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ABSTRACT

Community-based forest management agreement in the country is a needed instrument in attaining sustainability of
mangrove management. Sadly, there is no assurance that the system implemented in the mangrove forest management is
sustainable. So, evaluating the mangrove management sustainability of the local tribe is a viable avenue for the appropriate
management. In this study, the sustainability of the mangrove management system of the Tagbanua tribe in Bgy. Manalo,
Puerto Princesa City, Palawan was evaluated. The study utilized various criteria with relevant indicators of sustainable
mangrove forest management in assessing the mangrove forest management system. Focused group discussions were
conducted to identify the relevant sustainable mangrove forest management C & I and verifiers. Each indicator was
rated using the formulated verifiers in the form of the rating scale. Through household interviews, FGD, KII, mangrove
assessment, and secondary data analysis, this study also used a mathematical model on the Sustainability Index for Individual
Criteria (SIIC) to evaluate the scores for individual criteria and the Overall Sustainability Index (OSI) of the community. As a
result, there are a total of seven relevant criteria, and 35 relevant indicators for Mangrove Management in Barangay Manalo.
Based on the individual rating of seven criteria, the overall rating of the sustainable mangrove management system is 1.80,
which implies a fairly sustainable mangrove management system. Also, the computed overall sustainability index is 0.26,
which is fairly or moderately sustainable. Each criterion has strengths and weaknesses and needs to be improved to have a
highly sustainable mangrove management system.
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1. Introduction

Mangrove forests are coastal ecosystems that of-
fer numerous benefits to humans. They play a crucial
role in stabilizing coastlines, safeguarding coastal
communities against severe weather events, provid-
ing essential habitats for numerous animal species,
and sequestering substantial amounts of carbon .
They are home to a diverse range of life forms, in-
cluding terrestrial and marine animals, as well as
humans . Mangroves have been used as a source
of building materials and charcoal in some areas .
In addition to their direct benefits, mangrove forests
also provide important indirect benefits. For exam-
ple, they can offer protective services by absorbing
wave energy and serving as natural buffers against
storms Y. Mangroves have the ability to filter water
by trapping sediments and pollutants with their roots,
which prevents these materials from being disposed
to the sea .. They serve as a habitat for a diverse
range of bird and marine species and can serve as
important nurseries and spawning grounds for aquat-
ic life, such as shrimp and milkfish. Furthermore, the
detritus food chain which is supported by the organic
matter produced by mangroves provides a source of
food for many marine animals .

Effective ecosystem management, such as the man-
grove ecosystem, is essential for achieving sustaina-
bility and guaranteeing sustainable health and produc-
tivity of these ecosystems. One approach to achieving
this is through co-management and community-based
mangrove forest management, which involves collab-
oration between local communities and government
agencies to develop and implement sustainable man-
agement practices '*”. While co-management between
local government and community and sole manage-
ment of mangrove forests by the community can be
effective in promoting sustainability, it is important to
recognize that not every management system is sus-
tainable ™*”\. In this case, sustainability evaluation of
the management system of the mangrove ecosystem is
a practical approach to ensure the proper management
of natural resources ",

In Palawan, there are ongoing Mangrove Forest
Management Systems, including the sole mangrove
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management of the community in Barangay Manalo,
City of Puerto Princesa, Palawan. The management
of this 40-hectare mangrove forest is being overseen
by the Manalo Tribal Organization, an Indigenous
Cultural Community (ICC), as well as the local gov-
ernment of Bgy. Manalo and Puerto Princesa City
Government. However, the management of the forest
faces several challenges, including illegal cutting
of mangrove trees, land title disputes, inadequate
monitoring and law enforcement, and unsustainable
aquaculture practices. Therefore, it is essential to
assess the sustainability status of various mangrove
management approaches to ensure proper manage-
ment of these valuable resources. This study aims to
assess the perception and awareness of the respond-
ents towards criteria and indicators of sustainable
mangrove management and to assess the sustaina-
bility of the mangrove forest management system of
the Tagbanua tribe in Bgy. Manalo, Puerto Princesa
City, Palawan, considering these challenges and op-
portunities for improvement.

2. Materials and methods

2.1 Research locale

The research was carried out in Barangay Mana-
lo, Puerto Princesa City, Palawan, which is located at
9°58°30”N and 118°48’30”E, approximately 40 km
from Puerto Princesa City proper as shown in Figure
1. The study focused on a 40-hectare mangrove for-
est within this area.

Figure 1. Map of Barangay Manalo.



Journal of Environmental & Earth Sciences | Volume 05 | Issue 02 | October 2023

2.2 Research design and instruments

The adopted research design is a mixed method
which is a combination of both qualitative and quan-
titative research methods. The qualitative part of the
study includes the identification of the relevant C &
I existing management style. Meanwhile, the quanti-
tative part of the method includes the assessment of
the sustainability status of the existing management
approach.

There are seven criteria and 57 indicators of
forest management sustainability set by the Forest
Management Bureau (FMB) to assess the sustaina-
bility status of the existing management approach.
Note that the set C & I originate from the Interna-
tional Tropical Timber Organization (ITTO) "' To
determine the applicable Sustainable Mangrove For-
est Management Criteria and Indicators, this study
utilized a Focus Group Discussion (FGD) approach.
The FGDs were conducted with 12-15 participants
and were guided by a set of questions, a recorder,
and visual aids. In total, three FGDs were conducted
as part of the study, including a validation process to
ensure the relevance and applicability of the identi-
fied criteria and indicators "'"'?,

Once the applicable criteria and indicators were
identified, the study proceeded to verify the verifiers
for each criterion and indicator. The verifiers were
established in collaboration with the community and
researchers, using a rating scale of 1 (poor), 2 (fair),
and 3 (good) for individual indicators identified.
The verifiers were established through a process of
FGDs and KII, which involved a diverse group of
stakeholders "% Three FGDs of at least 15 partici-
pants were conducted to formulate and validate the
verifiers for each indicator that is applicable. The
researchers performed validation and consultation on
the developed rating scale. The participants for the
FGD were multi-sectoral, which included communi-
ty leaders, fishers, tour guides, leaders, members of
Indigenous People (IP), farmers, women, the elderly,
and community members "',

Each indicator was rated using the formulated
verifiers (rating scale) through household inter-
views (HHI), FGD, KII, mangrove assessment, and
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analysis of existing and available secondary data.
Also, the local community’s awareness of applica-
ble criteria and indicators is rated on a scale of 1 to
5. One signifies a very low awareness (below 20%
awareness). Meanwhile, a value of two is rated for
low awareness (with 21%-40% awareness), three
for moderate awareness (with 41%-60% awareness),
four for high awareness (with 61%-80% awareness),
and five for very high awareness (81%-100% aware-
ness) "'*. The local community’s perception of the
importance of applicable criteria and indicators was
evaluated using a rating scale of 1 to 5. One is very
insignificant, two (insignificant), three (no opinion),
four (significant), and five (very significant).

The study implemented 50-meter transect lines
with 10 m x 10 m quadrats along each transect to
assess present mangrove species composition, popu-
lation density, and DBH.

2.3 Research sample

The study used Robert Slovin’s formula to decide
the sample size for the HHI, based on 0.05 margin-
al error and a 95% confidence level. The computed
sample size was 40 which was computed from the
total number of households (n = 48) of the Manalo
Tribal Organization. Included in the HHI are the
members and officers of the said organization. For
the Focus Group Discussions (FGDs), community
leaders and members were selected as participants
in each area. The sampling frame used in selecting
the samples was the household list in each area, and
random sampling was conducted using the Microsoft
Excel random generator. Through these methods, the
study was able to collect representative data from a
sample of households and community members in
the study area.

2.4 Data analysis

Descriptive statistics was used to analyze the so-
cioeconomic characteristics of the respondents and
the biophysical conditions. Furthermore, an FGD
was implemented, and the resulting transcriptions
were analyzed to determine the appropriate C & I for
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forest management sustainability "' To assess the
management sustainability of the mangrove forest,
other criteria were developed by the community, uti-
lizing a rating scale. This scale was applied to each
indicator. The data collected included ordinal data
from the rating scale, as well as nominal and ratio
data from socioeconomic characteristics such as
household income, educational attainment, gender,
age, and length of residence in the area. Spearman
correlation test and Point-Biserial correlation anal-
ysis, conducted through SPSS software, were used
to determine the relationship between the socioec-
onomic characteristics of the households and their
perceptions "',

In this study, a mathematical model known as the
SIIC was employed to assess the scores of individual
criteria, as well as the OSI " This was used to com-
pare the level of sustainability for each criterion and

overall.
SIHC = Sum of Weighted scores of indicators
number of indicators in the respective criteria
OSI = Sum of SIIC
Number of Criteria

Source: Pokharel et al. ",

3. Results and discussions

3.1 Mangrove species composition in Bgy.
Manalo, Puerto Princesa City

The mangrove species composition in Barangay
Manalo, Puerto Princesa City, is shown in Figure 2.
The most abundant species is Rhizophora apiculate,
which comprises 34% of mangroves identified. Next
is Rhizophora mucronata (29%) and Xylocarpus
granatum (25%). Other mangroves species present
are Sonneratia alba, Rhizophora stylosa, Bruguiera
cylindrica, Bruguiera gymnorrhiza, Avicennia alba,
Ceriops tagal, and Lumnitzera granatum.

3.2 Awareness and perception levels of respond-
ents to applicable criteria and indicators

There are seven criteria, and 35 indicators are ap-
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plicable to Mangrove Management in Bgy. Manalo.
Table 1 shows the awareness and perception of the
respondents on the enabling condition of SFM. Ex-
cept for item 1.5, it can be seen that the respondents
have a high level of awareness of all the other items
with weighted means of 3.825, 3.825, 3.525, 3.8,
4.025, and 3.85, respectively. Item 1.5 gained a mean
of 3.275 which means that the respondents have
moderate awareness of the procedures for for plan-
ning sustainable forest management. Similarly, the
respondents were moderately aware of the process of
regular monitoring, monitoring, evaluation, and pro-
gress feedback. The average of all the means is 3.73,
which can be interpreted that the respondents have a
high level of awareness of the enabling condition of
SFM.

Mangrove Species Composition in Bgy.
Manalo (n=250)
£

W Rhizophora mucronata
Rhizophora apiculgta
Rhizophora Stylosa
Bruguiera cylindrica

B Bruguiera gymnorrhiza

W Avecennia alba

W Sonneratio alba

W Ceriops tagal

W Xyiocarpus granatum

W Lumnitzera fttorea

Figure 2. Mangrove species composition in Brgy. Manalo, Puer-
to Princesa City.

Regarding the perception of the respondents to
the enabling condition of SMF, the table shows that
they perceived that all the items are significant with
averages of 4.175, 4.125, 3.85, 4.05, 4.05, 4.025, and
3.925, respectively. The overall mean of 4.02 reveals
that the respondents perceived that the enabling con-
dition of SFM is significant.

Table 2 presents the awareness and perception
of the respondents on the extent and condition of
the forest. It is indicated that the respondents have
a high awareness of (a) the area and proportion of
land area under the CLUP, (b) the area of forest al-
lotted to production and protection, (c) the area and
proportion of total land area under each forest type,
and the (d) changes in a forested area with means of
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4.025, 3.675, 3.925, and 4.125, respectively. Mean-
while, the respondents have moderate awareness of
the forest condition, as interpreted from the mean of

extent and condition.

Table 1. Awareness and perception of the respondents on the enabling condition of SFM.

3.4. The overall average is 3.83, which signifies that
the respondents have a high awareness of the forest’s

Indicator Awareness Interpretation | Perception Interpretation
1.1 Pre.sence of structure for laws, policies, and 3.825 High 4175 Significant
7 regulations.
Enabling | 1.2 Forest Tenurial Instrument 3.825 High 4.125 Significant
situation | | 3 Amount of investment and reinvestment in
of SFM | forest management, administration, research, and | 3.525 High 3.85 Significant
human resource development
1.4 Existence of, and ability to apply, appropriate
technology to practice SFM and the efficient 3.8 High 4.05 Significant
utilization and marketing of products.
1.5 Capacity and mechanisms for planning SFM
and for periodic monitoring, evaluation, and 3.275 Moderate 4.05 Significant
feedback on progress
1.6 Public participation in forest management
planning, decision-making, data collection, 4.025 High 4.025 Significant
monitoring, and assessment.
1.7 Existence of Forest management plans 3.85 High 3.925 Significant
Average 3.73 High 4.03 Significant
Legend: 4.51-5.00 Very high* Very significant™*
3.51-4.50 High* Significant**
2.51-3.50 Moderate* No opinion**
1.51-2.50 Low* Insignificant**
1.00-1.50 Very low* Very insignificant**
Table 2. Awareness and perception of the respondents on the extent and condition of forest.
Indicator Awareness Interpretation Perception Interpretation
2.1 Area and Proportion of land area
under the comprehensive land-use plan | 4.025 High 4.625 Very significant
(CLUP)
2. Area and .
situation of forest 2.2 Area of.forest allotted to production 3.675 High 4.025 Significant
: and protection.
2.3 Area and proportion of total land area 3925 High 4175 Significant
under each forest type
2.4 Changes in the forested area 4.125 High 4.475 Significant
2.5 Forest Condition 34 Moderate 3.525 Significant
Average 3.83 High 4.165 Significant
Legend: 4.51-5.00 Very high* Very significant™*
3.51-4.50 High* Significant**
2.51-3.50 Moderate* No opinion™**
1.51-2.50 Low* Insignificant**
1.00-1.50 Very low* Very insignificant**
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Moreover, the respondents perceived that the land
area covered in the comprehensive land-use plan
(CLUP) is very significant, based on the mean of
4.625. Furthermore, they perceived that the (a) forest
area intended for production and protection, (b) areal
extent of each forest type, (c) variation in the area
covered by forest, and (d) forest condition are signif-
icant with 4.025, 4.175, 4.475, and 3.525, respective-
ly. The overall mean for perceptions is 4.165, which
means that the respondents perceived that the extent
and condition of the forest are significant.

Table 3 shows the awareness and perception
of the respondents on forest ecosystem health. Re-
spondents generally have a high level of awareness
for both indicators of Criterion 3, with means of 3.9
and 4.375, respectively. The average of the means is
4.14, which states that the respondents have a high

awareness of forest ecosystem health.

The respondents perceived that the extent and
nature of forest encroachment, degradation, and dis-
turbance due to human interventions are significant.
At the same time, they do not agree on the area and
nature of forest depletion and disturbance caused by
natural means, according to the calculated means of
3.9 and 3.5, respectively. The overall average of 3.7
signifies that the respondents perceived that the for-
est ecosystem health is significant.

Table 4 presents the awareness and perception of
the respondents on forest production. The respondents
have a high level of awareness of indicator 4.1 (mean =
3.925) and indicator 4.3 (mean = 4.1). However, they
have a moderate awareness indicator 4.2. Despite that,
the overall average is still 3.71, which states that the re-
spondents have a high awareness of forest production.

Table 3. Awareness and perception of the respondents on forest ecosystem health.

Indicator Awareness | Interpretation Perception | Interpretation
3.1 The area and nature of forest
encroachment and disturbance affected | 3.9 High 3.9 Significant
by human
3. Health of forest
3.2 The area and nature of forest
depletion and disturbance caused by 4.375 High 3.5 No opinion
natural causes.
Average 4.14 High 3.7 Significant
Legend: 4.51-5.00 Very high* Very significant**
3.51-4.50 High* Significant**
2.51-3.50 Moderate* No opinion**
1.51-2.50 Low* Insignificant**
1.00-1.50 Very low* Very insignificant™**
Table 4. Awareness and perception of the respondents on forest production.
Indicator Awareness Interpretation Perception Interpretation
4.1 Area and proportion of forest which
inventory .and survey measures have 3.925 High 4,025 Significant
4. Forest been applied to assess the quantity of the
production primary forest products.
4.2 Actual yield of wood and non-wood 31 Moderate 3975 No opinion
forest products
4.3 Harvest Composition 4.1 High 3.375 Significant
Average 3.71 High 3.56 Significant
Legend: 4.51-5.00 Very high* Very significant™*
3.51-4.50 High* Significant**
2.51-3.50 Moderate* No opinion**
1.51-2.50 Low* Insignificant**
1.00-1.50 Very low* Very insignificant**
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In terms of the respondent’s perception, the area
and proportion of forest for which inventory and sur-
vey measures have been applied to assess the quanti-
ty of the forest products and composition of harvest
are perceived to be significant, as revealed from their
means of 4.025, and 3.275, respectively. Nonethe-
less, the participants in the study have no opinion
about wood and non-wood forest products (mean =
3.275). The overall mean of 3.56 reveals that they
perceived that forest production is significant.

Table 5 portrays the awareness and perception of
the respondents on biological diversity. They have
a high level of awareness for indicator 5.1. The re-
spondents are also highly aware of the quantity of
endangered and threatened forest-reliant plants and
animals, measures of in situ, and ex-situ of the genet-
ic variation within the commercial, endangered, rare,
and threatened species of forest plants and animals,
and the presence and enactment of procedures for
safety and monitoring of plants and animals species

in the production zone of forests, with means of 3.9,
3.975, 3.875, and 4.2, respectively. The overall mean
of 3.99 suggests that the respondents have a high
level of awareness of biological diversity.

Regarding their perception of biological diversi-
ty, they perceived that the presence and enactment
of procedures to classify and guard endangered and
threatened species of forest plants and animals, the
number of endangered, rare, and threatened for-
est-dependent species. The measures of in situ and
ex-situ of the genetic variation within the commer-
cial, endangered, rare, and threatened species of
forest flora and fauna are all significant with means
4.225, 4.025, and 4.1, respectively. Furthermore,
they perceived that the presence and enactment of
procedures for safeguarding and checking biodiver-
sity in the production zone of forest area is very sig-
nificant, having an average of 4.7. The whole mean
of 4.26 indicates that their perception of biological
diversity is significant.

Table 5. Awareness and perception of the respondents on biological diversity.

Indicator Awareness Interpretation Perception Interpretation
5.1 Presence and enactment of
procedures to identify and safeguard . .
endangered and threatened species of 39 High 4.225 Significant
5. Biodiversity forest plants and animals.
5.2 Quantity of endangered and . _—
threatened forest-dependent species 3:975 High 4.025 Significant
5.3 Measures of in situ and ex-situ
of the genetic variation within the
commercial, endangered, rare, and 3.875 High 4.1 Significant
threatened species of forest flora and
fauna
5.4 Presence and implementation
of pr'oce.dures fgr p.rotec.t on and 4.2 High 4.7 Very significant
monitoring of biodiversity in
production forests
Average 3.99 High 4.26 Significant
Legend: 4.51-5.00 Very high* Very significant**

3.51-4.50 High* Significant**

2.51-3.50 Moderate* No opinion**

1.51-2.50 Low* Insignificant**

1.00-1.50 Very low* Very insignificant**
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Table 6 presents the awareness and perception
of the respondents on soil and water protection. The
respondents have a high level of awareness of the
procedures to guard downriver catchment and meas-
ures to maintain the productivity of soil and the ca-
pability of the soil to hold water inside a production
zone of forests, as implied by means 4.225 and 4.4,
respectively. However, there is a moderate level of
awareness of the procedures for forest engineering
based on the mean of 3.375. The combined means
resulted in an average of 4, which translates to high
awareness for soil and water protection.

The respondents perceived that the processes in
safeguarding downstream catchment values, pro-
ductivity of soil and water holding capacity, forest
industry and engineering are all significant, having
an average of 4.2, 4.25, and 3.85, respectively. They
perceived that soil and water protection is significant
from the overall average of 4.1.

Table 7 shows the awareness and perception of
the respondents on the economic, social, and cultur-
al aspects. It can be interpreted from the table that
the participants of the study have a very high level
of awareness for the participation of the indigenous
cultural community, local people, and other forest
inhabitants, in forest management capacity building,
discussion, decision-making, and implementation
(mean = 4.65). Moreover, the respondents have a
high level of awareness of (a) the forest products in-
dustry organization and effectiveness (mean = 3.6),
(b) the presence and enactment of conflict resolution

procedures for solving disagreements between in-
terested parties (mean = 3.775), (c) the number of
community members depending on forests for their
occupation (mean = 3.825), (d) the area of forests
use for traditional and customary lifestyles (3.825),
(e) the area of forest sites allotted and accessible for
research and instruction, and recreational activity
(mean = 3.9), (f) the quantity of significant cultur-
al, and spiritual sites discovered and safeguarded
(mean = 3.9), (g) the level to which user rights of the
indigenous cultural community over publicly owned
forests are acknowledged and practised (mean =
3.85), and (h) the indigenous knowledge is utilized
in forest management planning and implementation
(mean = 3.725). In addition, they have a moderate
level of awareness for (a) the worth of produced
wood, and non-wood forest products in the market
(mean = 3.375), and (b) the coaching, capacity build-
ing, and workforce development programs for forest
workforce (mean = 3.325). The overall mean of 3.84
signifies that the respondents have a high awareness
of the economic, social, and cultural aspects.

On the other hand, the overall mean of 4.06 for
the perception suggests that the study’s respondents
perceived the economic, social, and cultural aspects as
significant. Specifically, they perceived that the worth
of produced wood, non-wood forest products in the
market (mean = 3.525), the forest products industry
organization and effectiveness is significant, the pres-
ence and enactment of conflict resolution procedures
for solving disagreements between interested party

Table 6. Awareness and perception of the respondents on soil and water protection.

Awareness Interpretation Perception Interpretation
6.1. Processes to assure protection of 4225 High 42 Significant
downstream catchment values
6. Protection of soil -
and water 6.2 Proc;egses to safeguard s0}1 . . o
productivity and water retention capacity |4.4 High 4.25 Significant
within production zone of forest area
6.3 Processes for forest engineering 3.375 Moderate 3.85 Significant
Average 4 High 4.1 Significant
Legend: 4.51-5.00 Very high* Very significant™*
3.51-4.50 High* Significant**
2.51-3.50 Moderate* No opinion**
1.51-2.50 Low* Insignificant**
1.00-1.50 Very low* Very insignificant**
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(mean = 4.1), the quantity of community members de-
pending on forests for their occupation (mean = 3.875),
the coaching, capacity building, and workforce devel-
opment programs for forest workforce (mean = 3.925),
the area of forests use for traditional and customary
lifestyles (mean = 4.05), the area of forest sites allotted
and accessible for research and instruction, and tour-
ism activity (mean = 3.975), the quantity of significant
cultural, and spiritual sites discovered and safeguard-
ed (mean = 4.175), the level to which user rights of

indigenous cultural community over publicly owned
forests are acknowledged and practiced (mean =
4.45), and the indigenous knowledge is utilized in
forest management planning and implementation (4.0)
are all significant. Besides, they have perceived that
the participation of indigenous cultural community,
local people, and other forest inhabitants, in forest
management capacity building, discussion, deci-
sion-making, and implementation is very significant,
having a mean of 4.80.

Table 7. Awareness and perception of the respondents on the economic, social, and cultural aspects.

Awareness Interpretation Perception Interpretation
7.1 Worth of p r(.)duced wood, non-wood 3.375 Moderate 3.525 Significant
forest products in the market
7. Economic, social, 72 Forest.p roducts industry organization 3.6 High 4.1 Significant
and effectiveness
and cultural
7.3 Presence and enactment of conflict
resolution procedures for solving 3.775 High 3.875 Significant
disagreements between interested party.
7.4 Quantity of community members . .
depending on forests for their occupation 3825 High 3.925 Significant
7.5 Coaching, capacity building, and
workforce development programs for 3.325 Moderate 3.825 Significant
forest workforce.
7.6 Area of forests use for traditional and 3825 High 405 Significant
customary lifestyles.
7.7 Area of forest sites allotted and
accessible for research and instruction, 3.9 High 3.975 Significant
and tourism activity.
7.8 Quantity of significant cultural,
and spiritual sites discovered and 3.85 High 4.175 Significant
safeguarded.
7.9 Level to which user rights of
indigenous cultural community over . .
publicly owned forests are acknowledged 4425 High 445 Significant
and practiced.
7.10 Indigenous knowledge is utilized
in forest management planning and 3.725 High 4 Significant
implementation.
7.11 Participation of indigenous cultural
community, local people, and other Ve
forest inhabitants, in forest management |4.65 Very high 4.8 ey
. o . . - significant
capacity building, discussion, decision-
making, and implementation
Average 3.84 High 4.06 Significant
Legend: 4.51-5.00 Very high* Very significant™*
3.51-4.50 High* Significant**
2.51-3.50 Moderate* No opinion™®*
1.51-2.50 Low* Insignificant**
1.00-1.50 Very low* Very insignificant**
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3.3 Relationship between socioeconomic char-
acteristics and awareness of applicable crite-
ria and indicators (C & I) of the community
in Bgy. Manalo, Puerto Princesa City

The relationship between socioeconomic charac-
teristics and awareness level on the suitable C & [ in
Bgy. Manalo was analyzed using the non-parametric
Spearman correlation test, except for gender, where
the point-biserial correlation was applied. Table 8
shows that livelihood has a p-value of 0.030 and a
positive coefficient. The p-value is less than 0.05
alpha level (0.030 < 0.05). Therefore, the livelihood
and awareness level on the relevant C & 1 signifi-
cantly correlates (positive correlation). Also, income
has a p-value of 0.000 and a negative coefficient.
The p-value is less than 0.01 and 0.05 alpha level
(0.049 < 0.01 < 0.05). Therefore, the income and
awareness level on the suitable C & I significantly
correlates (negative correlation).

Table 8. Socioeconomic characteristics and awareness level on
the suitable C & I in Bgy. Manalo.

Level of awareness Coecfficient P-value
Age -0.306 0.055
Gender 0.273 0.088
Civil status —0.060 0.713
Educational -0.115 0.478
Attainment

Livelihood 0.343* 0.030
Income —0.528%** 0.000
No. of years 'lzvzng n o112 0.493
the community

**Significant correlation at the 0.01

* Significant correlation at the 0.05

3.4 Relationship between socioeconomic char-
acteristics and perception of the importance
of applicable criteria and indicators (C&I) of
the community in Bgy. Manalo

Similarly, statistical treatments were applied to
determine the relationship between socioeconomic
characteristics and perception of the importance of
the suitable C & I in Bgy. Manalo. Table 9 shows
that age obtained a p-value of 0.021 and a positive
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coefficient. Therefore, the age and perception of the
importance of the relevant C & I have a significant
correlation (positive correlation). Gender, livelihood,
civil status, educational attainment, livelihood, and
income have a weak negative correlation, while the
number of years living in the community has a trivial
positive correlation.

Table 9. Socioeconomic characteristics and perception on the
importance of relevant C & I in Manalo.

Perception to

importance of Coefficient P-value
applicable C & 1

Age 0.363* 0.021
Gender -0.233 0.147
Civil status —0.155 0.339
Educational ~0.163 0316
Attainment

Livelihood —0.175 0.280
Income —0.032 0.844
No. of years .llvmg ml6116 0.475
the community

*_ Correlation is significant at the 0.05 level (2-tailed).

3.6 Evaluation of sustainability

The evaluation of the mangrove management
sustainability is mainly based on the mean scores of
each criterion "), presented in Table 10. Verifiers
through a Likert scale of 1-3 (1 = Poor, 2 = Fair, 3 =
Good) were used to quantify each indicator for
each criterion. The meaning of 1.29 on Criterion 1
translates to poor condition. Reasons such as lack of
policy implementation for mangrove management,
no awarded tenurial instrument to the community, no
available funding for mangrove forest management
and protection, no existing adopted technology for
the management, and low capacity of the community
in mangrove management planning may be associ-
ated to the result of the assessment. Meanwhile, Cri-
terion 2 has a mean score of 2.20 or fair condition.
Note that there have been neither significant good
nor bad changes in the mangrove area for the last
five years. Only 70% of the mangrove area is in good
condition. The mangrove management system gar-
nered a mean of 2.50 (Fair Condition) on Criterion 3.



Journal of Environmental & Earth Sciences | Volume 05 | Issue 02 | October 2023

An estimated 10% of the total area was degraded and
disturbed caused by human activities. Also, an esti-
mated 2% of the total area was damaged or affected
by natural calamities. Criterion 4 has a mean score
of 1.67 or fair condition. During the focus group dis-
cussion, it was found that there is no existing inven-
tory system of harvested products (wood and non-
wood) from the mangrove area.

Criterion 5 has a mean score of 1.25, which is
considered poor condition. There are no implement-
ed procedures to protect the wildlife in the area.
Also, Criterion 6 has a rating of 1.67 (fair condition).
The management has procedures to protect water,
soil productivity, and water retention capacity within
the production forest but has not implemented them.
In terms of forest engineering, there is no existing
plan or implemented plan provided. Lastly, Criterion
7 has a mean score of 2.00, under poor conditions.
Their existing management has no structure for for-
est product industry efficiency and no available for-
est site for recreation, research, and educational use.
The community has an existing conflict resolution
mechanism but has not implemented it. In addition,
there is a high level of involvement of the indigenous
cultural community in the management. The tradi-
tional practices of Tagbanua were adopted in their
management system. In the case of Tagpait, Aborlan
mangrove, indigenous people use traditional practic-
es in implementing ecotourism to protect mangroves
and generate income """, Sustainable forest manage-
ment practices provide welfare impact like in the
case scenario presented in Sabah, Malaysia where
the reduction of harvested area or control of harvest
of natural resources and increase in market access
may provide higher social benefits !'".

Based on the individual rating of seven crite-
ria, the overall rating of the sustainable mangrove
management system of Bgy. Manalo is 1.80, which
implies a fairly sustainable mangrove management
system.

In addition, the Sustainable Index for Individual
Criteria (SIIC) and the Overall Sustainability Index
(OSI) were applied to the mean scores of each crite-
rion further to assess the status sustainability of the
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management approach. These are mathematically
expressed as:

Table 10. Mean of scores for each criterion.

Criteria Score

C1 enabling situation of SFM 1.29

C2 area and situation of forest 2.20

C3 forest health 2.50

C4 forest production 1.67

CS5 biodiversity 1.25

C6 protection of soil and water 1.67

C7 economic, social, and cultural 2.00
Grand mean 1.80

Note: If > 2.5 (Good); > 1.5 <2.5 (Fair); < 1.5 (Poor)

SIC = Sum of Weighted scores of indicators

number of indicators in the respective criteria

Sum of SIIC

oS[= ————
Number of Criteria

Source: Based on Pokharel et al., 2015.

The sum of scores for each indicator is presented
in Table 11. Criterion weight and a number of cri-
teria and indicators were utilized in the calculation.
14.28% is the criterion weight which is evenly divid-
ed into seven criteria. It is highly sustainable if the
computed value of SIIC and OSI is > 0.40 and > 0.25
if moderately sustainable. Also, if the value is < 0.25,
it is poor or low sustainable.

Table 11. The sum of scores for each indicator of the criteria for
Sustainable Mangrove Forest Management.

Criterion Sum of scores
Criterion 1 9

Criterion 2 11

Criterion 3 5

Criterion 4 5

Criterion 5 5

Criterion 6 5

Criterion 7 22

Table 12 presents the sustainability index for
individual criteria of the mangrove management
system of Bgy. Manalo, Puerto Princesa City. Each
criterion should be improved in order to have a high-
ly sustainable mangrove management system—the
computed overall sustainability index of Bgy. Mana-
lo mangrove management system is 0.26, which is
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considered moderately sustainable.

The evaluation of the sustainability of the man-
grove forest management system is a useful mecha-
nism for sustainable mangrove forest management.
In Indonesia, the evaluation of the sustainability of
mangrove management was adopted as their plan-
ning and management tool for its sustainability. In
the mangrove forest in Damas Beach, Trenggalek,
Indonesia, the status of management is unsustainable
because the ecological dimensions fall under fairly
sustainable. Also, the economic, social, legal and
institutional category falls under the less sustainable
category due to the conversion of mangroves into
coconut plantations "*!. In the case of North Sumatra,
Indonesia, mangroves ecotourism was adopted as
a mechanism for sustainable management of man-
grove, particularly in improving ecological, social,
and economic dimensions, including the local com-
munity from upland "”. Their management, the up-
land ecosystem and upland communities are directly
part of their sustainable mangrove management. In
the case of the Matang mangrove reserve in Malay-
sia, the local community is aware that the mangrove
provides charcoals and timber but is not knowledge-
able about other services like carbon sequestration,

which serves as a barrier to sustainability ",

Table 12. SIIC and OSI values.

Criteria SIIC
Criterion 1 0.18
Criterion 2 0.31
Criterion 3 0.36
Criterion 4 0.24
Criterion 5 0.18
Criterion 6 0.24
Criterion 7 0.29
(0SI) 0.26
Note: Highly sustainable if > 0.40; moderately sustainable if >
0.25 but < 0.40; poorly sustainable if < 0.25.

4. Conclusions and recommendations

4.1 Conclusions

The sustainability of a mangrove management
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system 1is inseparable from continuous monitoring
and improvement of the weak points. No monitoring
tool is “one size fits all”’; hence, there is a need to
formulate one such that it encompasses the moni-
toring indicators that are appropriate to the context.
After a series of data gathering, 35 indicators under
the seven criteria were identified as applicable to
managing mangroves in Brgy. Manalo, Puerto Princ-
esa City. The result of the initial application of the
monitoring tool concludes that there is moderate
sustainability in the current mangrove management
system. The management was even rated with low
sustainability on four criteria. These problems, when
not addressed, could jeopardize the availability of the
mangroves’ ecosystem services to the nearby com-
munity. Information in this study would be a call to
both leaders of the organizations and the community
residents to create actions that could strengthen the
weak management points and reinforce the strong
ones.

4.2 Recommendations

The authors of this study have created a mon-
itoring tool that applies to the current mangrove
management system in Brgy. Manalo, Puerto
Princesa City. The tool is crafted to be appropriate,
convenient, easy to use, and requires less technical
knowledge. It is highly recommended that the gov-
erning organization adopt this tool when conducting
a regular assessment of the sustainability status. This
tool is also helpful in determining both the strong
and weak points of the management. Leaders could
now create action plans focusing on these identified
points to enhance the overall sustainability status of
the management approach. The academe is willing to
provide technical support to the community leaders
in addressing the issues related to mangrove man-
agement.

With a few modifications, the monitoring tool
can be applied to other mangrove communities in
the city. Using this tool would capacitate the lead-
ers in improving the sustainability of the mangrove
management so that the residents would maximize
the benefits from the mangroves. It is suggested that
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more research and extension activities be conducted
in other mangrove areas.
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