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Abstract. Suharno, Kadir A. 2023. Adaptation and local knowledge of the Marind Anim Tribes in the utilization of Paperbark trees
(Melaleuca leucadendron) in Merauke, South Papua, Indonesia. Biodiversitas 24: 6323-6331. Papuan rainforests are one of the most
immensely diverse in the world. Such rich biodiversity provides a source of livelihood for the inland communities in Merauke, South
Papua Province. For example, Paperbark trees (Melaleuca leucadendron) or kayu bus in the local language, which grow dominantly in
lowland areas, are essential for the lives of the local inhabitants, the Marind Anim tribe. This research aims to elaborate on the use of
Paperbark trees (M. leucadendron) by the Marind Anim tribe in their daily lives. Data were collected from surveys, interviews, and field
observations. The interviews were conducted in multiple locations: Merauke, Sota, Muting, Semangga, and Tanah Miring. The results
show that all members of the Marind Anim tribe (100%) depend on Paperbark for their livelihood, especially for the need for housing.
The community has been using Paperbark trunks for house frames (92.31%), either unprocessed or in the forms of wooden blocks (5 x
5, 5 x 10, 10 x 10 cm) and boards (2 x 20 cm). They also utilize the wood for firewood. Other tribe members, i.e., the residents of the
Wasur National Park, extract essential oils from Paperbark leaves. This utilization receives assistance and support from the area
manager of the national park. Other than that, the community also utilizes the bark for house roofs, mats for crops, and firewood. In
brief, the community's dependence on Paperbark trees is high because, other than being versatile, they are endemic to the lowland areas
of Merauke, dominating other tree species. The findings suggest the importance of establishing a sound management system for the

utilization of Paperbark trees to maintain sustainability in meeting the needs of surrounding communities.
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INTRODUCTION

Communities worldwide depend on nature and fulfill
their primary needs from the environment (Bennett et al.
2015; Fedele et al. 2021). The conditions of environmental
resources today are greatly influenced by the communities'
sustainable utilization policies (Bonnedahl et al. 2022;
WWEF 2022; Bgrresen et al. 2023). Human interactions in
everyday life are closely linked to the existence of wild
species, which help shape individual and cultural meanings,
values, and norms related to resources and landscapes (Roe
and Booker 2019; Mekonen 2020; Allan et al. 2022).
However, population growth and improving well-being
often lead to the exploitation of natural resources, which
drives global warming, loss of biodiversity, and other
ecological damages (Ceballos et al. 2015; Bonnedahl et al.
2022). This exploitation is driven by limited sources from
domestication and worsened by the lack of environmental
improvement efforts (Bonnedahl et al. 2022; Makhubele et
al. 2022). On Papua Island, most people depend on nature
for their livelihoods, especially sources of shelter and food
(Kadir et al. 2022).

Forests in Papua are rich in biodiversity, both the flora
and fauna. For example, the Paperbark tree (Melaleuca

leucadendron) of the Myrtaceae family is one of the
endemic plants in the lowland areas of southern Papua
(Yarman and Damayanti 2012; Tanjung et al. 2020). The
locals call it kayu bus. Besides Papua, it grows in Maluku,
East Nusa Tenggara, Southeast Sulawesi, Bali, and Java
(Helfiansah et al. 2013). Paperbark trees are latent with
potential, including the leaves, which can produce essential
oil (Pujiarti et al. 2011). Paperbark tree oil can be used as
herbal remedies, such as antiseptics, antispasmodics,
antineuralgics, and antirheumatics, and as a material in
cosmetics manufacturing. Studies have also demonstrated
its efficacy as antibacterial, antiviral, anti-termite, and
antifungal (Pujiarti et al. 2011; Gatenby and Townley
2014; Patramurti et al. 2020; Isah et al. 2023). It can be
used as an additional sunscreen material to reduce sunburn
risk and prevent skin diseases (Silva et al. 2020).

In Merauke, Papua, the Paperbark trees are widely used
by the community because the endemic plant is easily
obtainable from their surrounding environment. Aside from
being used for pillars in residential buildings and bridge
floors, Paperbark timber can also be used as materials for
wood products, firewood, and charcoal (Purwanto 2015).
Meanwhile, the distillation of Paperbark leaves can produce
an essential oil with up to 50-65% eucalyptol or cineole
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(Patramurti et al. 2022). The Paperbark trees, as the Marind
Anim tribe community defines, refer to the endemic forest
plants in Merauke, i.e., Melaleuca. These dominating
species include Melaleuca sp., Lophostemon lactifluus,
Xanthostemon  sp., Acacia leptocarpa, Asteromyrtus
symphiocarpa, Eucalyptus sp. (Yarman and Damayanti
2012).

Marind Anim tribe is the largest tribe in Merauke,
inhabiting the lowland areas of Papua (Kadir et al. 2020),
from the Muli Strait (Marianne Strait) to the border of
Papua New Guinea (PNG). This tribe still depends on
nature for its livelihood (Suharno et al. 2016; Kadir et al.
2020; Kadir et al. 2022). It should be noted that
relationships between humans and nature in Marind Anim
are not only for livelihood needs. The ecosystems are
cultural, so there is a relation with the indigenous group's
identity, norms, and values (Deutsch 2014; Sangha et al.
2015; Viscogliosi et al. 2020). For example, the Marind
Anim tribe still believes in totems as part of their social life
and beliefs; totems can be animals, plants, or natural
figures that spiritually represent a group related to the tribe.
This belief is vital in protecting and maintaining flora,
fauna, or natural figures, which can indirectly become an
asset supporting the strategy for environmental sustainability
(Kadir et al. 2022).

This research elaborates on using the Paperbark trees
(M. leucadendron) by the Marind Anim indigenous
community in Merauke, South Papua. Understanding
utilization by a traditional community informs the
community efforts and helps them learn to extract
resources from nature wisely (Kadir et al. 2020; Merritt et
al. 2021). Traditional ecological knowledge systems are
important not only to conserve nature but also to adapt to
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climate change and the changes in socio-ecological systems
(Makondo and Thomas 2018; Simbiak et al. 2019).

MATERIALS AND METHODS

Location and time

This research was conducted in Merauke District, South
Papua Province, Indonesia (Figure 1). Data were collected
between 2022 and 2023. The sample was taken from eight
villages representing six districts, namely Wasur (Merauke
District), Yanggandur, Rawa Biru, and Sota (Sota District),
Muting (Muting District), Urumb (Semangga District),
Koiburse (Malind District), and Bersehati (Tanah Miring
District). Based on preliminary information, it was found
that the site was a Paperbark forest and a source of wood
products, so this location was chosen as the research site. In
general, this study was conducted in the lowland area of
Merauke Regency which is located at an altitude between
4-44 m asl., temperature 26-31.5°C (Kadir et al. 2022 with
an average of 26.3°C, humidity 79-89%, rainfall 900-1600
mm per year (BPS 2023), and soil pH conditions 5.0-6.0,
and suitable for agricultural land (Kadir et al. 2022).

The utilization of Paperbark trees by the Marind Anim
people

Data were collected from observations and interviews
with the indigenous people of the Marind Anim tribe in
Merauke. The observations were carried out directly in the
forest and the residents' houses in the villages. The
observations were conducted to observe how the community
uses the Paperbark trees to meet their needs.

140°6’0”"E_ 140°24'0”E _140°42'0"E

140°6’0"E  140°24'0”E 140°42'0"E

Figure 1. Sampling locations of Paperbark tree (Melaleuca leucadendron) in Merauke, South Papua, Indonesia
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This research was conducted with interview techniques
using a semi-structured questionnaire. The interviews were
conducted with respondents from eight villages representing
various Marind Anim indigenous community groups.
Interviews were conducted openly with 75 respondents
representing 8 villages, namely Wasur, Yanggandur, Rawa
Biru, Sota, Muting, Urumb, Koiburse, and Bersehati.
Respondents consisted of village heads/customary elders,
communities and Paperbark wood users. In general, the
variables measured in the interviews were community
knowledge related to Paperbark trees, the utilization of
plant parts, and for what needs the plant parts were used.

Data analysis

The observation data were analyzed descriptively and
qualitatively, and the interview data were processed in
Microsoft Excel to calculate the percentage of respondents.
In addition, the observation results are displayed in tables
and figures.

RESULTS AND DISCUSSION

The distribution of Paperbark trees (M. leucadendron)

The findings show that the Paperbark plant (Melaleuca
leucadendron) is distributed in the lowland areas of
southern Papua. It is endemic in Merauke, Boven Digoel,
Mappi, and Asmat districts and grows in smaller quantities
in the Mimika district. The land characteristic of this area is
swampy, with standing water during the rainy season and a
lower volume of groundwater during the dry season.
According to Kadir et al. (2020) and Tanjung et al. (2020),
the land in this area can be categorized as young peatland.
The same M. leucadendron also grows in swamps and
peatlands in South Sumatra, as recorded in a study by
Helfiansah et al. (2013), indicating that the distribution of
the species is broad across the country. Indeed, according
to the GBIF Backbone Taxonomy data (2022), the
distribution of M. leucadendron is broad across the world
(Figure 2).
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The utilization of Paperbark trees by the Marind Anim
people

The Marind Anim people utilize Paperbark trees for
various purposes (Figures 3 and 4). They depend on
paperback trees for livelihood, especially housing (Tables 1
and 2). For example, they use Paperbark trunks for house
structures (unprocessed) and turn them into logs (5 x 5, 5 x
10, 10 x 10 cm) or boards (2 x 20 cm). In addition to
housing material, they also utilize Paperbark trunks for
firewood. Meanwhile, the bark can be used for house roofs,
mats for crops, and firewood. Apart from kayu bus (M.
leucadendron), the Marind Anim people are also familiar
with another plant of the same group, Eucalyptus sp. The
tribe calls it kayu rahe, whose leaves can be distilled for
essential oil, i.e., Eucalyptus.

The interview also shows that the Marind Anim people
can identify and show the location of kayu bus plants (M.
leucadendron). They also know which parts to use for their
needs, including the logs. Most of them (95%) have used
the bark, and only the remaining 5% have never used it,
most (65%) have experience utilizing the leaves, 17% were
unsure, and 18% have never used them. No one knows
what roots are used for, and some (22%) were doubtful if
they have used the roots for traditional medicine. The roots
are for traditional medicine (78%) from the interviews, as
elder people have told them (Table 1).

Regarding construction material, the majority have used
Paperbark timber for house construction (92.31%) and tree
bark for roofing (88%) (Figures 5 and 6). A few (23%) use
the bark for other purposes, such as mats to store
agricultural produce. Based on interviews, the findings also
show that some people distilled the leaves for their
essential oil with assistance from the government and
NGOs, especially in the Wasur National Park area. The
percentage of the population with experience with the
distillation of Paperbark leaves is high (54%) because the
essential oil produced has a high economic value.
According to Noumi et al. (2011), Patramurti et al. (2020),
and Isah et al. (2023), the essential oil in M. leucadendron
leaves is rich in medicinal compounds (Table 2).

Table 1. The local people's knowledge of the use of Paperbark trees (Melaleuca leucadendron) for daily needs

Respondent (%)
Statement Knowing Doubtful Not knowing
I know Paperbark trees (M. leucadendron) 100 0 0
I can show the location of Paperbark trees 100 0 0
I know the benefits of Paperbark trees 100 0 0
I know which tree parts to be used 100 0 0
I have used the wood 100 0 0
I have used the bark 95 0 5
I have used the leaves 65 17 18
I have used the roots 0 22 78
I have used and processed Paperbark wood for housing 92 6 2
I have used and processed the bark for roofing 88 1 11
I have distilled essential oils from the leaves 54 21 25
I have used the wood for firewood 100 0 0
I have used the wood other than for housing (e.g., using the bark for 23 16 61

mats/containers of agricultural produce)

Notes: n= 75 respondents
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Table 2. The parts of the Paperbark tree (Melaleuca leucadendron) utilized by the traditional Marind Anim people in Merauke, South

Papua, Indonesia

The tree part (organ) Utilization

Sources of information

Trunk

The timber is used as the main material for housing structure

The current research

The bark is used for roofing and mats for agricultural produce

The twigs are used for firewood.

Building materials, bridge floors, processing of wood products,

charcoal, firewood, etc.
Root Traditional medicine

Leaves

Flowers

keratinocytes
Fruit

Used to make eucalyptus oil (essential oil)

Essential oils are useful for herbal remedies, including
antiseptics, antispasmodics, antineuralgics, and antirheumatics,
as well as for material in cosmetics manufacturing.

Biological activity in antifilarial, antifungal, antibacterial
Antioxidant and photoprotective activities in human

Biological activities, i.e., antifungal and antibacterial

Purwanto (2015)

The current research

The current research; Pujiarti et al. (2011)
Pujiarti et al. (2011)

Isah et al. (2023)

Patramurti et al. (2020)

Isah et al. (2023)

Silva et al. (2020)

Isah et al. (2023), Monzote et al. (2020)

Figure 2. The distribution of Paperbark trees (Melaleuca leucadendron) in the world (GBIF Backbone Taxonomy 2022)

In random observations at several locations, measuring
the diameter of the largest plants, show that the diameter of
most trees in Merauke is <50 cm and the demand for
Paperbark timber is high due to the prevalent use of the
timber. This could be the reason why trees with a large
diameter are rare. However, another significant use of
Paperbark trees is not only the wood (Kadir et al. 2020) but
also the leaves, namely for essential oil (Patramurti et al.
2022). In this case, Pasaribu et al. (2021) suggest that a
sound management system for Non-Timber Forest Products
(NTFPs) will help optimize the benefits for the
community's welfare and forest sustainability.

The Marind Anim indigenous community in Merauke
utilizes Paperbark trees in the most optimum possible
methods. This makes sense because the plant is endemic
and readily available in the surrounding environment.
Besides, the other plant species diversity that the
community can utilize is limited in this area. Other areas in
Papua and Indonesia have more diverse species, meaning
there are other trees for housing structures. According to
Yarman and Damayanti (2012), there are 10 forest classes
in Merauke, especially in the Wasur National Park (WNP)
area: (i) the pre-dominantly Melaleuca sp. forest, (ii) the
co-dominant Melaleuca sp and Eucalyptus sp forest, (iii)

the sparse forest, (iv) the coastal forest, (v) the seasonal
forest, (vi) the riverside forest, (vii) the mangrove forests,
(viii) the savanna, (ix) the grasslands, and (x) the swamp
grasslands. The types of plants that dominate the WNP area
are Melaleuca sp., Asteromyrtus symphiocarpa, Eucalyptus
sp., Acacia sp., Alstonia actinophylla, Dilenia alata, Banksia
dentata, Pandannus sp., Cycas sp., Amorphophallus sp.,
orchids, and others.

According to Febryano et al. (2021), local communities
often utilize tree species for their housing needs that are
available in their environment. For example, in Dempo
Tengah District, Pagaralam City, South Sumatra Province,
people use mersawa (Anisoptera sp.), surian (Toona sureni
Merr.), and rasamala (Altingia excelsa Noronha) wood to
make traditional house called Besemah (ghumah baghi)
houses. Furthermore, a traditional house can reflect a
particular tribe's identity, so their characteristics are often
distinctive and unique. Other regions in Indonesia also
have unique housing construction characteristics, which
can be attributed to using local materials. According to
Suharno et al. (2023), in Papua, house construction is
mainly made from ironwood (Intsia bijuga). However, this
wood is mostly available in the northern Papua region.
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In some villages in Merauke, cutting down paperbark
trees requires permission from the elders (tribal heads) and
coordination with the village head. In WNP areas, after
obtaining permission from the village head or tribal elders,
the licensing process starts by requesting approval from the
WNP Hall management and a permit for logging in the
National Park area. This proves the community has rules
for managing forests based on local wisdom, supported by
stakeholder regulations, namely the WNP area managers.

Limited building materials in Merauke significantly
affect the development of housing facilities. Most materials,
including stones and sand, are obtained from other regions,
such as Sulawesi and Java. In this condition, housing made
of brick walls is limited due to the high costs of these
conventional materials. Therefore, using existing, local,
natural resources for housing construction is preferable in
Merauke. Paperbark trees are the first choice because they
are more readily available than other woods and housing
materials.

6327

Based on the interview results, people consider the
durability of Paperbark wood for house construction to be
satisfactory; the primary use is on frames and structures.
Good quality wood can last up to five years on average; if
protected (not exposed to water), it can last up to 12 years.
The Marind Anim indigenous people also use the bark for
roofing; they prefer this material to others because its
durability is up to 12 years. Additionally, the use of bark as
roofing creates a more comfortable atmosphere. It makes
the room temperature warmer when it rains and cooler
under the sun's heat. In addition, Fujii et al. (2018) revealed
houses with "hiwada" roofs in Japan. Hiwada is a harvestable
bark material from the outer bark of large-diameter hinoki
(Chamaecyparis obtusa) trees that are more than 70 years
old and roughly 10-year intervals. Japan has about 700
hiwada roofed wooden buildings designated National
Treasures and Important Cultural Properties. The use of
hiwada is quite high quality for roofing, as evidenced by
these roofs being replaced every 30 to 40 years.

Figure 4. Paperbark trees (Melaleuca leucadendron) are processed into various materials. A. Wooden plank blocks 5 x 10 cm, B.
Wooden board measuring 2 x 20 cm, C. Wood logs with a small diameter for roof frames, D. Bark for roofing
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Figure 5. Morphology of a Paperbark trunk (Melaleuca leucadendron). A. Plant stems, B. Stems with bark that peels easily, C. A

barked stem, and D. The stem has grown back its bark

Figure 6. The tree bark of Melaleuca leucadendron is used for various needs. A. The bark, B. The bark ready to be used for various
needs, C. The bark used as substitute mats to store agricultural harvests, D. The bark for roofing

The Marind Anim people bark at the trees by selecting
the good trunks-the straight ones with a large diameter. As
such a truck diameter, the bark will be long and wide. The
diameter of the thunk suitable for barking is above 15 cm.
The bark is taken by peeling it vertically using a machete.
The outer thin layer of the stem is usually cleaned first. The
bark's depth is up to the middle part of the trunk. The bark
used for roofing is usually between 80 and 120 cm long
and between 60 and 80 cm wide (Figure 6). The roof made
from the bark usually consists of two layers; this ensures
the roof remains durable and does not leak due to
rainwater. The skin is usually arranged from the bottom

corner to the top of the roof, like building a metal (zinc)
roof. Meanwhile, their wood can be used for various
purposes. The bark parts (bus paal) are also one of the
ingredients used to make sago. According to Kadir et al.
(2022), sago is one of the main local food sources for
Merauke's Marind Anim indigenous community.

Forest and Paperbark tree conservation in Merauke
Paperbark forests are a habitat for various types of

animals such as weaver ants (Oecophylla sp. among others),

various types of birds (including white parrots, Cacatua
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sp.), termites (Macrotermes sp.) that produce nests called
Musamus, kangaroos (Macropus), wild boars (Sus sp.),
deer (Cervus sp.), cassowaries (Casuarius sp.), and various
other animals. According to Yarman and Damayanti
(2012), various types of mammalians are found in WNP,
including kangaroos (Macropus agilis, Dorcopsis veterum,
Thylogale brunii), forest civets (Dasyurus spartacus) and
spotted cuscus (Spilocuscus petaurus breviceps) which are
known locally as squirrels.

Furthermore, Yarman and Damayanti (2012) also
revealed that there are around 403 bird species, 74 of which
are endemic to Papua. It is also estimated that 114 species
are protected, including the Papuan garuda (Aquila
gurneyi), paradise bird (Paradisaea apoda), cassowary
(Cassowary), eagle (Circus sp.), and kestrel (Accipiter sp.).
The Paperbark-dominated wetlands in WNP are also
important habitats for migratory birds from Australia and
New Zealand, such as Scolopacidae, Haematopodidae,
Pelecanidae, Phalaropodidae, Recurvirostridae, Laridae,
Anatidae, Charadriidae, and Thresciornithidae.

In this swampy lowland area, sago plants also grow,
becoming a food source for the community. The community
also revealed that many Paperbark forests are hunting areas
in various interviews. This preserved nature allows the
people to maintain a hunting and gathering culture (sago
palming). Therefore, traditional people understand that
forests are important habitats for various creatures, which
are invaluable to their livelihood needs. Therefore, forests
are a community food source (Ickowitz et al. 2016) and can
be developed as recreational areas (Kaeslin and Williamson
2010; Karjalainen et al. 2010). Therefore, traditional
communities understand that forests are important habitats
for a variety of creatures, which are invaluable to their
livelihood needs.

The Paperbark plant (M. leucadendron) is also associated
with orchids (Orchidaceae) and ant nest plants (Myrmecodia),
which grow and develop well on tree trunks, branches, and
twigs. According to Dirgantara et al. (2015), ant nest plants
originating from Merauke have excellent quality as
traditional medicine. The kayu bus or Paperbark Forest area
is also associated with kayu rahe (Eucalyptus sp.), which
produces essential oil and is often enjoyed by the locals.

People who live around forests should be able to
manage forests in their neighborhoods wisely. In the WNP
area, dominated by Paperbark plants, indigenous people
have lived for a long time. According to Yarman and
Damayanti (2012), the WNP area is around 413,810
hectares and is inhabited by four indigenous ethnic groups,
namely the Malind Imbuti, Kanume, Marori Men Gey, and
Yeinan tribes. They have lived for generations and have
customary rights to all land in the area; the relationship
between local communities and the forest environment
determines its future. According to Patramurti et al. (2020)
and Silva et al. (2020), forests and Melaleuca plants,
essential for people's livelihood, need conservation efforts.
The utilization and availability of the plants in nature must
be managed well to keep them sustainable because they are
harvested for wood and non-timber forest products, which
may be better with the same comparison. Pandey et al.
(2016) revealed that forest biomass contains about 40%
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carbon by weight, along with hydrogen (6.7%) and oxygen
(53.3%), making it a great source of carbon reserves.
Bolton and Greenway (1997) showed that Melaleuca plants
were used to reconstruct artificial wetlands in Australia. In
addition, Puvaca et al. (2020) revealed something that may
not be familiar: Essential oils can be used to improve the
quality of promising chicken egg quality. The right strategy
to maintain the interests of natural preservation and human
needs for bus wood is to educate the community by
carrying out selective logging on trees that are suitable for
use. Meanwhile, timber utilization regulations must be
made in collaboration between the local government, WNP
area managers, and indigenous communities.

According to Kosmaryandi (2012), the national park
areas are the territory of indigenous peoples but have never
been managed with the consideration of indigenous peoples.
On the contrary, the PP 68 letter e criteria explicitly state
that no residents should be in the national park area. That
means the national park's management only considers the
population's dependence on the area. The criteria in PP. 68
do not consider the socio-cultural aspects of indigenous
communities. This has resulted in a lack of harmony in the
national park's management. The regulation may also raise
a tenure conflict caused by the closed access for indigenous
communities to the natural resources that become their
source of livelihood.

During the dry season, forest fires often occur because
the bark is thick; the fires will last long and be difficult to
extinguish. Fortunately, after the fire, the Paperbark plant
will not die; over time, it will grow new skin and return to
its previous state. According to Chungu et al. (2020), forest
fires can alter soil nutrient availability and accelerate
Eucalyptus growth. However, according to Barreiro and
Diaz-Ravifia (2021) and Sharma and Thapa (2021), fires
can create imbalances in the overall ecology and cause
damage to flora and fauna, as well as microorganisms.
Thus, following El Hajal and Bechara (2019) and Feng
(2021), fire prevention efforts must be made to prevent
forest destruction.

The Paperbark wood in wooden blocks shape has a
high-value market in Merauke, reaching 2.5 million rupiahs
(166 USD) per cubic meter. Other types of wood trunks
(such as kayu rahe or Eucalyptus sp.) are non-straight, so
their use is limited, even though they may have better
quality. In this case, most people prefer Paperbark wood for
building houses, and Kayu rahe wood is usually preferred
for making frames, windows, shelves, cupboards, etc.
Paperbark wood materials sources in Merauke City mostly
come from the Wasur, Muting, Jagebob, Kurik, and Sota.

All in all, it can be concluded that the Marind Anim
indigenous people depend on their environment to fulfill
their daily needs. Paperbark wood is a source of house
construction materials and other necessities of life. There
needs to be an agreement through indigenous community
regulations in accordance with local wisdom supported by
the regional regulatory system and the WNP Area manager
so that the Paperbark management system can be carried
out wisely. With the versatile use of Paperbark wood by the
community in the lowland areas of Merauke, it is necessary
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to implement a sound forest management system to maintain
its sustainability.
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