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In past 20 years, where there has been widespread degradation of mangroves, there are also cases where communities and
governments have successfully restored their degraded mangroves. Researchers have emphasized on participatory models of
management in mangrove forests. The present research aims to formulate a participatory management strategy to conserve
mangrove forests in the Carey Island, Malaysia. The major management tool is a SWOT matrix analysis. For this purpose, the
analysis of the data collected from 31 in-depth interviews with indigenous people living in the area of research as well as the
information from the researchers’ observation resulted in identification of a series of internal and external factors in the
targeted area in terms of conservation of the mangrove forest. The factors were then scored using a SWOT questionnaire
filled by 312 respondents, and later, sixteen strategies were considered using SWOT matrix and pairwise matching for the
conservation of the mangrove forests. Later, the Qualitative Strategic Planning Matrix (QSPM) was used and four prioritized
strategies were determined. As a conclusion, the four prioritized strategies were all related to capacity building, involvement
and participation of stakeholders in the process of the mangrove forest conservation. Therefore, mangrove forest
management in Carey Island requires a participatory approach in a way that not only the mangrove harvesting would be
sustainably controlled, but stakeholders, especially villagers, will be simultaneously empowered and take responsibility of the
sustainable conservation of their habitat and its biodiversity.
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Introduction

Mangroves generally grow at the interface of the land and sea, in loose, wet soils, saltwater and are periodically submerged
by tidal flows along protected coasts, estuarine and riverine areas within tropical and subtropical latitudes (Albert and
Schwarz, 2013;). Mangrove forests have great adaptation to survive in the high salinity conditions (Nehru and
Balasubramanian, 2016), extreme tides (Kathiresan and Bingham, 2001), tropical storms (Blankespoor et al., 2016) and high
temperatures (Noor et al., 2015). That's why they have created a productive ecosystem (Jia et al., 2015; Walters et al., 2008)
while they are significant for ecological and socioeconomic reasons. They support fisheries production, coastline protection
and water quality while they provide a nursery and breeding habitat for birds, mammals, fish, crustaceans, shellfish and
reptiles (Albert and Schwarz, 2013).

Mangrove forests are threatened for various reasons. Jia et al. (2015) believed that they were decreasing “at an alarming rate”.
Certain researchers have referred to “global warming” as a threat to mangroves (DasGupta and Shaw, 2017a), others to
aquaculture industry and agriculture (Richards and Friess, 2016), lime production (Scales et al., 2017), salt extraction (Liingilie
et al., 2015), heavy metals contamination (He et al., 2014), oil pollution (Dilmaghani et al., 2011), continued harvesting for
fuelwood (Lee et al., 2014) and urbanization in various forms (Garcia et al., 2014). That is why the management of mangrove
forests is vital, especially for protecting and revival of mangrove resources. Also, protection of mangrove forests around the
world as the most important centres of biodiversity hotspots have been emphasized.

Various methods have been introduced for sustainable management of forests. Sustainable forest management can have
different meanings for different people, however, two principles are common: the ecosystem can renew itself; and the forest
resources are conserved (MacDicken et al., 2015). However, Yamaki (2016) suggested that “public participation was crucial for
sustainable forest management”. Wadsworth et al. (2014) analyzed stakeholders' engagement as a key component in
planning activities for forest management. In fact, people living around the forest or those who profit from the forest, are
among stakeholders. In a decentralized model of forest management, the local communities have their own traditional rights
that are recognized by the government (Siraj et al., 2016). People are allowed to participate in decision-making to solve the
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essential problems and these are the people who control the solutions in the forest (Siraj et al., 2016). Various models of
participatory forest management have emerged: Joint forest management in India (DasGupta and Shaw, 2017b; Kumar and
Kant, 2016), collaborative forest management (Mohammed et al., 2017) and community forest management (Pinyopusarerk
and Tran, 2014; Rasolofoson et al., 2015; Takahashi and Todo, 2012). Scheba and Mustalahti (2015) studied the role of experts
and bureaucracy in participatory forest management in Tanzania and concludes that a policy of less reliance on experts and
allowing local communities to have ownership and control over their forest resources. Researchers have also studied about
the participatory models of management in mangrove forests. Ha et al., (2014) conducted a research in four communities in
Vietnam and concluded that for a solution in favor of everyone and in line with conservation of the mangrove forest, it was
needed that the farmers could have access to timber markets. In another research by Nguyen (2014), it was shown that the
key for a successful mangrove conservation in Vietnam was a clear policy with emphasis on rights, responsibilities and
benefits of local people. On-prom (2014) studied a case in Thailand on participatory mangrove management and showed how
villagers through their community forest committee were involved in planning and management of their mangrove forest.
Roy and Gow (2015) studied sustainable mangrove forest management in Bangladesh and stressed on the community level
institutions for achieving sustainability. DasGupta and Shaw (2017a) reviewed various models of participatory mangrove
forest management and mentioned that a participatory management regime was helpful in “contributing to social inclusion,
community empowerment and sustainable development”. Hema and Devi (2013) examined an institutionalized participatory
management of Kerala mangrove forests in India, and suggested a series of recommendations for a sustainable management
and conservation of the related forests; they emphasized on awareness rising activities, inter alia, targeted at the general
public for the conservation and management of mangrove forests. Iftekhar (2008) reviewed the mangrove management
strategies in three countries of Bangladesh, India and Sri Lanka and, among other things, recommended that a revision of the
existing laws regarding mangrove conservation, clear definition of the mangrove forest, inclusion of common species among
the wildlife conservation, inclusion of people in decision-making processes, zoning and market issues were necessary.

The present research takes the Carey Island in Malaysia as a case and uses an analytic tool to evaluate the factors affecting
the mangrove forest in the Island. It is not only an endeavor to contribute to the existing literature on mangrove forest
management but it can be used in management strategy formulation for participatory and multi-stakeholder conservation of
the forest in the Carey Island. The participatory approach can be regarded as one effective way for forest management in a
country like Malaysia where there are extensive mangrove forests (about 645,000 ha.) on the one hand and there are the
coastline people who are depended on mangrove forest and its habitat on the other hand.

Materials and methods of research

Study area: The Carey Island (Pulau Carey) is one of the Mangrove protected areas in Malaysia which is situated on the west
coast of peninsular in the Selangor state and near the south west of Kuala Lumpur on 2.8605° N, 101.3658° E (Figure 1) with
the total area of 16,187 hectares of which 11.5% is mangrove forest (1,876 hectares) and 65% is under plantation with oil
palms (Rozainah et al., 2014). It is an initial settlement area for Mah Meri who is one of the major aboriginal tribes of Malaysia
(Affandi et al., 2010; Yong, 2009).

Ramli and Fauzi (2016), divide the island into six habitats: Three of them belong to oil palm plantations (young, matured and
old oil palm plantations), mangrove forest, housing area (houses and villages) and other habitats (Sime Darby Birds Sanctuary,
roads, etc.). Mangrove tress are mostly on the edges of the Island. To prevent the sea-water intrusion into the plantation area,
the Island is protected by a coastal bund and a system of water drainage since it is two metres below sea-level during high-
tide. There is no management plan for the mangrove forest in the Carey Island while the existing forest act like a buffer zone
especially for the palm oil plantations in the Island managed by Sime Darby. The Company supports research on mangrove
forests as part of its corporate social responsibility and it has run a research centre on mangrove forest. Siti et al. (2009) have
studied the biodiversity of the island and has concluded that mangroves have contributed to the richness of biodiversity in
the Island since they function as nurseries and feeding area for the fish and crustaceans. Saraswathy et al. (2009) reported
that the Carey Island has 16 species of mangroves from five families and most of these have significantly degraded.
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Figure 1. Carey Island.

Research methodology

In the present research, SWOT (Strengths and Weaknesses, Opportunities and Threats) analysis has been used as an
evaluation tool to study the internal and external factors affecting the mangrove forest in the Carey Island. The researchers
have used a participatory approach for collecting the data through stakeholders’ participation. The SWOT has helped the
researchers to study the environment and to propose a series of strategies for the management of mangrove forest.

Comino and Ferretti (2016) who have used SWOT analysis for formulation of strategies for park protection, considered it a
suitable tool since it distinguishes between the endogenous and exogenous factors while it is useful for formulation of
management strategies. Devitt et al. (2016) believes that SWOT analysis is an “strategic management tool” and it can be used
in policy planning and decision-making. For Madsen (2016), it is mostly an assessment framework to analyse resources and
capabilities as well as the external situation. Scolozzi et al., (2014) who have used SWOT analysis in conservation planning,
believe that it is a support for strategic decision-making and it has been recently used for environmental assessment and
management. Yavuz and Baycan (2013) consider SWOT Analysis a participatory decision-making tool. For them it is a
“convenient and promising” method for any situational assessment.

SWOT analysis tool has been successfully used since fifty years ago in fields such as watershed management (Bagherian et al.,
2009; Groninger, 2016; Taena et al., 2016), river management (Budiasa and Kato, 2016; Yenil and Taner, 2014) forest
management (Baycheva-Merger and Wolfslehner, 2016; GroSelj et al., 2016; Kazana et al., 2015; Marino et al., 2014; Segura et
al., 2014); ecosystem services framework (Bull et al., 2016); as well as in mangrove forest management.

In this paper, SWOT analysis tool was combined with the Quantitative Strategic Planning Matrix (QSPM) which is a strategy
formulation tool. SWOT helped the researchers to carry out an analysis of the external and internal factors, as part of a
planning phase for forest management.

The QSPM is a managerial technique for prioritizing strategies through comparing their relative attractiveness (Hosseini
Nasab and Milani, 2012). The QSPM tool has been applied by researchers in management of protected areas (Padash et al.,
2016), formulation of strategies for ecotourism (Butarbutar et al.,, 2014; Ghorbani et al.,, 2015; Monavari et al., 2013;
Nourbakhsh et al., 2013), planning for water management (Azarnivand and Banihabib, 2013; Banihabib et al., 2016) and
coastal management (Baby, 2013).

Methodology design: The research was carried out in three stages using different tools for collecting the needed data. The
process of the research methodology is illustrated in Figure 2. The figure clarifies how data was collected and used in
formulation of strategies for management of Carey Island mangrove forest. Later, each stage is described and methods,
outputs, number and kind of respondents or participants have been explained.
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Figure 2. Process of the research methodology.

The process

The research was composed of three stages. The Input stage was the first one and three methods (phases) were used one by
one: conducting semi-structure interviews; holding meetings of group discussion; and filling open-ended questionnaires.
Conducting semi-structured interviews helped the researchers to prepare a preliminary list of opportunities and threats (or
the external factors that affect the Carey Island mangrove forest) and strengths and weaknesses (or the internal factors).
Before any interview starts, the researchers provided the respondent with information about the research and its objectives
and then the four main questions about strengths, weaknesses, opportunities and threats were asked. Enough time was
given to the respondents to think and the interviewer was open to any idea mentioned by the respondents. The target
respondents were 312 (four villages and the staff of the Mangrove Research Centre). The distribution of these 312
respondents was as follows: Kampung Sungai Bumbun 123, Kampung Malayu 35, Kampung Sungai Judah 87, Kampung
Sungai Rambai 42 and 25 from the staff of the Mangrove Research Centre. They were randomly selected based on the
population of these four villages.

When the preliminary list of internal and external factors was ready, it was checked and tested in a discussion meeting with a
group of respondents; based on the results from this meeting, the initial list was updated. Then for an indirect examination of
the internal and external factors, an open-ended questionnaire was designed.

The respondents (n=31) were Orang Asli and Malay communities. The results from this questionnaire helped the researchers
to finalize the list of factors. The first stage process lasted seven months (from March 2011 to October 2011).

The second stage took more than one year (October 2011 to November 2012). The SWOT questionnaire was prepared based
on the inputs from the first stage, and later when the factors were finalized, the pairwise matching was done. A five-point
Likert scale (very great extent, great extent, some extent, little extent, very little extent) was applied in the questionnaire to
score the factor. For each factor, one question was designed. This questionnaire with 37 questions was filled by more
respondents. The Cochran formula was applied to determine the sampling size (n) for the target villages. The calculated size
was 312. In this case the level of confidence was 95% that equals to 1.96.

The results from the filled SWOT questionnaires helped the researchers to formulate strategies. At this time, two matrices
were applied for a better understanding of factors: Internal Factor Evaluation Matrix (IFEM) and External Factor Evaluation
Matrix (EFEM). It was necessary to give a weight to each factor before working with IFEM and EFEM. To do it, the sum of the
scores by respondents to one factor (in SWOT questionnaire) has to be divided by total sum of all scores to all factors. As the
total sum of all weights should be “1”, then the weight for each factor was normalized between 0 and 1. Based on the
methodology, the researchers were invited to give a rating of 1 to 4 to each factor as they were involved for a long time in
data collection. For the rating, 1 was assigned for a major weakness or threat, 2 for a minor weakness or threat, 3 for a minor
strength or opportunity and 4 for a major strength or opportunity. When the ratings of factors were done, then the rating
number was multiplied by the weighted score for each factor. The sum of the results is called Internal Factor Evaluation (IFE)
or External Factor Evaluation (EFE) (Ali Ahmadi, 2007; Almasi et al., 2011; Chang and Huang, 2006; David et al., 2009;
Dilmaghani et al., 2011; Parsayan and Aarabi, 2009; Reihanian et al., 2012).

IFE and EFE results (between 0 and 4) are important in strategy formulation. These results were applied in another
management tool called Internal-External matrix or IE Matrix. In fact, this two-dimensional matrix (IFE total weighted score on
X axis and EFE total weighted score on Y axis) is an analysis of the internal and external factors. The weighted scores on each
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axis will be divided in three regions (weak or low: between 1.0 and 1.99; middle or average: 2.0 and 2.99; strong or high:
between 3.0 and 4.0). In fact, a matrix of nine cells is formed (see Figure 3). Also, three regions can be distinguished in this
matrix. The first region is called “grow and build” and has three cells of 1, 2 and 4. Here, there is a need for intensive
strategies. It means that the present situation has good strengths and opportunities. The second region is called “hold and
maintain” and composed of three cells of 3, 5 and 7. The strategies for this region are mostly focused on keeping the existing
situation. It means no change is needed. The planners may continue with the previous strategies. The last region (cells of 6, 8
and 9) is called the region of “harvest or divest”. A change is needed in this case. The planners can continue with the previous
strategies but they have to know that it is time for a change in their strategies.
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Figure 3. Internal-External (IE) matrix template.

The second phase is composed of pairwise matching of factors and forming SWOT matrix to formulate four groups of
strategies (SO, WO, ST and WT). Some of the initiated strategies might be similar and therefore, it is needed to merge them.
The third stage is to work on Quantitative Strategic Planning Matrix (QSPM) and to prioritize the strategies. A questionnaire is
needed to be designed at this stage for weighing thirty-seven factors against sixteen strategies. An attractiveness score (from
1 to 4) has to be given to each of them and therefore 592 comparisons have to be done. As it was a complex questionnaire,
therefore, it was required to be filled by experts (n=23) of mangrove conservation from related faculties and departments of
University of Malaya (UM) and University Putra Malaysia (UPM) who cooperated with the researchers and put time to fill the
QSPM questionnaire. Later, the mean scores for each factor was calculated. To calculate the relative attractiveness of each
strategy, the mean scores for each factor is multiplied by the weight resulted from the SWOT questionnaire, and then the 37
results for each strategy were added. Those with higher sum are the more attractive strategies. The last thing is to rearrange
the strategies based on the relative attractiveness.

Trustworthiness. Various methods were applied to guarantee the validity. The researchers did not start the interview since
their first visit to the community. They tried to spend more time with the local people and to build trust. The trust is an
important element for a fruitful interview. The researchers tried to be open and to share their experiences with the people in
the target communities with an aim to build a sense of trust with the local people. The interviewee has to explain to the
respondents that they can leave the interview or stop filling the questionnaire whenever they feel that they cannot continue
(for any reason). This principle was observed by the researchers during interviewing or filling questionnaires. The language
could be another challenge. A translator accompanied the researchers in Orang Asli communities to help them in trust-
building. The researchers tested the data through their observations and contacts with other members of the communities as
a step for the internal validity.

Triangulation was also applied (local people, Forestry Department staff and academic experts in mangrove management). It is
important to add that experts were involved in “pairwise matching” and “decision-making” and therefore, the researchers
used their experiences in forming the strategies and prioritizing them during the QSPM stage.

During the interviews and the group discussion, it was necessary to reduce researcher-based bias as much as possible and
therefore, the researchers invited two facilitators to accompany them.

Results

The results can be categorized in five parts: 1) factors (resulted from stage one); 2) IFE and EFE results; 3) IE matrix result; 4)
strategies (resulted from pairwise matching); 5) prioritized strategies (resulted from QSPM). Each of them is important to
understand the existing situation and has to be discussed here.

Factors

The Internal and external factors were finalized in the stage one of the research process, as a result of interviews with local
people in target communities. The list of the factors can be found in Tables 1 and 2.

IFE and EFE results

Based on the internal factors, IFE matrix was formulated and the result was 1.729. Also EFE was calculated as 1.226 and a
review of the IFE and EFE for participatory mangrove management in the Carey Island, reveals that weaknesses dominate
strengths (since IFE was less than 2.5) and threats dominate opportunities since EFE was less than 2.5 (Chang and Huang,
2006; Delavar, 2007;). It shows that in the Carey Island the potentials were not enough to conserve the Mangrove forest,
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however the threats such as oil pollution, climate change, the highway and the bridge and the palm plantation were more
powerful.

Table 1. [FE Matrix (S=strength, W=weakness).

List of Strengths and Weaknesses Weig Rati Weighted
ht ng score
Strengths:
S1  Thevillagers are familiar with Mangrove forest since their childhood. 0.033 3 0.1017
9
S2  The local people are aware of the Mangrove forest areas in Malaysia. 0.031 4 0.1256
4
S3  The villagers are aware of migratory birds in the Carey Island. 0.028 3 0.0849
3
S4  The villagers have not used Mangrove resources for any medical purpose. 0.028 3 0.0861
7
S5 Thelocal people like to conserve the Mangrove forest. 0.030 4 0.1232
8
S6  The local people like to work in a group for conservation of the Mangrove forest. 0.030 4 0.1212
3
S7  Most local people in the villages are young. 0.03 3 0.09
S8 The villagers harvest wood in areas that are more than 500 meters away from the edge 0.028 3 0.0861
of the Mangrove forest. 7
S9 The local people go for harvesting less than 10 times in a month. 0.028 3 0.0846
2
S1  Thevillagers like to share their knowledge with others. 0.031 3 0.093
0
S1  Thelocal people have handicraft workshops in their village. 0.032 4 0.1296
1 4
S1  Thelocal people sell handicrafts. 0.032 3 0.0981
2 7
S1  There are active women, members of a local group in their village. 0.031 4 0.124
3
S1  Thevillagers select trees (for any possible use) when they are matured. 0.032 4 0.1292
4 3
Weaknesses:
W  The villagers harvest Mangrove for wood, fire, fishing and hobbies. 0.021 1 0.0211
1 1
W  The local people use Mangrove for making handicrafts. 0.020 2 0.0402
2 1
W The local people have not shared their knowledge with others. 0.018 2 0.0376
3 8
W  The villagers have no accommodation facilities in their village. 0.018 2 0.0372
4 6
W  The local people have no formal level of education. 0.019 2 0.0398
5 9
W  The local people have no idea about what time tourists come to their village for visiting 0.019 2 0.038
6 Mangrove forest.
W  Some villagers do not want to be in a group for conservation of Mangrove forest. 0.019 1 0.0195
7 5
W The local people do irregular fishing and harvesting 0.018 1 0.0187
8 7
Total 1.729

To evaluate the external factors, opportunities and threats were first discussed and listed in Table 2. Based on the external
factors, the EFE matrix was formulated (see Table 2).

Table 2. EFE Matrix (O=opportunity, T=threat).
List of Opportunities and Threats Weight Rating Weighted score

Opportunities:
O1 Tourists have some knowledge about Mangrove forest. 0.0296 3 0.0888
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02 University of Malaya supports research on the mangrove forest. 0.0322 4 0.1288
03 Villages in the Carey Island have water supply. 0.0353 3 0.1059
04 Some villagers work for the Government. 0.0305 4 0.122
O5 Tourists come to visit the Carey Island. 0.0336 4 0.1344
06 The local people have an annual celebration called Ari Muyang.  0.0351 4 0.1404
07 International agencies have some projects in the Carey Island. 0.0312 3 0.0936
08 Mangrove Research Center. 0.0312 4 0.1248
09 Academic Researchers. 0.0311 4 0.1244
Threats :
T1  Tourists do not share their knowledge with local people. 0.0204 2 0.0408
T2  Palm Oil Plantation (Sime Darby) 0.0211 1 0.0211
T3 Highway and bridges that pass through the middle of the forest. 0.0217 1 0.0217
T4  Risk of the tsunami. 0.0198 1 0.0198
T5  Oil pollutions from ships. 0.0198 2 0.0396
T6  Climate Change (in general) 0.0201 1 0.0201
Total 1.226

IE matrix result

The red circle was in the third region (the region of harvest or divest). A change in policy and strategies is needed in the Carey
Island according to the IE Matrix (Figure 4). People have been ignored and it seems a community-based mangrove
management is necessary to be planned. There are various stakeholders that have to be involved in planning phases. It also
reveals that for conservation of mangroves, we need a change into the existing decision-making.

IE Matrix- Carey Island

IFE Total Weighted Score

40 15729

EFE Total Weighted Score

1.226 4

Figure 4. I[E Matrix - Carey Island.

Strategies

At this phase based on a comparison of the internal and external factors, the SWOT matrix was shaped to generate strategies
and sixteen strategies (St) were proposed as follow:

St1. The local people, tourists and academic researchers can share their knowledge on Mangrove in Malaysia.

St2. The local people can be involved as tour guides (general and professional).

St3. University of Malaya (UM) researcher, Mangrove Research Centre (MRC) and International Agencies (IA) can employ the
local people as volunteers in their projects and academic research for conserving of the Mangrove forest.

St4. The local people can collaborate and participate with IA and researchers to protect the migratory birds in the Heritage
Island.

St5. Increase the Women Active Groups (WAG's) knowledge and awareness about Mangrove Forest and its role to educate
local people to protect the environment through holding a workshop by UM, MRC and IA.

St6. Increase awareness of the local people and tourists about conserving of Mangrove through the local celebration called
“Hari Muyang”.

St7. UM in cooperation with MRC and IA can increase the local people knowledge about mangrove through holding
workshops.

St8. Local groups can do some activities to protect the Mangrove Forest to control any possible tsunami disaster.

St9. Control the oil pollution from the ships by the Government (GOV) and related Organization.

St10. Reduce the amount of Mangrove wood used by the local people.

St11. Change the livelihood of the villagers to use the natural resources in the Carey Island in a sustainable way by Non-
Governmental Organizations (NGOs), GOV, SD, MRC and IA.

St12. Holding an exhibition in the Carey Island for selling handicrafts and fundraising to conserve the environment.
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St13. Support the local people who are interested to continue their education by UM, SD, IA and GOV.
St14. Inform the local people about the negative effects of irregular fishing on the environment.
St15. Decrease the amount of harvesting to control the tsunami disaster.
St16. Decrease the amount of irregular fishing.
Prioritized strategies
After processing the QSPM questionnaires filled by the experts, the researchers could have a prioritized list of the above-
mentioned strategies based on the scores four prioritized strategies are as follow:
e St1.The Local people, tourists and academic researchers can share their knowledge on Mangrove in Malaysia.
e St3. UM researcher, MRC and IA can employ the local people as volunteer in their projects and academic research for
conserving of the Mangrove Forest.
e St7. UM in cooperation with MRC and IA can increase the local people knowledge about mangrove through holding
workshops.
e St2.The Local people can be involved as tour guides (general and professional).

Discussion

A review of the four types of factors proves that most of them are related to the local people. Somehow, they are telling us a
story: the local people like to conserve mangrove forest (S5), and for that, they would like to work in groups (S6); they harvest
cautiously (S8, S9) and they select the trees that are matured enough (S14); they do not use mangroves for medical purposes
(S4); there are interested young people (S7) while there are people who are familiar with the forest (S1, S2) and are aware of
migratory birds (S3); there are active women who members of a local group (S13), they produce handicrafts in their
workshops (S11) and are able to sell them (S12). They are ready to share their knowledge (S10).

It is clear that the local people in the Carey Island have a sense of ownership over the mangrove forest. They have considered
the mangrove forest a community property and they have a common right over it.

Ostrom et al. (1990) consider forest a common pool resource. Especially in this case, this resource needs a set of rules to be
well managed. According to the factors, these rules could be about conservation, sustainable harvesting, protecting the
biodiversity, livelihood activities, and local knowledge sharing. That's why local people are referring to these factors as part of
the management that the mangrove forest requires. In fact, they are demanding their collective right to management. Of
course, for a common-property system, there should be a series of arrangements or preparations as proposed in Cole and
Ostrom (2011) such as precise data about the condition of the forest, common understanding of the local people about
potentials and risks, trust among them (as the necessary social capital), stability of the users, and the readiness of the people
to stay and work in the area for a long period of time.

Respondents have referred to eight weaknesses. The villagers harvest Mangrove for wood, fire, fishing and hobbies (W1), and
also they use it for producing handicrafts (W2) while they do irregular fishing and harvesting (W8). Some villagers do not want
to be in a group for conservation of Mangrove forest (W7) and they have not shared their knowledge with others (W3). In fact,
the local people have no formal level of education (W5). Regarding ecotourism, the local people have no idea about what time
tourists come to their village for visiting Mangrove forest (W6) and they do not have accommodation facilities in their village
(W4).

There are certain disparities between the strengths and the weaknesses. For instance, while they like to share their
knowledge (S10), they have not yet shared the knowledge (W3). Also, while there are people who are not interested to be in a
group to conserve mangroves, there are others who would like to work in groups (S6). This shows that these weaknesses can
change into strength points if an appropriate strategy is adopted.

Nine opportunities were proposed as factors by tourists (01, 05, 06), University of Malaya (02), the Government (0O4),
International agencies (O7), Mangrove Research Center (O8) and academic researchers (09). A stakeholders’ influence can be
seen here. This issue was discussed in dealing with strategies in this section. Meanwhile, these opportunities might help the
local people to be more involved in conservation and find practical solutions for their livelihood needs.

The threats are about the tourists who do not share their knowledge with the local people (T1), and issue of palm oil
plantation managed by Sime Darby (T2) and the existence of highways and bridges in the forest (T3), risk of the tsunami (T4),
oil pollution from ships (T5) and the climate change (T6). Some of the threats are challenging such as the case of tourists that
can change into an opportunity if an appropriate strategy is adopted. Some of the strategies such as finding solutions for
tsunami or the climate change need actions by the government at national level. Others need suitable strategies by various
stakeholders such as the oil pollution from ships or the issue of palm oil plantation.

A closer look at the strategies, reveals that they are about “conservation of mangroves”, “ecotourism”, “local economy and
livelihoods"”, “awareness raising, knowledge sharing and education”, “oil pollution”, “tsunami effects”, “fishing”, “harvesting”
and “migratory birds". While in all strategies local people have a major role, the issue of “conservation of mangroves” is more
important. It repeats in various strategies (St3, St4, St8, St9, St10, St11, St12, St16), and it can be realized through various
activities: research activities for conservation of mangroves (St3);, protection of migratory birds (St4); protect mangroves
against tsunami (St8); decreasing irregular fishing (St16) and protection against oil pollution (St9); change in livelihoods (St11
and St12); and through reducing the wood used by locals (St10). In fact, local people have depicted the various aspects of
conservation of mangrove forests in the Carey Island.

The strategies can be categorized in four groups: a) the strategies referring to conservation of mangrove forests (St3, St4, St8,
St9, St10, St11, St12, St16); b) the strategies referring to sustainable livelihood and sustainable use of forest (St2. St4, St6, St9,
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St10, St11, St12, St14, St15, St16); and c) the strategies on protection against tsunami (St8, St15); and d) the strategies on
knowledge sharing, awareness raising and education (St1, St5, St6, St7, St13 and St14).

The resulted strategies can also be divided, in a different way, according to the involvement of various stakeholders: local
people; local groups; women's active group in Sungai Bum Bun; international agencies; the government, Malaysian
universities especially UM; NGOs; SD; tourists; MRC; and academic researchers. Therefore, it is important to consider a
stakeholder-influence theory in any future attempt for the management of the forest in Carey Island. Forest is a complex
resource system (Memon and Thepa, 2016) and therefore, it would be good for the planners to consider the various
expectations by the local communities as well as the other important stakeholders. Also, an involvement of various
stakeholders is a pre-condition for any planning for conservation of mangroves in the Carey Island. Any stakeholder may play
a different role, however if they can come together and define common vision for the area and a participatory planning can
be organized, the solutions for a better conserved area, based on the existing capacities and potentials among stakeholders,
can be suggested.

Regarding the prioritized strategies, the first important strategy is about knowledge sharing on Mangrove. It seems this
strategy can contribute to the protection of environment by locals and tourists, since they have to be aware of the knowledge
produced by the researchers. The second important strategy refers to the involvement of the locals as volunteers in research
and academic activities. The third strategy to follow is about the training of local people to increase their knowledge about
mangrove (that could be done by UM in cooperation with MRC and IA); in fact, if the people know more about the importance
of mangrove and their habitat, then there will be more possibility that they may change their behaviour. Moreover, based on
existing local knowledge on birds, local people can be involved as tour guides (general or professional); and that will be
appropriate enough to pave the way for people to have more tenure on the Carey Island and its environment.

In fact, these strategies confirm that people have to feel that they are the real owners of mangrove. In other words, the local
villagers must consider mangrove forest an exclusive natural resource of the Carey Island, which belongs to the next
generation as well. This is in line with what Gill et al. (2009) recommended in their paper that a decentralized forest policy was
a must in Malaysia. Also, Badola et al. (2012) and Datta et al. (2012) believe that participation of local communities in the
management of forest is more sustainable. Since 2000, a series of projects were funded by UNDP in Malaysia to support local
participation in conservation of mangrove forests in Penang, Sabah or Sarawak (SGP-Malaysia, 2012).

Conclusions

According to the results of this study, irregular fishing and harvesting by local people, lack of formal education among
villagers, palm oil plantation, oil pollution and climate change are among the weaknesses and threats. For the conservation of
the mangrove forests and inhibition of deforestation in the Carey Island, an effective and comprehensive planning and
management that gives priority to the contribution of stakeholders should be followed.

Based on the analysis of the strengths, weaknesses, opportunities and threats, sixteen management strategies were
designed, among which all four “important” strategies were related to capacity building and involvement and participation of
stakeholders in the process of the conservation of the mangrove forest. This study clarifies that mangrove forest
management in Carey Island requires a participatory approach in a way that not only mangrove harvesting would be
sustainably controlled, but stakeholders, especially local villagers and groups, will be simultaneously empowered and take
concern of the conservation of their habitat and its biodiversity in a sustainable way.

Acknowledgements
The authors would like to thanks the local villagers of Kg. Sungai Judah, Kg. Sungai Bumbun, Kg. Sungai Rambai and Kg,
Melayu, the Sime Darby staff and the Orang Asli Department for their kind assistance and support during my research.

References

Affandi, N. A. M., Kamali, B., Rozainah, M. Z., Tamin, N. M., & Hashim, R. (2010). Early growth and survival of Avicennia alba
seedlings under excessive sedimentation. Scientific Research and Essays, 5(18), 2801-2805.

Albert, J. A., & Schwarz, A.-M. (2013). Mangrove management in Solomon Islands: Case studies from Malaita Province. CGIAR
Research Program on Aquatic Agricultural Systems. Penang, Malaysia. Policy Brief: AAS-2013-14.

Ali Ahmadi, A. (2007). A Comprehensive Attitude towards Strategic Management. 10th edn. In cooperation with Mehdi
Fathollah, and Iraj Tajeddin. Tehran: Knowledge Production Publication (Entesharat Toolid-e Danesh).

Almasi, M., Pakzadmanesh, P., & Ameri, M. A. (2011). Formulation of Management Strategy for Persian Wild Ass (Equus
hemionus onager) in Touran Biosphere Reserve. Paper presented at the Proceedings of International Conference on
Environmental Aspects of Bangladesh.

Azarnivand, A., & Banihabib, M. (2013). The Identification of Effective Factors of Strategic Implementation in Water Resources
Management (Case Study: Lake Urmia Basin). Desert, 18(2), 177-183.

Baby, S. (2013). AHP Modeling for Multicriteria Decision-Making and to Optimise Strategies for Protecting Coastal Landscape
Resources. International Journal of Innovation, 218-227.

Badola, R., Barthwal, S., Hussain, S. A. (2012). Attitudes of local communities towards conservation of mangrove forests: A
case study from the east coast of India Estuarine, Coastal and Shelf Science 96:188-196

Bagherian, R., Samah, B. A, Samah, A. A, & Ahmad, S. (2009). A social exchange approach to people's participation in
watershed management programs in Iran.

Ukrainian Journal of Ecology, 8(3), 2018



337 Participatory mangrove forest management in the Carey Island, Malaysia

Banihabib, M. E., Hashemi, F., & Shabestari, M. H. (2016). A Framework for Sustainable Strategic Planning of Water Demand
and Supply in Arid Regions. Sustainable Development.

Baycheva-Merger, T., & Wolfslehner, B. (2016). Evaluating the implementation of the Pan-European Criteria and indicators for
sustainable forest management-A SWOT analysis. Ecological Indicators, 60, 1192-1199.

Blankespoor, B., Dasgupta, S., & Lange, G.-M. (2016). Mangroves as a protection from storm surges in a changing climate.
Ambio, 1-14.

Budiasa, I. W., & Kato, H. (2016). A Participatory Approach to Enhance Multistakeholders’ Participation in the Saba River Basin
Sustainable Water Management (pp. 67-80): Springer.

Bull, J., Jobstvogt, N., Bohnke-Henrichs, A., Mascarenhas, A., Sitas, N., Baulcomb, C., & Zahringer, J. (2016). Strengths,
weaknesses, opportunities and threats: A SWOT analysis of the ecosystem services framework. Ecosystem services, 17, 99-
111.

Butarbutar, R. R., Purnomo, M., Hakim, L., & Rochdjatun, S. (2014). Strategic development of nature tourism based on plant
species at the Mahawu mountainous region, North Sulawesi, Indonesia. Journal of Biodiversity and Environmental Sciences
(JBES), 5(5), 241-252.

Chang, H. H., & Huang, W. C. (2006). Application of a quantification SWOT analytical method. Mathematical and Computer
Modelling, 43(1), 158-169.

Cole, D. H., Ostrom, E., 2011. The variety of property systems and rights in natural resources. Property in land and other
resources, 37-Comino, E., & Ferretti, V. (2016). Indicators-based spatial SWOT analysis: Supporting the strategic planning and
management of complex territorial systems. Ecological Indicators, 60, 1104-1117.

DasGupta, R., & Shaw, R. (2017a). Participatory Mangrove Management in a Changing Climate: Perspectives from the Asia-
Pacific: Springer.

DasGupta, R., & Shaw, R. (2017b). Retrofitting Joint Forest Management (JFM) in Protected Areas of Indian Sundarbans: How
Sustainable It Is? Participatory Mangrove Management in a Changing Climate (pp. 59-71): Springer.

Datta D, Chattopadhyay R, Guha P (2012) Community based mangrove management: a review on status and sustainability
Journal of environmental management 107:84-95

David, M. E., David, F. R., & David, F. R. (2009). The Quantitative Strategic Planning matrix (QSPM) applied to a retail computer
store. The Coastal Business Journal, 8(1), 42-52.

Delavar, M. A. (2007). Research and Methodology. Tehran: Nashre Virayesh.

Devitt, C., Boyle, L., Teixeira, D., O'Connell, N., Hawe, M., & Hanlon, A. (2016). Stakeholder perspectives on the use of pig meat
inspection as a health and welfare diagnostic tool in the Republic of Ireland and Northern Ireland; a SWOT analysis. Irish
veterinary journal, 69(1), 17.

Dilmaghani, Y., Danehkar, A., Jozi, S. A., & Arjomandi, R. (2011). Codification of mangrove forests management strategies: Case
study of Hara Protected Area, Iran. Journal of Food Agriculture & Environment, 9(2), 508-513.

Garcia, K. B., Malabrigo Jr, P. L., & Gevafia, D. T. (2014). Philippines’ Mangrove Ecosystem: Status, Threats and Conservation
Mangrove Ecosystems of Asia (pp. 81-94): Springer.

Ghorbani, A., Raufirad, V., Rafiaani, P., & Azadi, H. (2015). Ecotourism sustainable development strategies using SWOT and
QSPM model: A case study of Kaji Namakzar Wetland, South Khorasan Province, Iran. Tourism Management Perspectives, 16,
290-297.

Gill S, Ross W, Panya O (2009) Moving beyond rhetoric: the need for participatory forest management with the Jakun of South-
East Pahang, Malaysia | Trop For Sci 21

Groninger, J. W. (2016). Building Watershed Management Capacity in Nigeria: Expanding the Role of Agriculture Colleges.
Journal of Contemporary Water Research & Education, 158(1), 78-84.

Groselj, P., Hodges, D. G., & Stirn, L. Z. (2016). Participatory and multi-criteria analysis for forest (ecosystem) management: A
case study of Pohorje, Slovenia. Forest Policy and Economics, 71, 80-86.

Ha, T. T. P, van Dijk, H., and Visser, L. (2014). Impacts of changes in mangrove forest management practices on forest
accessibility and livelihood: A case study in mangrove-shrimp farming system in Ca Mau Province, Mekong Delta, Vietnam.
Land Use Policy, 36(0), 89-101. doi:http://dx.doi.org/10.1016/j.landusepol.2013.07.002

He, B., Li, R.,, Chai, M., and Qiu, G. (2014). Threat of heavy metal contamination in eight mangrove plants from the Futian
mangrove forest, China. Environmental geochemistry and health, 36(3), 467-476.

Hema, M., & Devi, P. (2013). Socioeconomic Impacts of the Community-based Management of the Mangrove Reserve in
Kerala, India. Journal of Environmental Professionals Sri Lanka, 1(2).

Hosseini Nasab, H., & Milani, A. S. (2012). An improvement of quantitative strategic planning matrix using multiple criteria
decision making and fuzzy numbers. Applied Soft Computing, 12(8), 2246-2253.

Iftekhar, M.S., 2008. An overview of mangrove management strategies in three South Asian countries: Bangladesh, India and
Sri Lanka. International Forestory Review 10, 38-51.

Jia, M., Wang, Z., Zhang, Y., Ren, C., & Song, K. (2015). Landsat-Based estimation of mangrove forest loss and restoration in
Guangxi Province, China, influenced by human and natural factors. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 8(1), 311-323.

Kathiresan, K., & Bingham, B. L. (2001). Biology of mangroves and mangrove ecosystems. Advances in marine biology, 40, 81-
251.

Kazana, V., Kazaklis, A., Stamatiou, C., Koutsona, P., Boutsimea, A., & Fotakis, D. (2015). SWOT analysis for sustainable forest
policy and management: a Greek case study. International Journal of Information and Decision Sciences, 7(1), 32-50.

Ukrainian Journal of Ecology, 8(3), 2018



Ukrainian Journal of Ecology 338
Kumar, P., & Kant, S. (2016). Revealed social preferences and joint forest management outcomes. Forest Policy and
Economics, 72, 37-45.

Lee, S. Y., Primavera, J. H., Dahdouh-Guebas, F., McKee, K., Bosire, J O., Cannicci, S., & Marchand, C. (2014). Ecological role and
services of tropical mangrove ecosystems: a reassessment. Global Ecology and Biogeography, 23(7), 726-743.

Liingilie, A. S., Kilawe, C., Kimaro, A., Rubanza, C., & Jonas, E. (2015). Effects of salt making on growth and stocking of mangrove
forests of south western Indian Ocean coast in Tanzania. Mediterranean Journal of Biosciences, 1(1), 27-31.

MacDicken, K. G., Sola, P., Hall, J. E., Sabogal, C., Tadoum, M., & de Wasseige, C. (2015). Global progress toward sustainable
forest management. Forest Ecology and Management, 352, 47-56.

Madsen, D. @. (2016). SWOT Analysis: A Management Fashion Perspective.

Marino, E., Hernando, C., Planelles, R., Madrigal, J., Guijarro, M., & Sebastian, A. (2014). Forest fuel management for wildfire
prevention in Spain: a quantitative SWOT analysis. International journal of wildland fire, 23(3), 373-384.

Memon, J.A., Thapa, G.B., 2016. Explaining the de facto open access of public property commons: Insights from the Indus
Delta mangroves. Environmental Science & Policy 66, 151-159.

Mohammed, A. J., Inoue, M., & Shivakoti, G. (2017). Moving forward in collaborative forest management: Role of external
actors for sustainable Forest socio-ecological systems. Forest Policy and Economics, 74, 13-19.

Monavari, S. M., Khorasani, N., & Mirsaeed, S. S. G. (2013). Delphi-based strategic planning for tourism management-a case
study. Polish Journal of Environmental Studies, 22(2), 465-473.

Nehru, P., & Balasubramanian, P. (2016). Re-colonizing mangrove species in tsunami devastated habitats at Nicobar Islands,
India. Check List, 7(3), 253-256.

Nguyen, H.-H. (2014). The relation of coastal mangrove changes and adjacent land-use: A review in Southeast Asia and Kien
Giang, Vietnam. Ocean & Coastal Management,90(0),1-10.doi:http://dx.doi.org/10.1016/j.0ocecoaman.2013.12.016.

Noor, T., Batool, N., Mazhar, R., & llyas, N. (2015). Effects of siltation, temperature and salinity on mangrove plants. Eur Aca
Res, 2, 14172-14179.

Nourbakhsh, S. Z., Shahba, S., & Mozafari, M. (2013). Using SWOT Analysis and QSPM Matrix for Developing and Evaluating
Strategies of Ecotourism. Caspian Journal of Applied Sciences Research, 2(9).

On-prom, S. (2014). Community-Based Mangrove Forest Management in Thailand: Key Lesson Learned for Environmental Risk
Management. In N. Kaneko, S. Yoshiura, & M. Kobayashi (Eds.), Sustainable Living with Environmental Risks (pp. 87-96):
Springer Japan.

Ostrom, E., Gardner, R., Walker, J., 1994. Rules, games, and common-pool resources. Ann Arbor: University of Michigan Press.
Padash, A, Jozi, S., Nabavi, S., & Dehzad, B. (2016). Stepwise strategic environmental management in marine protected area.
Global Journal of Environmental Science and Management, 2(1), 49-60.

Parsayan, A., & Aarabi, M. (2009). Strategic Management. 6th.Ed. Tehran: Cultural Studies Office.

Pinyopusarerk, K., & Tran, T. T. H. (2014). Making community forest management work in northern Vietnam by pioneering
participatory action. Land Use Policy, 38, 257-263.

Ramli, R., & Fauzi, A. (2016). Nesting biology of Black-shouldered Kite (Elanus caeruleus) in oil palm landscape in Carey Island,
Peninsular Malaysia. Saudi Journal of Biological Sciences.

Rasolofoson, R. A., Ferraro, P. J., Jenkins, C. N., & Jones, J. P. (2015). Effectiveness of Community Forest Management at
reducing deforestation in Madagascar. Biological Conservation, 184, 271-277.

Reihanian, A., Mahmood, N. Z. B., Kahrom, E., & Hin, T. W. (2012). Sustainable tourism development strategy by SWOT
analysis: Boujagh National Park, Iran. Tourism Management Perspectives, 4, 223-228.

Richards, D. R., & Friess, D. A. (2016). Rates and drivers of mangrove deforestation in Southeast Asia, 2000-2012. Proceedings
of the National Academy of Sciences, 113(2), 344-349.

Roy, A. K. D., & Gow, J. (2015). Attitudes towards current and alternative management of the Sundarbans Mangrove Forest,
Bangladesh to achieve sustainability. Journal of Environmental Planning and Management, 58(2), 213-228.

Rozainah, M., Affandi, N., & Noraini, M. (2014). Relationship between mangrove seedling growth, nutrients and heavy metal
concentrations in soil at carey island, selangor, Malaysia. Malaysian Journal of Science, 33(2), 141-149.

Saraswathy, R., Rozainah, M., & Redzwan, G. (2009). Diversity and biomass estimation of mangrove trees on carey Island,
Malaysia. Ecology, Environment and Conservation, 15(2), 205-211.

Scales, 1., Friess, D., Glass, L., & Ravaoarinorotsihoarana, L. (2017). Rural livelihoods and mangrove degradation in
southwestern Madagascar: Lime production as an emerging threat.

Scheba, A., & Mustalahti, I. (2015). Rethinking ‘expertknowledge in community forest management in Tanzania. Forest Policy
and Economics, 60, 7-18.

Scolozzi, R., Schirpke, U., Morri, E., D'Amato, D., & Santolini, R. (2014). Ecosystem services-based SWOT analysis of protected
areas for conservation strategies. Journal of Environmental Management, 146, 543-551.

Segura, M., Ray, D., & Maroto, C. (2014). Decision support systems for forest management: A comparative analysis and
assessment. Computers and Electronics in Agriculture, 101, 55-67.

SGP-Malaysia (2012). Partners in sustainable development: Empowering Civil Societies Through SGP Malaysia vol 1.
UNDP/GEF-SGP Malaysia, Malaysia.

Siraj, M., Zhang, K., Xiao, W., Bilal, A., Gemechu, S., Geda, K., Terfe, Y., & Xiaodan, L. (2016). Does Participatory Forest
Management Save the Remnant Forest in Ethiopia? Proceedings of the National Academy of Sciences, India Section B:
Biological Sciences, 1-14.

Siti, Y., Khairudin, H., & Mohd, S. (2009). Biodiversity Conservation in Oil Palm Industry-A Case Study in Carey lIsland.
Biodiversity and National Development: Achievements, Opportunities And Challenges.

Ukrainian Journal of Ecology, 8(3), 2018




339 Participatory mangrove forest management in the Carey Island, Malaysia

Taena, W., Kolopaking, L. M., Juanda, B., Barus, B., & Boer, R. (2016). An Institutional Model of Transboundary Watershed
Management Toward Sustainable Development. Jurnal Manajemen Hutan Tropika, 22(1), 35-46.

Takahashi, R., & Todo, Y. (2012). Impact of Community-Based Forest Management on Forest Protection: Evidence from an Aid-
Funded Project in Ethiopia. Environmental Management, 50(3), 396-404. doi:10.1007/s00267-012-9887-5

Wadsworth, R. M., Criddle, K., & Kruse, G. H. (2014). Incorporating stakeholder input into marine research priorities for the
Aleutian Islands. Ocean & Coastal Management, 98, 11-19.

Walters, B. B., Ronnback, P., Kovacs, J. M., Crona, B., Hussain, S. A., Badola, R., Primavera, J. H., Barbier, E., & Dahdouh-Guebas,
F. (2008). Ethnobiology, socio-economics and management of mangrove forests: A review. Aquatic Botany, 89(2), 220-236.
Yamaki, K. (2016). Role of social networks in urban forest management collaboration: A case study in northern Japan. Urban
Forestry & Urban Greening, 18, 212-220.

Yavuz, F., & Baycan, T. (2013). Use of swot and analytic hierarchy process integration as a participatory decision making tool in
watershed management. Procedia Technology, 8, 134-143.

Yenil, H. U., & Taner, T. (2014). The River Management Modelling For Ecology. American Journal of Water Resources, 2(3), 71-
73.

Yong, H. S. (2009). Biodiversity and National Development: Achievements, Opportunities, and Challenges : Proceedings of the
Conference Held in Kuala Lumpur, Malaysia from 28-30 May 2008: Academy of Sciences Malaysia.

Citation: Mehdi, A., Pozi, M., Rozainah, M.Z. (2018). Participatory mangrove forest management in the Carey Island, Malaysia. Ukrainian
Journal of Ecology, 8(3), 328-339.

This work is licensed under a Creative Commons Attribution 4.0. License

Ukrainian Journal of Ecology, 8(3), 2018



