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ABSTRACT
The aim of this study was to identify key aspects for the development of community-based caiman
management in the Mamirauá Sustainable Development Reserve (MSDR) from the perspective of
the communities. Between 2014 and 2017, SWOT matrices were used to discuss opportunities and
challenges of caiman management in the MSDR. The positive and negative aspects had a similar
variation pattern, which suggests that the communities had a homogeneous perception, but there was
27% variation in opportunities and threats. Strengths and opportunities were cited approximately
26% more often, indicating a positive perspective. The main positive aspects refer to environmental
conditions, capacity of the organizations, and improvement of the market, while current market
conditions, hunting, and problems of organization and legal adequacy were perceived as major
challenges. The community-oriented perspective analyzed by a SWOT matrix can be a valuable tool
to promote a comprehensive understanding of the productive system of caiman management.
Keywords
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INTRODUCTION
The use of wildlife by traditional populations is an ancient practice and plays an important
socioeconomic role (Nasi, Taber, & Van Vliet, 2011). Fishing and hunting are some of the main
sources of livelihood and income in the traditional communities of Brazilian Amazon, as food sources,
cultural expression, or trade of meat, leather and by-products (Freitas, Lopes, Campos‐Silva, Noble,
Dyball, & Peres, 2020; Lopes, Valsecchi, Vieira, do Amaral, & Da Costa, 2012; Van Vliet, Mesa,
Cruz-Antia, Aquino, Moreno, & Nasi, 2014).
These activities have social-environmental implications that need further research, because
wildlife conservation should consider the social, cultural and economic context of the population
using those resources (Berkes, 2004; Van Vliet et al., 2014).
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Problems caused by overexploitation of several wild species have become evident as a result of
large-scale illegal hunting to supply meat and leather to the domestic and international markets (Nasi
et al., 2011; Ross, 1998). Thus, laws all around the world had to be created to protect those species
(Franco, Botero-Arias, & Vital, 2019).
Until the beginning of the 1960s, there were no laws on hunting of wild animals in
Brazil. It was only in 1967 that a change in habits of use of wild species started to be actively
encouraged after Federal Law no. 5.197 was passed (Franco et al., 2019). It prohibited the
use, persecution, hunting or capture of all wildlife, as well as their nests, shelters and natural
breeding sites (Da Silveira & Thorbjarnarson, 1999; Mendonça, Marioni, Thorbjarnarson,
Magnusson, & Da Silveira, 2016).
As of July 18, 2000, when Federal Law no. 9.985 was passed, the National System of Conservation
Units (NSCU) started to promote environmental conservation while taking into account the processes
of sustainable development, socio-economic appreciation of biological diversity and appreciation
of traditional knowledge in Brazil (Queiroz & Peralta, 2010). The NSCU enable the use of natural
resources, including wildlife management with commercial purposes, by traditional peoples in
Conservation Units for Sustainable Use (Franco et al., 2019).
Community-based natural resource management is a widely recognized environmental
conservation strategy whose aim is to encourage the participation of communities in sustainable
productive systems, hence providing income for managers as they change their traditional patterns
for exploiting and managing the use of resources (Freitas et al., 2020; Kellert, Mehta, Ebbin, &
Lichtenfeld,, 2000). Generation of benefits through the sustainable use of resources has promoted
local support and better levels of conservation and it is probably one of the most important strategies
for conservation of the Amazon (Queiroz & Peralta, 2010).
Brazil, along with Colombia, has the world’s highest species richness of crocodilians, with a total
of six species of caimans (family Alligatoridae) (Ross, 1998). All Brazilian species are exploited at
some level, whether for subsistence or illegal trade of leather and meat (Mendonça et al., 2016; Ross,
1998). Large-scale commercial hunting, without rules on quantity, locations, minimum size or sex
of hunted individuals, can quickly lead to population depletion, especially if combined with loss of
habitat (Da Silveira & Thorbjarnason, 1999; Ross, 1998; Thorbjarnarson, 1999).
In the Brazilian Amazon, although hunting of black caiman (Melanosuchus niger) and spectacled
caiman (Caiman crocodilus) still occurs in some regions (Chaves Baía Júnior, Guimarães, & Le
Pendu,, 2010; Franco, Sobrane Filho, Martins, Marmontel, & Botero‐Arias, 2016; Lopes et al., 2012;
Mendonça et al., 2016), signs of recovery of some caiman populations, are indicatives of the possible
development of a sustainable management system (Da Silveira & Thorbjarnason, 1999; Marioni,
Botero-Arias, & Fonseca-Junior, 2013).
Since 2003, public policies in the state of Amazonas have attempted to facilitate community-based
management of black and spectacled caiman, especially in the Mamirauá Sustainable Development
Reserve (MSDR), where stock assessment and nest-site monitoring is carried out to determine
management areas and exploitation quotas (Botero-Arias & Regatieri, 2013; Queiroz & Peralta,
2010). Experimental caiman slaughter activities were conducted between 2004 and 2010 in MSDR,
supported by the Mamirauá Sustainable Development Institute (IDSM), and served as the basis for
state legislation that regulates management (Franco et al., 2019).
However, commercial and production processes, slaughter management and, particularly,
engagement of local communities in these processes still need to be understood and strengthened to
ensure the socioeconomic feasibility of caiman harvesting (Botero-Arias & Regatieri, 2013; Marioni
et al., 2013).
Thus, the aim of this study was to identify key aspects for the development of community-based
caiman management in the MSDR through the analysis of SWOT matrices built with the perception
of traditional local communities about the caiman management system.
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THEORETICAL BACKGROUND
Berkes (2004) claimed that the success of community-based management systems depends largely on
its implementation process, and the adequacy of management scales to the socioeconomic, cultural
and political system in which management is being performed has to be taken into account. Moreover,
local solutions have to be developed to overcome existing obstacles.
The active participation of communities in management, decision-making, and in technical
and scientific processes (Queiroz & Peralta, 2010), as well as in structuring the productive chain of
caiman management has important advantages: it strengthens managers, prevents them from being
exploited by other stakeholders and increases the likelihood of successful management (Ovando,
2008). However, participation is strongly influenced by the perception of the communities involved
(Freitas et al., 2020; Marioni et al., 2013).
According to Fiagbomeh and Bürger-Arndt (2015), colaborative management in protected
areas is a necessity in developing countries, and the use of SWOT analysis can help to evaluate this
management strategies.
The matrix of strengths, weaknesses, opportunities and threats (SWOT Matrix) is an instrument
of strategy evaluation, used to detect the advantages and disadvantages of an activity to orientate
decision-making on a regular basis to increase their efficiency and competitiveness (Masozera,
Alavalapati, Jacobson, & Shrestha, 2006; Zhou & Chen, 2014).
Because it is simple, incorporate interdisciplinary issues and is effective in group analyses, the
SWOT matrix recently started to be applied widely as a participatory tool for managing community
activities for conservation and natural resources management in many countries (Bolton, RobertsonAndersson, Shuuluka, & Kandjengo, 2009; Kallioras, Pliakas, Diamantis, & Kallergis, 2010; Masozera
et al., 2006; Reihanian, Mahmood, Kahrom, & Hin, 2012; Zhou & Chen, 2014).
MATERIAL AND METHODS
Study Area
The Mamirauá Sustainable Development Reserve (MSDR) is located in a triangle formed by the
rivers Auatí-Paranã, Solimões and Japurá. It covers the municipalities of Alvarães, Uarini, Fonte
Boa, Maraã, Japurá and Tonantins, in the region of the Middle Rio Solimões, Amazonas State. It
is Brazil’s largest wetland conservation unit, in an area of 1,124,000 ha of floodplains (Queiroz &
Peralta, 2010). It has a population of around 12,000 people who live in communities that are grouped
into political sectors (Moura, Nascimento, Corrêa, Alencar, & Sousa, 2016).
With the support from the Mamirauá Sustainable Development Institute (IDSM), various
community-based natural resource management systems have been implemented (Peralta & Lima,
2013; Queiroz & Peralta, 2010). Structuring activities for caiman management are developed in the
sectors Jarauá, Aranapu and Panauã de Baixo, where long-time commercial exploitation of meat and
leather used to occur (Botero-Arias & Regatieri, 2013). In the last two sectors, caimans have been
recently used as baits for fishing piracatinga (Calophysus macropterus) (Franco et al., 2016).
The sector Jarauá was the first to have developed caiman management activities, and also the only
one to have conducted legal slaughter (Botero-Arias & Regatieri, 2013), while the other two sectors
only started caiman stock surveys and nest monitoring in 2009. The following communities were
focused on this research: São Raimundo do Jarauá, Manacabi and Nova Colômbia (sector Jarauá);
Ponto X, Pentecostal, São Francisco do Bóia and São Raimundo do Panauã (sector Aranapu) and
Viola do Panauã (sector Panauã de Baixo) (Figure 1).
The three sectors also perform community-based fishery management, especially focused on
arapaima or pirarucu (Arapaima gigas), and regulated by fishing agreements (Freitas et al., 2020).
Arapaima management started in 1999 in the sector Jarauá, with a fishing agreement including the
sector communities and the fishermen colony of municipality of Tefé, the main commercial center
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Figure 1. Location of the MSDR communities

in the region. It was later replicated in the other sectors, where fishing agreements only include
sector residents (Moura et al., 2016). Artisanal fishing is the main form of subsistence and income
in these communities, and in some of them, handicraft (Nova Colômbia), agriculture (Manacabi)
and timber management (communities of sector Aranapu) are also important (Moura et al., 2016;
Peralta & Lima, 2013).
Methodology
Between 2014 and 2017, meetings were held in the eight communities involved in caiman
management, and eight focus groups were formed with community residents (Fiagbomeh &
Bürger-Arndt, 2015; Reed, 2008). Their aim was to initiate a participatory strategic planning
process, encouraging the formation of a communication network, making the community residents
aware of their involvement in management and to familiarize participants with SWOT analysis
(Kellert et al., 2000; Reed, 2008).
The analytical model was the SWOT Matrix method, adapted in a temporal context - positive
and negative factors in current time and future time (Bolton et al., 2009; Kallioras et al., 2010).
Matrices were designed during the meetings, based on what the community residents cited as
strengths and weaknesses of the current stage of development of caiman management and on the
opportunities and threats they expected in the long term. The number of factors cited per matrix
was not limited. At the end of the meetings, the matrices were revised with the groups until they
agreed that all the factors they recognize were considered. The matrices were analyzed with
descriptive statistics for the purpose of characterization and quantitative comparison of factors.
Factors were analyzed in two forms:
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1. 	 Citation number: sum of citations from the same factor, in all matrices. The most cited factors
represent the general concerns of communities, and the main focus to be worked in strategic
planning.
2. 	 Citation variety: quantity of factors, not considering equal citations between different matrices.
Variety points the specific concerns of each community.
RESULTS
Eight matrices were designed, based on the citations of 102 community residents who attended
the meetings (74 men and 28 women). On average, 12 people per community (nine men and three
women) participated in the meetings. A total of 40 formal leaders (community board members,
parties involved in fishery agreements, environmental workers and community health workers) were
present. Forty-six participants engaged in research and monitoring, and/or legal slaughters of caimans
conducted between 2004 and 2010. Each matrix had an average of 17 citations, about 10 positives
and seven negatives (Table 1).
The aspects mentioned in the matrices appeared in 59 varieties; 26 current aspects and 33 expected
future aspects. In the classification of the aspects as advantages or disadvantages, there were 30 positive
aspects and 29 negative aspects. Considering all matrices, there were 140 citations in total (Table 2).
Approximately 46% (27) of the 59 varieties of points cited in the matrices were exclusive
citations from some communities. Exclusive citations accounted for 19% of a total of 140 citations.
On average, each community had three exclusive citations, which accounts for 17% of citations per
community (Table 3).
DISCUSSION
The variety of positive and negative citations was similar, indicating consistency in the main
advantages and disadvantages, as perceived by the communities. This result is similar to findings of
previous studies that used the SWOT Matrix for analysis of sustainable natural resource management
(Fiagbomeh & Bürger-Arndt, 2015; Kallioras et al., 2010; Reihanian et al., 2012). There was, however,
a 27% increase in the variety of opportunities and threats, which indicate that communities expect
greater diversification in future possibilities, both positive and negative. Strengths and opportunities
were cited 26% more often, indicating a general positive perspective on caiman management in the
communities. The perception of advantages of regulated and sustainable use of natural resources was
Table 1. Description of focus groups and basic composition of matrices built
Focus group composition
Community
São Raimundo do Jarauá

Matrices factors

Participants

Leaders

Managers

Strengths

Weaknesses

27

08

22

5

3

Opportunities
6

Threats
3

Manacabi

12

05

04

3

3

6

2

Nova Colômbia

05

01

02

5

4

5

4

Ponto X

11

02

02

5

4

6

3

São Francisco do Bóia

14

06

02

5

3

3

3

Pentecostal

05

03

03

6

5

5

4

São Raimundo do Panauã

09

04

04

4

3

3

6

Viola do Panauã

19

11

07

4

3

6

6

5
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Table 2. Variety and number of citations of current and future aspects
Strengths

No. of
citations

Weaknesses

No. of
citations

Amount of caimans

8

Low demand/consumption

6

Training in counting

6

Difficulty in capture

3

Partnership with MSDI research

6

Lack of slaughterhouses

3

Community support and organization

5

Lack of equipment

3

Slaughterhouse under construction

2

Market restricted to Amazonas

3

Decrease of illegal hunting

2

Poor valuation

3

Previous experiences (organization)

2

Lack of training for activities

2

Surveillance/conservation of areas

2

Unknown buyer

2

Previously known stocks

1

Previous experiences (trade)

1

Local caiman consumption

1

Flaws in organization

1

Current legislation

1

Lack of interest from the authorities

1

Successful arapaima management

1

Participants are uncertain

1

Licensed fishermen

1

Piracatinga fishing

1

Opportunities

No. of
citations

Threats

No. of
citations

Broader market

7

Culling below the quota

5

Fair valuation

6

Illegal Market/Hunting

5

Extra income

4

Non-compliance with rules/laws

4

More partnerships with institutions

3

Piracatinga fishing

3

Established market

3

Flaws in organization

2

New resources and activities

3

Failure in culling and processing

2

Increase in quota

2

Problems with buyers

2

Abattoir in the community

2

Change in laws

1

Surveillance/conservation areas

2

Death of caimans through fishing

1

Capture full quota

1

Difficulty in post-management capture

1

Tourism potential

1

Flawed stock counting

1

More honest buyers

1

Flawed produce transportation

1

Developed management

1

Lack of training for activities

1

New slaughterhouses

1

Participation of non-community residents

1

Pioneering

1

Participation of uncommitted individuals

1

Ban on piracatinga fishing

1

Flawed communication between the parties

1

Sale of salted meat

1

also found in Rwanda (Masozera et al., 2006), Iran (Reihanian et al., 2012), China (Zhou & Chen,
2014) and USA (Starr, Joshi, Will, Zou, 2019). The involvement of the MSDR communities in others
initiatives for sustainable use of natural resources may explain the fact that caiman managers expect
the same positive return in the course of time (Peralta & Lima, 2013).
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Table 3. Exclusive citations per community
Community

Exclusive citations

São Raimundo do Jarauá

Weaknesses: previous experiences were negative
Opportunities: developed management, pioneering
Threats: change in laws; participation of non-community residents

Manacabi

Strengths: previously known stocks
Opportunities: capture of full quota, honest buyers, new slaughterhouses
Threats: increased death of caimans through fishing

Nova Colômbia

Strengths: local caiman consumption; licensed fishermen
Weaknesses: participants are undecided
Threats: difficulty in capture, flawed communication

Ponto X

Opportunities: tourism potential

São Francisco do Bóia

Opportunities: sale of salted meat

Pentecostal

Strengths: current law
Weaknesses: piracatinga fishing
Threats: lack of training; participation of uncommitted individuals

São Raimundo do Panauã

Weaknesses: flaws in organization
Threats: flawed stock counting

Viola do Panauã

Strengths: Successful arapaima management
Opportunities: Ban on piracatinga fishing
Threats: Flawed produce transportation

Strengths
For community-based caiman management, environmental conditions and capacity of the target
organizations accounted for 87% of citations of strengths, unlike the wildlife management systems
already established, in which supply of income, favorable legislation and additional benefits were
the main strengths (Masozera et al., 2006). However, similar results were found in others studies
(Fiagbomeh & Bürger-Arndt, 2015; Haji-Rahimi & Ghaderzadeh, 2008; Reihanian et al., 2012).
Because of the prospective and community-based nature of the analysis of caiman management
in the MSDR, it makes sense that the greatest benefits recognized are those related to the segments
of the production chain where these stakeholders directly act and have experience (Fiagbomeh &
Bürger-Arndt, 2015; Reed, 2008).
Twenty-one percent of the total number of strengths indicate the advantages of the large number of
caimans in the MSDR, and appeared in all matrices. Activities such as stock counting and monitoring
of nesting areas have been a part of the daily life of the MSDR residents since the early 2000s (BoteroArias & Regatieri, 2013; Marioni et al., 2013), and the perception of the communities about the high
caiman density shown in the matrices is consistent with data from surveys conducted in the MSDR
(Da Silveira & Thorbjarnarson, 1999).
Citations involving performance, training and experience of the communities and organizations
involved in caiman management accounted for 55% of the number of strengths cited, and they were
found in at least five of the eight matrices. In the MSDR, engagement of community residents
and technical support organizations has been crucial and acknowledged by the communities as
attempts to improve arapaima management (Amaral, 2007). The communities are somewhat
familiar with the role of associations, public agencies and other organizations (Moura et al., 2016;
Queiroz & Peralta, 2010), which may be the reason why they were frequently cited as strengths.
Appreciation of cultural aspects and social improvements at the community level are often just
as or more important than financial return to people involved in community-based management
systems (Berkes, 2004; Freitas et al., 2020).
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Weaknesses
The commercial aspects of management, such as market and valuation of products, accounted for
47% of the total number of weaknesses cited, and they appeared in all communities. Approximately
60% of the problems pointed out for the marketing of arapaima in the Mamirauá and Amanã reserves
(Amaral, 2007) were also identified as weaknesses for caiman management, especially low price and
problems with buyers. The involvement of all the study communities from the MSDR in arapaima
management systems are indicative of similar aspects in the production of these two resources stock counting, zoning of protected and use areas, traditional capture methods and logistical aspects
(Amaral, 2007; Botero-Arias & Regatieri, 2013; Da Silveira & Thorbjarnarson, 1999) - and they may
explain potential problems occurring in trade. The perception of low demand may also be due to the
fact that consumption of fish is usually preferred over caiman meat in MSDR (Moura et al., 2016).
Approximately 20% of the total number of weaknesses cited showed a concern with lack of
equipment and infrastructure for slaughter and processing. This aspect appeared only as a weakness,
and was cited by four of the eight communities. Community residents approached processing
negatively and did not mention it very often, possibly because they are not aware of the complexity of
industrialization of animal products as there is no adequate infrastructure and the products marketed
by the communities in Amazon have a low level of processing (Amaral, 2007; Franco et al., 2016;
Van Vliet et al., 2014). In 1990s, the small number of manufacturing facilities was one of the factors
to drop the price of crocodilians skins worldwide (Thorbjarnarson, 1999).
Amaral (2007) reported differences in value and demand depending on level of processing, and
cited the lack of adequate refrigeration structure as a key factor in loss of commercial opportunities
for arapaima management. The definition of caimans as a fish product by the legislation of animal
product inspection in Brazil reinforces the importance of the processing industry, because, for health
inspection, the infrastructure required for the final product to reach the market is the same (Franco
et al., 2019).
Opportunities
Improvements in the marketing process accounted for 40% of the opportunities cited. According to
Marioni et al. (2013), the motivations of stakeholders are strongly related to caiman management
success and to the possible new income generated, aspect also pointed by Starr et al. (2019).
Although there is a initial limitation of the market caused by state-level sanitary inspection of
abattoirs, and it is a concern for managers, the illegal trade of caiman meat was identified in
the MSDR and neighboring municipalities (Da Silveira & Thorbjarnarson, 1999; Lopes et al.,
2012) and at state and regional level (Chaves Baía Júnior et al., 2010; Mendonça et al., 2016),
thus indicating that there is demand for this product. Focusing in places where caiman meat
culturally is food could be a way of reaching better prices and helping in reduce de illegal hunting
(Chaves Baía Júnior et al., 2010).
The community-based management has competitive advantages over hunting, based on legal,
environmental and health adequacy and sustainable approach, which may allow a product to enter
more stable markets (Da Silveira & Thorbjarnarson, 1999; Thorbjarnarson, 1999; Nasi et al., 2011;
Van Vliet et al., 2014). In the meantime, to ensure effective marketing of caimans, consolidated
physical and organizational structures are required to broaden the participation and empowerment of
communities along the productive system, avoiding exploitation by middlemen and providing access
to more favorable markets (Kellert et al., 2000; Amaral, 2007; Ovando, 2008).
Threats
Illegal hunting and the consequent risk of decline in caiman stocks accounted for 42% of the total
number of threats, and appeared in seven of the eight matrices. Similarly, conservation of natural
resources for management is a concern for managers in others countries (Fiagbomeh & Bürger-Arndt,
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2015; Masozera et al., 2006; Starr et al., 2019). The perception of risk of hunting-induced loss of
stocks is common among the communities of the MSDR because of the history of caiman exploitation
in the region (Da Silveira & Thorbjarnarson, 1999; Franco et al., 2016).
The structuring and formalization of community organizations and their activities are discussed
at different levels in the MSDR communities, often in order to match the expectations of the various
stakeholders in the management of areas (Queiroz & Peralta, 2010). This may explain the inclusion
of standards and the organization required to meet them in 25% of the threats cited, and their presence
in five matrices. In the MSDR, communities have adapted to several necessary rules, especially for
development of productive activities within units of conservation and marketing of managed products
(Moura et al., 2016; Queiroz & Peralta, 2010), however, the result of the matrices shows that there is
fear about possible modifications or breach of laws, similar to that found by Zhou & Chen (2014). The
residents are possibly worried because communities have prior experience in the legal evolution of the
exploitation of caimans. In the last 60 years, these resources shifted from being freely exploited, to
being prohibited for exploitation and, finally, to being allowed for sustainable use (Franco et al., 2019).
Just like institutional support from public agencies assisted in the development of arapaima
management within the MSDR (Amaral, 2007; Queiroz & Peralta, 2010), greater approximation
between laws and the local context, and a strong legal support, are vital to provide communities with
power to regulate use of their resources and make the community-based management a successful
productive activity (Fiagbomeh & Bürger-Arndt, 2015; Kellert et al., 2000).
Exclusive Aspects Per Community
The communities had similar perspectives, likewise as the results found by Amaral (2007) between
the perspectives of three fishery agreements in the MSDR.
The exclusive citations are mainly explained by the level of involvement of communities in the
development of the caiman management system in the MSDR, which is higher in communities of
Jarauá sector (Botero-Arias & Regatieri, 2013). Unique characteristics of the historical background
and cultural composition of those communities, e.g., different production activities, involvement in
management systems and continued caiman hunting, are also important (Franco et al., 2016; Moura
et al., 2016; Peralta & Lima, 2013).
CONCLUSION
Aspects relative to production potential and human capital were the main reason for the
positive opinion about caiman management in the communities, and must be maintained and
improved. Issues involving marketing of produce and legislation, the focus of expectations, and
product processing, by the little attention received from the communities, should be carefully
accompanied. The strategic planning for the caiman management should initially take into
account the most cited aspects, which are more representative of the communities as a productive
system. However, the specifics of each community must be worked on to increase the chances
of success of the activity locally. The aspects indicated in this study appeared in great variety,
both in general and per community, since the number of citations was not limited per group.
This indicates that the community-oriented perspective analyzed by means of a SWOT matrix
can be a valuable tool to promote a comprehensive understanding of the complex productive
system of caiman management from the point of view of its main stakeholders, thus assisting in
the development of the activity in line with the local context.
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