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Introduction to West Papua Province:
Facts:
Ø Tanah Papua (Indonesia Provinces of Papua & West Papua)

with total area 416.129 km² is very rich in Biodiversity and
cultures.

Ø Lowest Human Development Index (HDI/IPM) in Indonesia.
Ø Acceleration of development process to increase economy and

people welfare with environment consequences.
Ø Conservation Province Initiative and Sustainable Development

Policy.



Development of Infrastructures & Palm Oil Plantation:



Logging & Palm Oil Concession 2013:
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New Guinea has the world’s richest island 
flora

New Guinea is the world’s largest tropical island and has fascinated naturalists for 
centuries1,2. Home to some of the best-preserved ecosystems on the planet3 and to 
intact ecological gradients—from mangroves to tropical alpine grasslands—that are 
unmatched in the Asia-Paci!c region4,5, it is a globally recognized centre of biological 
and cultural diversity6,7. So far, however, there has been no attempt to critically 
catalogue the entire vascular plant diversity of New Guinea. Here we present the !rst, 
to our knowledge, expert-veri!ed checklist of the vascular plants of mainland New 
Guinea and surrounding islands. Our publicly available checklist includes 13,634 
species (68% endemic), 1,742 genera and 264 families—suggesting that New Guinea is 
the most "oristically diverse island in the world. Expert knowledge is essential for 
building checklists in the digital era: reliance on online taxonomic resources alone 
would have in"ated species counts by 22%. Species discovery shows no sign of levelling 
o#, and we discuss steps to accelerate botanical research in the ‘Last Unknown’8.

Great uncertainty remains as to the number of New Guinea plant spe-
cies known to science, with conflicting estimates ranging from 9,000 
to 25,000 species9,10. To narrow this range, here we catalogue the entire 
known vascular flora (angiosperms, gymnosperms, ferns and lycophytes) 
of mainland New Guinea and its surrounding islands (hereafter ‘New 
Guinea’; Fig. 1a, Extended Data Fig. 1). We do so through a large-scale 
collaborative effort in which 99 plant experts verified the identity of 
23,381 taxonomic names derived from 704,724 specimens (see Methods). 
Overall, we find that New Guinea supports 13,634 described species, 1,742 
genera and 264 families of vascular plants (Supplementary Tables 1, 2). 
This suggests that New Guinea is the world’s most floristically diverse 
island, with a known vascular plant flora 19% larger than the 11,488 species 
recorded in Madagascar11 and 22% larger than the 11,165 species recorded 
in Borneo (http://www.plantsoftheworldonline.org, accessed 27 April 
2019). New Guinea contains almost three times the 4,598 spermatophyte 
species of Java12 and 1.4 times the 9,432 vascular plant species of the Phil-
ippines13—the only Malesian island regions for which Floras have been 
published. The vascular plant flora of New Guinea is divided between 
two political entities (Fig. 1a): Papua New Guinea, with 10,973 species, has 
44% more species than Indonesian New Guinea (Papua Barat and Papua 
provinces), which has 7,616. Papua New Guinea also has more genera (1,654 
versus 1,511) and families (260 versus 248). These differences partly arise 
from the lower collecting density in Indonesian New Guinea1,2 (Fig. 1a). 
Nevertheless, the order of country rankings in plant diversity is unlikely 
to change with further collections because Papua New Guinea has a larger 
area, and surface area is the strongest predictor of island plant diversity14. 
Our species total for Papua New Guinea differs markedly from the 29,756 
species that were presented in an unverified list of the Global Biodiversity 
Information Facility15 and our total number of genera for New Guinea is 
28% lower than the 2,437 unverified genera reported in a previous mac-
roecological study16. Together, these differences underscore the need for 
expert validation in the digital era, which we discuss below.

Floristic patterns
Five species-rich families make up 35% of the flora of New Guinea: 
Orchidaceae (2,856 species), Rubiaceae (784), Ericaceae (438), Poaceae 

(376) and Myrtaceae (352) (Fig. 1b, Extended Data Table 1). Orchidaceae 
account for 20% and 17% of the flora of Papua New Guinea and Indo-
nesian New Guinea, respectively. The floristic importance of orchids 
is comparable to that in other megadiverse countries such as Ecuador 
(23% of total flora) and Colombia (15%)17. The five largest genera of 
vascular plants in New Guinea are Bulbophyllum (658 species; Orchi-
daceae), Dendrobium (614 species; Orchidaceae), Syzygium (207 spe-
cies; Myrtaceae), Ficus (179 species; Moraceae) and Rhododendron (171 
species; Ericaceae) (Fig. 2, Extended Data Table 2). Of the 1,742 genera 
found, 13 have more than 100 species and make up 21% of all species, 
whereas 692 genera are represented by a single species in New Guinea.

Endemism
Plant endemism in New Guinea is remarkably high: it is the only Male-
sian island group with more endemic than non-endemic species (9,301 
endemic species; 68% of the total). This preponderance of endemic spe-
cies was noted in earlier studies, although these were based on smaller 
floristic samples9,18. The uniqueness of New Guinea within Malesia may 
be explained by its greater land surface area and habitat diversity5; 
its location, marking the junction between Malesia, Australia and the 
Pacific; and its highly complex tectonic history19. Geographically, 53% 
of the endemic species have been found only in Papua New Guinea and 
24% occur only in Indonesian New Guinea. Of the total species from 
Papua New Guinea, 64% are endemic, and 58% of the total species from 
Indonesian New Guinea are endemic. Such high richness of endemic 
species means that both countries have a unique responsibility for 
the survival of this irreplaceable biodiversity. Given the general trend 
of plant endemism to increase with elevation20, the conservation of 
ecosystems along altitudinal gradients is particularly critical.

Angiosperms have higher species endemism (71%) than ferns and 
lycophytes (46%) or gymnosperms (41%). Endemism within families is 
highly uneven, with just eight angiosperm families comprising 50% of 
all endemics: Orchidaceae (2,464 endemic species), Rubiaceae (669), 
Ericaceae (431), Arecaceae (257), Myrtaceae (255), Gesneriaceae (218), 
Apocynaceae (196) and Lauraceae (195) (Fig. 1c). The families with 
the highest proportions of endemism are Ericaceae (98% of species 
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Climate change threatens New Guinea’s 
biocultural heritage
R. Cámara-Leret1,2*, N. Raes3,4, P. Roehrdanz2,5, Y. De Fretes6, C. D. Heatubun7,8,9, L. Roeble7, 
A. Schuiteman7, P. C. van Welzen3,10, L. Hannah2,5

New Guinea is the most biologically and linguistically diverse tropical island on Earth, yet the potential impacts of 
climate change on its biocultural heritage remain unknown. Analyzing 2353 endemic plant species distributions, 
we find that 63% of species are expected to have smaller geographic ranges by 2070. As a result, ecoregions may 
have an average of −70 ± 40 fewer species by 2070. Species with future geographic range contractions include 
720 endemic plant species that are used by indigenous people, and we find that these will decrease in 80% of New 
Guinea’s 1030 language areas, with losses of up to 94 species per language area. To mitigate the threats of climate 
change on the flora, we identify priority sites for protected area expansion that can jointly maximize biodiversity 
and useful plant conservation.

INTRODUCTION
New Guinea is the largest and most bioculturally diverse island on 
Earth (1). Biologically, it harbors c. 14,000 native plant species and 
9000 endemic species, making it the only island group in Malesia 
with more endemic than non-endemic plant species (2). Culturally, 
it is the most linguistically diverse place on Earth with more than 
1300 languages (15% of all living languages) in under 1% of the terres-
trial land surface (3). Biocultural diversity is a dynamic, place-based 
aspect of nature arising from links and feedbacks between human 
cultural diversity and biological diversity (4). Human-driven climate 
change, however, is expected to become a threat to New Guinea’s 
biocultural diversity: changes in climate are already affecting species’ 
distribution patterns elsewhere (5) with negative consequences on 
ecosystems functioning and human well-being (6). Because most 
New Guinea cultures are supported by low-income populations 
that rely on their surrounding natural resources, climate-induced 
local extinction of wild food, medicine, and ritual plants is likely to 
diminish indigenous well-being and cultural integrity. Accordingly, 
understanding the potential impacts of climate change on New 
Guinea’s biocultural diversity is essential for a strategic expansion 
of protected area networks and conservation lands in ways that 
protect and re inforce biocultural traditions and the rights of indig-
enous peoples (7).

The current protected area system in Indonesian New Guinea is 
far larger than that of Papua New Guinea, with 20% versus 4% of 
terrestrial land protected, respectively (8). Protected areas in Indonesian 
New Guinea were designated between 1975 and 1989 to account for 

the entire altitudinal spectrum of the region, major centers of endemism, 
representative cross sections of habitats within each ecoregion, and 
substantial tracts of lowland rainforests and to protect species with 
large areas by linking large reserves as far as possible (9). In Papua 
New Guinea, almost all land and natural resources are under the 
customary control of communities and landowners (8), but similar 
large-scale conservation prioritization efforts are missing. In 1997, 
the Irian Jaya Biodiversity Conservation Priority-Setting Workshop 
sought to identify priority areas for conservation in Indonesian 
New Guinea following four criteria: biological importance, human 
pressures and threats, priority for conservation action, and priority 
for research (10). Unfortunately, the indicators of biological impor-
tance largely ignored two important data sources: herbarium collec-
tions and unpublished field data. Moreover, given the paucity of 
readily available data for plants at the time, two subcriteria were 
used to identify priority conservation sites: ecological diversity 
and vegetation types. Since then, no island-wide and data-driven 
macroecological analysis has addressed protected area selection in 
the face of climate change or the need to conserve New Guinea’s 
cultural heritage.

Here, we quantify the potential impacts of climate change on 
New Guinea’s biodiversity and cultural heritage. Concerning 
impacts on biodiversity, we first built species distribution models 
(SDMs) for 2353 endemic species and then assessed how species 
richness and geographical range size will change between 2000 
and 2070 under two climate change scenarios (see Materials and 
Methods). The first scenario forecasts an increase in tempera-
ture of 1.0°C by 2070 on the assumption that CO2 emissions will 
be based on improved governance (hereafter “RCP 2.6”). A second 
scenario that lacks climate change mitigation policies (“RCP 8.5”) 
forecasts a global warming increase of 2.0°C by 2070. Regarding 
impacts on cultural heritage, we first assessed how species rich-
ness and geographical range size will change for 720 endemic 
plant species that indigenous societies use for food, medicine, 
construction, and cultural purposes (11, 12). By considering use-
ful plants, we introduce a key element for indigenous livelihoods 
that had been missing in conservation planning in New Guinea 
and that relates to indigenous knowledge, practices, and beliefs. 
Next, we quantified changes in future useful plant richness 
across 1030 of New Guinea’s indigenous language areas (see 
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A B S T R A C T   

The rich forests of Indonesian New Guinea are understudied and threatened. We used satellite data to examine 
annual forest loss, road development and plantation expansion from 2001 to 2019, then developed a model to 
predict future deforestation. No previous studies have attempted such a detailed assessment of past and future 
deforestation. In 2019, 34.29 million hectares (Mha), or 83% of Indonesian New Guinea, supported old-growth 
forest. Over nineteen years, 2% (0.75 Mha) were cleared: 45% (0.34 Mha) converted to industrial plantations, 
roads, mine tailings, or other uses near cities; 55% (0.41 Mha) cleared by transient processes including selective 
natural timber extraction, inland water bodies-related processes, fires, and shifting agriculture. Industrial 
plantations expanded by 0.23 Mha, with the majority (0.21 Mha; 28% of forest loss) replacing forests and 
reaching 0.28 Mha in 2019 (97% oil palm; 3% pulpwood). The Trans-Papua Highway, a ~4000 km national 
investment project, increased by 1554 km. Positive correlations between highway and plantations expansion 
indicate these are linked processes. Plantations and roads expanded rapidly after 2011, peaked in 2015/16, and 
declined thereafter. Indonesian government allocated 2.62 Mha of land for the development of industrial 
plantations (90% oil palm 10% pulpwood) of which 74% (1.95 Mha) remained forest in 2019. A spatial model 
predicts that an additional 4.5 Mha of forest could be cleared by 2036 if Indonesian New Guinea follows similar 
relationships to Indonesian Borneo. We highlight the opportunities for policy reform and the importance of 
working with indigenous communities, local leaders, and provincial government to protect the biological and 
cultural richness still embodied in this remarkable region.   

1. Introduction 

New Guinea, the world's largest tropical island, covers just 0.53% of 
the Earth's land (785,753 km2), but is the most floristically diverse is-
land in the world (Cámara-Leret et al., 2020). It hosts extensive old 
growth forests, including mangroves and peat swamps, in near pristine 
settings (Corlett and Primack, 2011; Sasmito et al., 2020). The region's 

remarkable biota — such as the birds-of-paradise — have fascinated 
biologists for centuries, although much of the region's species remains 
“astoundingly little-known” (Beehler, 2007). A rapid botanical assess-
ment in the foothills of the Foja Mountains in Indonesian New Guinea 
distinguished 487 plant morpho-species in 15 small plots and found that 
156 (32%), could not be matched to herbarium specimens or published 
references suggesting a high proportion of undescribed species (Van 
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 Tree species
 Non-tree species
 Cumulative species
Cumulative tree species
Cumulative non-tree species

The number of plant species (basionyms) described per decade from 1753 to 2018 —grouped into trees (red
bars) or non-tree species (blue bars)— and the cumulative number of accepted tree (red line), non-tree (blue
line) and total species (black line). Camara-Leret, et. al. Nature (2020).

Species Described per Decade in New Guinea



B. The five plant families that contain 35% of the flora. C. Families with highest species 
endemism in angiosperms (orange), gymnosperms (blue), and ferns and lycophytes 
(green). Black bars depict the number of non-endemic species. (Camara-Leret et. al.
Nature (2020).

Floristic patterns in New Guinea



(Camara-Leret et. al. Nature (2020).
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Areca jokowi: A New Species of Betel Nut Palm (Arecaceae) from Western New 
Guinea 

CHARLIE D. HEATUBUN1, 2
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Abstract

A new species of betel nut palm, Areca jokowi, is described and illustrated here. This is the third species of Areca to have 
been described recently from New Guinea that is closely related to the widespread, economically important species A. 
catechu, the cultivated betel nut palm. A discussion of its morphological characters, distribution, ecology, habitat, uses and 
conservation status is provided, as well as a new identification key for western New Guinean Areca.

Key words: Arecaceae, Palmae, palms, New Guinea, taxonomy

Introduction

In spite of the completion of a monograph of the betel nut palm genus Areca (Arecaceae) in East Malesia (Heatubun 
et al. 2012), new species Areca within this area are still being discovered (Heatubun et al. 2013). During two recent 
expeditions to Yamor Lake, Kaimana, West Papua Province, Indonesia, a further new species was found, which is 
described here. The first expedition was conducted by Pusat Penelitian Lingkungan Hidup (Centre for Environmental 
Research), Universitas Papua in June 2015, and the second was Ekspedisi Negera Kesatuan Republik Indonesia (NKRI) 
Koridor Papua Barat 2016 by the Indonesian Army Special Forces in April 2016.

Taxonomic Treatment

Areca jokowi Heatubun, sp. nov. Type:—CULTIVATED. Indonesia, West Papua Province. Kaimana Regency, Yamor 
District, Yamor Lake, Gariau (Urubika) village, 106 m elev., 3o41’48.87” S, 134o54’28.63”, 06 June 2015, Heatubun 
et al. 1252 (holotype MAN!, isotype BO!, K!)

Diagnosis:—This new species is similar to Areca catechu L., Areca mandacanii Heatubun and Areca unipa Heatubun in habit and 
inflorescence structure, but differs by the inflorescence branched to four orders, the rachillae crowded, borne very close together and 
not expanding widely, sinuous especially in the distal two thirds, the floral clusters uniseriate in arrangement (although distichous 
near the tip of the rachilla), complete floral triads (comprising two staminate and one pistillate flower) always solitary at the base of 
rachillae, but absent from many rachillae, the remaining floral clusters consisting of dyads of staminate flowers, or solitary staminate 
flowers near the rachilla tip, and the pistillate flowers with striking white calyx at anthesis. 

 
Solitary, slender palm to 15 m. Stem 7–8 cm diam.; internodes 30–34 cm. Leaves 9 in crown, pinnate, 90–93 cm long 
(including petiole); sheath tubular, smooth, not fibrous, light green, becoming dull green; crownshaft well-defined, up 
to 40 cm long; petiole 5–6 cm long, flattened to slightly channelled adaxially, rounded abaxially; rachis slender, 45–69 
cm long, ascending but not arching, with adaxial longitudinal ridge, rounded abaxially; leaflets 11 on each side of 
rachis, concolorous, more or less regularly arranged, spaced by 3–10 cm, basal leaflets 47 × 7–9 cm, with 7–10 folds, 



Endemic plant 
species richness 
(number of 
species per grid 
cell) in the face 
of climate 
change. Species 
richness under 
current climate 
(A), and 
difference in 
species richness 
between current 
climate and 2070 
RCP 2.6 (B) and 
2070 RCP 8.5 
(C).

Camara-Leret
et. al. Science 
Advances 
(2019).



Spatial conservation 
priorities for 
endemic plants in the 
face of climate 
change. All endemic 
plants (n = 2353 
species) (A), all 
endemic useful plants 
(n = 720 species) (B), 
and subset of useful 
plants for construction 
(n = 374) C), culture 
(n = 271) (D), food (n 
= 162) (E) and 
medicine (n = 187) 
(F).

Camara-Leret et. al. 
Science Advances 
(2019).



Congruence in 2070 spatial 
conservation priorities for 
all endemic and useful 
plants. Numbers indicate 
administrative units of 
Indonesian New Guinea and 
Papua New Guinea 
containing the top 10% 
solutions: 1, Sorong; 2, 
Manokwari; 3, Biak Numfor; 
4, Nabire; 5, Mimika; 6, 
Paniai; 7, Puncak Jaya; 8, 
Waropen; 9, Sarmi; 10, 
Jayawijaya ; 11, Jayapura; 12, 
Yahukimo; 13, Pegunungan
Bintang; 14, Boven Digoel; 

Camara-Leret et. al. 
Science Advances 
(2019).



Milestones for sustainable Development in West Papua Province, 
Indonesia: 

Declaration of West Papua as the first 
Conservation Province in Indonesia 2015 and 
followed by Manokwari Declaration 2018.

A commitment of all stakeholders to protect 
and preserve minimum 70% of forest covers 
and 50% sea and coastal area in West 
Papua – increase the protected areas.

Special Regional Regulation (PERDASUS) No. 10 / 2019 
about Sustainable Development in West Papua Province. 
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Special Section: The economies, ecologies and politics of social forestry in Indonesia  
Policy Forum  
The Manokwari Declaration: Challenges ahead in 
conserving 70% of Tanah Papua’s forests  
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Deverell1, Larry A. Fisher2, Jonathan McLeod3, Lee Hannah4,5, Patrick Roehrdanz4,5, Timothy G. 
Laman6,7, Edwin Scholes7, Yance de Fretes8, Charlie Heatubun1,9,10 

1   Royal Botanic Gardens Kew, Richmond, Surrey, TW9 3AE, United Kingdom 
2   School of Natural Resources and the Environment, University of Arizona, Tucson, AZ 85721, USA 
3   School of Anthropology, University of Arizona, Tucson, AZ 85721, USA 
4    Bren School of Environmental Science & Management, University of California, Santa Barbara, CA 93106-

5131 
5    Betty and Gordon Moore Center, Conservation International, Arlington   
6    Museum of Comparative Zoology, Harvard University, 26 Oxford Street, Cambridge, MA 20128, USA 
7   The Cornell Lab of Ornithology, 159 Sapsucker Woods Rd., Ithaca, NY 14850, USA 
8    Conservation International, Jl. Wosi 65, Manokwari, 98312, Indonesia 
9    Fakultas Kehutanan, Universitas Papua, Jl. Gunung Salju, Amban, Manokwari, 98314, Indonesia 
10 Badan Penelitian dan Pengembangan Daerah Provinsi Papua Barat, Jl. Brig. Jend. Mar. (Purn.) Abraham 
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* Corresponding author: R.CamaraLeret@kew.org  

Abstract: The Manokwari Declaration is an unprecedented pledge by the governors of Indonesia’s two 
New Guinea provinces to promote conservation and become SE Asia’s new Costa Rica. This is an exciting, 
yet challenging endeavour that will require working on many fronts that transcend single disciplines. 
Because Indonesian New Guinea has the largest expanse of intact forests in SE Asia, large-scale 
conservation pledges like the Manokwari Declaration will have a global impact on biodiversity conservation 
and climate change mitigation.  
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Priority

West Papua 
Conservation 
Priorities under 
Climate Change

1,500 Endemic
Plants (RCP8.5)

Protected Areas



Sustainable Development Areas are provincial administrative government areas that carry out
development by applying the principles of forest protection and conservation, and the sustainable
use of natural resources including biodiversity and which are integrated in special provisions
covering disaster-prone areas, watershed (catchment) areas, border areas, and sustainable
agriculture lands.

Spatial Planning Map of West Papua 
Province (36.4 - 69.4 % PA)



THE 
CROWN
JEWEL

OF 
TANAH
PAPUA

The West Papua Province’s Strategic Area Functions for Protecting 
Biodiversity and Adat Communities (2.3 million hectares)







“Thank You and 
God Bless You All”


