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Abstract Kinabalu Park, Malaysia’s first World
Heritage Site, faces a persistent threat from invasive
alien species, which negatively impact its rich biodi-
versity. The lack of systematic studies on alien plant
species in the park hinders the effective management
of invasive alien species. This study aims to establish
a baseline by determining the species richness and
distribution of alien plant species on the southern
slope of Mount Kinabalu. Sampling was conducted at
three sites with intensive tourism activities: the Kina-
balu Park (KP) headquarters complex (14 plots), the
Mesilau substation (12 plots), and along the Summit
trail (10 plots). In total, 344 specimens were identi-
fied as alien plant species, belonging to 98 species
from 39 families. Of these, 65 species are classified
as invasive alien species based on previous reports.
The KP headquarters complex exhibited the highest

Supplementary Information The online version
contains supplementary material available at https://doi.
org/10.1007/512224-025-09463-2.

V. T. Justine (P<) - A. Alphonsus - J. Kasmin - H. Mujih -
R. Repin

Research and Education Division, Sabah Parks, Lot 45 &
46, 1st - 5th Floor, Block H, Signature Office, KK Times
Square, Coastal Highway, 88100 Kota Kinabalu, Sabah,
Malaysia

e-mail: Vanielie.Justine @sabah.gov.my

V. T. Justine - T.-S. Liew - M. Suleiman

Institute for Tropical Biology and Conservation, Universiti
Malaysia Sabah, Jalan UMS, 88400 Kota Kinabalu, Sabah,
Malaysia

Published online: 28 April 2025

species richness (91 species), followed by the Mesi-
lau substation (21 species) and the Summit trail (9
species). The majority of alien plant species belonged
to the families Asteraceae, Poaceae and Aspara-
gaceae. The three most widespread alien plant species
were Hypochaeris radicata (63.9%), Plantago major
(52.8%) and Crassocephalum crepidioides (50%).
This study provides the first alien plant species check-
list and distribution data for Kinabalu Park, offering a
crucial reference for future studies and management
plans.

Keywords Alien plant species - Invasive alien
species - Mount Kinabalu - Species richness -
Tropical montane forest

Introduction

Invasive alien species (IAS) are a source of concern
because they pose a severe threat to natural ecosys-
tems by negatively affecting biological diversity
(Senator and Rozenberg 2017; Kumar Rai and Singh
2020; PysSek et al. 2020). IAS are organisms intro-
duced, either deliberately or accidentally, outside
their native environments, and they pose threats to
ecosystems, economies (Pimentel et al. 2005; Olson
2006) and even human health (Keller et al. 2011).
They frequently outcompete native species, prey on
them or introduce diseases, leading to a reduction in
biodiversity. Human-mediated dispersal is one of the
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significant factors that contributes to the existence
and global distribution of IAS. The four-T rule that
determines the paths of most IAS are trade, transpor-
tation, travel, and tourism (Senator and Rozenberg
2017).

Currently, IAS is one of the 17 targets in Malay-
sia’s National Policy of Biological Diversity
2016-2025. In particular, Target 11 states, ‘By 2025,
invasive alien species and pathways are identified,
priority species controlled, and measures are in place
to prevent their introduction and establishment.” Fur-
thermore, Malaysia’s National Action Plan on Inva-
sive Alien Species (NAP IAS) 2021-2025 highlights
the efforts and strategies to conserve and manage the
rich biodiversity from IAS. Nevertheless, Malaysia
needs a more robust legislative framework to regulate
and reduce the effects of IAS and a massive campaign
to raise public awareness of the threat of IAS on the
environment.

The term ‘alien plant species’ (APS) refers to non-
native plants introduced to new areas where they do
not naturally occur, with the potential to disrupt local
ecosystems. The process of an APS becoming inva-
sive unfolds through several stages. Initially, the APS
is introduced into a new environment. If it manages
to survive and reproduce, it becomes established and
self-sustaining. As the plant adapts to local condi-
tions, it becomes naturalized. Eventually, the APS
can become invasive, spread widely, outcompeting
native species and leading to significant ecological,
economic, or health-related issues (Blackburn et al.
2011). Comparatively, the invasion rate of APS is
higher in tropical regions than in temperate regions
(Daehler 2009). Tropical mountains are the world’s
most essential diversity hotspot (Bussmann 2002; Sil-
veira et al. 2019) and are home to a diverse range of
rare, endemic, and endangered flora and fauna. Nev-
ertheless, mountain ecosystems are under increasing
pressure from the introduction of IAS and climate
change-driven expansion or reduction of native spe-
cies along elevational gradients, which can alter the
ecosystem dynamics (Guo et al. 2018). Ultimately,
APS threaten the biodiversity, ecosystems and econ-
omy of most tropical mountain ranges worldwide
(Daehler 2005; Bitencourt et al. 2016). Given the
potential impact of APS on ecosystem functioning,
ecological processes and native diversity (Charles
and Dukes 2007; Theoharides and Dukes 2007),
great attention should be given to enhancing invasion
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risk management, typically in tropical mountain
ecosystems.

Mount Kinabalu is Malaysia’s most famous and
species-diverse tropical mountain. Situated in the
country’s eastern territory of Sabah, it is the highest
peak in Southeast Asia and is renowned both locally
and worldwide as a biodiversity hotspot, given its
rich flora and mountaineering opportunities (Abdul
Latip et al. 2020). As a popular destination for tour-
ism, a large part of Mount Kinabalu is managed and
protected under the Kinabalu Park World Heritage
Site of the United Nations Educational, Scientific and
Cultural Organization (UNESCO). The park has five
main focal areas comprising biological and physical
resource conservation, scientific research and educa-
tional value enhancement, recreational and tourism
activities, cultural and historical value preservation,
and management procedures to support other strate-
gic thrusts (Beaman et al. 2003).

Similarly to many tropical mountain ecosystems,
APS are one of the significant threats to Kinabalu
Park. Because it is a World Heritage Site, the essen-
tial requirement is to ensure that the flora and fauna
in Kinabalu Park are free of any species of foreign
origin. The International Union for Conservation of
Nature (IUCN) World Heritage Outlook 3, published
on 2 December 2020, summarizes the most signifi-
cant conservation challenges in Kinabalu Park as a
World Heritage Site as follows: ‘The absence of an
up-to-date management plan and the lack of formal
monitoring, assessments, and reporting reduce the
ability of the management authority to identify and
address emerging threats...” (IUCN World Heritage
Outlook 2020).

Furthermore, the substantial risk of APS was men-
tioned in Sabah Parks Enactment 1984 Part VIII, 48.
(f) and Part X, 58. (3), ‘to must not introduce alien
species vegetation into a Park or Nature Reserve and
it must be destroyed...’. In line with the state legis-
lation, the park management has imposed various
economic efforts over the past ten years to eradicate
the false dandelion (Hypochaeris radicata) from the
family Asteraceae, which has been recognized as the
worst invasive APS throughout Kinabalu Park. The
plant was initially undetected in the upland areas of
Kinabalu Park in the early 1980 s (K. Kitayama pers.
commun.). However, its rapid dispersal, particularly
on the Summit trail to a high elevation of ca. 3,675
ma.ss.]. in the Sayat-Sayat Control Post area, has
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recently raised concerns over its potential risk (IUCN
World Heritage Outlook 2020). Although thousands
of kilograms of H. radicata were collected during
each eradication programme organized by the park
management, the proliferation of the invasive plant
remains unsolved (Ruben 2011). In recent years,
Sabah Parks has remained dedicated to addressing the
issue of invasive species through ongoing eradication
programmes and scientific research (Olivia 2022; Jus-
tine et al. 2024; Stephanie 2024a, 2024b).

The lack of systematic studies on APS in Kinabalu
Park has made it challenging to develop an effective
management plan for monitoring, controlling and
eradicating APS throughout the park. Furthermore,
the invasion history and distribution of APS, as well
as their impacts across elevation gradients on eco-
system services in tropical mountains, particularly in
Mount Kinabalu, remain poorly understood. Given
the importance of Kinabalu Park as a tourist destina-
tion and its crucial role in conserving unique biodi-
versity, including rare and endangered species, it is
essential to establish baseline information. This will
support the design of practical management plans for
monitoring, controlling and eradicating APS within
the park.

This study serves as an initial step in assessing the
extent of APS establishment in Kinabalu Park, par-
ticularly in areas with intensive tourism activities. It
aims to address key questions such as which APS are
present at three locations within the Kinabalu Park,
where are APS most prevalent, and which species
are found more frequently? This baseline study also
opens the door for future research on selected APS,
including their distribution, spread, ecology and
impacts on the local ecosystem and native species,
with a focus on long-term monitoring. Therefore,
the checklist provided in this study is crucial for the
future development of more effective management
strategies to control and eradicate invasive APS, ulti-
mately helping to preserve the unique biodiversity of
Kinabalu Park.

Material and methods

Study area

Kinabalu Park was established in 1964 as a protected
national park and declared Malaysia’s first UNESCO

World Heritage Site on 2 December 2000. Located
in the Malaysian state of Sabah on the island of Bor-
neo, the park covers an area of approximately 754
km?, which includes parts of three districts of Sabah:
Ranau, Kota Belud, and Kota Marudu (Fig. 1). Mount
Kinabalu is located within Kinabalu Park and is the
highest mountain between the Himalayas and New
Guinea, standing at 4,095 m a.s.l. The mountain fea-
tures several types of forests, ranging from tropical
lowland and hill rainforest to tropical montane forest
and sub-alpine forest and scrub. It also features steep
slopes, diverse geology and periodic climatic oscilla-
tions, making it a perfect area for speciation (Kitay-
ama et al. 2014). Remarkably, Mount Kinabalu is
home to a rich diversity of flora and fauna, which var-
ies according to different elevational zones.

Kinabalu Park, and Mount Kinabalu in particu-
lar, has been a significant tourist attraction since its
establishment due to its exceptional natural beauty,
unique biodiversity, cultural significance and status
as a UNESCO World Heritage Site. From a mere 879
visitors in 1965, the number of visitors increased sig-
nificantly over the years to 313,029 visitors in 2019
(Wong and Phillipps 1996; Sabah Parks 2023). Most
visitors came from outside Sabah, with approxi-
mately one-fifth being international tourists. The
Mesilau substation alone recorded 19,393 visitors in
2014 (Sabah Parks 2020). However, the station was
officially closed in 2015 due to significant damage to
the park’s infrastructure following the 6.0 magnitude
earthquake that struck the region.

This study was conducted at three study sites of
the areas most heavily utilized by tourists at Mount
Kinabalu, Sabah, namely (i) the KP headquarters
complex, (ii) the Mesilau substation, and (iii) the
Summit trail (Fig. 1). KP headquarters complex is
located at an approximate elevation of 1,500 m a.s.l.
and is situated in lower montane forest with a mean
annual temperature of 20°C and a mean annual rain-
fall of 2,300 mm (Kitayama et al. 2014). By con-
trast, the Mesilau substation is located at the south-
east corner of Mount Kinabalu and approximately 17
km from KP headquarters complex. The substation
is at an elevation of around 2,000 m a.s.l. within the
mossy cloud and upper montane forest and boasts a
great variety of vegetation. The area also experiences
much cooler temperatures with an average annual
temperature range of 12.1-16.5°C. Furthermore, the
Summit trail is the main route for most climbers to
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Fig. 1 Location of research plots in Kinabalu Park, Sabah. A — Map of Sabah, Malaysia. B — Map of Kinabalu Park. C — Kinabalu
Park headquarters complex (14 plots). D — Mesilau substation (12 plots). E — Summit trail (10 plots)

Mount Kinabalu. The trail begins at the Timpohon
Gate (approximately 4 km KP headquarters complex)
at an elevation of 1,850 m a.s.l. and leads to Low’s
Peak (the highest peak) at 4,095 m a.s.1.

The KP headquarters complex and the Summit trail
are frequently visited by tourists and are renowned
for their established trails, a diverse range of accom-
modation options, and rich natural biodiversity. By
contrast, the Mesilau substation has less tourism
infrastructure and fewer visitors than the other two
locations. It serves as a primary entrance to the Mesi-
lau Trail for climbing Mount Kinabalu and as a lodg-
ing facility. The diversity of unique flora and fauna
at different climate zones of Mount Kinabalu change
with increasing elevation, from lowland dipterocarp
forest to the summit zone and stunted bushes. The
environmental conditions in these climate zones are
characterized by a lower average annual temperature
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range of 4.9-12.1 °C (Kitayama 1992). These fac-
tors pose a challenging environment for plant growth,
exacerbated by high wind velocity and low soil fertil-
ity. Consequently, the diversity of plant species that
could survive and flourish within this harsh climate
zone is severely limited.

Study design and plant sampling

This study aimed to assess the richness and distribu-
tion of APS in three high-tourism locations on Mount
Kinabalu: the KP headquarters complex, the Mesilau
substation and the Summit trail. These areas were
selected to maximize coverage in terms of eleva-
tion, forest types and soil conditions while focusing
on zones with intensive tourism activities. A total of
36 plots were established: 14 plots at the KP head-
quarters complex, 12 plots at the Mesilau substation
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and 10 plots along the Summit trail. Each plot had
a radius of 25 m, and the placement of plots was
designed to cover as much area as possible within
each location.

Given the heterogeneity of Mount Kinabalu’s geol-
ogy, vegetation and elevation, the sampling design
aimed to capture the overall richness and distribution
of APS across diverse environments. However, the
objective of this study was not to address specific eco-
logical questions or test hypotheses related to these
environmental factors. Instead, the focus remained
on gathering broad, representative data on APS pres-
ence within these varied habitats. Plant sampling was
carried out between 2 and 26 February 2021. The
presence of APS and the respective geographic coor-
dinates (latitude, longitude) were recorded for each
plot.

During fieldwork, potential APS—whether inten-
tionally planted as food crops, ornamentals, or natu-
rally spread—were initially identified within each
plot. Specimens that were either suspected or con-
firmed to be APS were collected for further analysis.
Upon return to the laboratory, each specimen was
carefully examined, and only those confirmed as APS
were retained. These verified APS specimens were
then kept as voucher specimens in the Sabah Parks
Herbarium (SNP).

Alien plant species identification and invasiveness
assessment

The identification of APS followed a systematic
approach to determine whether the species were
native or alien to Kinabalu Park. Multiple resources
were consulted, including the comprehensive work
of Chen (2008), mobile application tools and the
expertise of Sabah Parks’ in-house botanists. Collec-
tions from the SNP, established in 1981, were also
instrumental in confirming the native or alien status
of species. Given Kinabalu Park’s extensive botani-
cal documentation since 1851 (Beaman 2005), they
provided a crucial baseline for distinguishing between
native and introduced species. This baseline, built on
herbarium specimens and historical research, guided
the identification process. Once a species was con-
firmed as alien and identified by Sabah Parks’ bota-
nists, its scientific name was verified using the World
Flora Online (WFO 2024) to ensure consistency in
nomenclature.

To assess the invasiveness of the confirmed APS,
various global and regional databases were consulted.
These included resources such as the BioPortal of the
Naturalis Biodiversity Center (Naturalis Biodiversity
Center 2022), the digital herbarium of Meise Botanic
Garden (Botanical Collections 2022), the Global Bio-
diversity Information Facility (GBIF 2022) and the
Kew Herbarium Catalogue (Royal Botanic Gardens,
Kew 2022). Additional reports and sources, includ-
ing Pallewatta et al. (2003), Swearingen and Bargeron
(2016), Faridah-Hanum and Latiff (2021), Centre
for Agriculture and Biosciences International (CABI
2024) and Global Invasive Species Database (GISD
2024), were referred to determine the invasive status
of each species within Malaysia and globally. All APS
specimens were preserved using standard herbarium
methods, as outlined by Maden (2004). These meth-
ods included drying, pressing, mounting on paper and
labelling with essential details such as species name,
location and voucher number. The specimens were
then stored in the SNP for future reference.

Data analysis

The final APS data were organized into a matrix of
98 species by 36 plots, with each cell representing the
presence (1) or absence (0) of a species in each plot
across the three locations. The species richness was
then calculated, referring to the total number of spe-
cies for each location (Chao et al. 2014; Hsieh et al.
2016). To identify the most frequently encountered
APS, we calculated the percentage frequency for each
species. This was done by dividing the number of
plots where each APS was present by the total num-
ber of plots (36) and then multiplying by 100. This
measure helped determine which species were the
most widespread across the three study locations, pro-
viding insight into species dominance and distribu-
tion patterns.

To evaluate the adequacy of the sampling effort
and assess species richness across the study sites, we
employed the ‘INEXT’ package in R v. 4.1.2 (R Core
Team 2021). Coverage-based rarefaction and extrapo-
lation curves were generated to estimate sampling
completeness. These curves allowed us to determine
whether the sampling effort was sufficient to capture
the majority of APS present in the study areas and to
compare species richness across the different loca-
tions, accounting for variations in sampling effort.
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Results

A total of 404 specimens were collected during the
fieldwork and successfully identified to the species
level. Among these, 344 were identified as alien
plants, representing 98 different APS from 39 fami-
lies (Table S1 in the electronic supplementary mate-
rial). Notably, a significant portion of these alien
plants, 65 out of 98 APS, were classified as invasive
based on previous reports (Pallewatta et al. 2003;
Swearingen and Bargeron 2016; Faridah-Hanum and
Latiff 2021; CABI 2024; GISD 2024). Table 1 pro-
vides twenty of the most prominent APS across the
study sites, detailing their families, invasive status
and percentage frequency.

Asteraceae is the most represented family with
twenty species (20% of all APS). Poaceae and Aspar-
agaceae follow with seven species each (7.14%).
Asteraceae are present in 32 out of the 36 plots
accounting for 88.9% of the study plots, followed by

Plantaginaceae (52.8%; Table S2 in the electronic
supplementary material).

In terms of floral origin regions (Table S3 in the
electronic supplementary material), 45 APS are from
the Neotropical region (South and Central America),
26 from the Palaeotropical region (tropical Asia and
the Indian subcontinent), 26 from the Boreal (Holarc-
tic) region (North America, East Asia, and Europe)
and one species from the South African (Capensic)
region. This corresponds to 46%, 26.5%, 26.5% and
1%, respectively.

The APS inventory’s sampling completeness at
the KP headquarters complex and Mesilau substa-
tion is over 83%, while that of the Summit trail is at
64% (Fig. 2). Species richness in the KP headquarters
complex, Mesilau substation, and the Summit trail
were 91, 21 and 9 species, respectively (Fig. 3).

Based on Fig. 4, the highest APS richness was
recorded in the staff quarters (59 species), followed
by the Tibabar quarters (27 species) and the Rock

Table 1 Most prominent alien plant species identified across the study sites in Kinabalu Park, Sabah

Species Family Invasive status*® Percentage
frequency [%]
Hypochaeris radicata L. Asteraceae Invasive 63.9
Plantago major L. Plantaginaceae Invasive 52.8
Crassocephalum crepidioides S.Moore Asteraceae Invasive 50.0
Polygala paniculata L. Polygalaceae Invasive 38.9
Bidens pilosa L. Asteraceae Invasive 36.1
Impatiens balsamina L. Balsaminaceae Invasive 333
Elephantopus mollis Kunth Asteraceae Invasive 25.0
Emilia fosbergii Nicolson Asteraceae Invasive 25.0
Ipomoea tricolor Cav. Convolvulaceae Invasive 25.0
Erigeron canadensis L. Asteraceae Invasive 22.2
Physalis minima L. Solanaceae NA 22.2
Pleroma urvilleanum (DC.) P.J.F.Guim. & Michelang. Melastomataceae NA 22.2
Sonchus asper (L.) Hill Asteraceae Invasive 222
Chlorophytum comosum (Thunb.) Jacques Asparagaceae NA 19.4
Flagellaria indica L. Flagellariaceae NA 19.4
Rosa pendulina L. Rosaceae Invasive 19.4
Cardamine flexuosa With. Brassicaceae Invasive 16.7
Cuphea hyssopifolia Kunth Lythraceae Invasive 16.7
Dracaena trifasciata (Prain) Mabb. Asparagaceae NA 16.7
Miconia crenata (Vahl) Michelang. Melastomataceae Invasive 16.7

NA not available

“Based on previous reports such as Pallewatta et al. (2003), Swearingen and Bargeron (2016), Faridah-Hanum and Latiff (2021),

CABI (2024) and GISD (2024).
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Fig. 2 Sampling completeness at the Kinabalu Park headquarters complex (0.85), the Mesilau substation (0.83) and the Summit trail
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hostel (25 species). By contrast, the lowest number
of species (one species) was recorded in ten plots
within the three zones.

The three most widespread APS in all three study
sites are Hypochaeris radicata (23 plots — 63.9%;
Fig. 5A), Plantago major (19 plots — 52.8%;
Fig. 5B), and Crassocephalum crepidioides (18
plots — 50%; Fig. 5C). Specifically, H. radicata pop-
ulation was detected at 11 plots in the KP headquar-
ters complex, eight plots in the Mesilau substation
and four plots in the Summit trail with the highest
elevation, ca 3,675 m at KM 7 (Sayat-Sayat Con-
trol Post). Meanwhile, P. major populations were
discovered at eleven plots in the KP headquarters
complex, five plots in Mesilau substation, and three
plots in the Summit trail with the highest elevation,
ca 3,277 m a.s.l., near the Burlington (Panalaban
substation). Furthermore, the population of C. cre-
pidioides was detected at thirteen plots in the KP
headquarters complex, four plots at the Mesilau
substation, and one plot in the Summit trail, with

the highest elevation of ca 2,260 m at Kemburongoh
Telekom.

Three of the APS identified in this study are listed
among the 100 worst IAS in the world (Luque et al.
2013), namely Imperata cylindrica (Poaceae), Mico-
nia crenata (Melastomataceae) and Lantana camara
(Verbenaceae). In particular, 1. cylindrica was
recorded only in one location at the Mesilau substa-
tion whereas M. crenata and L. camara were recorded
in six and three locations at the KP headquarters com-
plex, respectively.

Discussion

Checklist and richness of alien plant species

This study presents the first comprehensive checklist
of alien plant species in Kinabalu Park, identifying 98

species encompassing treelets, shrubs, herbs, creep-
ers and grasses. Among the three heavily frequented
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Fig. 3 Species richness in the Kinabalu Park headquarters complex (91 species), the Mesilau substation (21 species), and the Sum-

mit trail (9 species)

tourist sites (the KP headquarters complex, the Mesi-
lau substation and the Summit trail) spanning eleva-
tions from 1,470 to 3,940 m a.s.l., the KP headquar-
ters complex exhibited the highest species richness
with 91 recorded species.

The Asteraceae family was particularly prevalent,
detected at 32 out of 36 localities (approximately
88.9% of study sites), reflecting its adaptability to
various ecosystems (Panero and Funk 2008). Nota-
bly, the most widespread species from this fam-
ily were Hypochaeris radicata (false dandelion),
Crassocephalum crepidioides (redflower ragleaf) and
Bidens pilosa (black-jack). The dominance of these
species can be attributed to their ecological flexibil-
ity and competitive growth strategies. For example,
H. radicata thrives in disturbed soils, often outcom-
peting native flora. Similarly, C. crepidioides and B.
pilosa are known for their rapid colonization abili-
ties. Additionally, they are aggressive and weedy spe-
cies with small seeds that can be easily dispersed by
wind. These characteristics as align with common
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IAS traits, including high dispersal efficiency, pro-
lific reproduction, tolerance to a wide range of envi-
ronmental conditions, and rapid growth, all of which
facilitate their adaptation in non-origin habitats
(Fletcher et al. 2019).

Furthermore, three of the IAS (Imperata cylin-
drica, Miconia crenata and Lantana camara) are
listed among the top 100 worst invasive species
globally. This high proportion of invasive species
underscores the significant threat they pose to the
region’s biodiversity and ecological integrity. The
widespread occurrence of H. radicata, which was
found in 63.9% of the total study plots, especially
in open areas and near tourism facilities is particu-
lar concerning. These species are known to cause
ecological harm by outcompeting the native flora
(Peters 2001; Lucardi et al. 2020), necessitating
early detection and rapid response strategies. With
98 APS recorded, of which 65 species are classi-
fied as invasive based on previous reports, Kina-
balu Park surpasses other regions such as Gunung
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Gede-Pangrango, Gunung Merapi, Gunung Merb-
abu, and Bromo Tengger Semeru in Indonesia,
which has 41 invasive species (Padmanaba et al.
2017), as well as Arunachal Pradesh and Assam
in India, which report 18 invasive species (Kosaka
et al. 2010). By contrast, Himachal Pradesh in India
reports a higher number of APS at 425 species
(Ahmad et al. 2018), which may be attributed to its
broader elevation range (300-4,900 m a.s.l.) and
more extensive anthropogenic influences.

Influence of environmental and anthropogenic factors

Environmental factors, such as the climate, elevation,
habitat diversity and disturbance, significantly influ-
ence the distribution of APS (Panitsa et al. 2018). The
largest proportion of APS in Kinabalu Park originate
from the Neotropical region (46%). This pattern may
be explained by the similarity in climatic and envi-
ronmental conditions between the Neotropical region
and Mount Kinabalu’s tropical mountain climate. The

@ Springer



V. T. Justine et al.

Fig. 5 The three most
widespread alien plant
species in Kinabalu Park,
Sabah. A — Hypochaeris
radicata (false dandelion).
B — Plantago major (broad-
leaf plantain). C — Crasso-
cephalum crepidioides
(redflower-ragleaf)

Neotropical region, encompassing tropical areas of
the Americas, including parts of Central and South
America, shares similar climates with Southeast Asia.
Both regions experience warm temperatures, high
humidity and substantial rainfall (Corlett and Pri-
mack 2006; Groves 2022), making Neotropical plant
species pre-adapted to thrive in conditions like those
found in Kinabalu Park. Additionally, many Neotropi-
cal plants are adapted to mountainous terrains and
can tolerate a wide range of elevations (Cuesta et al.
2017), increasing their potential to successfully estab-
lish in the diverse elevational zones of the park.

The high richness of APS at the KP headquarters
complex appears to result from a combination of fac-
tors. First, its lower elevation compared to the Mesi-
lau substation and the Summit trail provides more
favourable conditions, such as higher temperatures
and increased resource availability, which typically
support a greater diversity of plant species (Grytnes
and McCain 2013). Secondly, the KP headquarters
complex experiences higher levels of human activity,
both from tourism and park management operations.

@ Springer

Being the first area to open to visitors, it has had a
longer duration of exposure to human influence
and receives more visitors than the other sites. This
increased human presence facilitates the introduction
and spread of APS through pathways such as acci-
dental seed dispersal, disturbance of native habitats,
and intentional planting of ornamental species (Bakar
2004).

The proximity to human settlements and tourism
facilities significantly contributes to the proliferation
of APS. The extensive distribution of APS near the
staff quarters in the KP headquarters complex, where
59 species were recorded, underscores the impact of
human activities. Similar patterns have been observed
elsewhere, where increased human population den-
sity and associated disturbances significantly affect
APS richness (Dimitrakopoulos et al. 2022; Yang
et al. 2022; Justine et al. 2024; éipek and gajna 2020,
2024).

Whereas the Summit trail and the Mesilau substa-
tion also host tourist activities, their higher elevations
and harsher environmental conditions—particularly
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at the Summit trail, with different forest types, veg-
etative structures, and soil types along the elevation
gradient—may hinder APS establishment and prolif-
eration. These factors result in lower overall species
richness of APS in these areas, as APS often struggle
to adapt to the more specialized and less hospitable
conditions found at higher elevations (Becker et al.
2005).

Management implications

The KP headquarters complex, with its high species
richness of APS, is a critical area for monitoring and
management efforts. Targeted strategies should focus
on preventing the establishment and further spread of
APS in this rich habitat to protect native biodiversity.
The twenty most prominent APS listed in Table 1
provide essential insights for park managers, allowing
them to prioritize control efforts on the most aggres-
sive and widespread invasive species. Management
should also concentrate on the most prevalent spe-
cies using cost-efficient mitigation approaches (Nel
et al. 2004). Despite Kinabalu Park’s designation
as a World Heritage Site, its protected status alone
is insufficient to safeguard against the threats posed
by APS. Active management measures are essential
(Clout 2001; Bissessur et al. 2017).

Strengthening management efforts requires
enhancing early detection and rapid response (EDRR)
strategies to identify and control APS before they
become widespread and cause significant ecologi-
cal harm. This can be achieved by incorporating
innovative technologies such as environmental DNA
(eDNA) analysis (Larson et al. 2020), which allows
for the detection of species through soil or water sam-
ples without the need for direct observation. Further-
more, unmanned aerial vehicles (UAVs) equipped
with remote sensing technologies can improve moni-
toring in challenging terrains (Papp et al. 2021; Roy-
imani et al. 2019). Prioritizing EDRR in high-risk
areas, such as trails and park entry points, alongside
targeted mechanical removal—such as mowing, cut-
ting, or uprooting—can greatly enhance invasive
species management efforts (Cutway 2017; Flory
and Clay 2009). For smaller infestations, manual or
mechanical removal methods can be highly effec-
tive, particularly for species that are easy to uproot or
cut. Some Asteraceae species, particularly those with
deep perennial roots, like H. radicata (Aarssen 1981),

are easier to remove on rainy days when softer soils
facilitate full root extraction. Complete removal under
these conditions prevents regrowth and enhances con-
trol effectiveness. Moreover, public awareness cam-
paigns and community involvement in monitoring
and removal initiatives can help improve surveillance,
prevent the introduction and spread of invasive spe-
cies, and reduce management costs (Shackleton et al.
2019).

In Kinabalu Park, several management strategies
have been implemented, with a focus on controlling
the spread of the most prevalent APS, Hypochaeris
radicata. An annual eradication programme is carried
out, involving local communities and stakeholders in
the manual removal of H. radicata. This initiative is
complemented by public awareness campaigns to fos-
ter community engagement and understanding of the
invasive species issue (Ruben 2011; Olivia 2022; Jus-
tine et al. 2024; Stephanie 2024a, 2024b).

Future research

The raw data collected in this research serves as a
foundation for creating digital maps that offer a com-
prehensive overview of the distribution, abundance
and characteristics of IAS in the park. Leveraging
this data, along with other relevant ecological infor-
mation, will enable more precise and targeted man-
agement efforts. It is recommended to develop digital
mapping tools to track the presence of APS, monitor
growth and expansion rates, and assess treatment effi-
ciency (Bolch et al. 2020).

Sampling completeness varied among the study
sites, with the KP headquarters complex and the
Mesilau substation achieving over 83% complete-
ness, but only 64% in the Summit trail. The lower
completeness in the Summit trail indicates chal-
lenges in surveying areas with complex terrains and
environmental conditions. More systematic surveys
along the elevation gradients, particularly along the
trails, are needed to obtain a complete picture of APS
distribution.

Future research should concentrate on understand-
ing the invasion processes and ecological impacts of
APS on native biodiversity (e.g. Pritekel et al. 2006;
Lazzaro et al. 2020), particularly in mountain ecosys-
tems where species are often highly specialized and
sensitive to disturbances. Investigating factors influ-
encing the rate of plant invasion—including historical
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introductions, pathways of spread, and the role of
climate change (e.g. Theoharides and Dukes 2007;
Ricciardi et al. 2021)—will provide deeper insights
into preventing future invasions. Additionally, study-
ing the potential effects of global warming on APS
invasion rates at higher elevations (e.g. Petitpierre
et al. 2016; Shrestha et al. 2018) is crucial, as climate
change may exacerbate these risks.

Conclusion

This study presents the first comprehensive checklist
of alien plant species in Kinabalu Park, Malaysia,
identifying 98 species, with a notable 65 classified as
invasive according to previous reports. These findings
provide essential reference information for developing
effective management strategies and guiding future
research efforts to control and eradicate invasive alien
plant species in Kinabalu Park. By prioritizing areas
for monitoring and focusing on the most aggressive
invasive species, park managers can implement more
targeted and effective actions to halt the expansion of
alien plant species. Future research on Mount Kina-
balu should focus on understanding the invasion pro-
cesses, ecological impacts on native biodiversity, and
the potential effects of climate change on the distri-
bution of alien plant species, particularly at higher
elevations. Investigating factors, such as historical
introductions, pathways of spread and species-spe-
cific traits, will provide deeper insights necessary for
developing long-term management solutions.
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Appendix

Table 2 Location of plots within the three study sites in Kinabalu Park

No. Location of plot Study site Elevation Latitude (° N)  Longitude (° E)
[approx. m a.s.l.]
1 Staff quarters KP headquarters complex 1,470 6.0081 116.5426
2 Liwagu restaurant KP headquarters complex 1,486 6.0105 116.5405
3 Kinabalu hall KP headquarters complex 1,522 6.0092 116.5421
4 Near the new TTS building KP headquarters complex 1,562 6.0103 116.5408
5 Balsam cafe KP headquarters complex 1,568 6.0061 116.5424
6 Bilik Operasi KP headquarters complex 1,571 6.0057 116.5425
7 Pejabat Pemuliharaan KP headquarters complex 1,575 6.0054 116.5432
8 Tibabar quarters KP headquarters complex 1,575 6.0056 116.5436
9 Rock hostel KP headquarters complex 1,577 6.0089 116.5415
10 Liwagu resthouse KP headquarters complex 1,583 6.0058 116.5421
11 Nepenthes lodge KP headquarters complex 1,593 6.0108 116.5398
12 Kinabalu lodge KP headquarters complex 1,598 6.0088 116.5410
13 Hill lodge KP headquarters complex 1,610 6.0119 116.5392
14 Pondok Silau-silau KP headquarters complex 1,663 6.0185 116.5368
15 Mesilau new administration office Mesilau substation 1,785 6.0429 116.5960
16 Mesilau Genset Mesilau substation 1,898 6.0437 116.5958
17 Mesilau staff quarters TTS (VIP) Mesilau substation 1,919 6.0467 116.5958
18 Mesilau SSL administration Mesilau substation 1,928 6.0445 116.5960
19 Mesilau Low’s peak Mesilau substation 1,934 6.0453 116.5964
20 Mesilau Renanthera restaurant Mesilau substation 1,935 6.0454 116.5955
21 Mesilau King Edward Mesilau substation 1,940 6.0459 116.5970
22 Mesilau administration Mesilau substation 1,941 6.0449 116.5959
23 Mesilau staff quarters TTS (RC & RM)  Mesilau substation 1,945 6.0466 116.5955
24 Mesilau staff quarters SSL (W) Mesilau substation 1,947 6.0465 116.5953
25 Mesilau staft quarters SSL (L) Mesilau substation 1,948 6.0465 116.5958
26 Mesilau Witti range 3—4 Mesilau substation 1,955 6.0469 116.5970
27  Pondok Kandis Summit trail 1,970 6.0317 116.5497
28 Kemburongoh Telekom Summit trail 2,260 6.0404 116.5500
29  Layang-layang Summit trail 2,718 6.0458 116.5601
30  Pondok Villosa Summit trail 2,981 6.0514 116.5639
31 Laban Rata Summit trail 3,270 6.0584 116.5660
32 Burlington Summit trail 3,277 6.0586 116.5661
33 Panar Laban Summit trail 3,328 6.0607 116.5661
34 Gunting Lagadan Summit trail 3,338 6.0606 116.5663
35 KM 7 Summit trail 3,675 6.0656 116.5661
36 Sayat-Sayat Summit trail 3,683 6.0656 116.5656

KP Kinabalu Park, TTS Taman-Taman Sabah, RC & RM reception centre and reception manager, SSL Sutera sanctuary lodges, W
women’s quarters, L men’s quarters, KM kilometre
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Species richness and distribution of alien plant species in Kinabalu Park, Malaysia

Table 3 (continued)

Origin (country/conti- Herbarium record
nent)

Location of plot Origin (region of

Study site

Herbarium

Scientific name

Family

No.

flora distribution)

specimen No.

Selangor, Malaysia (20
January 1987)

southern Florida to the

Mesilau staff quarters SSL (L) Boreal (Holarctic)

Mesilau substation

Duranta erecta L. SNP 41585

Verbenaceae

95

Caribbean, Mexico to
North America

Collector: Richard D.

Worthington

Mesilau Renanthera restaurant

SNP 41915

Mesilau SSL administration

SNP 41945

KP headquarters complex  staff quarters

SNP 42315
SNP 42121

L.2766376, Malaysia (21

Mexico to tropical

Neotropical

KP headquarters complex Kinabalu lodge

Lantana camara L.

Verbenaceae

96
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southeastern USA to L.2773155, Port Dickson,

Neotropical

SNP 42339 KP headquarters complex staff quarters

Stachytarpheta jamaicen-
sis (L.) Vahl

Verbenaceae

97

Negeri Sembilan, Malay-
sia (24 January 1946)

Collector: Monod de
Froideville C

NA

tropical America

southwestern India

Palaeotropical

SNP 42183 KP headquarters complex staff quarters

Curcuma longa L.

Zingiberaceae

98
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