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ABSTRACT

This paper identifies and characterizes vulnerability to climatic change in the Ngobe-Buglé Indigenous
community of Playitas, Panama, using a “‘trajectories of change’ approach. Playitas is a community
composed of swidden forest farmers that is undergoing rapid rates of change as a result of demographic
shifts, regional development, and climate change. Working in collaboration with a community organiza-
tion, various methods were used to identify and characterize livelihoods, social-ecological dynamics, en-
vironmental change, and behavioral responses to change, with the aim of informing future planning in the
community. Qualitative methods included semistructured interviews (n = 26), community workshops, and
participant observation. Causal-loop diagrams based on field data and the perceptions of community
members were created to model trajectories of change. The research reveals that change is driven by both
internal and external factors and that the responses of community members create both reinforcing and
balancing feedback loops that overall generate increased stress in agricultural systems, social structures,
and environmental components. Although community members historically relied on social relationships,
Indigenous knowledge, and remoteness as sources of resilience to external disturbances, climate change is
acting as a “‘multiplier”” of their existing vulnerabilities and is undermining their capacity to adapt to
current and future climatic changes.

1. Introduction Marginalized and disadvantaged groups are dispro-
portionally vulnerable to climate impacts, particularly
Indigenous peoples, who often experience high levels of
poverty, high dependency on renewable resources, lack
of recognition of their rights and institutions, and on-
going colonization (Ford et al. 2012; ILO 2017). Climate
change is expected to act as a ““multiplier” to these ex-
isting disadvantages and threaten the basis of Indige-
nous culture, institutions, and practices (Ford et al. 2016;
Green and Raygorodetsky 2010; Maru et al. 2014;
Mearns and Norton 2010). Despite the importance of
climate change to Indigenous peoples’ livelihoods and
their considerable knowledge on ecosystems and natural
processes, they have until recently been excluded from
debates on climate policy across scales (Belfer et al. 2019;
Ford et al. 2016; ILO 2017; Maldonado et al. 2016). The
study of climate vulnerability and environmental hazards,
for example, has been dominated by a technocratic
Corresponding author: Avital Li, avital.li@mail. mcgill.ca perspective of environmental change, which stresses

Climate change is one of the main threats facing hu-
manity in the twenty-first century, with certain pop-
ulations and ecosystems being more vulnerable to its
impacts than others (IPCC 2018). Central America and
the Caribbean-region countries been identified as a “hot
spot” region that will experience considerable climate
impacts, including projected increases in the magnitude
and frequency of extreme weather events, changes in
precipitation patterns, higher temperatures, increases in
the number of dry days, and sea level rise (IPCC 2014,
2018). According to the Notre Dame Global Adaptation
Initiative (ND-GAIN) vulnerability index, all Central
American countries are underprepared or poorly pre-
pared to manage these impacts (https://gain.nd.edu/
our-work/country-index/rankings/).
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the biophysical drivers of and solutions to vulnerability
(Adger 2006; Castree et al. 2014; McDowell et al. 2016;
O’Brien et al. 2007; Turner 2010; Turner et al. 2003).
Such work has largely overlooked Indigenous knowledge,
perceiving it as ‘‘anecdotal” and “‘nonscientific”’ (Castree
et al. 2014; Ford et al. 2016; Ford et al. 2012). In the past
decade, however, there has been growing attention to the
importance of Indigenous knowledge in documenting
climate impacts (Savo et al. 2016) and increased under-
standing of how Indigenous communities perceive, con-
ceptualize, and respond to environmental change (Green
and Raygorodetsky 2010; Maldonado et al. 2016;
Nakashima et al. 2012; Nyong et al. 2007; Pearce
et al. 2018; Pearce et al. 2015). Herein, Indigenous
knowledge can be defined as the “cumulative body of
knowledge, practice and belief, evolving by adaptive pro-
cesses and handed down through generations by cultural
transmission, about the relationship of living beings (in-
cluding humans) with one another and with their environ-
ment” (Diaz et al. 2015a, p. 13) (see also Diaz et al. 2015b).

Scholarship examining Indigenous societies interacting
with climatic changes draws upon a number of intellec-
tual traditions, including vulnerability, sustainability sci-
ence, resilience, and political ecology, each offering
unique insights on the dynamics of social-ecological in-
teractions. This work emphasizes the need for integrated
assessments, collaborations between academics and
practitioners, and iterative multistakeholder assess-
ments (Cutter et al. 2008; GIZ 2014; Kates et al. 2001;
Plummer 2009; Turner et al. 2003; Wise et al. 2014). The
complex nature of social-ecological interactions chal-
lenges standard linear modes of thinking and requires the
use of systems thinking, which is better able to approach
complex contexts in which there is limited certainty, mul-
tiple stakeholders, low predictability, and ongoing dynamic
change (BeLue et al. 2012; Hjorth and Bagheri 2006;
Purnomo et al. 2004; Turner et al. 2003; Wise et al. 2014).

The concept of pathways of change and response, or
“trajectories of change,” has emerged both as a useful
systems thinking heuristic to evaluate context-specific
causes of vulnerability and resilience and to identify
robust, long-term, and feasible adaptation strategies
that address underlying drivers of vulnerability (Fazey
et al. 2011; Wise et al. 2014). Fazey et al. (2011) define a
trajectory of change as “‘a dynamic process of individual,
group and/or societal responses to change which create
further change and responses with outcomes that reflect
the cumulative properties of that process” (p. 1276).
Understanding pathways of change develops knowledge
of context-specific, long-term effects of social-ecological
interactions that facilitates the identification of adaptive
strategies that are both feasible and desirable for the
community in question (Fazey et al. 2011).
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This study identifies, characterizes, and examines tra-
jectories of change in the Ngobe-Buglé Indigenous com-
munity of Playitas, a neighborhood in Panama’s Veraguas
province, to understand the drivers of vulnerability and
resilience to climate change according to local perspec-
tives. The paper replicates many of the same methods used
in Fazey et al. (2011) and explores how alternative forms of
knowledge to Western science can be used to understand
social dynamics. By attempting to integrate some more
conventional secondary data on climatic and environ-
mental change, it seeks to exemplify how Indigenous and
Western forms of knowledge can complement and support
each other in academic research. Specifically, the paper
answers four interrelated questions: 1) What changes are
occurring in Playitas? 2) What are the interactions be-
tween these changing conditions and how do they generate
key drivers of change? 3) Are the changes in and responses
of the community overall increasing or decreasing stress in
the socioecological system? 4) How do the trajectories of
change and response in the community affect vulnerability
and resilience to climate change?

2. Method
a. Study area

Playitas is a neighborhood in the corregimiento of
Guabal in the province of Veraguas in Panama. Settle-
ment in Guabal is concentrated in the tropical decidu-
ous forests along the Calovébora River in the piedmont
areas of the central Panamanian Atlantic slope. The
Calovébora River divides the semiautonomous Ngobe-
Buglé comarca to the west, where the Panamanian state
recognizes inhabitants’ communal rights to the land, from
the Veraguas province to the east, where inhabitants do
not benefit from any legalized form of land tenure. The
land highlighted in orange in Fig. 1 was the territory in-
cluded in the original Ngobe-Buglé land claim that remains
without any form of legal recognition.

Permanent settlement in Playitas began in the 1970s,
as families established households and plots concen-
trated around the Calovébora, which is marked in blue
in Fig. 1, but the land had been in use by many of these
same families for agricultural purposes for many years
prior. Today, there are approximately 22 households, some
of which are in multihome compounds that are home to
more than one nuclear family, in the neighborhood, with a
population of ~250 inhabitants, all of whom are Ngobe
and/or Buglé. Livelihoods are based on swidden agricul-
ture consisting in including cultivating plots (e.g., plantain
and banana varieties, yucca, and yams), gathering an array
of useful plants (e.g., medicinal and edible herbs,
flowers, and fruits), and hunting and fishing (e.g., for titi,
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FIG. 1. Demarcations of the proposed land claim for the Ngobe-Buglé occupied territory. The area included in the proposal is filled in
with pink (Atlas de los Pueblos Originarios del Distrito de Urracd 2015, unpublished manuscript from La organizacién Quibian-Nune
Kore-Toi Gnitaklne elegida por el Congreso Local del Distrito de Urracd).

medium-sized rodents, and, occasionally, wild boars). Plots
exist in a mosaic of communal and private tenure, the
complex dynamics of which are mediated by kinship ties,
communal rules of behavior, and informal exchanges.
Agricultural practices are governed by various customs/
behaviors considered traditional, including ajuntas, or
collective farming outings, as well as rituals to bless the
land and crops. Traditionally, families in the community
participate in most aspects of each others’ livelihoods,
from raising children to clearing land to feeding mouths.
It is common for community members to visit with other
families at any time of the day and expect to at least be
offered some chicha and a couple hours of conversation.

Inhabitants of the region have no formal rights to the
land. Tenure insecurity is high and is exacerbated by
growing land scarcity. The median monthly income per
employed person was USD $49.50, as compared with
the provincial average of USD $220, and 94.32% of
inhabitants had no form of social security, as compared
with the average rate of 59.04% in the rest of the
province (Davis 2015). Commonly, the older genera-
tions of community members worked in construction or
agriculture outside of the community for additional

income, whereas younger community members were
more likely to be attending school.

The region is remote and difficult to access, although
the construction of a road connecting the nearest city,
Santa Fe, to the Caribbean coast has been underway for
decades. As of 2017, the vehicle-accessible road has
extended to the community of Rio Luis, which is now the
last settlement in the central Atlantic region of the
country that is reachable by standard vehicles. Playitas is
located approximately 0.75 mi (1 mi = 1.61 km) down-
river from Guabal’s town center, but community set-
tlements occupy the land bordering the river until it
reaches the Caribbean Sea. Because Playitas and Guabal
are closest to the road, their inhabitants interact most
with travelers passing through. They are also the most
exposed to developments and incursions into the area by
foreigners, which are increasing as a result of the new
infrastructure and growing interest in land for tourism,
mining, and hydroelectric development.

The Organizacién Ambiental, which is an offshoot of
the democratic Nuka Tére Indigenous governance body
that exists within the comarca, is located in Playitas. It
functions as a part of the greater governance structure,
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which includes various congresses and assemblies in which
many different communities participate. The Organizacion
Ambiental holds community meetings to inform inhabi-
tants about current challenges, provide guidance for agri-
culture and other aspects of their livelihoods, and seek
approval for projects, among other things. It is a critical
source of information and organizational capacity for
inhabitants. Meetings of the Organizacién Ambiental
embody another component of the Ngobe-Buglé com-
munalism: open and participatory democracy. During
meetings, every participant is invited to share their
perspective and the leaders do not move on from a
discussion point until all participants agree that there is
nothing left to say. All community members above the
age of 12 are allowed to vote on decisions made through-
out the territory. The Organizacién Ambiental is the pri-
mary partner for the researchers and hosted the primary
researcher during her stay in the community. Members of
the Organizacién Ambiental also aided directly in
conducting research.

The area in which Playitas is located has experienced
and will continue to experience a variety of climate
change effects. At present, mean annual temperature in
Panama has increased by 0.35°C as compared with
trends observed between 1980 and 1999 (https://
climatescreeningtools.worldbank.org/start-screening),
with projections ranging from a 3° to a 6°C increase for
Panama by 2071-2100 as compared with 1990 accord-
ing to the IPCC. This increases the risk of recurrent
heatwaves (https://climateknowledgeportal.worldbank.org/
sites/default/files/2018-10/wb_gfdrr_climate_change_
country_profile_for_PAN.pdf) and the intensity and
frequency of tropical cyclones in the area (Campos
et al. 1996).

Future precipitation variability is predicted for Central
America (https:/climateknowledgeportal.worldbank.org/
sites/default/files/2018-10/wb_gfdrr_climate_change_
country_profile_for PAN.pdf). Regionally, Bocas del
Toro and Veraguas show the largest changes in precipi-
tation of the four regions of Panama studied by Hidalgo
et al. (2013). Further, Tremblay-Boyer and Anderson
(2007) identified the Pacific and Caribbean sides of the
western region of Panama as the most vulnerable to fu-
ture climatic change using a ‘‘climatic space” variable,
which measures average projected climatic changes in
different ecosystem patches compared to interannual
climatic variation in the past 40 years.

A drying pattern is predicted for Central America,
with a decrease in summer precipitation and intensifica-
tion of the mid-summer drought phenomenon (Fabrega
et al. 2013; Hidalgo et al. 2013). Drought and heat stress
increase the vulnerability of forests to tree mortality, and
this effect has already been noted in Panama, where
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seasonal droughts following ENSO years have increased
tree mortality (Allen et al. 2010; Condit et al. 1995; Leigh
et al. 1990). The increased risk of droughts and higher
temperatures in Panama suggest that forest mortality is a
considerable risk, even in forests typically not thought to
be water limited, including tropical broadleaf forests such
as the one in which Playitas is located (Allen et al. 2010).
Meteorological change, including changes in extreme
weather events, rainfall, and evapotranspiration, has a va-
riety of impacts on the availability and magnitude of water
resources. Changes in water levels and freshwater life could
have significant ramifications for livelihoods in Playitas, for
which the Calovébora River is a critical resource.

b. Conceptual approach

This study employs a decision-oriented approach to
understand how dynamics of change and response in
Playitas influence both the resilience and vulnerability
of the social-ecological system. As such, the comple-
mentary and overlapping contributions of resilience and
vulnerability-based approaches are useful, as decision-
makers can employ them to evaluate how actions could
strengthen resilience or reduce vulnerability (Campeanu
and Fazey 2014; Maru et al. 2014; Schwarz et al. 2011).
The parameters of change and response in Playitas are
subject to significant uncertainties, multiscalar effects,
various exposures, and subjective valuations of commu-
nity members. Thus, an approach to adaptation that is
capable of cycling between incremental responses that
address proximate causes of vulnerability as well as
systematic responses that build toward transformative
change is needed (Fazey et al. 2011; Maru et al. 2014;
Schwarz et al. 2011). Assessing the ways in which pro-
cesses of change and response influence both resilience
and vulnerability in the community allows for the exami-
nation of root and proximate causes to enable decision-
making about how and when to prioritize transformational
versus incremental responses to change and link long-term
system drivers with local socioeconomic realities
(Campeanu and Fazey 2014; Maru et al. 2014; Schwarz
et al. 2011). Employing a pathways linked framework
aids in visualizing how relevant adaptive capacity, re-
source access, and decision-making, which produce
current or short-term vulnerability, are shaped by the
broader processes that determine community resil-
ience. This helps us understand vulnerability and ad-
aptation as relevant beyond specific risks and events
(Campeanu and Fazey 2014; Schwarz et al. 2011). With
this understanding, this study proceeds with a ‘“‘contex-
tual” understanding of vulnerability, in which vulnera-
bility is dynamically produced as function of sensitivity
and exposure to climate change and adaptive capacity
(Ford and Goldhar 2012; O’Brien et al. 2007; Smit and
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Wandel 2006), thus emphasizing the process-based and
multidimensional view of the social-ecological system
(Maru et al. 2014). It also employs Folke’s (2006) nor-
mative definition of resilience as the ability of the system
to absorb change while continuing to advance toward
long-term development that is socially desirable. None-
theless, both vulnerability and resilience are understood
as dynamic and process-based, influencing each other
through changes in adaptive capacity governed by both
internal and external factors.

The trajectories-of-change method used by Fazey
et al. (2011) is the guiding conceptual model for this
analysis. They define a trajectory of change as ‘‘a dynamic
process of individual, group and/or societal responses to
change which create further change and responses with
outcomes that reflect the cumulative properties of that
process” (p. 1276). The concept of pathways of change
helps to determine what adaptation is “about” (Wise
et al. 2014), or, in other words, to understand the need
for action either as a response to change or as a proactive
measure. The pathways approach is conceptualized in
the literature as an approach to evaluate and sequence a
series of adaptation decisions considering their interac-
tions with uncertain future scenarios over time to enable
better informed decision-making (Haasnoot et al. 2013;
Haasnoot et al. 2012). It recognizes adaptation as part
of the pathways of change and response in a social-
ecological system and thus emphasizes the process of
decision-making under conditions of uncertainty and ex-
treme complexity (Pelling and Manuel-Navarrete 2011;
Reeder and Ranger 2011; Wise et al. 2014). By taking into
account both proximate and root causes of vulnerability
and their interactions over time, the pathways approach
can be used to accommodate both short-term responses
and long-term resilience-building strategies while at-
tempting to avoid maladaptations (Fazey et al. 2011;
Wise et al. 2014). Instead of using ‘‘adaptation path-
ways’’ in the policy sense as in Haasnoot et al. (2012,
2013), this study focuses on the coping methods and
adaptive strategies used by community members to
deal with stress and change and the response of the social—
ecological system to these coping methods. This allows for
an initial understanding of the nature of interactions be-
tween different components of their social-ecological sys-
tem so that different scenarios of future change may be
more accurately considered (Fazey et al. 2011; Maru et al.
2014). It relies primarily on field data conducted in Playitas
and is supplemented by external information on climate
change projections and demographic data for the area. This
study demonstrates how the trajectories-of-change model
can utilize primarily perception-based information to assess
relationships between drivers of change in a community in
the absence of other forms of data.
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The trajectories of change are modeled as causal-loop
diagrams, that is, conceptual models in which items of
change are connected through directional polarized ar-
rows, with the arrows demonstrating the direction of
influence and their polarity indicating the nature of
change. Causal-loop analysis then allows for the identi-
fication of key balancing and reinforcing feedback loops
and overall directions of change where applicable
(Downing et al. 2014). The key drivers of change in the
system were identified by how many other variables they
influenced directly or indirectly, thus indicating the
strength of their influence on the pathways of change in
the community (Fazey et al. 2011; Maru et al. 2014).

c¢. Methods

The field research was conducted between June and
August of 2016. All of the methods were executed in
compliance with McGill University’s Research Ethics
Requirements, and involved close collaboration between
the research team, the Center for Indigenous Conserva-
tion and Development Alternatives (CICADA) and the
Organizacién Ambiental de Playitas, and community
members. The research took place as part of an ongoing
relationship and series of projects between CICADA and
the Organizacién Ambiental, which have involved land
use mapping, Indigenous storytelling, and rights-based
advocacy. For this project, mixed methods were used to
gain a qualitative understanding of pathways of change,
livelihoods, current stresses, and impacts of experienced
climate and environmental change in the community,
with local research assistants from the Organizacién
Ambiental working closely with the primary researcher.
Knowledge gained during other projects supplemented
the information gained through interviews. Land use
mapping, for example, gave the primary researcher a
more complete picture of the community’s livelihoods
while accompanying community members on harvest
trips gave her a holistic understanding of their subsistence
practices. The primacy given to the perceptions expressed
during interviews and conversations means that the use of
terms such as ““‘traditional practices’ refers to the ways in
which community members themselves used these terms.
More specific references are included where community
members spoke more specifically.

We conducted two sets of interviews with each par-
ticipant family (n = 26), some of whom were living in
shared households. In the first set, family members were
asked questions that attempted to get a sense of how life
used to be and how and why it has changed. The themes
and questions discussed during the interviews were based
on important themes that emerged during activities
completed with the community in previous years and
were confirmed during the initial community focus-group
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meetings. The interviews were semistructured and tar-
geted specific areas identified by researchers by asking
interviewees to compare how certain items were in the
past with how they are today. For instance, interviewees
were asked if they had observed any changes in the
natural environment, what these changes are, how they
are changing, and what they perceive to be the causes of
these changes. The primary researcher quickly noticed
that community members did not mark or observe time
according to conventional calendar years and temporal
periods were thus ascertained depending on when they
occurred in relation to when families arrived in the
area. Nonetheless, many interviewees categorized time
in terms such as ‘‘then” or “‘during those times.”

One member of the Organizacién Ambiental accom-
panied author A. Li, the primary researcher, on the in-
terviews, which were all conducted in Spanish, and
helped with some minor translations for older commu-
nity members for whom Spanish was a second language.
They assisted not only in direct translation but also in
helping to explain research questions when interviewees
were unclear about their meaning. Due to common
living arrangements and customs, the vast majority of
interviews were conducted with at least two family
members present, and family members assisted each
other in responding to questions. In various cases, re-
searchers noticed that male family members would often
respond in the place of a female interviewee, even when
the questions were directed to the woman. Attempts
were made to remedy this by following up in more pri-
vate conversations with female respondents.

Once the primary researcher became able to communi-
cate more clearly with interviewees, the research team
decided that the member of the Organizacién Ambiental
would remain outside during the interview so as not to in-
fluence interviewees’ answers. The primary researcher took
notes by hand during the interviews to capture responses.
The primary themes of the semistructured interviews were
environmental change, demographic change, and socio-
cultural change. All of the interviews took place in in-
terviewees’ respective homes.

The second, shorter, set of interviews was designed
to develop understanding on cultivars, cultivation pat-
terns, and the subsistence system of the communities.
The primary researcher, at least one member of the
Organizacién Ambiental, and at least one member of
the interviewee’s family visited between one and five
different plots that families were cultivating. During
these visits, interviewees answered questions about the
crops used, cultivation methods, lengths of agricultural
cycles, and changes in production on the plot in ques-
tion. The number of plots the group was able to visit
depended largely on their distance to Playitas. Some
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plots were located in other regions entirely, and resources
did not allow for the researchers to visit those. As such,
closer plots were certainly more represented in the
research. Further, the researchers were able to visit
several plots that were at least a 90-min distance by foot
from Playitas. In some instances, the local research
assistants visited the plots and recorded the associ-
ated information to save time.

Focus-group workshops were also held in which
community members were informed about the project
and were able to ask questions about it. Community
meetings served as a space in which community mem-
bers could discuss any concerns about the research and
speak as a group about elements that they wanted to be
represented in the final product. These meetings were
announced in the same fashion as regular community
meetings in Playitas: in the days prior, members of the
Organizacion Ambiental visited peoples’ homes and
informed them that a community meeting was to take
place, and on the day of the meeting they blew a conch
to alert community members that the meeting was
beginning shortly. Five such formal meetings were held
during the course of the field research (attended by
between 11 and 23 individuals). During the meetings,
the researchers and members of the Organizacién
Ambiental either made an announcement or explained
some component of the research and invited sugges-
tions, questions, and comments. Discussions moved
freely, and everyone in attendance was given the
chance to speak. During these meetings, community
members expressed concerns about the trustworthi-
ness of the foreign researcher, helped reframe some
interview questions to be more appropriate, and gave
feedback on initial results. Interviewees were selected
from those who attended the meetings, given that they
were those who were best informed about the project
and freely volunteered to participate. Given the open
and democratic nature of discourse in community meet-
ings, it was not desirable to impose a robust methodo-
logical structure therein.

Longer, unstructured conversations between the pri-
mary researcher and members of the Organizacion
Ambiental were invaluable for interpreting the findings
in the interviews. These conversations were usually
directed toward clarifying a particular point in an in-
terview or in helping the primary researcher make
connections between different elements. Given the
relatively short duration of the field research, these
discussions allowed the primary researcher to gain a
deeper understanding of local dynamics and customs.
The primary researcher also used these conversations
to verify the connections they were making during the
analysis phase.
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d. Analysis

1) CHANGES OCCURRING IN PLAYITAS

Change was explored by asking interviewees to com-
pare how things operated in the past to how they cur-
rently exist. Given the lack of specific temporal data, the
researcher attempted to frame questions such that
interviewees compared existing conditions with how they
were when their family arrived in the area. As such, the
change reflected in the analysis attempts to categorize
changes that have occurred since the first wave of settle-
ment in the area until the present. The primary researcher
then coded the responses about change to generate two
lists, one that compiled the specific items of change
identified by interviewees and one that listed the broader
types of change occurring in Playitas. From the items of
change, each of which was associated with a broader type
of change, the researchers were able to deduce the types of
change that were most important according to the per-
ceptions of community members. If many of the items of
change were considered to be “‘cultural” types of change,
for instance, the researchers could deduce that many el-
ements in what is considered cultural are changing.

These lists include the direction of change (increasing
or decreasing) and reasons cited by interviewees for the
change. The weights of different drivers or elements of
change were initially assigned according to the fre-
quency with which the type of change was mentioned
by interviewees and then was either adjusted or con-
firmed in conjunction with in-depth discussions with
members of the Organizacién Ambiental.

2) CAUSAL-LOOP DIAGRAMS

Using the information about directionality and causality
of changes discussed by interviewees, the researchers
constructed diagrams that illustrated the linkages between
different items of change. With the help of research assis-
tants, causal-loop diagrams were then compiled from these
diagrams, indicating the influences of different items
of change on one another. Important current and future
stresses and vulnerabilities in the community were iden-
tified through causal-loop analysis through the integration
of field data and projections on the impacts of climate
change in the area. Recommendations and policy pre-
scriptions for the community are given on the basis of
these analyses as well as conversations with community
members about possible and desirable adaptive strategies.

In the next sections, we organize the results in this
order, beginning with an overview of the items of change
and the causal-loop diagrams followed by a discussion of
how these changes relate to the community’s vulnera-
bility and resilience to climate change.
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3. Results
a. Items of change

Participants identified a wide array of items of change.
These items were categorized into six different types of
change to facilitate understanding of general drivers of
change in the community (see Table 1). There was a signif-
icant agreement over the first few items of change, with all
items documented by more than one interviewee. Conver-
sations with members of the Organizacién Ambiental
revealed that many of these items of change, because
they are prevalent concerns of community members,
are often discussed in community meetings.

b. Trajectories of change

Several trajectories of change were identified from
the items of change and interlinkages discussed in the
interviews. First, there is a reinforcing feedback loop
between agriculture and the monetary economy in
which population, employment, and crop productivity
are key drivers in increasing stress in food systems
(Fig. 2). There is also an important socioenvironmental
feedback loop in which demographic change is a key
driver in promoting environmental changes that are
largely perceived as negative (Fig. 3). Third, there are
feedbacks between elements conceived as cultural and
the prevalence of the monetary economy, in which the
increasing prevalence of the market drives cultural loss
(Fig. 4). These feedback loops are combined in Fig. 5 to
visualize the interlinkages between all items of change
in Playitas.

1) AGRICULTURAL AND ECONOMIC FEEDBACKS

Changes in the local economy and agriculture were
often cited by interviewees in conjunction with one
another, in which increasing economic activity (e.g.,
participation in wage labor or purchasing from the
local supermarket) contributes to lowering agricul-
tural productivity. Four interviewees discussed how
less time is spent on traditional agricultural activities
as more adults migrate outward from the area or spend
more time working in jobs outside the community, thus
reducing productivity as their agricultural systems require
substantial manpower and time to maintain productivity.
Increased monetary wealth allows them to substitute
store-bought items for traditional agricultural food sta-
ples to supplement for losses in agricultural productivity.
This feedback loop is shown in association with internal
factors such as population growth and land scarcity
as well as external factors such as government policy
and development. As such, the relationship among
declining agricultural productivity, land scarcity,
and economic activity is a self-reinforcing one in
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TABLE 1. The 20 most frequently identified items of change in
interviews (of 26). “Type of change” refers to the broader category
of which the item is a part. “Direction of change” indicates whether
the item is increasing or decreasing (| = decreasing; 1 = increasing).

Type of Direction of

change Item changing change N
Environment Forest cover ! 17
Economy Proportion of purchased il 15

items

Social Cultural loss 1 15
Agriculture Forest burning l 13
External Land speculation/selling il 13
Land Amount of land available ! 12
Land Sale and purchase of land i 12
Agriculture Productivity of plots l 11
Agriculture Juntas ! 10
Environment  Temperature il 10
Environment  Climate variability 1 10
Environment River levels | 9
Economy Employment 1 8
External Development i 8
Agriculture Order in crops 1 8
Medicine Traditional medicine 1 7
Environment  Plagues T 7
Land Conflicts over land T 6
Environment  Fish populations l 6

which increasing development and population growth
are key drivers in promoting stress in agricultural sys-
tems and reliance on income generation.

2) SOCIAL-ENVIRONMENTAL FEEDBACKS

Almost all interviewees identified several items of
environmental change, including changes in agricultural
productivity, with a feedback loop between social and
environmental change illustrated in Fig. 2. The most
cited sources of environmental change by interviewees
were reduction in forest cover (n = 17), temperature
increase (n = 10), increasing climate variability (n = 10),
and lower river levels (n = 9). These items of change
were most commonly associated with sociocultural, land
use, and demographic change, although anthropogenic
climate change was also cited as a driver of change by
three interviewees. Population increase is a key driver in
this system, cited as a reason for higher levels of pollu-
tion and land devoted to agriculture and for decreases in
river levels, fish populations, wildlife populations, and
forested areas on land. Interviewees explained this by
saying that families were clearing tracts of forest
more often and for longer periods of time to accom-
modate a growing population. Interviewees associ-
ated these behaviors with observed increases in
plagues and decreases in crop productivity and wild-
life. While interviewees attributed certain changes
such as increases in pollution and the lowering of the
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river levels to their own behavior, external drivers in-
cluding climate change and increasing development
were also cited as drivers for some larger changes, such
as temperature increases, climate variability, and pests.

3) SOCIOCULTURAL FEEDBACKS

There are links between increasing development and
reductions in activities considered to be culturally
traditional, shown in Fig. 3. There are only two complete
sociocultural feedback loops in the community and it
appears that external factors are most important in
driving observed changes. Increasing development of
basic services and commercial industry (e.g., trans-
portation, schools, medical services) in the area has
increased the proportion of individuals receiving an
education and employment, which decreases the time
available for traditional cultural and agricultural ac-
tivities. Reduced time for agricultural activities re-
duces forest burning (n = 13) and the frequency of
ajuntas, or collective farming outings (n = 10). Be-
cause these traditional activities are centered around
agriculture, this reduction has also been linked to
decreasing agricultural productivity, which contrib-
utes to external migration for employment and the
initial condition of less time devoted to traditional
activities.

The communality of livelihood arrangements has long
been regarded as a central component of the cultural life
of the region and there are several factors that are con-
tributing to its perceived decline. Overall, interviewees
noted that notions of private property are increasing
(n = 4), which contributes to the overall perceived de-
crease in the sense of communal life and reciprocity. De-
velopment has also led to declines in the proportion of
traditional medicine used (n = 7) and increases in the
proportion of purchased foods (n = 15). Immigration and
education were the only factors mentioned as driving the
increased discomfort with their Indigenous identity and
their involvement in activities considered traditionally In-
digenous. Conversations held with community members
suggest that this results from increased exposure to non-
Indigenous individuals, which is a result of development,
which brings outsiders to the region, and outmigration.
One elder in the community discussed how the roles of the
cacique, the traditional chief, and the sukias, or traditional
healers, have progressively declined in importance as a
result of the generational passing of individuals who
transmitted this knowledge, the lack of will to pursue
the revival of certain traditional practices, and inertia
in the community. Encroachment on land, represented
in Fig. 3 as land speculation, development, and the
construction of the road, puts additional pressure on
land availability and increases perceptions of tenure
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FIG. 2. Feedbacks of increased employment, declining agricultural productivity, and time-use tradeoffs in Playitas. The “R” indicates a
reinforcing feedback loop. Arrows indicate the influence of one variable on another, and the polarity of the arrow indicates the nature of
this influence (a positive polarity indicates that when the initial variable increases or decreases, the second variable changes in the same
direction; a minus polarity indicates that when the initial variable increases or decreases, the second variable changes in the opposite

direction).

insecurity, which interviewees associated with increasing
notions of private property.

4) KEY DRIVERS AND TRAJECTORIES OF CHANGE

The key drivers of change in Playitas are both internal
and external. The interactions between items of change
in the whole system are illustrated in Fig. 5. Population
growth and development are the two drivers identified
most frequently in conjunction with changes occurring
in the community, with climatic change acting as an
important contributing factor. Population size and de-
velopment were each associated with essential points
of leverage in the system, such as land availability, time
available for subsistence activities, and crop productiv-
ity, which are all closely tied to livelihoods and therefore
generate changes much more noticeable for commu-
nity members. These two key drivers exerted pressure
causing other items in the system to change noticeably,
which in turn affected other items in the system, re-
sulting in cascading changes in some cases. Population

growth is linked with land scarcity and environmental
change, which contribute directly and indirectly to de-
creased crop productivity, increased reliance on pur-
chased goods, cultural loss, and increased outmigration
for employment. Increasing development contributes to
increased employment and income generation, which is
linked to bringing in external goods such as Western
medicine, which also contributes to decreased crop pro-
ductivity, increased reliance on goods, and cultural loss.
Community members also perceive that development has
increased population levels, as a result of increased im-
migration and longer life expectancy resulting from the
increased availability of Western medical attention and
stable sources of nutrition. Climatic and environmental
changes occurring in the area are additional pressures that
appear to exacerbate the negative impacts of changes
caused by the two key drivers. Although determining the
extent of current climatic change in Playitas is beyond the
scope of this paper, the changes noted by community
members—notably more frequent dry periods, increased
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FIG. 3. As in Fig. 2, but for feedbacks of environmental change, decreasing agricultural productivity, and stress in the community of
Playitas. The ““B” indicates a balancing feedback loop.

climatic variability, increased temperatures, lower water
levels in the river, and less biodiversity—corroborate
the findings of other research on climate change in the
region (Magrin et al. 2014; Nyong et al. 2007).

Both of these drivers appear to be contributing to
largely reinforcing feedback loops and community per-
ceptions do not indicate that any significant factors are
balancing them at present. Outmigration for employ-
ment does limit the impacts of larger population sizes,
but is often only temporary. Further, these drivers are
themselves highly interlinked, with development appearing
to increase the rate of population growth. Community
members expressed particular uncertainty regarding
the future of development. Because the Panamanian
State does not currently recognize their native rights to
the land, they are not ensured a collective say in the
rate or type of development that takes place on their
land or the land surrounding it. The development of the
first vehicle-accessible road in the area, a state-funded
project named ‘““La conquista del Atldntico,” has a
stated objective of driving tourism and facilitating re-
source extraction and energy transmission in the area.
The community can likely not have a noticeable effect
on climate change, but local environmental conditions,

particularly forest density and health, may impact the
extent to which climate changes impact livelihoods and
are felt by the community. Community responses did not
indicate that there were many substantive factors limiting
population growth and development, which appeared to
have the largest influence in environmental quality. The
Organizacién Ambiental claims to do its best to advise
people to engage in beneficial environmental practices,
but their success has been limited.

Conversely, some items that were discussed frequently
by community members, such as land speculation/selling
(n = 13), sale and purchase of land (n = 12), and conflict
over land (n = 6), did not actually appear to play a large
role in affecting other forms of change in the system other
than the conceptions of private property and perceptions
of community cohesion. This reflects the sentiment of
tenure insecurity that pervades the community. While
this fear has yet to materialize for most of the community
and therefore has not begun to have concrete impacts
in terms of change, it provides a clearer picture of the
current atmosphere in the community and the types of
change that are undesirable for community members.
Including these variables in the causal-loop diagram gives
credit to the importance of such perceptions in a context
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in which the sense of insecurity alone can affect the health
of the socioecological system. In this case, the perception
that community members are more willing to sell their
land, even if unfounded, can impact how willing individ-
uals are to share their resources with others or act in ways
that are collectively beneficial. As such, although these
smaller variables, which also include outmigration for em-
ployment, drug and alcohol use, and provision of Western
medical care, exert less individual pressure on other items
in the system, they are essential to include because they
provide a deeper understanding of how community mem-
bers conceive of these issues and how to address them.

4. Discussion

The Playitas social-ecological system is experiencing
rapid rates of change that are increasing stress in several
areas of community livelihoods. The understanding of
current dynamics of change and vulnerability provides
the basis to allow for the assessment of possible future
vulnerabilities in the community. Similar to McCubbin
etal. (2015), it appears that, while Playitas is sensitive to
current and future climatic stressors, nonclimatic stressors
appear to have the most influence on social-ecological well-
being. Climatic factors were most commonly described in

the context of their relationship to a complex set of social,
cultural, historical, and ecological factors.

As highlighted in other community-based studies
(Butler et al. 2014; Campeanu and Fazey 2014), it is
important to consider vulnerability and resilience to
climate change as part of the broader network of
decision-making and livelihoods in which communi-
ties are engaged. Vulnerability and resilience are both
dynamic and heterogeneous throughout the different
components of community livelihoods. Therefore,
whereas the vulnerability or resilience of different
aspects of the system has changed, this does not nec-
essarily entail greater vulnerability or resilience of the
system as a whole. The vulnerabilities highlighted in
this paper predominantly concern the observable im-
pacts of climate change on systems that are central to
community livelihoods, as the research has prioritized
the perspectives of community members (BeLue et al.
2012; Fazey et al. 2011; Ford et al. 2006; Mendoza and
Prabhu 2005; Purnomo et al. 2004; van Aalst et al. 2008).
The causal-loop analysis examined how internal dynam-
ics affected the stability of the social-ecological system,
and the following segment assesses how these trajectories
of change implicate the community’s vulnerability
and resilience to climatic change.
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a. Vulnerability

In the past, community members’ experience of
stressors was determined by the extent of localized
knowledge, social cohesion, and livelihood flexibility,
but, at present, population growth, livelihood change,
and increased local development have led to decreases
in each of these items. Over time, the community has
employed other strategies to cope with stress. While the
changes that have occurred in recent generations have in
many cases improved families’ ability to manage short-
term stresses, they appear to be magnifying their sensi-
tivity and exposure to longer-term shifts caused by such
factors as climate change and market integration.

In the past, when the community was extremely dif-
ficult to access, community members’ biggest sensitivity
was to severe diseases or injuries that they were unable
to treat themselves, although the exposure to such dis-
eases was minimal. They were also sensitive to food
shortages when crops failed, as there were few available
alternative sources of food. In these situations, families
would help each other when they could as widespread
crop failures were rarer than they are today. With in-
creasing market and societal integration, however, these
parameters have shifted. While their mobile livelihoods
allowed them to respond more freely to changing cir-
cumstances and incursions into their territory (Wickstrom
2003), Ngobe and Buglé farmers today are more sedentary
due to the decreased availability of public lands, in-
creasing population, and reliance on centrally located
basic services.

The agricultural system in Playitas appears to be un-
der considerable stress and is demonstrating signs of
increased vulnerability due to climate shifts. Agricul-
tural productivity appears to respond negatively to the
environmental changes occurring in the area, whether
attributable to ecological changes such as reduced forest
cover or to climatic shifts occurring over longer time
scales, such as increased precipitation variability. Because
there appears to be few controls on climatic changes or
ecological degradations, it can be expected that the ag-
ricultural system’s sensitivity and exposure to such
changes will continue to increase.

The decline in provision of environmental services is a
sign of a reduction in the health of the ecological system
and results from existing climate change and human
interference, suggesting that it will be less able to re-
cover from exogenous shocks (De Lange et al. 2010).
The response mechanisms employed by the community
to cope with the proximate causes of environmental
stress are increasing socioecological vulnerability to
climate change. Clearing entire lots for cultivation
rather than cultivating semiforested areas, a practice
that community members employ with the aim of
cultivating more crops, leaves the crops unprotected
from extreme weather events. Community members
also use other strategies to intensify their harvests when
previous yields are lower than expected, such as har-
vesting more plots at once, which may increase yields in
the short run but damage the agro-ecosystem in the long
run. The reduced integrity of the agro-ecological system
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increases its sensitivity to shocks. As a result, there may
be shifts in the ecosystem that are unpredictable, nota-
bly rapid degradation of ecosystem services on which
the community relies. Some older community members
expressed that although in the past they could predict
such shifts they are unable to “‘read” the shocks that are
occurring at present. Only some of the environmental
changes discussed by interviewees can be attributed to
climate change, namely temperature increases and cli-
mate variability. In particular, the most commonly listed
shocks were large storms, which they described as more
severe and frequent than they used to be but lasting less
time. Indeed, variability appears to be the most impor-
tant climatic variable affecting other items in the system.
Because of this growing variability, community mem-
bers are less able to plan widescale burns to clear the
system, such that their swidden practice resembles more
of a slash and mulch system rather than a slash and burn
one. While this slows down the agricultural process, it
may reduce local temperatures and burning-related
emissions in the long run.

Although increased stress on agricultural systems
threatens the internal stability of the socioenvironmental
system, the increased diversity of income sources generally
lessens families’ sensitivity to agricultural shocks such as
extreme weather or floods. As the community continues to
be reliant on their agricultural system for more than half of
their nutrition, however, they continue to be sensitive to
crop failure, while climate change, ecological degradation,
and erosion of traditional practices have increased their
exposure to such shocks. There were conflicting views
about whether having alternative sources of nutrition was
beneficial. Some participants noted that the store-bought
food ensured that their family always had more than
one meal a day and that the store-bought foods made
new and more varied types of food available. Equally,
elder community members lamented that new food
sources lack in nutrients when compared to natural
cultivated crops such that new generations are growing
up weaker than their parents. Dependence on store-
bought goods also exposes community members to the
fluctuations of the market, similar to what is noted in
Fazey et al. (2011).

Increased involvement in the market economy im-
pacts the community’s vulnerability to continued de-
velopment or climate shocks. Internal sociocultural
arrangements themselves appear to be vulnerable to
change, as increased exposure to outsiders and latino
culture lead to the reductions of traditional practices
and, to some degree, communal relationships. These
sociocultural changes, in turn, will likely impact the
community’s ability to respond collectively to climate
shocks in the future, thus increasing their sensitivity.
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This is because their swidden agricultural system re-
quires large inputs of manual labor during concentrated
time periods. As such, collective farming outings in
which several families work together on one family’s
plot allowed families to work more efficiently and cul-
tivate more plots at a given time. This mutual exchange
of labor intensified senses of communality about food
and other resources that helped any individual family
survive shocks. As ajuntas and other traditional agri-
cultural activities became more difficult to organize
due to increasing time commitments, families adjusted
by cultivating one plot more intensively and rotating
cultivation plots less frequently, which caused more
permanent forest cover loss and increased their sensi-
tivity to crop failure.

If these trends continue, it will be difficult for the
community to preserve components of Indigenous
knowledge that have been accumulated over centuries.
Although the challenges they face will be amplified and
changed with the impacts of climate change, Indigenous
knowledge remains critical to their adaptive capacity as
it draws on lessons learned from prior experiences of
climatic variability and natural resource disturbance in
the area. In this sense, we consider Indigenous knowl-
edge not as static information that would necessarily be
outdated as time passes, but rather as a collective pro-
cess of creating knowledge through observation and
practices of relating to the land. What is decreasing in
Playitas is not simply the accumulated information they
have gathered through generations, but rather the
practices associated with forming and sharing that
knowledge in the community. Indigenous knowledge is
tightly linked to the social cohesion of the community,
as traditional practices bring community members to-
gether and traditional belief systems bolster communality,
such that they have a positive reinforcing relationship.
Social cohesion, exemplified in Playitas by such practices
as land sharing and food gifting, contributes to the
adaptive capacity of communities by allowing them to
distribute the burden of climate or socioeconomic
stressors (Ford et al. 2006; McCubbin et al. 2015). Thus,
if this pathway leads to the loss of Indigenous knowl-
edge, the community’s coping mechanisms will magnify
vulnerability to aforementioned stressors over time.

b. Resilience

In this context we consider resilience to signify the pa-
rameters of persistence, adaptability, and transformability
that are desirable for the community (Folke 2006). The
normative description of desirable outcomes allows us to
move beyond the resilience of the system as it exists today
and consider the possibilities for “no regrets’ options that
move toward goals that are overall perceived as beneficial
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and feasible in the community (Campeanu and Fazey
2014; Haasnoot et al. 2012; Wise et al. 2014).

Throughout history, the resilience of Ngobe and
Buglé communities resided in their extreme isolation,
which necessitated total self-reliance (Wickstrom 2003).
As forest dwellers, they learned how to feed themselves,
treat illnesses, and respond to shocks using the tools
provided and knowledge developed in their ecosys-
tem. While death rates were higher and life expec-
tancies shorter, their nomadic, shifting livelihoods and
smaller population sizes allowed them to evade efforts
to assimilate them into mainstream latino culture while
maintaining their agricultural and sociocultural ar-
rangements (Wickstrom 2003).

Their swidden agriculture system, the health of which
is tied in with social customs, allows community mem-
bers to avoid depleting soil quality while providing a
buffer against shocks, since most families cultivate
more than one plot at a time (Garcia-Oliva et al. 1999;
Kleinman et al. 1996; Kleinman et al. 1995; Padoch and
Pinedo-Vasquez 2010; Palm et al. 1999; Pedroso-Junior
et al. 2009; Tschakert et al. 2007; Van Vliet et al. 2013).
The resilience of the system itself, however, is being
challenged. On one hand, families have responded to
increased climatic variability by burning less forest
and to decreased agricultural productivity by de-
creasing fallow times and clearing more forest. While
these changes indicate the adaptability of the system,
only some changes, such as the decreased burning,
are viewed as desirable by community members. The
increased forest clearing and cultivation times, pro-
pelled by decreasing land availability and higher
populations, are signs that some of the desirable aspects
of the swidden system will not persist if they continue on
this trajectory (Vosti and Witcover 1996). Other symp-
toms of agricultural stress and environmental change
that were linked to these agricultural changes such as
decreases in wildlife were also considered undesirable
for community members. Nonetheless, the system con-
tinues to support a diversified cropping system in which
community members conduct selective conservation
and maintain culturally valuable practices that do not
destroy their natural surroundings (Kleinman et al.
1995; Padoch and Pinedo-Vasquez 2010). While the
swidden agricultural system is critical to community
members’ vision of the future, many community
members recognize that increased access to markets
may allow them to more easily adjust to longer-term
reductions in agricultural productivity. Indigenous
knowledge, which informs the community’s current
agricultural practices and communal arrangements,
continues to represent a large source of community
resilience despite increased involvement in the monetary
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economy. Despite the aforementioned decline of tradi-
tional practices in the community, Indigenous knowl-
edge and practices still represent a significant source
of resilience in the community. Knowledge about the
plants and ecosystems allows community members to
monitor changes in their surroundings, respond to cli-
matic variability, and treat a variety of illnesses, among
many other things. While notions of private property
appear to be increasing, traditional forms of sharing
knowledge, resources, and food persist and adapt to new
tenure arrangements in the community. Consistent with
other Indigenous populations, the pace and nature
of some current changes caused by climate change and
development may be unfamiliar and beyond the scope
of knowledge developed about past events (Alexander
et al. 2011; Ford et al. 2016; Maldonado et al. 2016).
Nonetheless, the practice of forming and interpreting
traditional ecological knowledge will remain an impor-
tant and relevant source of information about ecological
conditions and for planning adaptation responses
(Berkes 1999; Berkes et al. 2000; Ford 2000; Pearce
et al. 2018).

The strength of the Organizacién Ambiental will also
continue to be important sources of adaptive capacity
for the community as they seek to adjust to change. The
Organizacién Ambiental provides a forum through which
to discuss, implement and enforce adaptive strate-
gies collectively, thus allowing for the identification
of beneficial and feasible objectives. In the past, the
Organizacién Ambiental and traditional authorities
have played an important role in encouraging customary
practices that contribute to the iteration of traditional
ecological knowledge, bolster community support net-
works, and facilitate information sharing. These prac-
tices of sharing and communality provide resilience to
shocks to their subsistence base and improve their
ability to make decisions collectively, which all im-
prove the likelihood of positive and beneficial out-
comes in the long run. Therefore, it appears that
continued participation in the Organizacién Ambiental
and efforts to strengthen it, which are under way, will
help the community adapt to changes over time.
Community members expressed strong desires to im-
plement projects that address language loss, incentivize
local craft-making, and improve strategies for agricul-
tural productivity and environmental conservation.
However, the power of the Organizaciéon Ambiental is
limited because of the lack of recognition of their land
rights and authority. It is evident that increased gov-
ernance over their land and resources would help en-
sure their resilience to future shocks over time, but this
is largely dependent on their ability to achieve recog-
nition from the state.
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5. Conclusions

In sum, while individuals’ responses to changes driven
by population growth, development, and environmental
change are rational and even sometimes necessary short-
term responses to change, they are overwhelmingly ex-
acerbating stress on an unsustainable trajectory. This is
consistent with other studies of resource-dependent
communities in which changing responses and circum-
stances are contributing to pathways of change that are at
odds with long-term well-being, such as Fazey et al.
(2011), Pearce et al. (2018), Butler et al. (2014), and Maru
et al. (2014). This evidence also seems to corroborate
the observation that climate change acts as a multiplier
of existing vulnerabilities in marginalized populations
(Ford et al. 2016; Green and Raygorodetsky 2010; Maru
et al. 2014; Mearns and Norton 2010).

While development has led to some positive outcomes
in terms of health and education, increased land scarcity
and reliance on income, as well as decreased resource
availability and agricultural productivity, will continue
to be reinforced, increasing vulnerability to environ-
mental disruptions and market fluctuations. As such, if
the community of Playitas continues on the same tra-
jectory, vulnerability to shocks in their agricultural and
ecological systems will continue to grow. While some of
these changes reduce vulnerability to shocks in the short
term, this resilience often comes in a form that com-
munity members do not consider desirable. In the long
run, key elements of livelihoods and agricultural systems
will undergo significant if not transformative changes in
response to climatic and economic changes in coming
generations unless extreme action is taken to strengthen
the resilience of the present system. Strengthening
governance is key to improving resilience in a desirable
manner. There is little that can be done at the commu-
nity level to mitigate the effects of global climatic
change, but the potential for increased drying patterns
(Féabrega et al. 2013; Hidalgo et al. 2013), large-scale
forest death due to drought and increased temperature
(Allen et al. 2010), and increases in extreme weather
events and their impacts (Campos et al. 1996; Rauscher
et al. 2008) signals a need for adaptation interventions
to reduce the magnitude of negative impacts experienced
by the community.

The aim of this paper is practical in addition to aca-
demic; it seeks to produce knowledge that is appropriate
and usable for the community with limited resources
while exploring the possibilities for academic research in
contexts with such limited information. The concept of
trajectories of change allowed the researchers to identify
key drivers of change and infer the amount of leverage each
driver has on the system. By considering both vulnerability
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and resilience to exogenous changes, this study was able to
analyze how changes influenced the impacts of changes felt
by the community as well as elements that support their
ability to achieve their long-term objectives.
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