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Abstract

Studies on barriers to climate change adaptation identify many underlying drivers but describe few
processes whereby adaptation is implemented. We contribute to the literature by describing how
adaptive capacity relates to project cycle in small-scale communities where local stakeholders combine
knowledge and barriers affecting adaptive management. Our study focused on two floodplain
landscapes in the Brazilian Amazon where fisheries were identified as a current concern, potentially
leading to future social conflict if not properly addressed. At both sites, we adopted participatory
research to design an adaptive management framework for the analysis of socio-ecological barriers
influencing local decision-making by fishermen and farmers. The comparative analysis provided
insights into several actions that could support overcoming barriers to the governance of natural
resources in each phase of the project cycle. Adaptation actions included fostering local participation
and tools to facilitate knowledge generation and revising the role of the central government in natural
resource management. We found that due to the slow capacity to adapt their practices, institutions
regulating fisheries tend to work as a barrier for adaptation processes.
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1. Introduction
Climate change has stood out as a major issue over the last two decades, especially from the perspectives
of both the social and the natural sciences. Research studies indicate that developed countries would be

less vulnerable due to greater adaptive capacity while developing countries would be more vulnerable
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given their lower ability to cope with climate-driven impacts (Adger et al., 2009; Nielsen & Reenberg,
2010). However, the critical events that have occurred in recent years in the developed countries have
given rise to critical questioning of the capacity and public policies of these countries to adapt to climate
change.

As far as adaptive governance is concerned, previous studies have focused on different managerial scales,
from state-level (Engle & Lemos, 2010) to community-level (Agrawal & Perrin, 2009) or both (Lemos &
Agrawal, 2006) to identify major barriers to adaptation. This article aims to assess the limitations to
adaptation that undermine the ability of traditional communities living in floodplain areas of the Amazon
to cope with climate-driven impacts. The main objective is to approach these limitations through an
analytical framework that enables their identification and organization within the processes of adaptation
in the context of local communities. The identification of the barriers is required for increasing our
understanding of adaptation processes and to facilitate decision-making related to public policy design
and implementation.

Adaptation appeared along with mitigation in United Nations Framework Convention on Climate
Change (UN FCCC) as one of two strategies to tackle human-driven climate change (UNFCCC, 1994).
It was a marginal topic in the climate agenda compared to mitigation, which had concentrated most of the
international community’s efforts from the late 1990s onwards (Schipper, 2006). The setbacks during the
Kyoto Protocol along with the failure in reaching a satisfactory mitigation agreement during the
Conference of the Parties (UNFCCC, 2010a; UNFCCC, 2010b), in 2009, revealed the complexity of
international negotiations. Meanwhile, new and stronger data on climate change risks were provided in
IPCC’s fourth Assessment Report (2007a) and subsequently created a suitable environment for
adaptation to emerge as a paramount strategy as important as mitigation in the political spectrum. In this
context, the research community was summoned to produce knowledge to support an efficient adaptive
decision-making process.

Adaptation can refer to a system’s feature or strategy that makes it more suitable to the changing
environment. It can also refer to the condition of being adapted or to describe an action or a process that
reduces the system’s vulnerability or that takes advantage of an opportunity in a context of a disturbance
(Barnett, 2010). There are several definitions in literature for adaptation. For example, the
Intergovernmental Panel on Climate Change (IPCC) defines adaptation as “an adjustment in natural or
human systems in response to actual or expected climatic stimuli or their effects, which moderates
harm or exploits beneficial opportunities” (IPCC, 2007b). Brooks (2003, p. 8) understands it as an
“adjustments in a system’s behavior and characteristics that enhance its ability to cope with external
stresses”. Pielke (1998, p. 159) presents adaptation as “adjustment in individual, group and institutional
behavior in order to reduce society’s vulnerability to climate”. From a broad perspective, climate
adaptation can be understood as what systems do to prevent and recover from climate stress (Biagini et

al.,, 2014).
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Adaptive capacity is a key research topic in the field of climate adaptation. It refers to the ability to
manage, cope, and recover from climate disturbances (Smit & Wandel, 2006). At the most general level,
it refers to the set of adaptive resources available to the socio-ecological system along with the means to
access/plan/manage them (Norberg & Cumming, 2008; Adger, 2006). In resilience literature, adaptive
capacity is frequently related to processes such as diversification, learning, innovation, reorganization,
and development (Engle & Lemos, 2010; Anderies & Norberg, 2008; Lambin, 2005). Institutions,
governance arrays, decision-making process, and adaptive management are constantly under research
focus given the importance of understanding how potential conditions and resources are translated in
actual adaptation (Barnett, 2010; Lemos & Agrawal, 2006). Monitoring and learning process are
fundamental as a managerial approach to help in the process of institutional and social learning
(Gunderson & Holling, 2002). In practice, typically, the decision-making process is not so linear and well
ordered. Various authors (Mintzberg et al., 1976; Cohen et al., 1972) clearly show how the reality often
diverges from the idealized models of the decision-making processes.

Adaptive management emerges as an analytical framing for conceptualizing adaptation. It recognizes
that the non-linear and complexity of resources management can result in unpredictable scenarios that
demand adaptive process to improve through learning, filling the gap between science and practice (Wise
et al., 2014). Even though adaptive management is usually related to resources governance, we
understand that strengthening adaptive management in indigenous and traditional communities is
building resilient communities to climate impact and, as so, it’s climate adaptation. In this sense,
bottom-up studies on adaptive management cycles can reveal the limitations that hinder adaptation. In
literature, this topic has been organized under the umbrella of “adaptive barriers”. More commonly,
ecological, technological, and economic barriers have been studied, however, since the early 2000s,
social barriers (i.e., normative, cognitive, and institutional) have been gaining expression in the scientific
agenda (Adger et al., 2009). Cognitive barriers refer to psychological and mental processes’ influence on
undertaking adaptive action (Lorenzoni et al., 2007). Normative barriers cover the role of norms and
cultural values in the scope of adaptive decision in a given social context (Jones & Boyd, 2011). Finally,
institutional barriers are related to the influence of organizations and social interaction infrastructures on
the adaptation process (Barnett et al., 2015; Barnett, 2010; Ostrom, 2005).

These barriers are paramount in understanding climate adaptive governance, approached here as a frame
of stakeholders, processes, management frameworks, and institutional mechanisms that lead to
adaptation. It implies flexible governance models, capable of learning and adjusting in context of
uncertainties and an ever-changing environment (Folke et al., 2005; Dietz et al., 2003). All of these
aspects can be observed in adaptive management projects. Researches looking at the process underlining
such projects can reveal common and specific adaptive barriers and provide insights for improvement
and better adaptive management.

There is widespread recognition of the role that local perceptions can play in the management of

natural resources (Davis & Wagner, 2003; Ahmed & Quack, 2017; Millar et al., 2019) and adaptation
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to climate change (Meldrum et al., 2018; Utete et al., 2019). Local perception of climate patterns, life
stories of species, and environmental characteristics are nested within management measures (Berkes,
F. & Berkes, M., 2009). There is increasing recognition of the need to incorporate local perception into
climate and adaptation assessments, as local communities have a significant knowledge of how
ecosystems respond to climate change (IPCC, 2014). This article presents a set of case studies within
the Amazon floodplain where local perception has contributed to the development of community-based
adaptive management. They are typically small but complex social ecological systems, involving a
wide range of ecosystems, species and climate patterns. We argue that community members build
adaptive management by generating knowledge of a range of management cycles and policy issues.
The purpose of this study is to describe how adaptive capacity relates to project cycle in small-scale
communities where local stakeholders combine knowledge and barriers affecting adaptive

management.

2. Method

This article presents an analytical model focused on barriers faced by riverine communities that may
hinder the adaptive management to climate variability in floodplain areas in the Brazilian Amazon. Our
analysis aims at predicting major barriers that preclude their adaptation process based on the adaptive
management cycle (Margoulis & Salafsky, 1998). The adaptive management represents the process or
the rational approach to decision-making in regard to adaptation. The comparative analysis of case
studies produces a matrix for identification of drivers that cause certain barriers at the different levels of
both decision-making process and adaptive management cycle.

In this article, we define the term barriers as thresholds beyond which current activities, forms of
resource use, and ways to support ecosystems can no longer be kept, even under their altered form.
Conversely, barriers can be overcome through joint efforts and coordinated changes in ways of thinking,
capacity to prioritize actions, changes in the use of natural resources, and performance of institutions.
The proposed analytical model uses two case studies (Figure 1) that developed local adaptive
management schemes: (i) fishing community of Igarapé do Costa, state of Para, and (ii) fishing
community of Santo Antonio, state of Acre. The fieldwork was conducted between 2008 and 2013 and
aimed at discussing environmental impacts and social adaptations to climate variability at a local scale in
view of the ability to implement management measures based on the project cycle (Margoulis & Salafsky,
1998). Participatory methods were applied as part of an inductive and exploratory approach to
investigate the community’s planning and implementation of adaptive management. The case studies
include: (i) a pre-assessment consisting of a two-day meeting with each municipal fishermen’s union
(Santarém and Manoel Urbano) for preparatory activities in the target communities, and (ii) three-day
workshop with community members in each target community. The sample included 50 community
members. Each workshop had 25 participants selected according to livelihood strategies (fishermen,

farmers, and cattle ranchers). To assess the implementation of adaptive management, informants were
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asked for each management cycle: (i) what could hinder the adaptation action, and (ii) how users, the
ecosystem, and the governance system contribute to constitution of barriers. Results were then discussed
with a panel on adaptive actions that was organized and validated at the community workshop. The

community informants built a formal procedure to reach consensus on each topic (Habermas, 1996).
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Figure 1. Community of Igarapé do Costa, State of Para (1), and Santo Antonio, State of Acre (2)

This participatory research used the adaptive management cycle which reflects the decision-making
processes involved in understanding the problem, the planning of adaptation actions, and their
monitoring (Figure 2). For each phase of the adaptive management, we identified potential barriers that
could preclude the progress from one phase to another and those which might constitute a tool for
preventing pitfalls during the process. Margoulis and Salafsky (1998) refer to the phases as common
phases of a rational decision-making process, including: (i) definition of the conceptual model; (ii)
project design, action plan, and monitoring plan; (iii) implementation of the action plan and monitoring
plan, training, and partnerships; (iv) analysis and updating of strategies based on the results and
monitoring plan; and (v) share lessons learned and feedback in order to cycle each project phase
(iteration). The proposed framework considers that decision-making processes are typically less linear

in practice and that the adaptive management phases provide a useful heuristic ordering.
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Figure 2. Adaptive Management Cycle
Source: Adapted from Margoulis and Salafsky (1998).

3. Result

3.1 Fishing Community of Igarapé Do Costa, Santarém, Para

The community of Igarapé do Costa is located in natural levees and seasonally inundated grasslands
which are cut by a perennial river channel (except in years of great droughts) in an island dominated by
three floodplain lakes (Pacoval, Aramanai, and Itarim). It is situated in the lower Amazon region where
a pilot agro-extractive settlement project (PAE) has gained the power to develop a management plan
for the fisheries and natural resources within their boundaries (McGrath et al., 2008).

During the flood period, lowlands are flooded by the waters of the Pacoval and Aramanai lakes,
allowing the access to the Amazon River. In contrast, during dry season, the community loses access to
the Amazon River and the lakes shrink significantly. Years of severe drought and shallow lakes
generate a high fish mortality due to increasing water temperature. Each year access to clean water is
severely compromised at the peak of the dry season compelling the residents to dig water wells (often
finding inadequate water for human consumption) or bring water for domestic use from the Amazon

River which happens to be three kilometers away.
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The geomorphological features of the Igarapé do Costa compromise its potential for economic
diversification. The residents spend months surrounded by water followed by months surrounded by
soil and mud. According to the residents, they are unable to practice agriculture because of the very
short period in which the soil is exposed to the strong summer heat. Alternatively, residents install
small raised beds for vegetable gardening. Fishing is the main activity for a majority of the families
(IPAM, 2006). Fishermen in the community have reported the decrease in the size of some species,
including two of great commercial importance, Hypophthalmus sp. (mapard) and Prochilodus nigricans
(curimatd), and threat to the species of commercial value such as Arapaima gigas (pirarucu) and
Colossomamacropomum (tambaqui). The existing community-based management scheme (fishing
agreement) prohibits fishing during the drought in site-specific places (i.e., Aramanai channel and
Pogdo), except artisanal fishing techniques, and regulates fishing efforts in the territory of the
community.

Currently, adaptive management measures undertaken by the community involve fishing rules, raise of
small animals (pigs and chickens), regulation of cattle ranching, planting of grassland (canarana), and
rules for infrastructure and water supply. Management measures involve 70 families. According to the
Fishermen Union Z-20, the community association of Igarapé do Costa is one of the most organized
local institution in the region of Urucurituba. A set of actors is responsible for implementing policies
and management measures: National Institute for Colonization and Land Reform (INCRA), National
Environmental Agency (IBAMA), Fishermen Union Z-20, PAE Urucurituba Regional Fisheries
Council, Igarapé do Costa Community Association, youth group, local school council, Municipal
Secretary of Education in Santarém, State Secretary of Environment and Sustainability (SEMAS), and
Amazon Environmental Research Institute (IPAM).

3.2 Fishing Community of Santo Antonio, Acre

Purus River is one of the main tributaries of the Amazon River with floodplains reaching 21.833 km’.
Purus white waters are highly productive in terms of fisheries and deliver around 30% of the fish
landing in Manaus city (about 2.1 million inhabitants) and 70% of the fish landing in Acre’s capital,
Rio Branco (about 383,400 inhabitants). In the upper Purus River, fisheries are strongly linked to the
hydrological regime in the main channel and to the regular flooding of their adjacent floodplains and
lakes. The hydrological cycle in the community of Santo Antonio is characterized by a high water
season (October to May) and a low water season (June to September). According to the local residents,
since 2005, the dry season has extended to the months of October and November. The variation in the
water level can reach 12m on average.

Purus River and its oxbow lakes support micro-stocks of different fish species and play a key role in
preserving fisheries in conditions of water stress such as those observed during the droughts of 2005
and 2010. Changes in the hydrological cycle and ecosystems rapidly affect the structure of fish landing
and may have negative impacts on fishing in the lower region of the basin. Production of commercial

and subsistence fishery in the upper Purus has decreased in the last few decades (Oviedo & Crossa,
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2011), directly affecting 15,000 families that live along rivers in the upper region.

In the community of Santo Antonio, a set of two fishing agreements is coordinated by the state
government, the municipal fishermen’s union, and the Arapaima Fishermen’s Association since 2005
where the major objectives are to manage Arapaima gigas, conserve micro-stocks of fish species and
ecosystems, and provide greater benefits to local users. Adaptive management measures involve fishing
rules, crop calendar in river banks and upper lands, controlling aquatic vegetation in managed lakes,
and rules for infrastructure and access to lakes. Fishing agreements involve 13 families and a group of
managers with 12 members. However, internal conflicts between the two local institutions undermine
the participatory and decision-making process. The efficiency of management measures is limited by
weak monitoring practices. Consequently, the municipality of Manoel Urbano, where the community is
located, experienced a decline in arapaima stocks (Oviedo et al., 2015). A set of actors is responsible
for the fishing and farming activities: IBAMA, Santo Antonio Community Association, municipal
fishermen’s union, Arapaima Fishermen’s Association, State Secretary of Environment (SEMA), and
State Secretary of Agroforestry and Family Production (SEAPROF).

During the workshops in the two case studies, around 82.5% of the community participants perceived a
change in climate particularly an increasing trend in temperature and variability, prolonged dry season
and decreasing trend of rainfall in their lifetime. Almost all respondents (91%) responded that climate
change has become a challenge for their fishing and farming system. The percentage of participants
who agreed that climate change can be adapted was 65.4%. Having early warning information about
environmental changes also affected the extent of adaptive management. Regarding the cause behind
climate change, 76.1% of respondents stated anthropogenic processes (i.c., deforestation, urbanization,
overharvesting of natural resources) as the major factor. Moreover, 18.3% of respondents did not know
the reason behind the changing climate.

Table 1 presents the barriers reported throughout the adaptive management process in the studied
communities. Two key characteristics underlie the analytical model of barriers to climate adaptation.
The first one is a description of rational choices to allocate power and decision-making with respect to
climate adaptation. The second shows a set of institutional elements that include the users, the local
context, and the cultural values (the knowledge of ecosystem changes) related to barriers to avoid
making trade-offs. Results identify barriers in each phase and therefore may impact progress from one
phase to another. Some barriers were reported by community members to occur in more than one phase
of the management cycle (i.e., community leadership, legal framework supporting local governance,
ability to document, organize, and translate information). However, this table aims to emphasize the key

management cycle where the barrier is most influential.

17
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/ra Research in Agriculture Vol. 4, No. 1, 2019

Table 1. Barriers Found in the Adaptive Management Cycle in Both Amazonian Communities

Phases

Governance aspects in which barriers emerge

1. Definition of the

conceptual model

2. Project design

3. Implementation

4. Analysis/Adaptation

5. Sharing lessons
learned and cycle the

conceptual model

(1) Community leadership

(i1) Ability of users and institutions to detect environmental changes

(iii) Preliminary delineation of the problem

(iv) Sensitivity of users to environmental changes

(v) The need of response and viability threshold

(vi) Site-specific context and translated information at an appropriate scale
(1) Level of governance of local actors over management measures

(i) Local capacity to define a set of conservation targets and adaptation
options/actions

(iii) Availability of supporting data/information to establish adaptation actions
(iv) Social conflicts between local users and/or institutions impacting
decision-making and proposed adaptation actions

(v) Celerity on legal regulation

(vi) Government and funding agencies with fragmented vision
(community-based adaptation, ecosystem based adaptation, risk reduction,
food security, forest value chains) different from the integrated vision of rural
communities

(i) Willingness for implementing adaptation actions

(i1) Growing knowledge and necessary skills for the implementation of the
adaptation action

(iii) Legality and authorization of the competent governmental agencies

(iv) Legal framework supporting local governance

(v) Existence of sufficient resources (financial, technical, etc.) and working
time

(vi) Roles and responsibilities defined among users and/or institutions

(vii) Collective action to overcome institutional delay and behavioral barriers
(1) Level of implementation of monitoring plan with indicators

(i1) Threshold of need and feasibility of monitoring and evaluation

(ii1) Accessibility of methods to evaluate adaptation actions

(iv) Level of consensus on relevant data interpretation

(v) Financial resources for monitoring

(vi) Limitations of governmental bodies in monitoring natural resources at a
local scale

(i) Trade-offs in the allocation of adaptation actions

(i1) Decision-making process to revise/adjust earlier decisions

(iii) Legal and environmental restrictions on revising regulatory constraints
(iv) Limitations of tools and mechanisms for communication (options/actions,
results, indicators) among the different actors involved

(v) Ability to document, organize, and translate information to community

members
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4. Discussion

During the definition of the conceptual model, users and institutions produce a larger set of possible
options and these are analyzed in the light of criteria and goals agreed upon by the group; in the end, one
or more of the options and/or adaptation actions are considered viable and are, then, selected. Cultural
values influence how people generate knowledge related to climate variability and natural resource
management to determine what information and knowledge they value, and which subjects are important.
Community users should examine climate variability and natural resources through the facts of their
livelihoods, territorial arrangements, local rules, and empirical consequences.

Cognitive psychology studies suggest that these cultural facts dye our general ideas about society and
environmental regulation (Kahan & Braman, 2006). Preliminary findings on the fishing communities
studied show that these cognitive filters shape the perceptions of climate variability and influence the
decision-making processes (Oviedo et al., 2016). During this step, the presence of leadership with
authority and ability to positively influence the process can be crucial. The leaderships in the community
of Igarapé do Costa (i.e., health agents, members of the community association, representatives of
fishermen’s union, and Urucurituba PAE’s council) were relevant in the management of actions and
projects. Information provided by these leaderships permit users to concentrate their deliberations only
on those options that they deem possible to control or on options that improve governability. At this point,
the inability to identify and reject targets could become a significant barrier. As in the case of Santo
Antonio, local leaderships played a limited role in this phase because the coordination of the project
agenda and procedures was done by the state government.

Although the ecosystem and natural resources used are able to signal some of the change or alteration,
users and their institutions, and the system of governance will determine the detection of these signals
and the degree of their interpretation. The existence of a signal of change of the ecosystem can go
unnoticed if, for example, communities do not register, or users are too busy, or if the institutions are
distant and unprepared in terms of infrastructure to monitor such a signal. An important aspect to note is
that biological systems often respond more rapidly to climate variability than demonstrated by the
climate variables. Therefore, it is important that users are aware of permanent changes in biological
systems of any nature. The case study of Santo Antonio showed that the absence of leadership working
inside of local institutions can weaken the capacity of the community and reduce their willingness to
make decisions regarding environmental change. In turn, government agencies may fail to record and
transmit a signal of environmental change. The communication of changes in the ecosystem and its
natural resources may fail because of the lack of site-specific mechanisms and language adapted for the
target audience.

Barriers to adaptation arise from an inability of institutions (i.e., lack of methods and technology) to
record a signal of change and adjust in time to avoid crossing environmental thresholds. In this case, the
schools and their teachers play an important role in community engagement for knowledge generation. In

Igarapé do Costa, schoolteachers and students had a significant role in participating in the projects and
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producing information for the local residents. Similarly, the nature of the ecosystem and its interaction
with climate variability can be pervaded with uncertainty that hampers the signal distinction. If users and
institutions do not demonstrate a minimum level of concern regarding the problem identified or if they do
not see the need for a response, the adaptation measure will find it difficult to follow the cycle of adaptive
management. In both the studied cases, users and institutions implemented adaptive management
projects that included natural resources inventories, diagnosis of problems, and the schedule of
activities and/or actions.

Barriers often arising from the project design phase are related to local actors who control the
management schemes. For example, if a local organization and a government agency, both linked to the
environmental sector, develop their management plans, it is very likely that their adaptation options may
differ one from another because their priorities and scales (regarding environmental thresholds) are
divergent. If the ecosystem and the management measures in question involve multiple levels of
governance, then overcoming the barriers will require institutional agreement and cooperation between
such levels to effectively implement the adaptation actions. As different actors (i.e., the community,
NGOs, state, and federal governments) focus on different scales and political interests and as different
actors can be involved at various levels of governance, barriers to climate adaptation should also be
analyzed from a multilevel perspective. In the cases of Santo Antonio and Igarapé do Costa, collective
fishing agreements involved the local organizations, and federal, state, and municipal governments for
the implementation of management measures. The adaptation actions defined in these fishing
agreements reinforce ongoing management measures (i.e., building corrals far from the river channel,
using sodium hypochlorite, and breeding small animals in captivity) and define activities to be
implemented at different scales of governance. Additionally, in Igarapé do Costa, adaptation actions
embrace and amplify an idea that has been successfully introduced by some community residents (i.c.,
planting of grassland—canarana, and forest restoration). Municipal government promoted teachers’
training and made available the local school building as headquarters for training and planning
activities; NGOs provided technical assistance for up scaling actions; and federal and state
governments provided financial resources, technical assistance, and legal regulation.

Adaptive management during the phase of project design was also hindered by insufficient local
capacity. In Igarapé do Costa, the existing legal framework (i.e., fishing agreements and community
meetings) supported local participation by providing participatory meetings to engage local users in
designing the adaptive management. Therefore, the community had the opportunity to plan for their
water and fisheries, as well as discuss conservation goals and adaptation options with government
agencies and NGOs. On the other hand, in Santo Antonio, the inability to identify and agree upon
conservation goals reflected a significant barrier at this phase. Conflicts between the two local
institutions responsible for the fisheries management undermined the participatory and
decision-making process. There was no regular attendance to sessions of either institution. State

government agents did not align with local managements priorities as the state’s emphasis was
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aquaculture while the local users wanted to manage natural lakes. Also, local leaders and government
agents were not accountable to the local users.

The transition from the design phase to the implementation phase is strongly influenced by the
decision-making and regulation of adaptive management, partly because of its impact on user’s
perceptions and partly due to their impact on the ecosystem. While implementation of an adaptation
action is to be involved into the legal framework, it sometimes indicates the need for revision in
regulatory constraints. For example, strengthening community organization and management practices
of subsistence fishing in floodplain lakes against the changes of the flooding cycle (which alters the
biology and the reproduction of species) may be in conflict with the existing legislation that regulates
access and use for licensed fishermen. It would then be necessary to formulate specific legislation to
regulate the access and use of fishery resources (i.e., the creation of a protected area for sustainable use
or an agro-extractive settlement project). This is the case of Santo Antonio, where law-enforcement of
regulated fishing agreements was unable to maintain fisheries management measures leading to illegal
access and fishing (Oviedo et al., 2015). The monitored impact on Arapaima gigas (pirarucu) stocks
also demanded urgent revisions to declare a moratorium on its fishery. Additionally, in Igarapé do
Costa, fishermen reported that the Hypophthalmussp (mapara) length was still very small at the end of
the closed season (defeso) when it starts the fishing season, and that the prohibition period should be
longer. As this regulation needs to be issued each year, it can be revised or even discontinued. In this
case, the knowledge of local fishermen can provide an important subsidy for the revision of regulatory
constraints.

The implementation phase might involve multiple users, institutions, and field operations and therefore,
it is both time and resource consuming. Users have a fundamental influence on whether to deploy a
certain adaptation action as well as an implementation mode. Fostering willingness to deploy an
adaptation action is the first limitation to be surpassed. In addition, it is necessary that users have
acquired knowledge and necessary skills for the implementation of the action. The case study of Santo
Antonio found hesitation and even resistance to the implementation of adaptation actions among farmers
since they were unaware of a shifting trend in the rainy season related to climate change and therefore
preferred maintaining the traditional planting method (i.e., planting season in September rather than
postponing it to November). After the regulation of the fishing agreement in lake Santo Antonio, there
was an increase in the number of illegal fishing techniques by 20%. On the other hand, community
fishermen of Igarapé do Costa showed a high level of engagement and coordination for implementing
adaptation actions, especially collective actions on mapping areas, planting grasslands, and water use
(96% of the population adopted practices of water treatment).

In both the cases, the existing regulations (i.e., fishing agreements) supported local governance by
providing a structured process to involve local communities in the implementation phase. However,
this divergence between the case studies likely derives from contrasting institutional efforts deployed for

the organizational development of these communities. In the case of the community of Igarapé do Costa,
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a co-management project of fisheries in the region had been working on the development of communities
over the past 17 years (McGrath et al., 2008). However, in the community of Santo Antonio, investments
are reduced and a low-profile presence of the state for technical assistance led to a lower level of
community participation and engagement in the implementation of actions.

The phase of analysis could lead to adapting and adjusting and demands the consideration of mechanisms
that allow for monitoring of the effects of the adaptation actions and the assessment of signals of
environmental change. Not reaching consensus on relevant data interpretation may limit the ability to
evaluate the effects of the adaptation actions or the degree of success achieved. At a short-term scale,
Santo Antonio and Igarapé do Costa have been coordinating community-based monitoring to deal with
current threats such as illegal fishing and climate variability (Oviedo et al., 2016). Nevertheless, the
success of some actions has been undermined by the weakening of collective action and engagement.
For example, in Santo Antonio, to increase the effectiveness of local monitoring and to improve fishery
management, the state government has granted an annual fishing quota and legal harvest permits for
Arapaima gigas extraction. Although the government increased opportunities for community
participation, the annual fishing quota and legal harvest permits led to an increase in illegal fishing by
fishermen acting in self-interest because the sanctions were not effective. Such a behavior resembles
the case narrated by Hardin (1968) in his Tragedy of the Commons. The absence of community
assessment meetings in Santo Antonio made it difficult to interpret the results of adaptive management
which resulted in communities’ barrier in revising rules to reduce illegal fishing.

The learning phase of the adaptive management requires participatory approaches that include building
and sharing perceptions (and solutions applied) on the issue among multiple users and institutions as well
as the construction of trust as a basis for engagement in collective decision and learning processes. The
community of Igarapé do Costa highlighted the importance of participatory meetings for the social
learning process and knowledge generation. By interacting with neighbors and observing their behavior
and the outcomes of their decisions (e.g., planting of grassland, rules for the use of infrastructure, and
water supply), fishermen and farmers complement and reconsider the knowledge obtained from their
own experiences through the revision and expansion of the adaptation action. In Santo Antonio, the local
group of Arapaima gigas managers has used biological indicators to demonstrate the extent to which the
adaptive management has been successful. Case studies of Santo Antonio and Igarapé do Costa presented
a potential tool for studying situations where users could fail.

Results reported in this article have supported other studies, which found that trade-offs in the
allocation of adaptation action in response to climate variability are seen as barriers (Eisenack et al.,
2014; Barnett et al., 2015). For example, in a drying climate, there will be increased competition for
fisheries and water supply. Where fisheries are scarce, decisions about levels of capture, as an
adaptation action, will necessarily require trade-offs. Further, in creating demands of infrastructure and
water supply, the economic value of water is given preference over its ecological and cultural

dimensions. Therefore, adaptation actions that relate to water are also traded-off. In Santo Antonio,

22
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/ra Research in Agriculture Vol. 4, No. 1, 2019

there are emerging trade-offs between fishermen, which may adapt for some time by limiting the
harvest level and enhancing enforcement that would be positively affected by these actions. In Igarapé
do Costa too, there are trade-offs between the variability of water resources and adaptation action by
community users.

During the learning phase, communication and information about the climate (or the environment)
variability, adaptive actions, and their implications are constantly needed. A growing literature points out
to the importance of effective communication in relation to climate change (Moser & Dilling, 2007;
CRED, 2009). The limitations regarding the problem of information are related to the vocabulary used
and the format of communication pieces. The case study of Santo Antonio showed that any
misinterpretation of information, regarding its scale of incidence, or even the lack of it was able to
bewilder or interrupt the social interactions of users engaged in the adaptation process. In Igarapé do
Costa, the produced communication pieces with the appropriate language for community residents and
students (i.e., booklets, charts identifying ecosystem and biodiversity existing in the community, panels
of adaptive actions, timeline of the history of the community, and community land use maps) promoted
effective dissemination and sharing of knowledge acquired during the process of adaptive management.
The description of these cases provides an opportunity to: (i) raise details about the experience of a
traditional community on extreme weather events and/or climate variability; (ii) raise awareness of local
residents and leaders about climate variability, bringing the debate to the context of their reality; and (iii)
generate local knowledge and informative material to be used by community members and partner
institutions. As in the case study of Igarapé do Costa, the Municipal Secretary of Education in Santarém
adopted this analytical model of climate change assessment and adaptation measures as an activity in
the pedagogical project of municipal schools in rural areas. Research team involved in the fieldwork of
Igarapé do Costa have promoted training courses to municipal teachers and school directors who
replicated the workshops in their rural schools. This regional effort produced a huge environmental
education forum in 2009 at the city’s headquarters entitled Climate Witnesses.

Barriers were identified according to specific adaptive management phases so that corresponding
interventions could be suitably addressed. The combination of analytical constructs, such as the nature of
barriers and the adaptive management cycle, constitutes a guideline to design adaptation actions and
plans. Rather than proposing a normative approach, the adaptive management cycle is descriptive in
detecting barriers at different phases of a planned adaptation action. Most of the barriers identified
during specific phases of the adaptive management cycle are related to competing values, which implies
trade-offs in prioritizing adaptation actions. Identification of trade-offs associated with adaptation
actions requires community and institutional choices regarding climate adaptation.

As adaptation actions advance, lessons learned may reveal a general protocol of procedures applicable in
overcoming specific barriers. This article proposes that adaptive actions demand site-specific context in
relation to climate variability and institutional arrangement. The proposed analytical model shows that

programs and projects based only on project design and implementation phases are inadequate to address

23
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/ra Research in Agriculture Vol. 4, No. 1, 2019

this wide range of barriers regarding adaptation. In contrast, there are several mechanisms and operations
that could help overcome barriers affecting the adaptation actions, notably in each phase of the adaptive
management cycle. Strategies of intervention included enhancing community organization and
management to support knowledge generation and strengthening the partnership with government
agencies.

Working jointly with community associations in shaping this research proved effective in increasing
awareness about climate change and involving not only management measures and political aspects of
natural resources but also organizational processes. A question for future investigations refers to the
performance analysis of each adaptive management phase as an indicator of adaptability. For example, a
group of fishermen could compensate the lack of financial resources because they have a good capacity
for collective actions that facilitate potentially difficult processes. In the near future, research in this
direction should investigate the various patterns that users and institutions have found to overcome the

barriers faced.
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