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Abstract—Rhizopora apiculata is a common mangrove species found in tropical Asia, and it is also widely used by communities living
near mangrove forests, including in Indonesia, due to its wood durability. This study aims to assess the status and utilization of R.
apiculata, primarily by the fishermen community living near Muara Angke Wildlife Reserve in Jakarta Bay, Indonesia. The density of
R. apiculata was determined by placing 100-meter-long transects from west to East in Muara Angke. While the normalized difference
vegetation index (NDVI) of R. apiculata was studied using Landsat 8 satellite images with specific near-infrared and red wavelengths.
The utilization of R. apiculata was assessed through interviews with 108 fishermen. The results showed that the west parts of Muara
Angke had higher density, NDVI values, and canopy covers, with the R. apiculata density, NDVIL, and canopy cover ranges being 3339.5-
2856.3 Ha! trees, 0.79-0.99 percent, and 90-100 percent. There was a positive relationship between R. apiculata density, NDVI, and
cover and the distance to the fishermen's village, decreasing NDVI trends toward villages. NDVI values in R. apiculata populations
located far (> 1 km) from villages were higher, while NDVI values in R. apiculata populations located close (1 km) to villages were lower.
Low density and NDVI values near the village were linked to fishermen's understanding and use of R. apiculata. This research can help
to conserve and sustainably use the remaining mangrove community, primarily in Jakarta Bay.
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Jakarta Bay is an important marine ecosystem since it is
I. INTRODUCTION located in the capital city of Indonesia, Jakarta City.
Mangrove trees still inhabit several coastal locations in
Jakarta Bay. Those locations were in Muara Angke Wildlife
Reserve, Angke Kapuk Nature Park, and Kapuk Angke-
Kapuk forest Conservation and Muara Angke Wildlife
Reserve [3]. Mangrove ecosystems play important roles in
biological, ecological, and economic aspects. Mangrove
ecosystems provide natural resources [4] for people living
nearby in the forms of fishes, crabs, shellfish, shrimps, wood
for houses, and nipa leaf (Nypa fruticans) for house roofs.
Mangroves also preserve coastal environments and maintain
the habitat of marine animals along the bay [5]. In the context
of land uses, mangrove ecosystems provide Green Open
Space that protects the northern part of Jakarta City lands.
Currently, the condition of mangrove ecosystems at the
national scale and regional scale in Jakarta Bay continues to
experience pressures, both from land caused by pollution,
destruction and encroachment, and pressures from the sea,

Rhizopora apiculata is a mangrove species commonly
found in most mangrove forests in tropical Asia, from the
brackish delta of the Indus in Pakistan to Vietnam and Hainan
[1]. Tt occurs throughout the Malesian region and reaches
southwards to the Tropic of Capricorn in Queensland and
eastwards as far as New Caledonia and Ponape in Micronesia.
As a most common mangrove species, R. apiculata grows
gregariously in brackish swamps flooded by normal high tide,
on deep soft mud of estuaries, and often consolidated and
sheltered from waves and currents by pioneer mangroves
including Avicennia and Sonneratia [2]. R. apiculata avoids
hard soils and develops well in per-humid regions where it
can form almost pure stands, sometimes in association with
other mangrove species including Bruguiera sp. and R.
mucronata. This species does not occur in freshwater swamps.
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including abrasion and pollution [6]. On a national scale, the
degradation rate of mangrove forests reaches 52,000 ha/year
or 6% [7]. Consequently, particular mangrove species like R.
apiculata have experienced more threats due to anthropogenic
activities nearby. Those activities have reduced R. apiculata
habitat due to the conversion of mangrove forest into coastal
fish farming settlements, combined with the extraction and
utilization of R. apiculata woods [8]. R. apiculata is preferred
more over other mangrove species due to its durability,
stability [9], and resistance to marine borer, termite, and
fungal attacks [10].

Studies on mangrove ecosystems, particularly Jakarta Bay,
have been conducted by previous studies [11], [12]. Despite
large numbers of literature on mangroves, a study focusing on
how local communities, mainly fishermen, utilize the
mangrove ecosystems is still limited. Fishermen communities
were selected because their livelihood and fishing activity
relied mainly on mangrove ecosystems [13]. Considering
these conditions, this research aims to analyze the current
conditions of R. apiculata populations and evaluate the
utilization of R. apiculata by fishermen communities living in
a nearby village adjacent to the R. apiculata in Muara Angke
Wildlife Reserve. This research's contribution is expected to
provide an update of baseline information for the
conservation, management, and sustainable utilization of
particular R. apiculata species in Jakarta.

II. MATERIAL AND METHODS

A. Study Area

The study was conducted in the wildlife reserve and
fishermen's village of Muara Angke located in the North of
Jakarta Province, Indonesia. (Figure 1). The geographical
coordinates of wildlife reserve and fishermen's village were
from 106.7510 E, 6.1024 S to 106.7659 E, 6.1161 S. This
wildlife reserve was established on June 17, 1939, by Dutch
Colonial with an initial size of 15.04 Ha. On February 28,
1988, the area was declared a wildlife reserve with an area of
25.4 Ha. Based on the recent measurement the size of Muara
Angke was 135 Ha. Due to its location near the coast, Muara
Angke was dominated by saline tolerant vegetations. There
are about 30 species of plants and 11 of them are tree species
in the mangrove forest. The mangrove trees include
Rhizophora mucronata, R. apiculata, Avicennia spp.,
Sonneratia caseolaris, and Excoecaria agallocha. Several
species of mangrove plant associates can also be found in this
area include Terminalia catappa and Nypa fruticans. In
addition to the above species, several types of terestrial plants
include Tamarindus indica, Cerbera manghas, Acacia
auriculiformis,  Calophyllum  inophyllum,  Bruguiera
gymnorrhiza, and Hibiscus tiliaceus. The South of Muara
Angke was bordered by settlement and commercial areas. To
the East, it is bordered by fishermen village, a fish landing
center, and fishery port. Jakarta Bay and the Java Sea
bordered the North of Muara Angke [14] [15].

The climate of Muara Angke was under type A, according
to Schmidt and Fergusson's classification. The rainfall here is
high in January, reaching 294 mm, and the lowest rainfall is
recorded in Juli with a value of 58 mm. The lowest daily
temperature range is 21-24°C and the highest range is 29-
33,5°C with an average of 26-28°C.

1798

106.7510

106.7558 1067659

Jakarta Bay

61024

61161

0 0125 0.25

0.5 km

106.7510 1067588 1067659

Index map

nﬂf\\l\:\ LN e L”,—lnduncsia
\ "ﬁé'. ;’\f 4 \

RL\ . \‘(Z}Ii‘ §:j

lig
=

Legends
Settlements & commercial area

I Muara Angke Wildlife Reserve

Fishermen village

)
R

Fish landing center
I Muara Angle fishery port

Fig. 1 Map of wildlife reserve and fishermen's village in Muara Angke,
Jakarta Bay, Indonesia

B. Procedures

1) Rhizopora apiculata density: Rhizopora apiculata
density samplings were conducted based on direct
observation in designated sampling stations. The observations
were conducted using transect methods modified from the
following [16] [17]. In 6 stations in Muara Angke Wildlife
Reserve (Figure 2), a 100 m transect was positioned
perpendicular from the coast to the mainland. Stations a, b,
and c were represented stations far from fishermen village and
stations d, e, and f were represented stations closed to
fishermen village in East and South parts of the reserve. In
every 10 m distances along the transect, a 10 x 10 meters tree
sampling plot was located. In total there were 60 sampling
plots representing 6 stations. Inside the plots, numbers of
Rhizopora apiculata-1 (trees with a trunk diameter of = 10
cm and a height of = 1,5 meters were recorded. The
Rhizopora apiculata density was denoted as trees Ha™!)

2) Rhizopora apiculata NDVI: Besides measuring the
density of R. apiculata, NDVI (normalized difference
vegetation index) analysis on this mangrove species was also
included. The method to measure R. apiculata NDVI was the
following [18]-[20]. The NDVI is described as a simple
graphical indicator that can be used to analyze remote sensing
measurements, often from a space satellite platform, assessing
whether or not the target being observed contains live green
vegetation. The NDVI was measured by analyzing
wavelength of satellite images retrieved from Landsat 8
containing vegetation images. This measurement is possible
since cell structure of the vegetation leaves strongly reflects
near-infrared light wavelength ranges from 0.7 to 1.1 pm. The
calculation of NDVI for each pixel of vegetation pixel was as
follows:

dnear infraed- & red

NDVI= (1)

where § =wavelength. The NDVI was denoted as a range from
0 (no vegetation) to 1(high vegetation density). The NDVI

dnear infrared+ dred



values then were overlayed and mapped into Muara Angke
Wildlife Reserve using ArcView. The mangrove covers are
then categorized and classified by using NDVI values as
follows [10]:

- if 0 <NDVI < 0.3 then mangrove covers < 50%

-if 0.31 <NDVI < 0.4 then mangrove covers are 50 — 69%

-if0.41 <NDVI < 1.0 then mangrove covers are 70 — 100%
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Fig. 2 Sampling station (a, b, ¢, d, e, f with d-f are close to the fishermen
village) and 100 m transect locations to measure Rhizophora apiculata
density in Muara Angke, Jakarta Bay, Indonesia.

3) Fishermen demography and Rhizopora apiculata uses
assessment: This part was conducted in fishermen villages
located 500 m in the East and South parts of mangrove
reserves. For the assessments, there were 108 fishermen
selected as respondents to be interviewed and provided with
questionnaires. The research's background and purpose were
explained before each interview. The interview method was
modified following [13], [21]-[24]. The interview activities
were divided into two parts. The first part of the interviews
aimed to collect fishermen's demographic data, including age,
gender, education level, monthly income, and working
experiences as fishermen. While the second interview part
focused on explaining the social interactions that influence
Rhizopora apiculata resource management. It focused on
local fishermen's knowledge systems that inform the
traditional concepts in utilizing and conserving the R.
apiculata. In this second part, the interviews aimed to
evaluate fishermen’s understanding of R. apiculata
community, functions and benefits of R. apiculata, and
utilization frequencies of R. apiculata trees.

C. Data Analysis

The results of Rhizopora apiculata density sampling and
fishermen interviews were tabulated. In the table are the data
of age, gender, education level, income, working experiences
as fishermen, fishermen’s understanding of R. apiculata
community, functions and benefits of R. apiculata, and
utilization frequencies on R. apiculata trees were recorded.
The data then were visualized as the percentage and
composition in the form of the pie chart.
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Fig. 3 Correlations (shaded areas for 95%CI) of distance to fishermen village
(km) with Rhizopora apiculata density (trees Ha-1) in Muara Angke Wildlife
Reserve, Jakarta Bay, Indonesia
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Fig. 5 Trivariate correlations of distance to fishermen village (km) with
Rhizopora apiculata density (trees ha'') and NDVI in Muara Angke Wildlife
Reserve, Jakarta Bay, Indonesia



III. RESULT AND DISCUSSION

A. Rhizopora apiculata density and NDVI

Rhizopora apiculata density (trees Ha!) from 6 stations in
Muara Angke Wildlife Reserve was presented in Table I. The
orders of stations according tree density are stations b > a >
¢ >d > e>f. Station b was having the highest density (3807.2
trees ha-1 95% CI: 497, 7120) followed by the station a
(3339.5 trees ha-1 95% CI: 1790, 4890). The lowest R.
apiculata density was observed in station f with 1399.5 trees
ha-1 (95% CI: 341, 3140). Statistical analysis shows the tree
densities among stations were significantly different (P<0.05,
F = 2.62). The differences were related to the distance to the
fishermen's village (Figure 3). Stations a, b, and ¢ were known
to have high tree density among other stations and were
located within a distance of more than 1 km from the
fishermen's village. While several stations including stations
d, e, f that located near the village and within the distance of
less than 1 km were having lower R. apiculata density in
comparison to stations a, b, and ¢. The increment of mangrove
ecosystem distance to fishermen's village, it will increase the
R. apiculata density. Figure 4 presents the NDVI values of
mangroves in Muara Angke. The NDVI informed that
mangrove forests located far from fishermen's village have
higher and maximum NDVT values closed to 1. Whereas the
NDVI values were decreasing toward mangrove forests with
proximity close to the village. Figure 5 describes the
correlations of proximity to fishermen’s village with density
and NDVI of R. apiculata. It also confirms that density and
NDVI of R. apiculata were having positive correlations.

TABLEI

RHIZOPORA APICULATA DENSITY (TREES HA-1) IN MUARA ANGKE WILDLIFE
RESERVE, JAKARTA BAY, INDONESIA

a b c d e f

Mean 3339.5 3807.2  2856.3 2399.7 1486 1399.5
STD 1773.2 3777.9 1100.5 2726.4 20548 19828
95% 1790, 497, 890, 9.7, 314, 341,

4890 7120 3820 4790 3290 3140

P <0.05, F =2.62

B. Fishermen demography

Most of the 108 respondents as many as 98.15 percent were
male and only 1.85 percent were female. More male than
female fishermen because in the survey, the interviewed
respondents were the head of the family (Figure 6). Interviews
with respondents (Figure 7) in Muara Angke showed that the
numbers of the fishermen with age between 25-35 years old
were 43 people (39.81%), the age of the fishermen between
36-45 years old was as many as 31 people (28.70%), and the
age between 46-60 years old was 34 people (31.48%). This
fishermen's age composition indicates that the fishing
activities in Muara Angke were mostly carried out by young
people. Based on the survey of the education level of
respondents, it shows that 87.96% of fishermen were
graduated from elementary school, 11.11% were graduated
from junior high school, and only 0.93% were graduated from
high school (Figure 8).
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“Male ®Female
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Fig. 6 Male and female (n = 108 respondents) fishermen composition in
Muara Angke Wildlife Reserve, Jakarta Province, Indonesia

m25-35yearsold ®B36-45yearsold m46-60yearsold

Fig. 7 Fishermen (n = 108 respondents) compositions based on age (years)
in Muara Angke Wildlife Reserve, Jakarta Province, Indonesia

Most fishermen (38%) earned incomes from fishing were
equal to 6-10 million IDR and followed by 2-4 million IDR
(32%) (Figure 9). About 15% of fishermen have low incomes
less than 2 million IDR per month. Most fishermen (42%)
have worked for 11-20 years and 31-40 years (30%). While
small populations either have less experience (3%) or having
worked for more than 40 years as fishermen (1%) (Figure 10).

B Elementary school  ® Junior high school = Senior high school

1%

Fig. 8 Fishermen (n = 108 respondents) compositions based on education
level in Muara Angke Wildlife Reserve, Jakarta Province, Indonesia



¥ 11-20 million Rp. ® 6-10 million Rp. = 4-6 million Rp.

H2-4 million Rp. ®1-2 million Rp. =<1 million Rp.

1%

Fig. 9 Fishermen (n = 108 respondents) compositions based on income per
month (million IDR month-1 or Rp. month-1) in Muara Angke Wildlife
Reserve, Jakarta Province, Indonesia

m1-10years ®11-20 years =21-30 years ™ 31-40 years = 41-50 years

1% 3%

Fig. 10 Fishermen (n = 108 respondents) compositions based on working
experiences (years) in Muara Angke Wildlife Reserve, Jakarta Province,
Indonesia

C. Rhizopora apiculata utilizations

Interview (Figure 11) with fishermen shows that as many
as 66.67% of fishermen do not completely understand the
mangrove ecosystem, 28.70% said they did not understand,
2.78% said they understand, and only 1.85% has good
understanding of the Rhizopora apiculata community.
Regarding the fishermen understanding on functions and
benefits of the R. apiculata in Muara Angke (Figure 12),
47.22% of respondents said they understood, 41.67% did not
completely understand, 9.26% did not understand, and no
fishermen (0%) that have a good understanding on the
functions and the benefits of the R. apiculata.

u Do not understand ® Do not completely understand

# Understand B Really understand

2%

3%

Fig. 11 Fishermen (n= 108 respondents) compositions based on fishermen’s
understanding on R. apiculata community in Muara Angke Wildlife Reserve,
Jakarta Province, Indonesia
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Fig. 12 Fishermen (n= 108 respondents) compositions based on fishermen’s
understanding on functions and benefits of R. apiculata community in Muara
Angke Wildlife Reserve, Jakarta Province, Indonesia

® Very often (> 10 times) m Often (7-9 times)
1 Somewhat often (4-6 times) M Rarely (1-3 times)

= Never (0 times)

Fig. 13 Fishermen (n = 108 respondents) compositions based on utilization
frequencies on R. apiculata trees in Muara Angke Wildlife Reserve, Jakarta
Province, Indonesia

The results of the interview regarding utilization
frequencies (Figure 13) showed that 30.56% of fishermen
used R. apiculata as fuelwood, building, and charcoal more
than 10 times a month, 18.52% stated often (7-9 times),
14.81%t said somewhat often (4-6 times), 18.52% stated
rarely (1-3 times), and as much as 17.59% said never used R.
apiculata.

D. Discussion

Recently mangrove species population in Indonesia has
been studied whether a national scale [1], [25], [26] and on at
regional scale in Jakarta Bay [3], [11]. Information on the
density and NDVI values of R. apiculata from those studies is
still limited. In this study, 2 important variables to measure R.
apiculata including tree density and NDVI were measured,
and those variables were positively correlated. NDVI values
of R. apiculata obtained in this study with lower values were
observed near fishermen village were in corroboration with a
previous study [27]. The study estimated that from 135 Ha of
mangrove forest in Muara Angke, only 19 Ha was considered
in the intact conditions. Table II informs the comparisons of
NDVI in Muara Angke with NDVI values from other
locations. The wide range of NDVI values in Muara Angke
are representing both intact and degraded mangrove forest
conditions. High NDVI values found in the West parts of



Muara Angke far from fishermen's village were similar to the
NDVI of intact mangrove forest in Arakan Bay, North
Sulawesi, and Pangpang Bay, East Java. High NDVI values
of mangrove forests in Arakan, and Pangpang Bay were
related to the intactness of those locations that were isolated
and located far from anthropogenic activities. This intactness
condition was similar to the conditions of mangrove forest in
West of Muara Angke in particular stations a, b, and c. In
those stations, R. apiculata was observed to have high density
since it was located far from nearby fishermen's villages
anthropogenic activities. The Southern parts of Muara Angke
in particular stations d, e, and f had low NDVI, and this
condition is comparable to Surabaya Bay, which also has low
NDVI values. The mangrove forest in Surabaya Bay is similar
to the condition in the South parts of Muara Angke, since the
forest in Surabaya Bay is closed to the settlements and
fishermen village [7].
TABLE I

RHIZOPORA APICULATA NDVI RANGES IN MUARA ANGKE WILDLIFE RESERVE,
JAKARTA BAY, INDONESIA IN COMPARISON TO OTHER LOCATIONS

Locations NDVIranges References
Gresik, East Java 0.5-0.7 [26]
Perancak Estuary, Bali 0.70 - 0.84 [28]
Surabaya Coast, East Java 0.70-0.75 [29]
Muara Angke, Jakarta Bay 0.1-0.99 This study

This study has confirmed that the lowest of the R. apiculata
canopy covers, tree density, and NDVI values in the South
parts of Muara Angke. This result agrees with the results
obtained from a previous study [30]. According to their results,
the areas with high mangrove covers in South parts were only
37%. The remaining mangrove forest ranges from 16 to 47%
with low mangrove covers. In South parts of Muara Angke,
bushes and Nypa fruticans have dominated and outnumbered
the mangrove species. Low R. apiculata covers, tree density,
and NDVI values were related to the mangrove forests'
proximity to the adjacent fishermen villages. The proximity
of the mangrove forest to the nearby village can provide a
readily accessible mangrove and increase the dependency,
utilization, and even exploitation of mangrove forest products.
As aresult, mangrove wood is logged and commonly used for
making fishing traps and canoes, processing the prawn and
fish catch, and for domestic use, including fencing, housing,
and fuel for cooking. The uses of R. apiculata in Muara
Angke are comparable to the other locations (Table III).
Mostly R. apiculata species were used as firewood, charcoal,
and limited uses as medical resources. Despite extensive uses
of R. apiculata, some fishermen already sustainably use this
species by developing nursery and plantations.

Low R. apiculata density, NDVI, and canopy cover near
fishermen village are related to the fishermen’s understanding
of R. apiculata ecosystems, benefits, and utilization
frequencies. The results from the interview indicate that there
are still many fishermen around the Muara Angke mangrove
forest who are logging the R. apiculata for its wood, firewood,
building materials, and charcoal. The wood of R. apiculata
was used as firewood for self-need or to be sold. The woods
are cut into pieces with sizes about 50-60 cm long, tied up,
and then sold for 15000 IDR per bundle. The wood of R.
apiculata is solid, sturdy, and durable and it is appropriate to
be utilized as building materials, firewood, and charcoal

1802

materials. Mangrove wood is usually cut using a cutting

machine to produce wood chips [1]. Using R. apiculata as

firewood is considered very efficient because using R.

apiculata woods with a diameter of 8 cm and 50 cm in length

can cook for 5 people. Then R. apiculata firewood is most

preferred by fishermen especially when the fuel price is high.
TABLE III

RHIZOPORA APICULATA USES IN MUARA ANGKE WILDLIFE RESERVE, JAKARTA
BAY, INDONESIA IN COMPARISON TO OTHER LOCATIONS

Locations Uses References
Firewood, building
I}ﬁﬁ:ﬁ;ggk . materials, and This study
o4 charcoal

Balikpapan Bay Wood production [9]
Saml_lt Songkhram Plantation,
Province, Central [31]
Thailand charcoal
Mempawah Medicine [32]

The utilization of R. apiculata by the fishermen was related
both to a low understanding of R. apiculata and the
socioeconomic conditions of the fishermen community. The
fishermen community in this study was characterized by
gender bias; most fishermen were male, had low education
level, and had low incomes. Their study regarding mangrove
utilization by coastal communities in Unguja Island, Zanzibar,
Tanzania [33] revealed that all socioeconomic conditions
influenced the exploitation and degradation of mangroves,
and household income and education level significantly
influenced the exploitation of mangrove forests. A person
dominated most fishermen in Muara Angke with low
education levels and an understanding of R. apiculata. This
finding is in line with a previous study [34] that education has
become an important aspect of the community to manage
natural resources better. Low education levels among
fishermen will also prevent them from securing knowledge
and opportunities on other livelihood activities such as
owning small shops, food vending, and casual labor, reducing
pressure on mangrove resource extraction. Currently low
education level combined with low understanding on R.
apiculata will force the local fishermen to rely on mangrove
resources as an alternative source of income generation
through the selling of building poles, making charcoal,
fuelwood, fish traps, and poles for boats [35].

IV. CONCLUSION

To conclude, the R. apiculata conditions in 135 Ha of
Muara Angke Wildlife Reserve were divided into first the
populations with high density, NDVI values, and canopy
covers, as can be seen in West parts of reserve. While R.
apiculata conditions in East and South parts of reserve
adjacent to fishermen village had lower tree density, NDVI
values, and covers. Most fishermen in the village had low
understanding of R. apiculata and frequently logged the R.
apiculata to be used as firewood, building material, and
charcoal. This R. apiculata utilization is alarming due to
economic dependency, lack of knowledge, and alternative
source of income and energy for fishermen's daily use that can
impose significant pressure on the R. apiculata species in
Jakarta Bay
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