study to respond adaptively to
disturbances. Our goal was to identify important
factors in a way that would make our findings
directly comparable to similar analysis from other
systems. In order to do this, we relied on Ostrom's
(2007, 2009) diagnostic framework. This was not
straightforward, as the data were collected
originaly with different variables in mind, as
describedinthel FRI protocol (Wertimeetal. 2007).
Thus, we relied on an extensive process of cross-
checking between past research reports and
members of research teams to ensure consistent
application of the framework to reliable data. The
first step in this process was for teams of two
researchersto review all of the past information on
a single community and identify past disturbances
and responses. These teams then presented the
information to the larger group, which included
individual swho had been part of past visitsto all of
the sites, who added their extensive individual
knowledge of the cases. Any inconsistencies were
checked against past field notes and reports.

Not surprisingly, given the many similarities across
the communities, they have experienced some
similar types of disturbances. After we identified
thesesimilar types, wereturned to our smaller teams
and coded the identified disturbances into types,
identified the most important proximate factors
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contributing to the disturbance, and classified them
according to the second-tier variables in Ostrom's
framework (Table 3). We analyzed responsesin the
sameway. Again, thesewere presented to thelarger
research team, leading to extensive discussions to
ensure that framework variables were coded
consistently across cases. We then tabulated our
findingsin order to identify those factors that were
important across many disturbances of similar type,
and further those variables that were important
across all types of disturbances.

In following this approach, we strike a middle
ground between individual or paired case studies,
which offer maximal opportunity for rich
description but offer limited opportunities to
generaize, and large-N statistical analyses, which
have broader externa validity but struggle to
operationalize complex concepts. Analyses with a
small to medium number of casesarerelatively rare
but offer promise in terms of their ability to aid the
development of theories with broad applicability
(Ragin2000). Thus, our approachtoanalysisisitself
afinding, in the sense that it could be applied by
other researchers who possess detailed data on a
number of cases too large to be described in a
detailed case study, but too small to model using
conventional statistical approaches.

There are several important limitations to our
methods. First, as mentioned in the introduction, it
can be difficult to distinguish random effects from
the avoidance of disturbance due to anticipatory
action or good luck. Thus, it is possible that some
of our variables are associated with random effects
and not with robustness. Second, our tabular
analysis of important variables across cases might
compile factors that enhance robustness to any
disturbance, potentially obscuring the role of
specific variables in robustness to particular kinds
of disturbances. Thus, variables that were very
important for a certain kind of disturbance that
occurs rarely in our data set may be undervalued.
Third, historical data collected using the IFRI
methodology were not explicitly designed for
analysis using Ostrom's framework, and thus the
research team had to evaluate how the existing data
could be coded into new variables. Finally, our
strategy of focusing on alimited popul ation of cases
(intentional communities in southern Indiana),
although conducive to analysis of internal
dynamics, limits the external validity of our study
in terms of types of communities, though not in
termsof typesof disturbances and responses. Many
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of the disturbances documented in forest-owning
communitiesin other parts of theworld (e.g., forest
fires, actions by predatory government institutions,
and timber theft) are not present here.

RESULTS
Common disturbances

The five communities experienced five types of
disturbances (Table 3). Threetypes of disturbances
originateinside of thecommunity: controversy over
tree cutting, controversy over leadership, and
membership transitions. Two types of disturbances
are external to the communities: conflicts with
neighbors and natural disasters. Although natural
disasters and tree cutting have ecologica
components, we focus on the social components of
these disturbances, because, as discussed in the
introduction, these have not been well studied in
previouswork on SESs. Disturbancesrangein time
scale from discrete events, such as floods, to long
processes, such as membership transitions. They
also rangein magnitude from very mild, such asthe
cutting of a small number of trees that violates
community norms, to very severe, such asafirethat
destroyed a young community's only building and
nearly led to that community's dissolution.
Although some disturbances caused clear and
immediate threats to a community's survival, most
did not. Successful response to small disturbances
may enhance a community's robustness to future,
larger disturbances (Anderies and Janssen 2007).

When communities have faced similar disturbances,
their responses are indicative of their differing
abilitiesto engagein adaptive behavior. Four of five
communities have faced serious disturbances
related to the cutting of trees that went against
community rules and norms. Two communities
have faced serious disturbances related to
leadership, whereas the other three appear to have
prevented such disturbances (although it isdifficult
to tell whether thisis due to anticipatory behavior
or good luck). Although property rights in the
United States are strong, al five communities have
faced disturbances related to trespassing, illegal
harvesting of nontimber forest products, and
relationswith neighbors. All fivecommunitieshave
faced disturbancesrel ated to changing membership,
particularly as it relates to generational change.
Finally, two communitieshavefaced seriousnatural
disasters.
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Table 3. Factors leading to disturbances and responses in the five communities.

Community Event Factors leading to Factorsleadingto  Nature of response Adaptiveness of
disturbance (or lack response response
of, if no disturbance)
Disturbance: Tree cutting
Maple Tree cutting on GS8 U6 Did not enforcerule Neutral
private home site in favor of
maintaining
community norm
Oak Tree cutting on GS5, U1, U6 GS6, U6 No response Maladaptive
privatized lots
Box Elder Tree cutting on GS5, U1, U6 U6 Creating formal rules Adaptive
common land
Twin Oaks None U1, U6 — — Anticipatory/
adaptive
Tulip Poplar Tree cutting on GS5, U7, RU3 GS6, U6 Creating formal rules Adaptive
privatized lots
Disturbance: L eadership
Maple None GS6, U5, Ub — — Anticipatory/
adaptive
Oak Two conflictive GS6, U5, U7 GS6 External court Maladaptive
factions within decision, but conflict
community over reemerged
leadership right
Box Elder One |leader misused GS5, GS6, GS8, U5 GS6, GS7 L eader was removed Adaptive
community funds and and bylaw changes
wasinvestigated for enacted
drug issues
Twin Oaks None U1, U5, U6, U7 — — Anticipatory/
adaptive
Tulip Poplar None GS5, GS6, GS7, US — — Anticipatory/
adaptive
Disturbance: Boundaries and neighbors
Maple Poaching of ginseng GS8, U1, RS3 GS3 Cooperation with Maladaptive
and morels; hostility neighbors; monitoring
from neighbors by members
Oak Trespassing to use GS8 U6 Monitoring by Maladaptive
|ake and forest; members
poaching of ginseng;
conflict with neighbor
over hayfield
Box Elder Trespassing for GS8 GS3, GS5, U6 Changed rules; Adaptive

hunting and bathing
intheriver; ATVs;
hostility from
neighbors

strong shared norms;
cooperation with
neighbors;

fencing;

monitoring by
members

(con'd)
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Twin Oaks Trespassing for GS8, U1, RS3
hunting; ATVs

Tulip Poplar Trespassing to use GS8
lake and forest

Disturbance: M embership transition

Maple Membership decline GH4, GS7
following fire;
tensions over
incorporating children
of members

Oak Departure of members GS7, U5, U6
following group
conflicts

Box Elder Large festivals that 15
bring in outsiders
unaware of rules

Twin Oaks Death of a member ul
leading to small group
size

Tulip Poplar Changed community S2

composition (from
mostly retirement to
also young people,
families)

Disturbance: Natural disastersand " Acts of God"

Maple House fire Stochastic event
Oak None None

Box Elder None None

Twin Oaks None None

Tulip Poplar Flood Stochastic event, U4
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GS8 Fencing; Maladaptive
monitoring by
members
GS5, GS6 Monitoring by Adaptive

security committee
and volunteers

U6 Changed shared Adaptive
norms to adopt a new
vision of the
community

GS6 Ceased regular Maladaptive
meetings

GS5, GS8 Created formal rules Adaptive
to regulate outsiders

U1, u7 No response Maladaptive

GS6, GS7 Created formal rules Adaptive
to share decision
making

U2, Us Large part of Adaptive
community members
left;
remaining members
went on to different
shared norms

GS3, U5 Application for state Unclear
and federal disaster
assistance;
potential restructure
of governance
arrangements

Cutting of treesthat violatesrules or norms

The forests owned by al five communities are
managed primarily for nonconsumptive uses, with
tree cutting either prohibited or severely restricted.
Four of the five communities have experienced tree
cutting that violated nonconsumptive norms (Table

3). Thesedisturbances haveranged in sizefrom the
cutting of asmall number of treesto build a house
addition at Maple to clear-cutting several acres at
Oak.

Inthreeof thefour cases, amajor contributing factor
leading to disturbance was alack of rules (GS5) to
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back up existing norms against tree cutting. Aswe
defineit, anormisan institutional prescription for
behavior, whereas a rule is an institutional
prescription for behavior accompanied by an "or
else" statement, which may be formally recorded,
as in a law, or may be informal, as in social
sanctioning (Crawford and Ostrom 1995, Ostrom
2005, Basurto et a. 2009). In Box Elder, where the
forestisconsidered sacred and astrong normexisted
against tree cutting, trees were cut by a group of
volunteerswho claimed to be unaware of thisnorm.
This points to the importance of shared
understanding of norms (U6) among all types of
users, even nonmembers or volunteers (Ul). At
Tulip Poplar, wheretree cutting was unregulated on
private plots, the community first became aware of
potential externalities from tree cutting when a
private landowner cleared a steep slope adjoining a
lake, leading to severe erosion. Prior to this, the
community's knowledge of itsecology (U7) did not
include the possibility that behavior on private lots
could negatively impact thelake (acase of resource
system interaction between forested land and the
lake [RU3]), and there had been no rules or norms
regarding tree cutting (GS5). Similarly, at Oak,
there were no rules regarding tree cutting (GS5),
although there was a norm against tree cutting.
When the community privatized land in order to
increase membership (U1), new landownersdid not
share norms about forest use (U6), and subsequent
tree cutting occurred. The cases of Oak and Box
Elder indicate that there may be atrade-off between
inviting outsidersintoincreasegroup size (U1) and
maintaining shared norms (U6). Theflip sideof this
trade-off can be seen at Twin Oaks, where there
have been no tree-cutting disturbances due to a
combination of a very small community with
strongly shared norms(U1and U6), but wheresmall
size threatens the long-term viability of the
community. Maple had anticipated the problem of
tree cutting on privatized home sites and created
formal rulesrestricting tree cutting on private plots,
however, alandowner building an addition onto his
house intentionally violated this formal rule,
suggesting that lack of monitoring and sanctioning
(GS8) can result in such disturbance as well.

Community responses to the disturbance of tree
cutting can be divided into two types. First, two
communities (Twin Oaksand Maple) acted in ways
that anticipated and prevented future disturbances.
At Twin Oaks, the decison to stay smal
unintentionally helped the community, whereas at
Maple, this was the result of a conscious effort to
control land uses on semi-privatized home sites
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(Gibson and Koontz 1998). Unfortunately, as the
experience at Maple demonstrates, the existence of
a formal rule does not guarantee adequate
enforcement. When rules regulating land use on
home sites were violated, a broader norm of
maintaining community harmony (U6) appears to
have prevented the community from seeking
punitive actions against the perpetrators (i.e.,
enforcing the "or else" clause of therule). Thereis
some controversy in the literature about whether
communities that violate formal rules in order to
maintain social cohesion are engaging in
maladaptive behavior (Cleaver 2000, Fernandez-
Gimenezet al. 2008). Inthisparticular case, Maple's
decision appeared to be neutral. Choosing not to
enforce a formal rule, which the community had
created through a consensus process to reinforce a
norm, undermined the community's faith in its
ability to make and enforce collective decisions, but
it also helped maintain group cohesion. More
importantly, the number of trees lost here relative
tothesize of Maple'sforest wasquite small, and the
conflict alone may have been sufficient to deter
potential future rule breakers.

Two communities responded adaptively after
disturbance by creating formal rules to prevent
unwanted tree cutting in the future. At Box Elder,
the new formal rule simply reinforced an existing
norm, making it more visible to less involved
members of the community. At Tulip Poplar, the
forma rule (and accompanying enforcement
mechanism) built on an existing institution at the
collective-choice level (GS6), a committee that
already governed land use on commonly owned
lands, to regulate tree cutting on private land.

Finally, Oak responded to the first instance of this
disturbance, in 1993, by taking to court the
landowner who clear-cut his lot, taking advantage
of the nested nature of community governance
within a broader collective-choice legal structure
(GS6). The court casewas unsuccessful becausethe
community did not have the right to challenge land
use on private lands. The judge suggested that for
the future, the community change itsrulesto put an
easement on future privatized land that would
prevent tree cutting. The community did not follow
his advice, and the disturbance recurred in 2003.
The community did not respond to the second
occurrence. Gibson and Koontz (1998) argued that
tree cutting at Oak was the result of a failure to
develop rules that enforced existing values and
norms.
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Why did Oak fail when the other four communities
were able to either anticipate or adaptively respond
to tree-cutting disturbances? The answer may liein
the different formation processes of the
communities. Unlike the other four communities,
theresidentsof Oak receivedtheir land asagift from
a wealthy landowner and recruited new members
by openly inviting peopleat acity park tojoin them.
This was a trade-off. Ease of acquiring land led to
reduced transaction costs in forming the
community, but the experiences of other
communities suggest that collective efforts to
organize common land help build shared valuesand
norms. Asaresult, in Oak, therewere neither shared
experiences, shared values, nor preexisting rules
(U6) to tie community members together.
Moreover, whereas both Oak and Maple allowed
privatization of homes as a way to alow members
to transition to a more typical American lifestyle
and, at Oak, asan attempt to attract members, Maple
carefully devel oped rulesto ensure that community
norms would be followed on semi-private home
sites, whereas Oak has passed up repeated
opportunities to develop rules that would enforce
community norms on privatized sites.

L eadership

Two of the five communities have suffered
disturbances related to leadership: Oak and Box
Elder (Table 3). Failures to develop or adhere to
collective-choice rules (GS6) contributed to Oak's
leadership disturbance. Although Oak's original
bylaws established a leadership council of seven
members(U5), lossof membershipledtoinformally
established |eadershipviaapresident, secretary, and
treasurer (GS6). Around the sametime, in the early
1990s, two internal factions devel oped, each with a
different leader (U5), representing different mental
models (U7) regarding land use and membership
rules. Conflict between the two groups' visions of
the community centered on whether memberscould
hold private property rights and whether those
property rights implied the right to cut down trees,
in violation of community rules. When the
community was unable to resolve the conflict
internally, the issue was taken to court. Although
the court resolved the conflict, the community
incurred considerable financial losses as a result of
legal fees and also saw a further decline in
membership. Moreover, the conflict reemerged
yearslater, andtotheextent that it hasbeenresolved,
has been resolved by the departure of key voicesin
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the conflict. In this case, reliance on external
institutions rather than strengthening communal
collective-choice processes and its leadership
contributed to the continued presence of interna
divisions.

In contrast, Box Elder was able to resolve its
leadership crisis without such negative consequences.
The community's charismatic founder and spiritual
leader became increasingly conflictive, misused
communal funds, and became the target of a law
enforcement investigation. The personality of this
leader (U5) was a factor contributing to this
disturbance, as was the absence of operational and
collective-choice rules to adequately monitor and
make the individual accountable for his actions
(GS5, GS6, GS8). In response, the el ected Council
of Elders removed him from power and enacted
changes to their bylaws. The community
reorganized as a federally overseen 501C(3)
nonprofit, requiring a well-defined governance
structure. The community aso changed its
collective-choice rules from consensus to majority
rule and began holding monthly meetings and
weekly "office hours," allowing greater flexibility
and transparency aswell asincreasing opportunities
for member involvement. The community was able
to take such action because of collective-choice
rules and constitutional rules that alowed for
change and adaptation (GS6, GS7).

The three communities that have not faced
leadership disturbances—Twin Oaks, Maple, and
Tulip Poplar—haveavoided thistypeof disturbance
through governance systems that distribute power
between members (U5) and encourage transparency.
Mapleand Tulip Poplar haveclear collective-choice
rules that foster constructive decision making and
long-term flexibility in community structure (GS6);
and, in Tulip Poplar, these are reinforced through
both operational and constitutional rules (GS5,
GS7). Members of Twin Oaks and Maple have
strong shared normsand values(U6). In Twin Oaks,
this was enhanced by similar mental models (U7)
among the members of the very small group (U1).
Although these arrangements have avoided
leadership conflicts, they also create trade-offs.
Twin Oakss smal size, which has allowed
transparency and shared norms to persist, aso
threatensitslongevity. Tulip Poplar'slargesizeand
reliance on democratic processes has avoided
leadership dilemmas, but has produced complaints
of slow decision making and other problemstypical
of larger bureaucracies.
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Boundaries and neighbors

Although the United States is known for having
some of the world's strongest institutions for land-
based private property rights (G$4), al five
communities have faced disturbances related to
maintaining boundaries (RS2) and relations with
neighbors. Trespassing to hunt, fish, drive al-
terrainvehicles(ATVs), or poachmorel mushrooms
(Morchella spp.) and wild ginseng (Panax
qguinquefolius) occurs a al five stes. All
communities experienced difficulty in monitoring
and sanctioning against trespassing (GS8). For
communities like Maple and Twin Oaks, this
difficulty waslargely attributableto adisproportion
in the size of the resource system (RS3) and user
group (U1).

Although all communities have made efforts to
address these problems, no community has been
successful. There are three reasons for this failure.
First, morels and ginseng are patchily distributed,
seasonal nontimber forest products with very high
market values (RU4), making them both difficult to
monitor and rewarding targetsfor poachers (Poteete
and Welch 2004). Second, the damage from
poachersand trespassersappearstobesmall relative
to the cost of imposing effective monitoring
(although one poacher at Maple was caught with
$20,000 worth of ginseng). This is a trade-off;
communities appear to view the financial and
temporal costs of creating rules and monitoring
trespassers as greater than the benefits they may
bring. As a result, communities are forgoing
monitoring and enforcement of violations (GS8).
Although Twin Oaksand Box Elder haveboth made
efforts to fence and walk the property to prevent
ATVs from entering, these efforts have been too
limited to be effective, particularly because the few
residents of the community (U1l) work, and thus
spend most of the day outside of the community.
Even Tulip Poplar, with a security committee of
several  volunteers organized through the
community's formal governance system (GS5,
GS6), continues to have problems with fishermen
trespassing to fish in the community's lakes.
Although it is conceivable that a full-time guard or
guardscould prevent trespassing, thiswould bevery
expensiveevenrelativetothecost of stolen ginseng.
Third, both rules (GS5) and norms (U6) in rural
southern Indiana are not conducive to strict
regulation of resource system boundaries (RS2).
Rural residents are accustomed to walking,
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gathering nontimber forest products, and even
driving ATVs across boundaries, and local laws
make it difficult to enforce claims against
trespassers. These norms and rules likely reflect a
19th-century institutional tradition in which forests
were managed as open-access commonsthroughout
much of North America(Freyfogle2007). Although
no community has been able to fully address these
challenges, Box Elder and Tulip Poplar have been
more successful than the others. In the case of Box
Elder, this is due to their reliance on multiple
strategies to deal with their neighbors, whereas
Tulip Poplar has been more able to deal with
trespassersduetotheir larger number of community
members and more formal governance structure.

Two communities, Box Elder and Maple, have
faced serious conflictswith neighbors (I13) resulting
from perceived cultural differences between
traditional rural communities and these so-called
"hippie" communities. This has been a bigger
problem for Box Elder. Box Elder'sfestivals attract
crowds and are noisy. The community has suffered
vandalism, has been accused by local newspapers
of performing satanic rituals, and at one point was
confused with a terrorist organization due to
similaritiesin their names. Both communities have
worked hard to reach across perceived cultural
divides and improve relations with neighbors and
local governmental authorities. Their efforts have
resulted in new networks between the communities
and their neighbors (GS3). Box Elder has also
changed rulesto decrease the noise impacts of their
festivalson neighbors (GS5), underscoring how the
community had to learn how to live with its
neighbors. Maple's neighbor conflicts were less
severe, and the community has been successful at
addressing them through sustai ned cooperationwith
neighbors (GS3); however, Maple's severe
problems with poaching persist.

It is important to note the nonlinearity in
disturbances from neighbors and responses taken
by the communities. For example, a lack of
monitoring and sanctioning processes (GS8) were
factors leading to the disturbance and response in
the community of Twin Oaks. Given the inability
to effectively monitor and sanction trespassing, the
responserepresentsatrade-off and opportunity cost
to alternative responses; thus, it was maladaptive
and contributed to the disturbance itself.
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Member ship transitions

A fourth common disturbance type is related to
transitions in membership as a result of the aging,
dying, or departure of members. Unlike other
disturbances we have discussed, these transitions
are slow-moving processes, but this does not mean
that their effects are small. Land tenure is a long-
term commitment. Reduced membership can mean
less available resources (financial and human) to
cope with future disturbances, and if members
continue to leave, the community will eventually
disappear. Membership declines may also present
opportunities for greater community cohesion if
members who leave do not share the majority's
values. Increasesin membership canalsobeasource
of disturbance. New members may lack knowledge
about the institutional, organizational, and
ecological aspects of the community or may not
share all its norms and values. Thus, there may be
a trade-off between bringing in new members,
which can increase different forms of capital, and
maintaining shared values and norms. This trade-
off, however, can be mediated by processes of
acculturation about local rules and norms that aso
serve to select which individuals are to be invited
into the community (see Gibson and Koontz 1998).

Two communities in our study, Maple and Oak,
experienced substantial decreases in population
from an original core group of about 40 people (see
Table 2). Departures at Maple followed a major
natural disaster (discussed below), and it appears
that only the most committed stayed, strengthening
the shared norms (U6) that contribute to Maple's
ability to address many problems effectively. On
the other hand, Maple's constitutional rules (GS7)
do not allow for the incorporation of new members
into the property-rights system (G$4), which has
become a problem as members' children now wish
to become members. Severa members of Oak
departed following the conflicts described
previously in the section on tree cutting (Cutting of
treesthat violates rules or norms). Their departure
was due to alack of shared values (U6), conflicted
leadership (U5), and constitutional rules (GS7) that
wereincapable of dealing with conflict. Those who
left Oak werelabeled "troublemakers' by remaining
members, however, their departure, rather than
leading to greater cohesion, led the remaining
membersto cease meeting, asthey no longer had to
deal with the problems created by troublemakers.
Because the community no longer has a regular
forum for making collective-choicerules (GS6), its
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ability torespondto futuredisturbancesmay beeven
more impaired than what it was during the past
period of conflict.

Twin Oaks has aso experienced a substantial
decrease in population. The original community of
four individuals never incorporated new members
but remained stable for many years with little
conflict. Thesmall group size (U1) helped maintain
shared norms and avoid conflicts, however, the
recent death of one community member and the
decision of two othersto moveto awarmer climate
cals into doubt the long-term survival of the
community. The ability of the community to
respond in away that would maintain the long-term
viability of the community is hampered by the
mental model (U7) the community has of itself.
Community members see themselves as a group of
friends and do not envision a community lasting
beyond their own lifespans.

Althoughtheother two communities, Box Elder and
Tulip Poplar, have not experienced such large
reductions in group size, they are not free from
membership transitions, showing different degrees
of membership increases and different responsesto
it. Although Box Elder has a stable group of core
members, their strategy of drawinginless-involved
members and visitors (in the hundreds) to
participate in annual festivals has led to a different
variant of the group size trade-off: festivals are a
sort of investment (15) to bring in resources but also
cause environmental issues. Box Elder istrying to
manage this problem by enforcing a ban on fuel
wood collection by visitors during festivals and by
designating specific areas for camping and
prescribing the rotation of these areas every year so
as to minimize the trampling of forest understory
(GS5, GS8). Tulip Poplar, which hasrel atively open
membership (S2), managestheissue of turnover by
having a much more complicated system of formal
rules than the other communities at both the
collective-choice (GS6) and constitutional (GS7)
levels.

Natural disastersand " Acts of God"

Whereas most of the disturbances described
illustrate how usersand governancesystemsinteract
with each other and affect the natural environment,
natural disastersillustrate how resource systemscan
impact users and governance systems. Southern
Indiana has a low frequency of maor natural
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disasters, and modern societies are largely able to
buffer themselves from maor ecological
disturbances (Kates 1971). There have been only
two "natural" events that have had important
impacts. Thefirst, an"Act of God" in theinsurance
sense, was a building fire of unknown cause that
occurred at Maplein 1980 (15 years before our first
site visit). The second was a major flood that
occurred at Tulip Poplar in the summer of 2008.

Thefireat Mapledestroyed what wasthen themain
building of the community. For a group of young
people whose communal finances were relatively
precarious, thiswasamajor disaster. As mentioned
previously, many community members left the
community after thefire. Rather than rebuilding the
communal building, the remaining members of the
community began building separate private
dwellings. This process reflected the leadership
(U5) of asmall number of community memberswho
had already begun building privatedwellings. It also
reflected the fact that users came from a
socioeconomic background (U2) in which private
dwellings, rather than communal ones, were the
norm. This represented a mgjor departure from the
previous focus of the community, which wasliving
together. A smaller community might not have been
able to survive the loss of members, and a
community with aweaker sense of collective action
might have been crippled by the movement toward
increased privateland. Instead, M aplewent through
a transformation, remaining a community but
becoming acommunity with substantially different
goals.

The flood a Tulip Poplar was the result of an
unusual seriesof very intenserainstormsthat led to
widespread flooding in southern Indiana. Tulip
Poplar is located in a watershed that is vulnerable
to flooding (U4). Damages to community-owned
infrastructure, including roads and a dam spillway,
amounted to five to six times the annual budget. In
the immediate aftermath of the flood, the
community's elected board and employees (U5)
responded by rapidly mobilizing the community to
address problems requiring immediate attention.
Thecommunity hastried totakeadvantage of nested
governance structures (GS3) by applying for state
and federal disaster assistance. However, private
homeowners associations such as Tulip Poplar are
not generally eligible for such funding, which is
restricted to governmental agencies or nonprofit
organizations. At the time of our last site visit, in
October 2008, the community was considering
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restructuring itsgovernance arrangements so that in
the future it might be better able to take advantage
of intergovernmental linkages. Given that our last
visit to the community was only 4 months after the
flood, it istoo early to evaluate long-term impacts.

DISCUSSION

Observing five similar forest communities
responding to disturbances over time gives us
insight into the processes leading to social-
ecological robustness. In particular, we find that
adaptive responses to disturbances involving
Improvementsto governancesystemsareassoci ated
with enhanced robustness, whereas failure to
collectively learn from disturbances and appropriately
adapt governance may result in declines in
robustness. Anderies and Janssen (2007) argue that
long-term robustness is a result of modest, short-
term cyclesof failureand recovery. In our cases, we
see that communities can learn from failures and
changetheir institutions as aresult of that learning.
Ostrom (2005) argues that through collective
experiences, culture, and communication, social
learning takes place and groups retain or revise
mental model sthat determinestrategiesfor decision
making. Alternatively, groups are ableto overcome
deficiencies in shared experiences, culture, or
Ineffective communication by establishing institutions
that structure situations to enhance shared mental
models, resulting in actionsthat lead to better rather
than worse outcomes (North 2005). Either way,
learning from experience, and using that learning to
change institutions, isthe core process that leads to
enhanced robustness.

Three cases—Maple, Box Elder, and Tulip Poplar
—areexamplesof communitiesthat haveincreased
their robustness through social learning, institutional
changes that facilitate group decision making, and
adaptation to disturbances. Maple and Box Elder
both experienced major disturbancesthat threatened
community viability (the fire at Maple and the
conflict with the leader at Box Elder) that allowed
them to restructure community governance in ways
that were not only adaptive responses to the crisis
a hand but also enhanced the ability of the
community to respond to future disturbances,
because the act of internally motivated adaptation
is itself a collective experience that builds the
scaffolding for future group decision making. Both
Maple and Box Elder benefit from arelatively high
level of cohesion (shared mental models) that we
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believe is the result of long and difficult collective
experiences in the communities' initial years. The
investment in developing a communicative group
with a shared vision and supportive institutions
provided these groups with robust foundations for
decision making and, thus, adaptation. Tulip Poplar
differsfrom Maple and Box Elder in being amuch
more heterogeneous community; however, it shares
the characteristic of having a formal democratic
governance system that facilitates shared
understanding and group decision making and, thus,
adaptation. At thetimeof our last visit, Tulip Poplar
was in the process of revisiting this governance
structure in response to governance challenges
posed by a major disturbance (the flood). Tulip
Poplar, likeMapleand Box Elder, may emergewith
a stronger governance system simply through the
internal, collective, critical analysis process,
building more scaffolding for future group decision
making.

Two cases—Oak and Twin Oaks—have experienced
disturbances that have not led to long-term
robustness. Although they have survived thus far,
their ability to respond to future disturbances is
severely hampered by a lack of investment in
internal problem solving and construction of
institutional structures that support this process. In
Oak, initia group heterogeneity, lack of shared
mental models, and lack of effectively supportive
institutions contributed to along history of divisive
conflict. Rather than respond to conflict-related
disturbances by adaptively revising its governance
structure, enhancing the community's long-term
robustness, Oak abandoned its collective-choice
rules and repeatedly turned to external authorities
for conflict resolution. Underscoring the effect of
an initia reliance on externa actors to restructure
thecommunity inthefaceof major disturbance, Oak
members collectively learned that investment in
legal fees precluded investment in internaly
motivated adaptation for solving a second major
socia disturbance. Althoughwe admit that thereare
casesinwhichexternal authorities, including courts,
are warranted for conflict resolution, we observed
that this repeated "solution” was maladaptive and
represents Oak's lack of interna capacity for
building robustness; court battles led to a loss of
membership, and the current members no longer
have a functioning collective-choice process that
would enable them to communicate, share
experiences, and thus internally respond to future
disturbances. Twin Oaks, by contrast with the other
four communities, has avoided major disturbances
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by remaining very small. But small size, as one
member died and others have moved away, is now
a weakness, threatening the group's viability, as
does a shared vision that they are simply agroup of
friends, rather than a "formal community" with
obligatory community rolesand related institutions.
Adaptation or its precursor, social learning, is
unlikely to occur when individualsinagroup do not
participate with any induced need to perform or
increase performance (Ostrom 2005); this appears
to be particularly true with Twin Oaks, inwhich the
disturbance faced is a more nebulous, pressing (as
opposed to pulsing), or continuous disturbance
event.

Looking at the individual variables from Ostrom's
(2007, 2009) framework, we find that operational
and collective-choice rules (GS5 and GS6), as well
as norms/socia capital (U6) and leadership (U5),
were the factors most associated with adaptive
responses. Thisis not surprising, asinstitutions are
widely recognized as essential elements in social
adaptation (Boyd and Richerson 2005, Ostrom
2005). Again, institutions structure situations to
enhance shared mental models, resulting in actions
that lead to better rather than worse outcomes(North
2005). Social learning and communication appear
to play akey rolein mediating institutional change,
but it is not clear how these processes are modeled
in the current version of Ostrom's framework. The
importance of operational and collective-choice
rules and monitoring and sanctioning processes
associated with the upkeep of those rules has been
emphasized in literature on the management of
common-pool resources (Gibson et a. 2005,
Basurto and Ostrom 2009, Coleman and Steed
2009). Not surprisingly, a lack of appropriate
operational rules(GS5) or norms/social capital (U6)
was associated with the causes of disturbance or
mal adaptive response, along with economic value
(RU4) of nontimber forest productsand small group
size (Ul).

CONCLUSION

Our analysis has illustrated how Ostrom's (2007)
ontological framework can be applied to
understanding the persistence of social-ecological
systems subject to successive disturbances through
anticipatory actionsand responses on the part of the
socia actors in the system. The framework was
originally proposed as a diagnostic framework for
avoiding panaceas by enabling analysts to identify
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specific components of socia-ecological systems.
Basurto and Ostrom (2009) applied the framework
by examining the emergence of self-organization
and robustness. This paper takes a step forward by
applying the framework to the over-time analysis
of disturbances, responses, persistence, and
robustness, this is a particularly innovative
approachto comparativeanal ysisof medium-N data
sets.

We have shown that, although there are numerous
variablesthat affect the robustness of communities
to disturbances, a small number of variables are
importantinmany of thecases. Our empirical results
suggest that these variables—particularly operational
and collective-choice rules, leadership and
entrepreneurship, monitoring and sanctioning,
economicvalues, number of users, and norms/social
capital—should be at the core of future theoretical
developments that aim to explain the variation in
robustness across persistent communities. Overall,
we conclude that successful communities exhibit a
virtuous cyclein which group investment in careful
crafting of institutions structures response to
disturbance and builds scaffolding that facilitates
socia learning and collective decision making,
leading to further institutional enhancement as need
arises, andtherefore, yields persistent communities,
skillful at adapting and robust to future disturbance.
Our findings are limited by the small number of
cases examined here. However, our use of Ostrom's
framework makes our cases potentially comparable
to other cases coded using the same approach. A
particularly promising approach would be to
compare our resultswith cases studied over time by
our IFRI colleagues in other countries, who have
gathered data using identical protocols but in very
different contexts.

Responsesto this article can be read online at:
http: //www.ecol ogyandsoci ety.org/vol 15/iss4/art9/responses/
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