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Abstract

Data deficiency remains a major constraint in understanding the extinction risk and con-
servation of Magnolia species globally. Magnolia sumatrae (Dandy) Figlar & Noot. is one
of the Indonesian Magnolia species assessed as Data Deficient by the IUCN Red List. It
is a tree endemic to Sumatra Island and is known only from Mount Singgalang, Mount
Talamau, and Gunung Leuser National Park. In the present study, population surveys of
M. sumatrae were conducted in the previously known locations. Additionally, new re-
cords of the species in Aceh Tengah Regency, Aceh Province, are reported, which rep-
resent its northernmost distribution on Sumatra Island. The implications of these new
records for the conservation status of the species are discussed. To ensure the future
survival of M. sumatrae, plant materials of the species have been collected to serve as
ex situ collections for the first time and become the 11" Magnolia native to the country
available in the Indonesian ex situ collections. Using species distribution modeling meth-
ods, the potential distribution of the species is also presented, which predicts the poten-
tial habitat in Sumatera Utara Province, where no records have been available so far.

Key words: Data Deficient, IUCN Red List, Magnoliaceae, species distribution modeling,
threatened tree

Introduction

Magnolia Plum ex. L. is a plant genus in the family Magnoliaceae with approx-
imately 371 species (POWO 2025). The genus is widely distributed in tropical
and temperate regions, with China having the highest richness of Magnolia spe-
cies (114), followed by Vietnam (56), Colombia (37), and Mexico (35) (Linsky
et al. 2022). It is one of the most threatened plant taxa in the world. Of 344
species that have been assessed for their extinction risk by the IUCN Red List
(IUCN 2025), 190 species, or more than 55%, are threatened with extinction,
with the categories of Critically Endangered (55 species), Endangered (103
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species), and Vulnerable (32 species). The main threats to Magnolia are related
to silviculture, agriculture, and ranching (Rivers et al. 2016; Linsky et al. 2022).

Despite most of the species within the genus having been assessed for their
conservation status, data deficiency remains a major constraint in understanding
the extinction risk and conservation of Magnolia species globally. There are a to-
tal of 98 species that are assessed as Data Deficient (IUCN 2025). These species
are distributed in 31 countries, with the highest number found in China (50 spe-
cies) and Indonesia (20 species). For Indonesia, the number is exceptionally high
and equal to 70% of the total number of Magnolia species found in the country.

Magnolia sumatrae (Dandy) Figlar & Noot. is one of the Indonesian Magnolia
species assessed as Data Deficient (Khela 2014). The species has two syn-
onyms: Michelia sumatrae Dandy and Michelia salicifolia A.Agostini (Figlar and
Nooteboom 2004). It is a tree endemic to Sumatra Island and was first de-
scribed based on a type specimen collected from Mount Singgalang in Suma-
tra Barat Province in 1878 (Dandy 1928; Nooteboom 1988). The species was
located in two other locations in Sumatra later on: Mount Talamau in Sumatra
Barat in 1984 and Gunung Leuser National Park in Aceh Province in 1975 and
1979 (GBIF 2023). Magnolia sumatrae is currently not included on the list of
protected plant species in Indonesia and has not been conserved in ex situ
collections (BGCI 2025).

To update the conservation status of M. sumatrae, population surveys were
conducted in the previously known locations of the species. Additionally, new
locations were reported, along with population data and associated habitat
characteristics. During general vegetation surveys in the regencies of Bener
Meriah and Aceh Tengah, Aceh Province, a Magnolia species whose vegeta-
tive and reproductive characteristics matched those of M. sumatrae was en-
countered. This finding becomes a new record for M. sumatrae and represents
the northernmost distribution of the species. Here, the implication of this new
record to the conservation status of the species is discussed. To ensure the
future survival of M. sumatrae, plant materials of the species have been collect-
ed to serve as ex situ collections for the first time. Using species distribution
modeling methods, the potential distribution of the species is also presented to
assist future surveys and population recovery programs of the species.

Material and methods
Study sites

The search for M. sumatrae was conducted in the previously known locations
of the species on Mount Leuser and Mount Bandahar in Gunung Leuser Na-
tional Park in Aceh Province, as well as on Mount Singgalang and Mount Tal-
amau in Sumatera Barat Province. For the newly recorded locations, vegetation
surveys were initially conducted in 14 locations: seven locations (Bur Oregon,
Mutiara Baru, Oregon Tingkem, Pantan Sile, Rembele, Radio Republik Indonesia
tower, and Uning Tritit) in Bener Meriah Regency and seven locations (Burni
Bias, Burni Pepanyi, Burni Lintang, Tapak Moge, Gegarang, Pantan Reduk, and
Berawang Baro) in Aceh Tengah Regency (Fig. 1). All these locations fall within
the Sumatran montane rainforests, an ecoregion that consists of forests above
1,000 m above sea level that run from the north to the south of Sumatra Island
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Figure 1. Study sites and distribution of Magnolia sumatrae in the provinces of Aceh and

Sumatra Barat, Indonesia.

along the Barisan Mountain Range (Wikramanayake 2020). The ecoregion has
mountainous topography, with the highest elevation of 2,600 m. It has an av-
erage air temperature of 21.38 °C and an average air humidity of 89.91% (BPS

Kabupaten Bener Meriah 2021).

Population survey and plant material collection

For the newly recorded locations, the first individual of M. sumatrae was identi-
fied in Burni Pepanyi, Aceh Tengah Regency. Species identification was carried
out using the identification key for Malesian Magnolia developed by Noote-

Nature Conservation 64: 27-40 (2026), DOI: 10.3897/natureconservation.64.172897

29



Zulfan Arico et al.: Magnolia sumatrae conservation status

boom (1988). Following this discovery, further population surveys were con-
ducted using a focused survey method (Brewer 2013). When an individual of
M. sumatrae was found, its location was recorded using a GPS receiver, and its
diameter at breast height (dbh; cm) and height (m) were measured. The matu-
rity of each individual was also assessed based on the presence of flowers or
fruits. Additionally, the elevation (m), slope (°), and aspect (slope direction) of
the site where the species was located were recorded. The same population
and environmental variables were also measured at the previously known loca-
tions of the species. To support the conservation of M. sumatrae, plant materi-
als were collected to serve as ex situ collections.

Conservation status assessment

Based on the findings, the conservation status of M. sumatrae was reassessed
using Criterion B (geographic range) of the IUCN Red List, which includes two
required subcriteria: number of locations and evidence of decline (IUCN 2012).
The extent of occurrence (EOO) and area of occupancy (AOO) for Criterion B
were calculated using the Geospatial Conservation Assessment Tool (GeoCAT;
http://geocat.iucnredlist.org/; Bachman et al. 2011). A standard 2 x 2 km grid
cell was used in these calculations.

Species distribution modeling

The potential distribution of M. sumatrae was predicted based on an ensemble
model from Random Forest (RF) (Breiman 2001) and Support Vector Machine
(SVM) (Noble 2006). A total of 94 occurrence records of M. sumatrae were used
as the model input, which were obtained from the present study (89 records)
and herbarium specimens (five records) stored in GBIF (2023). The environmen-
tal variables where the species was known to occur were used as inputs of the
model; these include climate, topography, edaphic variables, and land cover. Five
bioclimatic variables included annual mean temperature, mean diurnal range,
temperature seasonality, precipitation of the wettest month, and precipitation
seasonality, derived from the WorldClim 2.1 database (https://www.worldclim.
org) with a spatial resolution of 30 arc-seconds (~1 km?). These climate data
represent conditions from 1970 to 2000 (Fick and Hijmans 2017). Topographic
variables were derived from Shuttle Radar Topography Mission (SRTM) eleva-
tion data, also at a 30 arc-second (~1 km?) resolution, obtained from the World-
Clim platform (Fick and Hijmans 2017). The slope was subsequently calculated
using these elevation data. The edaphic variables were derived from SoilGrids
(http://soilgrids.org) at a 250 m spatial resolution. The soil properties collected
included pH, soil organic carbon, nitrogen, and cation exchange capacity (Hengl
et al. 2017). Land cover data were derived from the Moderate Resolution Im-
aging Spectroradiometer (MODIS), available at 500 m spatial resolution (Fried|
and Sulla-Menashe 2019). All input variables were adjusted to 30 arc-seconds
(~1 km?) spatial resolution. The predictive map was then classified into two
classes of habitat suitability: unsuitable and suitable. The areas of each class
were calculated using QGIS tools. To determine which suitable areas over-
lapped with protected areas, the map of protected areas was derived from the
Protected Planet database (UNEP-WCMC and IUCN 2025).
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The modeling procedures were performed with the ‘sdm’ package in R (Naimi
and Arautjo 2016). Pseudo-absence data (n = 552) were generated because ab-
sence data are not available. The occurrence data were split at the following
proportion: 80% for model training and 20% for testing. The model was run
using a five-fold partition (Fielding and Bell 1997) to increase its accuracy. The
area under the curve (AUC) evaluation metric and True Skill Statistics (TSS)
were used to assess the performance of model predictions. The predictive map
of current and future areas was classified into unsuitable (0-0.5) and suitable
(0.51-1). The threshold value of 0.5 was derived from equal training sensitivity
and specificity.

Results and discussion
Species identification and population status

Sumatra is a habitat for approximately 20 species of Magnolia (Mustagim et al.
2021-onward; POWO 2025). The newly collected Magnolia from Aceh Tengah
Regency can be differentiated from other Sumatran Magnolia and firmly iden-
tified as M. sumatrae using a combination of the following characters (Noote-
boom 1988): i) flower buds arising on brachyblasts in the axils of the leaves, ii)
petiole longer than 5 mm, iii) young twig hairy, iv) stipules free from petiole or
adnate to its base only, v) brachyblast 3—7 mm, vi) leaves 9-13 by 2.3-4 cm,
glaucous beneath, and vii) carpels c. 30. The species is morphologically similar
to M. philippinensis P.Parm., which differs from the former species by short-
er tepals and fewer carpels. In addition, M. philippinensis is only known from
Thailand and the Philippines (Nooteboom 1988; POWO 2025). Fig. 2 shows the
morphological appearance of M. sumatrae in the new localities.

During vegetation analysis at 14 locations in Bener Meriah and Aceh Tengah
regencies, a total of 145 individuals of M. sumatrae were recorded from only
three locations in Aceh Tengah Regency: 88 individuals in Burni Pepanyi, one
individual in Pantan Reduk, and 56 individuals in Berawang Baro (Fig. 1). The
species was not found in the other 11 locations. In these new locations, the
largest individual observed had a height of up to 12 m and a dbh of up to 28 cm.
In contrast, population surveys in the previously known locations recorded a
total of 166 individuals: 21 on Mount Leuser, 62 on Mount Bendahara, 73 on
Mount Singgalang, and 10 on Mount Talamau. Compared to those in the new
locations, individuals in these areas were generally larger, with the largest ob-
served individual having a dbh of up to 100 cm and a height of 25 m.

The majority of M. sumatrae individuals at all study sites are immature, with
a dbh of less than 5 cm (Fig. 3). A total of 69 mature individuals were observed,
with the highest number recorded on Mount Singgalang and in Berawang Baro,
each with 23 individuals, followed by Burni Pepanyi with nine individuals, Mount
Bendahara with seven individuals, Mount Leuser with five individuals, and Mount
Talamau with two individuals. Fig. 3 shows that the population structure of M.
sumatrae at all locations generally follows an inverse J-shaped pattern, indicat-
ed by a high number of individuals in the lower dbh classes, followed by a gradu-
al decrease in the higher classes. This type of population structure is commonly
observed in tree species of rainforests (Knight 1975; Rollet 1978) and indicates
a good regeneration capacity of the population (Kimmins 1987). However, dis-
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Figure 2. The morphological appearance of Magnolia sumatrae. A. Trunk; B. Slashed bark; C. Leafy twigs; D. Young twig
and bud; E. Leaf, adaxial; F. Leaf, abaxial, with glaucous surface beneath; G—H. Flower; I. Stamens and pistils; J. Fruits.
Photos: Wendy A. Mustaqim.

ruption of this pattern was observed in some populations, such as on Mount
Talamau, which may be due to the influence of successional processes in the
forest and disturbances that occurred there (e.g., D’Amato et al. 2008). Further
studies are required to confirm the cause of the observed population structure.

While those in the previously known locations were found in montane for-
ests at an elevation range of 1,769-2,461 m, all individuals of M. sumatrae in
the new locations in Aceh Tengah Regency (Burni Pepanyi, Pantan Reduk, and
Berawang Baro) were found in relatively flat tropical montane bogs with an ele-
vation range of 1,415-1,732 m. These elevations are generally still within the el-
evation range (1,500-2,600 m) of the species recorded previously (Nooteboom
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1988; Bijmoer et al. 2023), except for those in Berawang Baro, which are found
at a slightly lower elevation of 1,415 m. Compared to other Sumatran endemic
Magnolia, the elevation range of M. sumatrae is higher than that of M. sumatra-
na (Miq.) Figlar & Noot. (600-1,300 m) but similar to that of M. calophylloides
Figlar & Noot. (2,000-2,200 m) (Nooteboom 1988) and M. banghamii (Noot.)
Figlar & Noot. (1,700-1,750 m) (Robiansyah et al. 2023). Tropical montane
bogs have not been mentioned as the habitat of M. sumatrae in previous publi-
cations (e.g., Dandy 1928; Nooteboom 1988; Figlar and Nooteboom 2004) and
therefore become new information for the species. In addition to M. virginiana
L., M. sumatrae is one of the only Magnolia species now known to grow in a bog
habitat (Simmons and Strong 2002).

While forests in previously known locations are protected within either na-
tional parks (Mount Leuser and Mount Bendahara) or nature reserves (Mount
Singgalang and Mount Talamau), the areas where M. sumatrae was found in
Burni Pepanyi, Pantan Reduk, and Berawang Baro are currently not protected
under national or local regulations. Forest degradation and conversion into ag-
ricultural fields and coffee plantations were observed as the main threats to
the species in these new locations. In these areas, the species grows in small
bog fragments that have been heavily degraded and are situated in the middle
of vegetable fields and coffee plantations. The same threats were also report-
ed to threaten M. banghamii (Robiansyah et al. 2023), a narrow endemic tree
confined to Aceh Tengah Regency. Aceh Tengah, together with Bener Meriah,
are two regencies with the highest arabica coffee production in Aceh Province
(BPS Provinsi Aceh 2019), with more than 67,949 people engaged in coffee
farming in 2012 (Hikmah et al. 2014). Increasing the protection level of the hab-
itats is required in the long term to ensure the conservation of M. sumatrae and
its habitats in Burni Pepanyi, Pantan Reduk, and Berawang Baro. In addition, ex
situ conservation is needed to ensure the future survival of the species.
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Ex situ conservation

To support the conservation and future survival of M. sumatrae, a total of six
wildings of the species have been collected to serve as ex situ collections for
the first time at the Bogor Botanic Gardens. Fruits produced by the mature indi-
viduals were not collected during the fieldwork, as their seeds were still imma-
ture and could not be germinated. Ex situ collections of the species will serve
as: i) a backup should the in situ populations disappear, ensuring the long-term
preservation of the species’ genetic material; ii) a material source for popula-
tion reinforcement programs (Prance 1997; Maunder et al. 2001); and iii) effec-
tive material for public display and awareness campaigns (Hurka et al. 2003).

Conservation status assessment

Among the five criteria used in the IUCN Red List, Criterion B is considered the
easiest to complete (Robiansyah and Wardani 2020). The criterion is based on
occurrence data that can be obtained from herbarium records, flora databases,
and published scientific papers. Using the occurrence records from the present
study and previously collected herbarium specimens, the EOO and AOO of M.
sumatrae calculated by GeoCAT are 18,989 km? and 56 km?, respectively. The
number of locations is considered eight: six locations (Mount Leuser, Mount
Bendahara, Mount Mamas, Burni Pepanyi, Pantan Reduk, and Berawang Baro)
in Aceh and two locations (Mount Talamau and Mount Singgalang) in Suma-
tra Barat. Therefore, under Criterion B, the species qualifies for the category
of Vulnerable (VU) B2ab(iii)+2ab(iii), i.e., EOO <20,000 km? (Criterion B1), AOO
<2,000 km? (Criterion B2), number of locations <10 (subcriterion a), and inferred
continuing decline in the area, extent, and quality of habitat (subcriterion biii)).
Under this category, M. sumatrae is considered facing a high risk of extinction
in the wild.

In the present study, only Criterion B was used to assess the extinction risk of
M. sumatrae. Although population information for the species is available from
the new localities and most of the previously known locations, the data are not
conclusive enough to assess the species using Criterion C (small population
size and decline) and Criterion D (very small or restricted population). Further
population surveys on Mount Mamas in Gunung Leuser National Park, the only
additional known location that has not yet been surveyed, are required to acquire
better population size estimates across the full geographic distribution range.

Potential distribution

The ensemble model, by integrating two machine learning algorithms (SVM and
RF), performs better in predicting the potential distribution of Magnolia sumatrae.
The value of AUC for those algorithms is above 0.90, indicating that the perfor-
mance of the ensemble model is excellent, while the value of TSS for those algo-
rithms is above 0.80, indicating that the ensemble model has high discrimination
ability, which is good at distinguishing between presence and absence. The value
of AUC can represent the categories of predictive model performance: a model
with AUC in the range of 0.9-1 (excellent), 0.8—0.9 (good), 0.7-0.8 (fair), 0.6-0.7
(poor), and 0.5-0.6 (fail) (Krzanowski and Hand 2009). TSS statistics can be in-
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terpreted in several categories: values <0.4 are poor, 0.4-0.8 are useful, and >0.8
are good to excellent (Allouche et al. 2006). The index ranges from 0 to 1, with 0
indicating that none of the predictions corresponded to any observations and 1
indicating that predictions perfectly fit observations without any false negatives
or false positives (Leroy et al. 2018). The use of the ensemble model is known to
reduce uncertainties found in various single-model algorithms and thus provide
more accurate predictions (Marmion et al. 2009; Grenouillet et al. 2011). This
study found that the most prominent environmental predictor of M. sumatrae
distribution is annual mean temperature, followed by elevation and precipitation
seasonality (Fig. 5). Other variables contribute less to the suitable distribution
of this species. Annual temperature is predicted as the most important variable
that determines the potential distribution of this species. Commonly, Magnolia
spp. are reported to grow at an annual average temperature of between 20 and
26.4 °C (Kinho et al. 2022), while M. sumatrae has an optimum temperature be-
tween 15 and 20 °C. Magnolia sumatrae will likely favor highland areas, with an
elevation from 1,415 to 2,461 m above sea level based on direct field surveys. It
is aligned with the ensemble model prediction, which predicts suitable habitats
for M. sumatrae between 1,000 and 2,500 m, but the optimum required elevation
is approximately 1,500 to 1,800 m above sea level. This is in line with the current
distribution of the species, which is strongly associated with higher montane
elevation (Nooteboom 1988; Bijmoer et al. 2023). The third most contributing
variable is precipitation seasonality, with the value of precipitation seasonality
for the suitable habitats between 25 and 45. It suggests that M. sumatrae is like-
ly well adapted to environments with wet and moderately dry periods, such as
tropical montane forests with short dry seasons or mist-fed ecosystems where
seasonality is buffered by cloud cover. Tropical montane forests are typically at
1,500 to 3,300 m with high levels of cloud cover and abundant moisture.

The habitat suitability map of M. sumatrae (Fig. 4) shows that the species’
niche occurs across the montane areas of Aceh, Sumatra Utara, and Sumatra
Barat provinces. The total area of the current predicted distribution of the spe-
cies is 2,103.76 km square, covering approximately 0.74% of the study sites
in the three provinces. Aceh Province has the highest potential distribution of
M. sumatrae, with a total area of approximately 1,136.03 ha, whereas Sumatra
Utara and Sumatra Barat have total areas of 546.78 ha and 420.6 ha, respec-
tively. Approximately 38% of the potential distribution of the species is located
within protected areas. Gunung Leuser National Park, Kerinci Seblat National
Park, Batang Gadis National Park, Barumun National Park, and Gunung Marapi
Nature Recreation Park are predicted as suitable areas for M. sumatrae.

Conservation implications

The montane bog vegetation where the newly recorded specimens of M. su-
matrae were collected is new habitat information for the species. The habitats
are currently unprotected and under threat from coffee plantations. Increasing
the protection level of these habitats is important to conserve and maintain the
genetic diversity of M. sumatrae. Wildings of the species have been collected
from the Mount Bendahara area to serve as ex situ collections and become the
11" Indonesian native Magnolia species available in the ex situ collections in
the country (see Pusdatin BRIN 2025). These collections are effective media
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for awareness campaigns regarding threatened plant conservation and their
habitat. In addition, they can become material sources for propagation and fu-
ture population reinforcement programs of the species.

Burni Pepanyi is part of the Burni Bias and Pepanyi Tropical Important Plant
Areas (Mustagim et al. 2025-onwards). Magnolia sumatrae, being a Suma-
tran endemic and potentially threatened species, should be listed as a priority
species since the total number of individuals in this area comprises approxi-
mately 28.29%, which is above the threshold (=10%) of the global population
(Darbyshire et al. 2017). The population in Burni Pepanyi, for example, is also
threatened by habitat conversion for agriculture and associated activities since
it is located in privately owned forest fragments.

Concluding remarks and future plans

The results of the survey in the form of population data and threats, including
the geographic records extension, successfully unearth the previously Data Defi-
cient species, not only at the regional but also at the global level. This study is the
second for Sumatran Magnolia after recent work in the northern part of the is-
land, i.e., Magnolia banghamii (Robiansyah et al. 2023). The available data show
a disjunct population of M. sumatrae in the northern and central parts of Suma-
tra. To determine whether the populations are truly distinct, further surveys in the
Lake Toba area, especially the mountain range in the west, should be conducted
due to its high potential for suitable habitats. Conservation of M. sumatrae can
be achieved through formal in situ efforts, i.e., through the protected areas des-
ignated by the government, or by the involvement of local community initiatives
that exist in its geographic range, i.e., local NGOs for the population in the north-
ern Gayo Plateau. Further efforts to add ex situ collections should also be made,
especially for the northern Gayo Plateau and Sumatera Barat populations.
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