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Most of the world's largest flowers (genus Rafflesia) are now
on the brink of extinction
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Societal Impact Statement

Rafflesia is the genus that contains the world's largest flowers. Despite their global
appeal, most of the 42 known species are now at risk of extinction. Urgent action is
needed to protect these remarkable flowers. A combined approach to conservation is
recommended, including a greater level of habitat protection and support for local
community action groups. Rdfflesia is a suitable new icon for conservation in the
Asian tropics.

Summary

The genus Radfflesia, which includes the world's largest flowers, has aroused curiosity
among scientists for centuries and features prominently in local culture across South-
east Asia. The plant has long been used in ethnobotanical medicine and, more
recently, as a source of revenue from ecotourism. But despite its acclaim, Rafflesia
remains poorly understood in many respects. Taxonomy is disputed, new species are
described each year, and the plant has proven recalcitrant to cultivation. This has hin-
dered conservation, and most of the 42 known species are now severely threatened,
yet only one is listed by the International Union for Conservation of Nature (IUCN).
We estimate that 60% of Rafflesia species face a severe risk of extinction (equivalent
to Critically Endangered [CR]). Moreover, we predict that at least 67% of known hab-
itats fall outside protected areas, exacerbating their vulnerability. Alarmingly, recent
observations suggest taxa are still being eradicated before they are even known to
science. We present recent scientific discoveries and probable extinctions and high-
light case studies of conservation success, with a focus on the role of local people.
We propose a multi-pronged conservation approach combining strengthened taxon-
omy, ex situ propagation, ecotourism, and an extension of protected areas. We sug-
gest action devolved to local communities and awareness campaigns linked to social
media networks will be crucial outside of protected jurisdictions. Finally, we propose

to establish Rafflesia as a new icon for plant conservation in the Asian tropics. A
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combined approach might just save some of the world's most remarkable flowers,

most of which are now on the brink of being lost.
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1 | INTRODUCTION

Southeast Asia is one of the most plant-rich regions on earth
(Brummitt et al., 2021). Rafflesia R.Br. (1821:207), the genus with the
largest solitary flower, is restricted to this region, especially the
Philippines, Borneo, Java, Sumatra, and Peninsular Malaysia. A
remarkable spate of species descriptions in the last two decades has
improved our knowledge about the diversity and distribution of

Rafflesia. Since the beginning of the 21st century, the species count
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FIGURE 1

has doubled from the number described between 1821 and 1984
(Brown, 1821; Mat Salleh & Latiff, 1989). The last treatment of the
genus by Meijer in 1997 described 13 species. Today, 42 species of
Rafflesia (Figure 1) are known to science (Adam et al, 2022;
POWO, 2023), and still more taxa await description. In line with the
theory of island biogeography (MacArthur & Wilson, 1967; Wilson &
MacArthur, 2016), a greater number of Rdfflesia species occur on
larger islands. However, the island of Luzon (Philippines) hosts a num-

ber of species similar to those of Borneo, which is seven times larger.
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Map showing the diversity in the genus Rafflesia across the Malesian Floristic Region. Photos/illustrations credits: Indonesia

(Rafflesia arnoldii, Rafflesia bengkuluensis - AB Tobias; Rafflesia gadutensis - Septian Andriki; Rafflesia hassletii - Jeremy Holden;

Rafflesia micropylora - Jan Vrsovsky; Rafflesia patma - BRIN; Rafflesia rochussenii - BBTN Gede Pangarango); Malaysia (Rafflesia azlanii,
Rafflesia cantleyi, Rafflesia kerrii, Rafflesia tiomanensis - Siti-Munirah MY; Rafflesia pricei, Rafflesia keithii - CJ Thorogood; Rafflesia tuan-mudae -
Anthonia Chia); Philippines (Rafflesia aurantia, Rafflesia lobata, Rafflesia manillana, Rafflesia mixta - drawn by ABT based on photos of Danilo

S. Balete, Renee Galang, SINP PAMO and CENRO Tubod; Rafflesia banaoana, Rafflesia consueloae, Rafflesia baletei, Rafflesia banahawensis,
Rafflesia panchoana - AB Tobias; Rafflesia leonardi - Erwin Agbayani; Rafflesia mira - Celine Murillo; Rafflesia speciosa - PL Malabrigo;

Rafflesia schadenbergiana - Ramil Alcala; Rafflesia verrucosa - Sidic Nobair); Base map by Gerald Eduarte.
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Pelser et al. (2019) proposed that Rdfflesia species have a limited
dispersal capacity and therefore exhibit a high level of island
endemism. Most species are restricted to a single island. Only five
species (Rdfflesia arnoldii R.Br., 1821; Rafflesia hasseltii Suringar, 1879;
Rafflesia rochussenii Teijsman & Binnendijk, 1850:427, 429; Rdfflesia
cantleyi Solms-Laubach, 1910; and Rafflesia speciosa Barcelona &
Fernando, 2002) occur on more than one island. In Indonesia,
R. arnoldii and R. hasseltii span Borneo and Sumatra, while
R. rochussenii occurs on both Java and Sumatra. Meanwhile, in the
Philippines, R. speciosa occurs on the islands of Negros and Panay.
Most species are highly restricted, known only in one or two localities,
and some have been collected just once (Siti-Munirah et al., 2020).

Since the documented discovery of Rdfflesia, taxonomy in the
genus has been challenging and in a state of flux. Type specimens are
often poor or missing, and living material is often difficult to access.
Of the 42 known species, some have been described from very
poor specimens or sometimes only a bud (for example Rafflesia
horsfieldii R.Br., 1821; Radfflesia ciliata Koorders, 1918; Rafflesia
witkampi Koorders, 1918; Rdfflesia lagascae Blanco, 1845:595; and
Rafflesia philippensis Blanco, 1845:565). The taxonomic validity of
some species has been questioned, while other taxa have been consid-
ered cryptic or conspecific by some authors (Hidayati & Walck, 2016),
leading to a lack of consensus. Without a robust and objective taxo-
nomic framework, effective conservation is problematic. Conservation
is further complicated by the fact that all species of Rafflesia are
endoparasitic, living within their host vines, Tetrastigma (Miq.)
Planchon (1887:423), and being invisible for most of their life cycle
(Thorogood et al., 2021). Furthermore, the genus Tetrastigma, which
comprises approximately 137 species from tropical and subtropical
Asia to the Southwest Pacific (POWO, 2023), is itself taxonomically
complex. Indeed, host identification is problematic for Rafflesia
because Tetrastigma species are challenging to identify with certainty
in the field, which has further hindered our understanding of the ecol-
ogy of Rafflesia. Little is known about the host specificity of Rafflesia.
Research by Pelser et al. (2016) in the Philippines shows that most of
the eight Tetrastigma lineages present on the islands are hosts to mul-
tiple Rafflesia species, while four Rdfflesia species parasitize multiple
Tetrastigma lineages. This suggests Rafflesia may be less host-specific
than previously thought, at least in the Philippines, but broad-scale
studies of host specificity across the genus are absent.

Population genetics may also help inform conservation practice,
for example via habitat protection targeted at particular areas (Pelser
et al., 2018) or the identification of cryptic taxa that may be over-
looked by existing conservation strategies (Pelser et al., 2017). Never-
theless, most species are poorly understood, and the infection process
of Rdfflesia in the host vine remains unknown two centuries after the
genus' introduction to science. Moreover, the lack of seed banking
and propagation techniques makes ex situ conservation extremely
challenging (Thorogood et al., 2022).

Southeast Asia has the fastest-disappearing forests on the planet
(Miettinen et al., 2011; Sodhi et al., 2004; Werth & Avissar, 2005).
The highly restricted distributions of most Rafflesia species in their

vanishing habitats (Figure 2), combined with the challenges associated
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with their propagation, call for an urgent, joined-up, cross-regional
approach to prevent the extinction of the world's most remarkable
flowers (Thorogood et al., 2022). In compiling this research, we have
established the first coordinated network of scientists from across the
globe to examine the conservation status (CS) of Rdfflesia. Together,
we combine decades of field observation, propagation experimenta-
tion, and working with Indigenous people to present a synthesis of
known diversity, provisional CS, threats, and ongoing conservation
efforts for Rafflesia and related genera across the Malesian region. We
unite isolated successes to propose a harmonized international con-
servation approach to conserving one of the world's greatest botani-

cal enigmas.

2 | CONSERVATION STATUS ACROSS
SOUTHEAST ASIA

21 | Brunei

Brunei has just one species of Rafflesia—Rafflesia pricei Meijer
(1984:214). It is found in Ulu Temburong National Park, one of the
major parks in the country and the first established national park since
1991. It is a lowland forest covering approximately 500 km?2. Brunei's
government enforces rigorous conservation measures to safeguard its
protected areas (PAs) and biodiversity, as stipulated in the Wildlife
Protection Act of 1978, and has established national legislation for
the protection of endangered species and their trade under the Wild
Flora and Fauna Order of 2007, which aligns with the Conservation
on International Trade in Endangered Species (CITES) agreement.

Non-governmental organizations (NGOs) such as the World
Wildlife Fund (WWF) offer projects for climate change mitigation and
sustainable management of tropical forests. In 2007, the governments
of Brunei, Malaysia, and Indonesia issued a joint declaration as part
of the Heart of Borneo Initiative, which was led by the WWF. The
program aims to strengthen the preservation of Borneo's remaining
undisturbed forests, which are crucial habitats for rare plants such as
Rafflesia.

The academic community also plays a crucial role in conservation
efforts, particularly in leading collaborative efforts. In the Kuala
Belalong Field Studies Centre (KBFSC), which is located in the Batu
Apoi Forest Reserve, the Universiti Brunei Darussalam monitors a
25-ha forest dynamics plot with funding from HSBC Brunei, the
Centre for Tropical Forest Science, and the Arnold Arboretum of
Harvard University. Rhizanthes lowii (Beccari) Harms (1934:287), a

relative of Rafflesia, is also found in the forest reserve.

2.2 | Indonesia

Rafflesia is celebrated as one of Indonesia's national flowers.
Indonesia is considered one of the centers of diversity for Rdfflesia,
with at least 15 accepted species recorded (POWO, 2023). It
is also home to four species of Rafflesiaceae in the genus Rhizanthes:
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FIGURE 2 Diversity of Rafflesia in the Philippines ((a) Rafflesia banaoana, (b) Habit of Rafflesia banaoana, (c) Rafflesia baletei,

(d) Rafflesia panchoana, (f) Site of Rafflesia baletei, (g) Site of Rafflesia panchoana), Malaysia ((e) Rafflesia cantleyi, (h) Site of Rafflesia cantleyi) and
Indonesia ((i) Cleared land for African oil palm plantation near the habit of Rafflesia bengkuluensis, (j) Rafflesia bengkuluensis). Photo credits:
Figures 2a-c; E-1: AB Tobias, Figure 2d,i-j: CJ Thorogood.
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Rh. deceptor (Banziger & Hansen, 2000:130), Rh. infanticida (Banziger
& Hansen, 2000:127), Rh. lowii, and Rh. zippelli (Blume)
(Spach, 1841:554). The Indonesian government places emphasis on
Rafflesia conservation through Regulation Decree of the Minister of
Environment  and Forestry  No. P.20/MENLHK/SETJEN/
KUM.1/6/2018. The Ministry of Environment and Forestry in
Indonesia has also prioritized conservation efforts for the genus. For
example, an in-situ conservation campaign has been initiated at the
Bogor Botanic Garden (BBG) in West Java. The success of ex situ con-
servation of Rafflesia was marked by the blooming of Rafflesia patma
(Blume, 1825) in 2010, following a campaign of trials combining graft-
ing, in vivo and in vitro seed propagation, and tissue culture. In 2004,
Tetrastigma scions infected with R. patma were obtained from the
Pangandaran Natural Reserve, West Java, and grafted onto a non-
infected rootstock using veneer and cleft grafting (Mursidawati &
Irawati, 2017; Mursidawati & Wicaksono, 2020). A Tetrastigma vine
nursery has been established at BBG to support further propagation
and ex situ conservation efforts by grafting. Rafflesia tuan-mudae
(Beccari, 1868:197) was grafted in 2011 and yielded buds in 2022;
these were later aborted. However, another species, R. patma has
bloomed 16 times on three vines. In sum, an average of less than one
flower has completed its life cycle in nearly two decades. Notwith-
standing, BBG remains the center for best practices in Rafflesia propa-
gation. We recommend extending the knowledge and experience
gained at BBG to other regions where conservation efforts are
urgently needed.

Reports of successful Rafflesia propagation by seed are scarce,
but there are some notable exceptions. In Bukittinggi, West Sumatra,
local gardener Joni Hartono applied seed from the ripe fruits of
R. arnoldii onto a Tetrastigma vine in his garden, yielding buds several
years later (Wicaksono et al., 2016). Similar reports exist for Rafflesia
keithii in Malaysia (Molina et al., 2017). In BBG, seeds of R. arnoldii
were also spread onto a well-established vine in 2012 and bloomed a
decade later. While there are other isolated anecdotal reports, docu-
mentation is lacking, suggesting an opportunity for better coordina-
tion between researchers and local communities. Recent research by
Molina et al. (2023) into the seed transcriptome of Rafflesia found no
evidence of genes involved in mycorrhizal symbiosis or strigolactone
responsiveness. Their work suggests that future efforts focused on
germination experiments should deprioritize searching for elicitors of
mycoheterotrophy, or strigolactones, and instead prioritize experi-
ments applying laccases and karrikin (an enzyme that degrades lignin
and a plant growth regulator, respectively).

Biotechnology, including plant tissue culture and in vitro seed ger-
mination, has long been a line of inquiry for Rafflesia propagation and
conservation in Indonesia. In 2001, the first documented attempts at
tissue culture using R. arnoldii bud tissue samples and in vitro seed
germination trials all failed (Sukamto, 2001). The work was repeated
in the late 2000s, and for the first time, Rafflesia tissue calli were gen-
erated following induction using synthetic auxin (Sukamto &
Mujiono, 2010). However, in the absence of living host tissue, the calli
soon aborted. Later, this work was repeated using R. patma and

Rafflesia meijeri bud material (Mursidawati & Handini, 2009;

People P

Wicaksono & Da Silva, 2017), and with R. arnoldii seeds on host tissue
(Mursidawati, Ngatari, et al., 2015); all attempts failed and were aban-
doned. Notwithstanding, cultured buds showed signs of swelling
(Mursidawati & Handini, 2009). These early observations might be a
platform for future research. For example, the in vivo injection of
auxin apparently induced bud growth in R. patma, and may be impor-
tant in the advanced development from bud to flower (Mursidawati &
Wicaksono, 2021). Together, these trials demonstrate that biotechnol-
ogy is challenging in Rafflesia propagation, and despite decades of
endeavor, the breakthroughs have been small.

Experience from Bengkulu shows how conservation can benefit
from a devolved level of ownership and responsibility commensurate
with the habitat and distribution of Rdfflesia. In recent years, multiple
sites have enjoyed conservation success from “Pokdarwis” (tourism
awareness groups) linked to a smartphone and social media network.
Pokdarwis comprise groups of young villagers who are passionate
about natural history and linked to potential revenue from ecotourism.
Komunitas Peduli Puspa Langka Rejang Lebong (KPPL) (Figure 3b) is a
network of 11 local Pokdarwis across Bengkulu. They connect to share
best practices and promote blooming events to increase awareness
and boost ecotourism. However, these groups lack financial support
and capacity-building. We recommend a greater role could be played
by the University of Bengkulu, IPB Agriculture University, and the
National Research and Innovation Agency (BRIN) to assist the groups.
Groups analogous to Pokdarwis also occur in Malaysia (see Section 2.3)
but are absent from much of the range of Rafflesia, including the

Philippines, which is the center of diversity.

2.3 | Malaysia
Rafflesia has long been known and celebrated in Malaysian Borneo,
where it is an important source of revenue from ecotourism. In
Peninsular Malaysia, Rafflesia, also known as “Bunga Pakma” (vernac-
ular name), is native from northern Perak south to Kelantan, Pahang,
and Terengganu; in recent years, Rafflesia tourism has also become
more popular in this region. Thirteen species have been recorded in
Malaysia, of which eight occur in Peninsular Malaysia and a further
five in the states of Sabah and Sarawak (Borneo). Rafflesia habitats
usually belong to the states rather than to the federal government,
and generally, each state has the authority to designate land status.
However, in Peninsular Malaysia, most forests are managed by state
forestry departments; therefore, in practice, most fall under federal
law. In Bornean Malaysia, each state has its own regulations. In
Sarawak, all Rafflesia species are listed as “Total Protected Plants”
under the Wildlife Protection Ordinance of 1998 by the Commis-
sioner of Law Revision, Sarawak, while in Sabah, all Rafflesia species,
together with their host Tetrastigma species, are listed under Total
Protected Plants under the Wildlife Conservation Enactment 1997.

In general, Rafflesia populations in Malaysia occur in forested hab-
itats, especially pristine forests (Figure 2h). However, habitats also
occur in secondary forests near villages, agricultural land, and other

disturbed areas. Currently, there are few sites in Malaysia where
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Examples from a social media campaign on iNaturalist and Facebook to promote awareness and community science. The map

shows the number of observations recorded on iNaturalist (indicated by red squares); the other infographics are used to promote awareness in
the Philippines when species are in bloom (in these examples, Rafflesia consueloae, Rafflesia cf. mixta and Rafflesia speciosa). Such infographics
could be deployed for any species in-habitat in Southeast Asia, where plants are readily accessible, to foster greater care and awareness.

populations are monitored under so-called “park administration.”
These include Sandakan-Poring, managed by Sabah Parks, and
Gunung Gading National Park-Lundu, managed by the National Parks
Administration in Sarawak. In Sabah, R. keithii is protected in Poring
(Peters & Ting, 2016) and R. pricei in a “Rafflesia Forest Reserve” in
Tambunan, while Rafflesia tengku-adlini grows in a fully protected area

(PA) on Mount Trus Madi. In addition, there are a considerable

number of Rafflesia populations in Sabah, some of which are on pri-
vate land and are carefully maintained by the local landowners.
According to a report by Peters and Ting (2016), the Dusun commu-
nity has used Radfflesia sites in a variety of ways, including for tourism,
which indirectly supports conservation efforts. In Peninsular Malaysia,
the main approach to conserve and protect Rafflesia populations is to

designate Rafflesia habitats either as high conservation value forests
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(HCVFs) or high conservation value areas (HCVAs). HCVFs were
established in 1993 by the Forest Stewardship Council (FSC), an inter-
national independent non-profit organization, to promote responsible
forest management by forest-based industries (Areendran et al., 2020;
Rietbergen-McCracken et al., 2007). The HCV approach encompasses
six themes: Species Diversity, Landscape Level Ecosystems, Ecosystems
and Habitats, Ecosystem Services, Community Needs, and Cultural
Values; together, these unite social and environmental priorities
shared by a range of stakeholders (Halmy & Salem, 2015). Establishing
HCVFs for Rafflesia can be a means of protection as part of a broader
conservation approach. Several HCVFs have been established in
Malaysia; the Pahang Forestry Department has designated such an
area in the Lata Jarum Forest Reserve for Rdfflesia (Jabatan
Perhutanan Negeri Pahang, 2022). In Perak State, the Perak Forestry
Department designated two areas of 10 ha each in the Gerik Forest
Reserve as HCVFs for Rdfflesia cantleyi (Jabatan Perhutanan Negeri
Perak, 2022). In addition, the Forest Research Institute Malaysia
(FRIM), in collaboration with Felda/FGV, has been allocated an area
for the development of the Rdfflesia Interpretation Centre (PPIR). This
is currently a work in progress in the Bersia, Gerik district. This initia-
tive was approved by the government under the Eleventh Malaysia
Plan (Rancangan Malaysia Ke-11 [RMK 11]) and supported by stake-
holders including the Federal Land Development Authority (FELDA),
Felda Global Ventures Holdings Berhad (FGV), and the Forestry
Department. Similarly, in Kelantan State, the local government has
designated a 50-ha area in Lojing Highlands in Gua Musang District as
an HCVF for Rafflesia kerrii (Fauzan et al., 2021). Some Rafflesia popu-
lations are located in PAs. For example, the Royal Belum State Park
(TRBSP) is one of the most important habitats for Rafflesia. Three spe-
cies have been recorded in this PA (Siti-Munirah, 2012), including an
unusual mutant specimen with 10 perigone lobes reported in 2012
(Siti-Munirah, 2020). Taman Negara is a PA that spans three states
(Kelantan, Pahang, and Terengganu); most populations here are
inaccessible. In Pulau Tioman, Rafflesia occurs in a Wildlife Forest
Reserve under the care of PERHILITAN, which also falls within a PA
(Siti-Munirah et al., 2020). In summary, PAs are an important means of
protection for Rafflesia in Malaysia.

As in Indonesia, local people have attempted Rdfflesia propagation
in Malaysia with some success. Molina et al. (2017) describe a
“Rdfflesia garden” at Ranau, Poring Springs (Sabah). Rafflesia appears to
occur naturally within the plot; the owner inoculates vines, reputedly
augmenting the population. The garden yields about seven blooms a
year, earning about RM2500 (approximately 550 USD) from tourists.

Despite the initiatives and conservation foci summarized above,
significant concern remains. Land use change because of agricultural
land expansion and the establishment of plantations is a severe threat
in the regions discussed. For example, R. kerrii populations in the
Gunung Berangkat Forest Reserve in Kelantan State have already van-
ished because of such practices, a phenomenon that worryingly
appeared to go unnoticed by local communities. By contrast, through
long-term observation, community relationship-building, unofficial
documentation, and then scientific publications, the documentation of

a new species, Rdfflesia tiomanensis, was made in Pulau Tioman,
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Rompin, in the state of Pahang (Siti-Munirah et al, 2021). As

described for Indonesia, in Malaysia, local residents' involvement was

People P

crucial to this work, which presents a case study for the importance of
community involvement in Rafflesia research and conservation. Again,
greater intentionality around community involvement would benefit
from small funds for sustainable development, for example, for train-
ing guides for the effective local conservation and management of
Rafflesia. Most local people rely on clients from ecotourism agencies
in cities and towns or advertise flowering populations autonomously,
for example, with banners on roadsides and via social media
(Figure 3g-j). Training local specialist guides, government officials, and
foresters would be an effective means of safeguarding knowledge and
ground-level conservation of Rdfflesia. This would harness the enthu-
siasm and passion among communities that already exist across
Malaysia and could generate a template or package that could be dis-
seminated elsewhere across Southeast Asia where community

involvement is scarce or embryonic (for example, in the Philippines).

2.4 | Philippines

The Philippines, despite a relatively small land area, is the center of
diversity for Rafflesia, with 15 known species (POWO, 2023)
(Figure 1). Most were described remarkably recently: 13 species were
reported in the last two decades (Balete et al., 2010; Barcelona, Co,
et al., 2009; Barcelona & Fernando, 2002; Barcelona et al., 2006,
2011, 2014; Fernando & Ong, 2005; Galang, 2007; Galindon
et al, 2016; Madulid, Buot, & Agoo, 2007; Madulid, Villariba-
Tolentino, & Agoo, 2007; Malabrigo, 2010; Valenzuela et al., 2017);
another is currently under consideration by authors ABT, PM, and
CJT. Prior to 2002, there were only two species of Rdfflesia known in
the Philippines: Rafflesia manillana (Teschemacher, 1844:65) and
Rafflesia schadenbergiana Gopp. ex (Hieronymus, 1885). Because the
number spiked to 15, the Philippines has been established as the most
Rafflesia-rich country.

The high level of endemism, compounded by continued forest
degradation and the lack of existing conservation strategies, necessi-
tates the need for an urgent concerted conservation action for the
Philippine Rafflesia in particular. Many of the populations documented
in the last two decades are remote and fall outside PAs. In addition,
they consist of few individuals and are highly threatened by logging,
slash-and-burn agriculture, and other human disturbances; this
emphasizes the need for local conservation strategies, as recom-
mended by Barcelona, Pelser, et al. (2009). In the Updated National
List of Threatened Plants and Their Categories (DENR-BMB, 2017), a
total of 12 species have been classified as threatened. Among these,
four species are categorized as Critically Endangered (CR), five as
Endangered, and three as Vulnerable (VU).

Unlike Malaysia and Indonesia, the Philippines lacks a comprehen-
sive conservation strategy for the genus. On the island of Mindanao,
some Radfflesia sites, for example those in Maragusan and Lantapan in
Bukidnon, are being monitored by the local government unit.

Meanwhile, the site of Rafflesia mixta has been declared as a Critical
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Habitat Area (CHA) through a Municipal Ordinance. On Panay,
R. speciosa and Rdfflesia lobata are both celebrated by local people. A
community-based tourism association dedicated to promoting these
species has been established. On Luzon Island, the Indigenous people
play a vital role in monitoring and conserving species (for example,
Rafflesia banaoana and Radfflesia leonardi) (Figure 3a). In recent
decades, blooming events have been announced on social media
through infographics (Figure 4), promoting awareness and

community-driven protection.

2.5 | Thailand

Only one Rdfflesia species, R. kerrii, is native to Thailand, where it is
restricted to the southern Surat Thani province within the Khao Sok
National Park. The plant is a symbol of Surat Thani province, and the
plant is considered a delicacy by local communities (see Section 3).
Trampling young buds, which are concealed beneath leaf litter, is a
likely risk to the plant, which is a focus of ecotourism. Thailand is also
home to two species of Sapria. Sapria ram is protected in the Kaeng
Krachan National Park, Phetchaburi, while Sapria himalayana occurs in
Doi Suthep National Park, which is also under co-protection with the
Queen Sirikit Botanic Garden, Chiang Mai. Concerted conservation
efforts for these species are completely lacking.

3 | THE ROLE OF INDIGENOUS
COMMUNITIES

Indigenous peoples—who represent only 5% of the globe's human
population—are the stewards of 80% of the Earth's biodiversity (Ogar
et al., 2020). Intergenerational transfer of their traditional ecological
knowledge (TEK), including traditional land management and prac-
tices, is clearly key to maintaining biocultural diversity, defined as “the
diversity of life in all its manifestations: biological, cultural, and
linguistic - which are interrelated (and possibly coevolved) within a
complex socio-ecological adaptive system” (Maffi, 2007). The strong
correlation observed between languages and hotspots of biological
diversity suggests that there is a functional connection between the
two (Gorenflo et al., 2012; Maffi, 2001). The threats to biodiversity
and languages are parallel (Sutherland, 2003), with current species
extinction rates estimated to be about a thousand times or greater
than historic rates of loss and predictions that 50%-90% of all lan-
guages will no longer be spoken by the end of the century (Gorenflo
et al., 2012). Conservation programs are far more likely to be success-
ful if they include a biocultural conservation approach, engaging with
and including equal participation from local and Indigenous communi-
ties, who are generally the best guardians of their local environments
and the species that co-inhabit them (Garnett et al., 2018; Sze
et al., 2022). Indigenous peoples have long used and celebrated
Rafflesia and play a crucial role in the plant's conservation.

In Indonesia, Rafflesia is used by Indigenous communities as a

tonic—an energy drink specifically for men to improve stamina

(Kanchanapoom et al., 2007; Refaei et al., 2011), as well as a supple-
ment for women to increase fertility (Zuhud, 1999) or to cure fever
and backache (Hikmat, 2006; Ismail, 1988; Meijer & Elliott, 1990).
Rafflesia buds are used locally to make a tonic for the treatment of
postpartum depression; the commonly used species include R. hasseltii
(Wiart et al, 2004) and Rdfflesia zollingeriana (Koorders, 1918;
Zaman, 2009). Similarly, in Thailand, R. kerrii is used for ethnobotanical
purposes as a boiled concoction of buds and flowers to cure fever and
backache, and it is considered to be a sexual stimulant. Rafflesia buds
are also reportedly used by the people in Peninsular Malaysia for their
perceived effects in staunching internal bleeding and shrinking the
womb in postpartum treatment; however, the species used here are
unrecorded (Nais, 2001, p. 20). Rafflesia is also a perceived aphrodisiac
for men, while in Perak, Malaysia, Rafflesia is one of the ingredients
for traditional medicinal preparations known as “Faizal tonic” and “pil
buasir,” which are sold (Banziger, 1991). Indigenous peoples such as
the Orang Asli are an important original source of information about
the location of the Rafflesia populations in Malaysia.

In the Philippines, Rafflesia is not used in ethnobotany to the
authors' knowledge. This could be attributed to unfamiliarity because
of scarcity and the inaccessibility of most species. Of the current
known locations of the 15 Rafflesia species in the Philippines, only
Rafflesia banahawaensis on Mt. Banahaw and Rafflesia panchoana on
Mt. Makiling are accessible by a short mountain trek. For the rest, the
search is extremely challenging, often requiring a 1-2-day trek under
challenging field conditions. In the Banao Protected Landscape in the
province of Kalinga, a challenging 5-h trek is necessary to reach
the nearest population of R. banaoana (Figure 4a); the other popula-
tions are farther by almost double, and few people have seen them. In
the province of Aurora, where new populations of R. leonardi were
recently observed, an overnight stay in the forest is necessary to see
the largest population. Despite the diversity of Rafflesia in the
Philippines, most people are unfamiliar with the genus. Indigenous
people who do have access to Rdfflesia are often afraid to approach
the flowers. The Banao tribe in Kalinga believes the flowers possess
an evil spirit that will bring misfortune to anyone who disturbs them.
Author PLM, during his documented discovery of R. banaoana in
2009, was hard put to convince the local people to accompany him
and collect specimens (Malabrigo, 2010). The Agta Indigenous Com-
munity in the province of Aurora holds similar superficial beliefs
towards R. leonardi. Such traditional beliefs may afford the popula-
tions of Rafflesia some protection.

Other genera in the Rafflesiaceae have been used in ethnobotani-
cal medicine besides Rdfflesia. It was reported that local Bhutanese
used the flower Sapria himalayana Griff. as one of the main constitu-
ents for ethnomedicine preparations as a remedy for liver diseases
and fever; spiritually, the flower was believed to deter “malevolent
underworld spirits” (Wangchuk, Keller, et al, 2011; Wangchuk,
Pyne, & Keller, 2011). Meanwhile, the people of Banjarmasin, South
Kalimantan, Indonesia, use Rh. lowii, which they refer to as “ulur-ulur”
in traditional medicine. The flower is treated as a fruit, which is dried
and then boiled. A decoction is believed to treat hemorrhage, coro-

nary disease, cholesterol, and to be an effective supplement for
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FIGURE 4 The various habitats of Rafflesia across Southeast Asia, with local people and promotional activities. (a) The Banao Indigenous
Community with Rafflesia banaoana in the Balabasang forest, Kalinga, Philippines; (b) KPPL (Komunitas Peduli Puspa Langka Rejang Lebong) with
Rafflesia bengkuluensis in Bengkulu, Sumatra; (c) Local foresters with Rafflesia arnoldii in Bengkulu, Sumatra; (d-e) Examples of Rafflesia
“celebratory models” in Kota Bengkulu, Sumatra; (f-h) Public displays advertising Rafflesia blooming in Malaysian Borneo. (i) Buds protected from
harm in Malaysia. (j) Blooming event advertised on a roadside in Malaysian Borneo. Photos (a-e): CJ Thorogood; photos (f-j): Siti-Munirah MY.
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female fertility. Moreover, people of Murung B Village in South
Kalimantan use flower buds of Rh. lowii as a treatment for
hemorrhages, back pain, stomachache, and haematuria (Syaifuddin
et al, 2018). The dried flower bud is boiled, reduced, and then
consumed periodically. In Sumatra, Rh. deceptor is used to cure
diarrhea and stomachaches by burning the buds on an open fire to
yield a powder, which is then brewed with water and consumed
(Quattrocchi, 2012). Uluk et al. (2001) reported that an unidentified
species of Rhizanthes known as “aka kepun” is used by the Dayak
Tribe that live around the Kayan Mentarang National Park to make
rope; it is likely this refers, in error, to the host vine, Tetrastigma.

In summary, multiple species of Rafflesiaceae play an important
role in ethnobotanical medicine in Indigenous communities across
Southeast Asia. Harvesting may pose a threat where populations are
already at risk from land conversion and anthropic change. Con-
versely, Indigenous communities also play an important role in the
conservation of populations; some of the rarest and most poorly
understood species of Rafflesia fall within remote and inaccessible
areas that remain largely unexplored. These communities will be a
vital source of knowledge in mapping and conserving these

populations.

4 | PHARMACOLOGICAL PROPERTIES OF
RAFFLESIA EXTRACTS

While the Rafflesiaceae have played an important role in traditional
medicine to treat multiple conditions (see above), there are limited
published studies on these plants' pharmacological properties—which
is unsurprising given the current threat faced by most species in the
family and their recalcitrance to cultivation. The chemistry of most
Rafflesiaceae is largely unknown, although several of the species have
been reported to be rich in tannins. One study investigating the phy-
tochemistry of fresh flowers of R. kerrii identified four hydrolysable
tannins (galloyl-glucose derivatives) and one phenylpropanoid
(syringin) (Kanchanapoom et al., 2007). Another study found that the
methanol fraction of an aqueous-ethanolic R. kerrii flower extract
possessed a high level of antioxidant activity. Phytochemical assays
demonstrated that this fraction contained an extremely high phenolic
content, with gallic acid being the major component. In addition, the
authors found that the antioxidant activity was relatively stable, even
under heat and relative humidity stress over 4 months, showing a
higher stability compared with other antioxidants including quercetin,
catechins, and anthocyanin (Puttipan & Okonogi, 2014).

In an in vitro study screening for the antimicrobial activity of tra-
ditional plant medicines, R. hasseltii whole-plant methanol extracts dis-
played broad-spectrum inhibition against four bacteria (Bacillus cereus,
Bacillus subtilis, Pseudomonas aeruginosa, and Staphylococcus aureus)
(Wiart et al., 2004). Another in vitro study investigating the effects of
different plant extracts on apoptotic (cell death) induction in human
skin cancer cell lines found that 50% hydroglycol extract from the
flowers of R. kerrii demonstrated a time- and dose-dependent anti-

proliferative effect on the cancer cells. A further study corroborated

this and established a mechanism of action through down-regulation
of extracellular signal-regulated kinase (ERK) and serine/threonine
protein kinase Akt signaling (de Silva & Tencomnao, 2018;
Tancharoen et al., 2013).

Results from in vivo studies are mixed. A topical application
R. hasseltii bud and flower extracts on Sprague Dawley rats were
found to significantly increase the rate of wound closure; histology
findings showed markedly more collagen and proliferating fibroblasts
in granulating tissue, with the absence of inflammatory cells (Abdulla
et al., 2009). Reports from a Malaysian study investigating the
effects of administering compounds (not specified) from buds of
Rafflesia azlanii for 14 days to mice that had delivered offspring
found that their internal organs, including the liver, reduced in size.
Concerns were raised that Rafflesia may cause liver and spleen failure
(Tan, 2010). Additionally, an in silico study has confirmed the
potential of Rdfflesia and Sapria metabolites as multi-disease drugs
(e.g., anticancer and anti-cholesterol) as well as antivirals and antimi-
crobials. Importantly, these metabolites are available in many other
popular, edible plants (Wicaksono et al., 2022). Therefore, harvesting

endangered populations of Rafflesiaceae is strongly discouraged.

5 | EXTINCTION RISK AND
CONSERVATION CHALLENGES

Here, we present the initial assessment of the extinction risk for the
genus Rdfflesia (see Table 1). Among the 42 species examined, 25 are
currently classified as CR, 15 as Endangered, and two as VU. Our con-
servation assessment primarily relies on the best available data
regarding the geographic distribution, particularly the Extent of
Occurrence (EOO) and Area of Occupancy (AOQ) for each species.
Rafflesia species often have highly restricted distributions, making
them particularly VU to habitat destruction. Moreover, the unique
challenges associated with their propagation and seed-banking add to
the urgency of the situation. In the iNaturalist database, there have
been 500 observations of 32 species across Southeast Asia, contrib-
uted by over 350 observers (iNaturalist, 2023).

The provisional CSs we report here should inform the IUCN Red
List of Threatened Species, which is currently woefully inadequate in
its representation of Rafflesiaceae. Of the 42 known Rafflesia species,
only Rafflesia magnifica (=Rafflesia mira) is listed. However, utilizing
similar conservation criteria, Susatya (2011) classified all Indonesian
Rafflesia species as CR, with the exception of R. arnoldii, which was
categorized as VU. In an IUCN Red List assessment for Philippine
Rafflesia (data not shown), all species are categorized as threatened:
nine as CR, five as Endangered, and one as VU. This highlights how
global conservation efforts geared towards plant families—however
iconic—have lagged behind those of animals.

The Indonesian Government, through the Ministry of Environ-
ment and Forestry Act (2018), classifies all Rafflesia as protected spe-
cies. Three years prior to this, the Indonesian Government Act,
Rafflesia Strategic Action Plan (RSAP), was developed (Mursidawati,
Yuzammi, et al., 2015). The plan functions as a policy umbrella for all
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TABLE 1
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Provisional conservation status of Rafflesia spp. based on geographic distribution range data. Initial conservation assessment was

based on Criterion B (geographic distribution range and number of locations) of the International Union for Conservation of Nature (IUCN)
standards. Extent of Occurrence (EOO) and Area of Occupancy (AOO) were estimated based on the known localities for each species with
GeoCat: AOO refers to the “Area within the EOO which is actually occupied by the taxon (usually measured by overlaying a grid and counting
number of occupied cells); EOO refers to the ‘Area contained within the shortest continuous imaginary boundary (minimum convex polygon)
which can be drawn to encompass all known, inferred, or projected sites presently occupied by the taxon.” (Terms used here as defined in the

Key Terms and Concepts for [IUCN Red List).

Species EOO

Rafflesia aurantia, Rafflesia baletei, <100 km?

Rafflesia borneensis, Rafflesia camarinensis,
Rafflesia ciliata, Rafflesia consueloae,
Rafflesia gadutensis, Rafflesia hasseltii,
Rafflesia keithii, Rafflesia kemumu,

Rafflesia lawangensis, Rafflesia manillana,
Rafflesia meijeri, Rafflesia parvimaculata,
Rafflesia pricei, Rafflesia sharifa-hapsahiae,
Rafflesia su-meiae, Rafflesia tengku-adlinii,
Rafflesia tiomanensis, Rafflesia tuan-mudae,
Rafflesia tuanku-azizahiae, Rafflesia tuanku-halimii,
Rafflesia verrucosa, Rafflesia witkampii, and
Rafflesia zollingeriana

Rafflesia cantleyi, Rafflesia azlanii, <5000 km?

Rafflesia banahawensis, Rafflesia banaoana,
Rafflesia bengkuluensis, Rafflesia kerrii,

Rafflesia leonardi, Rafflesia lobata,

Rafflesia micropylora, Rafflesia mira, Rafflesia mixta,
Radfflesia patma, Rafflesia rochussenii,

Radfflesia schadenbergiana, and Rafflesia speciosa

Rafflesia arnoldii and Rafflesia panchoana <20,000 km?

Abbreviation: CS, conservation status.

Rafflesia species and appears to be a powerful approach to conserva-
tion cross-genus. However, “on the ground,” it has proved challenging
and largely ineffective. This appears to be because Rafflesia has gained
less attention to similar plans for animals, precipitating less financial
support from both government and non-government organizations.
Meanwhile, the remote, dispersed, and inaccessible populations, often
occurring alongside communities from diverse social and cultural
backgrounds, pose practical difficulties for conservation in action. This
highlights: (1) a discord in understanding at a global and regional level;
and (2) the need for grass-roots regional and community-level action
rather than a dependency on umbrella schemes.

In situ conservation in Indonesia is challenging and interdepen-
dent on multiple variables, including economic growth, increasing
pressure on habitats linked to land use, and a poor understanding of
the ecology and distribution of most species; it is impossible to con-
serve populations not known to exist. Less-explored Kalimantan is
likely to host poorly known species of uncertain taxonomic status. For
example, three unassigned taxa were documented on Mount Sekerat
in northeast Kalimantan (Meijer, 1997). Recently, a team from the
Indonesian National Research and Innovation Agency (BRIN) exam-
ined the area and found no extant Rdfflesia populations; they appear
to have been lost to land conversion. Hitherto unreported, this is a
highly concerning example whereby three species may have been lost
before they were even known to science. Elsewhere in Kalimantan,
Atmoko (2014) recorded the presence of R. pricei in Kayang

AOO Provisional CS (EOO and AOO based assessment)

<10 km? Critically Endangered

<500 km? Endangered

<2000 km? Vulnerable

Mentarang National Park as well as an undescribed species of Rafflesia
within a timber concession area in addition to R. tuan-mudae and
R. hasseltii, which were already known to occur in the region
(Susatya, 2011). R. pricei was formerly believed to be restricted to
Sabah, Brunei, and Sarawak in Malaysian Borneo (Meijer, 1997).
Meanwhile, in West Kalimantan, another team from BRIN recently
identified thriving populations of R. tuan-mudae on Mount Poteng of
the Raya Pasai Nature Conservation Area, and Bengkayang. This
recent spate of records suggests further populations of Rafflesia may
await discovery; some may be new species. Further exploration and
survey work in the interior forests of the National Parks of Kalimantan
and Sumatra are clearly needed.

R. arnoldii, R. patma, Rafflesia bengkuluensis, and R. zollingeriana
are the most well-documented species in Indonesia (see, for example,
Susatya, 2020; Susatya et al., 2017). These are the targets of
community conservation focus. Other species are scarcely known
and at severe risk of extinction from land conversion. These
include Radfflesia atjehensis, R. rochussenii, R. hasseltii, R. cantleyi,
Rafflesia micropylora, Rafflesia lawangensis, and Rafflesia meijerii. We
recommend special attention is required for R. atjehensis and
R. rochussenii in particular. Both have been reported from Gunung
Leuser National Parks. R. atjehensis was described by Koorders (1918)
and last reported in 1980 (Meijer, 1997). It has not been reported
since and is most likely extinct. Meanwhile R. rochussenii has two dis-

junct populations spanning the Salak and Gede Mountains of West
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Java and the minor range around Leuser Mountain and the Berastagi
area of North Sumatra (Meijer, 1997; Zuhud, 1999). Again, the
Sumatran population has not been reported since 1980
(Meijer, 1997). Furthermore, it is also unclear whether R. rochussenii
of Sumatra is a variant of Javanese R. rochussenii, or a distinct species;
in the absence of living or preserved material to scrutinize, taxonomic
status remains unresolved.

Threats to Rafflesia vary across the islands of Java and Sumatra.
The three species in Java, R. rochussenii, R. patma, and R. zollengeriana,
all occur in highly fragmented habitats subject to severe pressure from
a growing human population. Most of their ranges fall under the man-
agement of National Parks, Nature Conservation Areas (Zuhud
et al.,, 1998), and specifically the Northern Banyuwangi Forest Man-
agement Unit (KPH Banyuwangi Utara). Despite anthropic pressure,
the species have evaded extinction, most probably because of a keen
awareness of the communities surrounding their habitats, the pro-
tected status of the species, and the close observation and
monitoring of local offices. Nevertheless, all three are restricted to
diminished and disjunct populations (Susatya, 2020) with high rates of
mortality (Latiff, 2018), and their long-term outlook is precarious, to
say the least. The populations are expected to decline owing to a
steady decrease in the rate of flowering and seed-set (Susatya, 2011).
Similar circumstances may explain the local extinction of R. arnoldii in
five conservation areas across Indonesia (Susatya, 2011).

In Sumatra, six species occur in forests protected by the
government: R. micropylora, R. lawangensis, R. rochussenii, Rdfflesia
gadutensis, R. meijerii, and R. hasseltii. R. arnoldii, R. bengkuluensis, and
Rafflesia kemumu fall mainly outside such jurisdiction, though they also
occur in the Gunung Leuser National Park (Mat-Salleh et al., 2010;
Susatya, 2011; Zuhud et al., 1998), Batang Gadis National Park
(Rambey, 2022, personal observation), Sicikeh Nature Tourism Area,
North Sumatra, and the Bukit Tiga Puluh National Park (Zuhud
et al, 1998), as well as the Kerinci Seblat National Park
(Susatya, 2011), respectively. All are presumably protected in
designated areas, though data on these populations are lacking. The
Province of Bengkulu is a “hotspot” for Rafflesia, with four co-
occurring species: R. arnoldii, R. gadutensis, R. bengkuluensis, and
R. kemumu. Of the 24 sites in which Rafflesia is recorded to occur, half
the populations fall in conservation areas such as Protection Forests,
Nature Conservation Areas, and National Parks (12 sites); the remain-
ing populations occur in areas that fall outside a conservation remit on
private land (12 sites) (Susatya, 2011). The latter are clearly of concern
yet pivotal to the future survival of the species; unfortunately, these
areas are already subject to high rates of land conversion—the major
threat to Rdfflesia across its range (Hidayati & Walck, 2016) (Figure 2i).
Komunitas Peduli Puspa Langka (Bengkulu Community Care for Rare
Flower) (KPPL) recorded 71 blooms of Rafflesia in Bengkulu from
January to December 2022; 40 of these were on private land, in areas
facing an accelerated conversion of primary forest to coffee and oil
palm plantations. The future survival of Rdfflesia here hinges on efforts
to convince landowners to protect these populations. It is of note that
on Sumatra, several community-led initiatives have been established

in which Rafflesia blooming is announced on social media platforms to

build awareness among populations. Ecotourism is now a growing
source of revenue for local communities in Bengkulu. As community
awareness appears to have saved the remaining populations of
Rafflesia on Java, this might just save those on private land in Sumatra.
Conservation efforts for other genera in the Rafflesiaceae are lacking
in Indonesia, as elsewhere. This is of concern because the genus
Rhizanthes is still widely used in ethnomedicine in Banjarmasin.

Most Rdfflesia species in the Philippines are rare and threatened.
With the exception of R. speciosa, which occurs in Negros and Panay
(Malabrigo, 2013); all species are island endemics. Deforestation is the
single greatest cause of species extinction in the Philippines, and
Rafflesia is not spared. Many of the Rdfflesia species occur in
severely degraded forests, while others occur in regenerating
forests adjacent to human settlements; all are VU to extinction. For
instance, Rdfflesia baletei, a species previously recorded in three loca-
tions in Mount Isarog National Park, is now known only from a small
(<500m?) and isolated patch of secondary forest between abaca
(Musa textilis Née) plantations (Figure 2f). Meanwhile, in Barangay
Bolos Point in the Cagayan Province of Luzon Island, R. leonardi is pos-
sibly extinct in its type locality, which was devastated by a strong
typhoon in 2018 (Tobias, personal observation).

In March 2023, authors PMJ, ABT, and CJT attempted the
Philippines' first ex situ propagation of Rafflesia using vines infected
with R. panchoana, deploying techniques shared by the staff at BBG.
This was the first attempt at Rafflesia propagation in the Philippines. If
successful, this work will be extended to the most threatened taxa in
the country. Ex situ attempts at propagation have also been made
with Philippine Rafflesia in the United States Botanic Garden,
Washington (Molina et al., 2017); attempts at ex situ propagation out-
side the native range of Rdfflesia are becoming increasingly challeng-
ing because of restrictions in the movement of material from and
within countries.

6 | TOWARDS A HOLISTIC
CONSERVATION APPROACH

We estimated the provisional CS (EOO and AOO based assessment)
by collating CS and AOO from across Southeast Asia, and identified
the the total number of localities that fall within nationally declared
PAs, and those that fall outside PAs. Based on these data, we estimate
that 25 species, representing 60%, are at CR. Moreover, 67% are
absent from a conservation strategy at a regional or national level.
Based on these alarming indicators, we propose a multi-pronged

approach to conserve Rdfflesia and related genera:

o A strengthened taxonomic framework to inform decision-making
Within the last two decades, 57% of species (24 of 42 species) in
the genus Radfflesia were described, while within the same period,
12% of total species (five of 42 species) across Southeast Asia have
become VU due to land conversion and habitat destruction
(GFW, 2023). We believe it is highly likely that multiple taxa were
lost to extinction before they were known to science. Indeed, we
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report three such possible examples for the first time in this paper
(see above: Indonesia). Comprehensive sampling from across the
region is required because, while we have a steady grasp on taxon-
omy in some regions, the precise number of Rafflesia species across
Southeast Asia as a whole remains uncertain. Such sampling would
benefit from enhanced digitisation of herbarium specimens and
digital records of extant plants, for example, on iNaturalist
(a scientific data repository). Presently, there are just 500 observa-
tions on iNaturalist and 252 digitized herbarium specimens, repre-
senting 22 species (Teixeira-Costa et al., 2023). In summary,
comprehensive sampling combined with molecular phylogenetics,
morphology, and ecology are needed to resolve taxonomic limits in
this poorly known genus. A taxonomic framework is the bedrock of
conservation: we cannot protect what we do not know to exist.

e The deployment of propagation techniques inter-regionallyThe
only consistently successful propagation program for the ex situ
conservation of Rafflesia is at BBG, Indonesia. Deploying this inter-
national center of excellence's expertise locally will enable the
establishment of local ex situ conservation collections in the coun-
tries where species are most at risk. Authors PM, ABT, and CJT are
currently trialing the establishment of Rafflesia ex situ in the
Philippines, and Molina et al. (2017) have established ex situ trials
in the USA. If successful, this will provide a template for ex situ
conservation.

e The introduction of ecotourism initiativesCase studies from
Bengkulu in West Sumatra demonstrate the effectiveness of com-
munity conservation and devolved ownership. Pokdarwis linked to
social media networks have elevated local awareness and
community-level celebration of Rafflesia, affording the sites in which
they occur some protection. While trampling is a risk to such an
approach, this may be offset by the benefits yielded by awareness
and habitat projection. Such groups are absent from most regions—
notably in the Philippines, where the center of diversity for Rafflesia
lies. Such groups also require funding and capacity building.

e An extension of PAs for populations most at risk.Many of the
extant populations exist in unprotected areas and are at critical risk
of land conversion. Notable examples are those linked to the
Pokdarwis in Indonesia, described above. In the Philippines, locali-
ties also fall outside areas with protected status; however, local
government units have declared “Critical Habitat Area” status,
which enables additional funding and the implementation of con-
servation measures at a local level. Ultimately, the continued sur-
vival of Rdfflesia and related genera cannot depend on taxonomy,
ex situ propagation, and community groups; habitat protection is

the single best tool for conservation.
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