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Abstract
Tapanuli orangutan is one of the Critically Endangered endemics in North Sumatra because there is a population decline due to habitat loss. Conserva-
tion efforts are needed to survival. One possible way is through the availability of food for orangutans. This research aims to determine the diversity and
environmental factors that influence food diversity and phylogenetic analysis of Tapanuli orangutan food trees in Indonesia. This research used the line
transect method with 3 transect lines (transects I, 11, I11) which were used to observe the Tapanuli orangutan food trees at a distance of 1000 m and a
width of 100 meters. Sequence data was obtained from GenBank, an NCBI sequence data provider. Phylogenetic relationships were analyzed using the
maximum likelihood method in MEGA 11 software. The results found were that five species of food for Tapanuli orangutan were dominated by Camp-
nosperma auriculatum. Low diversity index category in the diet of the Tapanuli orangutan in the Batang Toru Forest. Phylogenetic analysis showed that
the closest relationship is to the food trees of the Tapanuli orangutan in Indonesia, such as Aglaia tomentosa with Brunei Darussalam, Campnosperma
auriculatum with Singapore, and Artocarpus heterophyllus with Sri Lanka. The novelty of this research will be useful for providing recommendations for

food management strategies as initial data for Tapanuli orangutan conservation efforts.
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Introduction

Orangutans are the only living species of Asian ape.
This makes orangutans one of the protected animals,
both species and habitat which are increasingly ap-
proaching extinction (Nasution et al., 2018). The new
orangutan species discovered in 2017 was the Tapanuli
orangutan (Nater et al., 2017). The Tapanuli orangutan
was previously considered the southernmost population
of the Tapanuli orangutan. However, based on in-depth
research conducted by domestic and international re-
search groups in the fields of genetics, morphology,
ecology, and behavior, it turns out that the Tapanuli
Orangutan is taxonomically closer to the Bornean
Orangutan (Pongo pygmaeus) and should be separated
into its species (Kuswanda et al., 2020).

The Tapanuli orangutan is very sensitive to environ-
mental changes or other disturbances, so it is feared that
extinction will occur quickly. To overcome this problem,
all remaining Tapanuli orangutan habitats must be pro-
tected, not only the animals but also the biodiversity of
their food sources. Currently, the number of Tapanuli
orangutans is around 800. The Tapanuli orangutan has a
role as an ecosystem balancer (Wich et al., 2019). The
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habitat of the Tapanuli orangutan is only found in the
Batang Toru forest, also called Harangan Tapanuli,
which covers an area of approximately 150,000 hectares.
Batang Toru Forest is located in three districts in North
Tapanuli Province. Of this area, nearly 142,000 hectares
are primary forest, which appears dark green on satellite
images. Some of these forest areas have been degraded,
requiring smart rehabilitation measures and the creation
of corridors between separate forest blocks (Sianipar et
al.,, 2021). Around 61% of the primary forest is in
the North Tapanuli Regency, 29.7% in South Tapanuli,
and 9.3% in Central Tapanuli (Nater et al., 2017).

Various efforts have been conducted to conserve
orangutans. One way is to restore a new environment
that suits the orangutans' needs, including the Tapanuli
orangutan food trees. The food eaten by Tapanuli
orangutans in the Batang Toru Forest consists of Aglaia
tomentosa, Agathis borneensis, Artocarpus heterophylus,
Campnosperma auriculatum and Castaopsis argentea
(Khakim 2015). There is competition between Tapanuli
orangutans and humans because food trees are used, for
example several known types of Aglaia include: the
wood is used as building materials, the fruit can be eaten,
while the flowers are used as tea and perfume because of
their fragrant aroma (Praptiwi et al., 2006). This use
causes the number of Aglaia tomentosa to decrease, re-
sulting in a reduction in orangutan food (Meijaard et al.,
2018).

The diet diversity of Tapanuli orangutans is closely
related to soil content. Soil content is influenced by the
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availability of organic matter, water purification, carbon
sequestration, nutrient cycling, and providing habitat
diversity for organisms. Macro-nutrients in soil are nutri-
ents that plants need in large quantities, such as Nitrogen,
Phosphate, and Sulphur which play an important role in
plant protein, which is the required amount of energy for
the active absorption of plant nutrients. Meanwhile, mi-
croelements such as iron (Fe) are essential because they
are part of certain enzymes and part of proteins that carry
electrons in photosynthesis and respiration (Heldt and
Piechulla, 2011). Another way to conserve the Tapanuli
orangutan is through in silico phylogenetic analysis.

Tapanuli orangutan conservation efforts through spe-
cies identification based on DNA sequences are a meth-
od that is considered fast, reliable, and consistent, mak-
ing it important in conservation research (Stevanus &
Pharmawati, 2021). Therefore, it is important to carry out
phylogenetic characterization of Tapanuli orangutan food
in silico to provide scientific information to the public
regarding the results of the analysis of phylogenetic rela-
tionships which will influence the correctness of its use
as Tapanuli orangutan food.

There has been no research regarding genetic diversi-
ty in the diet of the Tapanuli orangutan. To provide this
information, it is necessary to carry out research consist-
ing of studying genetic variations using molecular mark-
ers such as the tRNA-Leu (trnL), trnL-trnF, matK, and
rbcL gene introns from the NCBI database (Basendahl,
2000). It is desired that the known phylogenetic analysis
can become basic data on the food kinship of the Ta-
panuli orangutan in Indonesia which can be used as a
conservation strategy for food management.

Figure 1. Map of research locations

Methods

Study area

This research was conducted in October — December
2023, namely at the Research Station of the Sustainable
Ecosystem Foundation Orangutan Conservation Program
in the Batang Toru Forest Area (Camp Mayang) North
Sumatra Province. Geographically located between 98°
53' - 99° 26' East Longitude and 02° 03' - 01° 27' North
Latitude, Nitrogen and Fe laboratory tests were
conducted at Research and Standardization Center, Me-
dan.

Soil sampling

Tapanuli orangutan food trees were found using the
line transect method with a length of 1000 m and a width
of 100 m with a total area of 100,000 m2 then the number
of trees found was tabulated. This research has three
transects, each of which measures environmental factors
such as temperature and pH, while nitrogen and Fe are
measured using soil tested in the laboratory.

Testing for nitrogen and iron in the soil

The nitrogen laboratory test consists of taking a soil
sample of 500 grams at each point, drying it placing it in
a Kjeldahl flask, then adding 25 mL of concentrated sul-
furic acid (H2SO4) with a Kjeldahl tablet heated at
400°C for 2 hours, then diluting it with distilled water
and then titrating (Patti et al. 2013). Fe laboratory test,
namely 1 g of sample is put into a volumetric flask then
solvent is added such as HCL and HNO3 then the solu-
tion is cooled for 10 minutes, after it has cooled, 25 mL
of distilled water is added. The solution is measured us-
ing an Atomic Absorption Spectrophotometer with a
wavelength for iron of 248.3 nm (Sahrawat, 2010).

PETA LOKASI STASIUN
PENELITIAN CAMF MAYANG
BAIANG rORU
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Diversity index

The diversity index (H") according to Mazawin and
Subiakto (2013) is calculated using the Shannon-Wiener
formula as follows:

S
H = -Z(pi Inpi)
i=1

pl=ni/N
Description:
H' = Diversity index value
N = Number of individuals of all species
ni = Number of individuals of type i
In = Natural logarithm
s = Number of species in the community

The value of the species diversity index (H") accord-
ing to Shannon-Wiener is defined as follows: According
to Barbour et al., (1987) the diversity index value can
range between 0-7, with the criteria: 0-2 (low), 2-3 (me-
dium), and > 3 (high).

Research Sample In Silico

In silico phylogenetic studies using a database taken
from GenBank (https://www.ncbi.nlm.nih.gov/genbank/)
using a random sampling method to ensure variability,
there are three species of Tapanuli orangutan food in
NCBI which are sourced from Indonesia, namely Aglaia
tomentosa, Artocarpus heterophyllus, and Campnosper-
ma auriculatum, while the other two species Castanopsis
argantea and Agathis borneensis have no data in NCBI.

Phylogenetic analysis

The sequences were aligned using the ClustalW
method in Mega 11.0 software. The phylogenetic tree
was built using the Maximum Likelihood method with
mega (Stamatakis, 2014). Phylogenetic analysis for Max-
imum Likelihood uses the GTRGAMMA+I algorithm
with a bootstrap of 1000, the higher the bootstrap value,
the more accurate the phylogenetics. Bootstrap results
were visualized using FigTree v1.4.4 phylogenetic tree
software and saved in jpg format (Stamatakis, 2014).

Table 1. Origin of Aglaia tomentosa the tRNA-Leu (trnL) and trnL-
trnF genes found in the gene bank

No Accession Code Country
1 KF211803.1 Aglaia tomentosa voucher Thailand
Greger HG543 (WU)
2 KF211804.1 Aglaia tomentosa voucher Thailand
Geesink et al. 7201 (K)
3 KF211805.1 Aglaia tomentosa voucher Sin- Philippines
clair and Edano 9552 (K)
4 KF211807.1 Aglaia tomentosa voucher Ni- Thailand
yandhan et al. 297 (K)
5 KF211808.1 Aglaia tomentosa voucher Thailand
Greger and Vajirodya HG698 (WU)
6 KF211809.1 Aglaia tomentosa voucher Thailand

Greger and Vajirodya HG818 (WU)
7 KF211810.1 Aglaia tomentosa subsp. cordata Brunei

voucher Muellner et al. 2040 (K, BRUN) Darussalam
8 KF211811.1 Aglaia tomentosa subsp. cordata Indonesia
voucher Burley et al. 396 (FHO)
9 KF211812.1 Aglaia tomentosa subsp. cordata Indonesia
voucher Pannell 2036 (FHO)
10  KF211813.1 Aglaia tomentosa subsp. tomen- Brunei
tosa voucher Muellner et al. 2000 (K, Darussalam
BRUN)

11  KF211814.1 Aglaia tomentosa subsp. tomen- Brunei
tosa voucher Muellner et al. 2011 (K, Darussalam
BRUN)
12 KF211815.1 Aglaia tomentosa subsp. tomen- Brunei
tosa voucher Muellner et al. 2020 (K, Darussalam
BRUN)
13 KF211816.1 Aglaia tomentosa subsp. tomen- Brunei
tosa voucher Muellner et al. 2036 (K, Darussalam
BRUN)
14  KF211817.1 Aglaia tomentosa subsp. tomen- Brunei
tosa voucher Muellner et al. 2037 (K, Darussalam
BRUN)
15  KF211818.1 Aglaia tomentosa subsp. tomen- Brunei
tosa voucher Muellner et al. 2043 (K, Darussalam
BRUN)
16 KF211840.1 Aglaia lawii subsp. oligocarpa Brunei

voucher Muellner et al. 2003 (K, BRUN) Darussalam

Table 2. Origin of Artocarpus heterophyllus rbcL genes found in the

gene bank
No Accession Code Country
1 MK264364.1 Artocarpus heterophyllus Sri Lanka
voucher DMB 28
2 OKO052735.1 Artocarpus heterophyllus vouch- Malaysia
er A4696

3 MH748842.1 Artocarpus heterophyllus United
voucher MO:6857146 States of
America
4 AB981765.1 Artocarpus heterophyllus chloro-  Indonesia

plast rbcL gene
5 OKO052736.1 Artocarpus integer voucher Malaysia
A4698

Table 3. Origin of Campnosperma auriculatum matK genes found in

the gene bank
No Accession Code Country
1 KJ708852.1 Campnosperma auriculatum Indonesia
voucher BT_0067704387
2 KJ708853.1 Campnosperma auriculatum Singapore
voucher BT_0070234239
3 KJ708854.1 Campnosperma auriculatum Singapore
voucher BT_0070234201
4 MHO095572.1 Campnosperma auriculatum Singapore
voucher KR2617
5 JQ586473.1 Mangifera indica voucher Bi- Costa
0Bot06618 Rica

Results and Discussion

There are five species of Tapanuli orangutan food
trees found, namely Aglaia tomentosa, Artocarpus heter-
ophyllus, Campnosperma auriculatum, Castanopsis ar-
gantea and Agathis borneensis which can be seen in Fig-
ure 2.

50.52

28.13

15.1
4.69
- i
i

Aglaia tomentosa

Percentage Food Tree

Campnosperma Agathis borneensis Castanopsis Artocarpus
auriculatum argentea heterophyllus

Figure 2. Percentage of Tapanuli orangutan food trees

Figure 2 shows that the most common food type
found in Tapanuli orangutans was C. auriculatum
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Figure 3. Tree of a. Castanopsis argantea b. Agathis borneensis c. Campnosperma auriculatum d. Aglaia tomentosa e. Artocarpus heterophyllus

(50.52%) and the least was A. tomentosa (1.56%).
Campnosperma auriculatum grows and develops in Ta-
panuli forests at altitudes around 500-1000 meters above
sea level. The C. auriculatum plant is up to 40 m tall and
90 cm in trunk diameter, with a wood-specific gravity
ranging from 310-600 kg/m3 (average 435 kg/m3). The
growing area of this plant is below the altitude of the
Batang Toru forest, which is 850-1,100 m above sea lev-
el (Soerianegara and Lemmens, 1994).
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Figure 4. Diversity index of Tapanuli orangutan food trees

Transect I1

Tapanuli orangutan food tree diversity index is in the
low category (1.12 - 1.18) because the value is below 2
as shown in Figure 4. According to Barbour et al., (1987)
the diversity index value can range between 0-7, with the
criteria: 0-2 (low), 2-3 (medium), and > 3 (high). One of
the reasons why the diversity of food trees is low is that
humans use it, for example, jackfruit (Artocarpus heter-
ophyllus), which is known to include: wood is used as a
building material and dye for silk fabrics, the fruit can be
eaten, the seeds are made into flour while the leaves are
used as medicine. This use causes the number of jack-
fruit trees in the forest to decrease, resulting in less food
for orangutans (Rosyida and Subiyati, 2018).

The abundance of Tapanuli orangutan food trees also
depends on environmental factors such as temperature,
pH, and nutrients (Nitrogen and Fe) that fulfill plant
growth. Measurements of field conditions can be seen in
Table 4.

Table 4. Environmental parameters of the Batang Toru Forest

Parameter Transect | Transect 1 Transect 111
Temperature (°C) 25,8 25,2 249
pH 6,6 6,8 6,7
Nitrogen (%) 0,27 0,3 0,34
Fe (%) 2,12 2,1 0,23

Based on the temperature measurements above, there
are no significant differences between the three transects,
the above temperatures were taken during the day, in-
cluding optimal conditions (24-27°C) for plant growth.
Soil temperature in the root area is important for plant
growth and development because it influences physio-
logical processes in plant roots, such as water and miner-
al nutrients from the soil. Therefore, the temperature in
the Batang Toru Forest helps the growth of Tapanuli
orangutan food trees (Li et al., 2017).

The soil pH of the Batang Toru forest (6.6-6.8) is in
neutral conditions, namely around 6.5-7.8, where the soil
pH greatly influences plant growth, such as the availabil-
ity of nutrients. The availability of nitrogen levels in the
soil is essential, especially for plant growth, the nitrogen
obtained is around 0.27-0.34%, which is included in the
low category because it is below 1%, causing low diver-
sity Tapanuli orangutan food tree. Some of the functions
of the nitrogen element for plants are to increase plant
growth and healthy leaf growth where the leaves as the
organ that makes up the plant function to receive and
absorb light and are the part of the plant that functions as
a place for photosynthesis so that it becomes a place for
the production of photosynthesis for all parts of the plant
and increases protein levels, in the plant body (Fathi,
2022).

Fe levels from the research results are known to be in
the range of 0.23-2.12%, if the Fe levels are in the range
1-9 then the plant will experience Fe poisoning. Excess
Fe in the soil can cause tree roots to be covered in Fe so
that they cannot absorb nutrients, so the quality of the
tree will be compromised (El-temsah et al., 2014). Ta-
panuli orangutan conservation strategies can be carried
out through in silico phylogenetic studies on Tapanuli
orangutan food tree species as shown in the image be-
low.
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Figure 5. Phylogenetic tree of a. Aglaia tomentosa (At). b.
Campnosperma auriculatum (Ca). c. Artocarpus heterophyllus (Ah).
Aglaia lawi (Al), Mangifera indica (Mi), and Artocarpus interger (Ai)
were used as outgroups.

According to Figure 5, the phylogenetic tree shows
the relationship between DNA sequences in the studied
plants compared to other plants from the GenBank data-
base. What is produced is monophyletic, which means
that the group has one ancestor who passed on genetic,
morphological, and biochemical characteristics to all its
descendants. This makes monophyletic members very
closely related to each other (Ningrum and Chasani,
2021). This statement is under the phylogenetic tree
formed because all the members in the phylogenetic tree
(except the out-group).

Relationship between Aglaia tomentosa, Campno-
sperma auriculatum, Artocarpus heterophyllus with a
bootstrap value of 100%. The bootstrap value is consid-
ered high because according to li et al (2020), it can be
trusted with a bootstrap value of 90% and is not trusted
with a bootstrap value of 25%. Bootstrap analysis with
values of 70% or higher indicates a reliable grouping.

Maximum likelihood method analysis using the Ki-
mura-2 model reconstructs relationships between species
based on the length of branch lines (Tamura et al., 2021),
and different line lengths indicate the level of evolution
of each species (Nikmah et al., 2016). A longer line

shows a further evolutionary distance, while a shorter
line shows the closer the evolutionary distance of a spe-
cies.

Based on the reconstruction of the Aglaia tomentosa
phylogenetic tree sample, the highest branching value is
74 and the lowest is 36. The higher the branching value,
the closer the relationship, and vice versa, the lower the
branching value, the further the relationship (Talley et
al., 2016). From the research results, it is known that
Aglaia tomentosa originating from Brunei Darussalam
has a very close relationship with Indonesia.

The phylogenetic tree of the Campnosperma auricu-
latum sample has the highest branching value with a val-
ue of 21 and the lowest with a value of 20. From the re-
sults of this research, it is known that Campnosperma
auriculatum which originates from Singapore has a very
close relationship with Indonesia.

The phylogenetic tree reconstruction of the Artocar-
pus heterophyllus sample is an ingroup, with the highest
branching value with a value of 100. From the results of
this research, it is known that Artocarpus heterophyllus
which originates from Sri Lanka has a very close rela-
tionship with Indonesia. The results of this research will
be useful for providing recommendations for food man-
agement conservation strategies as initial data for Ta-
panuli orangutan conservation efforts.

The in silico approach to habitat management refers
to the use of computer simulations, mathematical mod-
els, and data analysis to understand and manage ecosys-
tems. Utilizing big data to analyze patterns and trends in
species distribution, throughout the country so that we
can evaluate risks to the Tapanuli orangutan's habitat due
to human activities, such as illegal logging of trees so
that we can plan restoration efforts, including selecting
species that are most closely related to the Tapanuli
orangutan's food trees. is in Indonesia to be planted.

Conclusion

Five species of food for Tapanuli orangutans in Ba-
tang Toru consist of Aglaia tomentosa, Artocarpus het-
erophyllus, Campnosperma auriculatum, Castanopsis
argantea and Agathis borneensis with the highest per-
centage found being Campnosperma auriculatum. The
diversity index is included in the low category due to
environmental factors such as Nitrogen and Fe. The re-
sults of in silico phylogenetic studies show that the clos-
est relationship is to the food trees of the Tapanuli
orangutan in Indonesia, such as Aglaia tomentosa with
Brunei Darussalam, Campnosperma auriculatum with
Singapore, and Artocarpus heterophyllus with Sri Lanka.

Acknowledgement

Thanks to the Higher Education Funding Agency
(BPPT) of the Ministry of Education, Culture, Research
and Technology of the Republic of Indonesia through the
Education Fund Management Agency (LPDP) for fund-
ing this research (00723/J5.2.3./BP1.06/9/2022). Thanks

Berkala PENELITIAN HAYATI | Volume 31 | Number 1 | April | 2025

17



18

Sianipar et al.

also to Universitas HKBP Nommensen Pematangsiantar
and Yayasan Ekosistem Lestari for supporting the provi-
sion of field laboratory equipment.

References

Barbour, G.M., J.K. Busk and W.D. Pitts. (1987). Terrestrial Plant
Ecology. New York: The Benyamin/ Cummings Publishing
Company, Inc.

El-Temsah, Y. S., Oughton, D. H., and Joner, E. J. (2014). Effects of
nano-sized zero-valent iron on DDT degradation and resid-
ual toxicity in soil: a column experiment. Plant Soil 368,
189-200.
https://doi.org/10.1016/j.chemosphere.2013.02.039

Fathi, A. (2022). Role of nitrogen (N) in plant growth, photosynthesis
pigments, and N use efficiency: a. Agrisost, 28, 1-8.

Heldt H.W and Piechulla B. (2011). Plant Biochemistry. Edisi ke 4.
London: Elsevier.

Khakim, M. (2015). Ekologi Makan Orangutan Sumatera Di Hutan
Batang Toru Blok Barat Sumatera Utara. Tesis, Institut Per-
tanian Bogor

Kuswanda, W., Harahap, R. H., Alikodra, H. S., & Sibarani, R. (2020).
Nest characteristics and populations of tapanuli orangutans
in Batangtoru landscape, South Tapanuli district, Indonesia.
Biodiversitas, 21(7), 3398-3406.
https://doi.org/10.13057/biodiv/d210765

Li, J., Xie, D. F., Guo, X. L., Zheng, Z. Y., He, X. J., & Zhou, S. D.
(2020). Comparative analysis of the complete plastid ge-
nome of five Bupleurum species and new insights into DNA
barcoding and phylogenetic relationship. Plants, 9(4).
https://doi.org/10.3390/plants9040543

Li, J., He, N., Xu, L. I, Chai, H., Liu, Y., Wang, D.,Sun, X. (2017).
Asymmetric responses of soil heterotrophic respiration to
rising and decreasing temperatures. Soil Biology and Bio-
chemistry, 106, 18-27.

Mawazin dan Subiakto, A. (2013). Diversity and Composition of Natu-
ral Regeneration Types of Logged Peat Swamp Forests in
Riau. Indonesian Forest Rehabilitation Journal, 1 (1): 59 —
73.

Meijaard, E., Sherman, J., Ancrenaz, M., Wich, S. A., Santika, T., &
Voigt, M. (2018). Orangutan populations are certainly not
increasing in the wild. Current Biology, 28(21), R1241-
R1242. https://doi.org/10.1016/j.cub.2018.09.052

Nasution, A., Perwitasari-Farajallah, D., & Utami-Atmoko, S. S.
(2018). Nesting Characteristics of the Tapanuli Orangutan
(Pongo tapanuliensis) in Two Unprotected Forests of Ba-
tang Toru, North Sumatra. IOP Conference Series: Earth
and Environmental Science, 197(1), 0-10.
https://doi.org/10.1088/1755-1315/197/1/012027

Nater, A., Mattle-Greminger, M. P., Nurcahyo, A., Nowak, M. G., de
Manuel, M., Desai, T., Groves, C., Pybus, M., Sonay, T. B.,
Roos, C., Lameira, A. R., Wich, S. A, Askew, J., Davila-
Ross, M., Fredriksson, G., de Valles, G., Casals, F., Prado-
Martinez, J., Goossens, B., Kritzen, M. (2017). Morpho-
metric, Behavioral, and Genomic Evidence for a New

Orangutan Species. Current Biology, 27(22), 3487-3498.e10.

https://doi.org/10.1016/j.cub.2017.09.047

Nikmah, I. A., Azrianingsih, R., & Wahyudi, D. (2016). Genetic varia-
bility of porang populations (n  Amorphophallus muelleri )
in West Java and Central Java based on trn L intron se-
quences. The Journal of Tropical Life Science, 6(1), 23-27.

Ningrum, A. M., and Chasani, A. R. (2021). Numerical phenetic and
phylogenetic relationships in silico among brown seaweeds
(Phaeophyceae) from Gunungkidul, Yogyakarta, Indone-
sia. Biodiversitas Journal of Biological Diversity, 22(6).
https://doi.org/10.13057/biodiv/d220607

Patti, P.S. Kaya, E dan Silahooy, C.H. (2013). Analisis Status Nitrogen
Tanah Dalam Kaitannya Dengan Serapan N Oleh Tanaman
Padi Sawah Di Desa Waimital, Kecamatan Kairatu, Kabu-
paten Seram Bagian Barat. Jurnal Agrologia, Vol. 2, No. 1,
2013, Hal. 51-58.

Praptiwi, P., Harapini, M., & Astuti, I. (2006). Peroxide values of
Aglaia argentea Blume, A. silvestria (M. Roemer) Merr.,
dan A. tomentosa Teijsm. & Binn. Biodiversitas Journal of

Biological Diversity, 7(3), 242-244,
https://doi.org/10.13057/biodiv/d070309

Rosyida, A and Subiyati. (2018). Pemanfaatan Limbah Serutan Kayu
Nangka (Artocarpus heterophyllus) Untuk Pewarnaan Kain
Sutera. Jurnal Dinamika dan Kerajinan Batik

Sahrawat, K.L. (2010). Reducing iron toxicity in lowland rice with
tolerant genotypes and plant nutrition. Plant Stress 4:70-75

Sianipar, H. F., Sijabat, A., Siahaan, T. M., Sinaga, C. V. R., Siahaan,
M. M., & Harefa, N. (2021). Identification of plant constitu-
ents for tapanuli orangutan (Pongo tapanuliensis) nest in
Batang Toru North Tapanuli. IOP Conference Series: Earth
and Environmental Science, 886(1), 6-11.
https://doi.org/10.1088/1755-1315/886/1/012034

Soerianegara I, Lemmens RHMJ. (1994). Plant Resources of South-
East Asia No. 5(1). Timber trees: Major Commercial Tim-
ber. Prosea Publisher, Bogor Indonesia.

Stamatakis, A. (2014). RAXML version 8: A tool for phylogenetic
analysis and post-analysis of large phylogenies. Bioinfor-
matics, 30(9), 1312-1313.
https://doi.org/10.1093/bioinformatics/btu033

Stevanus, & Pharmawati, M. (2021). Biodiversity and phylogenetic
analyses using DNA barcoding rbcl gene of seagrass from
Sekotong, west lombok, Indonesia. Biodiversitas, 22(1), 50—
57. https://doi.org/10.13057/biodiv/d220107

Talley, J. L., Schneider, J., & Lindquist, E. (2016). A simplified ap-
proach to stakeholder engagement in natural resource man-
agement: The Five-Feature Framework. Ecology and Socie-
ty, 21(4). https://doi.org/10.5751/ES-08830-210438

Tamura, K., Stecher, G., & Kumar, S. (2021). Megall: Molecular
Evolutionary Genetics Analysis Version 11. Molecular Bi-
ology and Evolution, 38(7), 3022-3027.
https://doi.org/10.1093/molbev/msab120

Wich, S. A., Fredriksson, G., Usher, G., Kiihl, H. S., & Nowak, M. G.
(2019). The Tapanuli orangutan: Status, threats, and steps
for improved conservation. Conservation Science and Prac-

tice, 1(6), 2-5. https://doi.org/10.1111/csp2.33

Berkala PENELITIAN HAYATI | Volume 31 | Number 1 | April | 2025



