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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-Pacific 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 first,
to our knowledge, expert-verified 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 floristically diverse island in the world. Expert knowledge is essential for
building checklists in the digital era: reliance on online taxonomic resources alone
would have inflated species counts by 22%. Species discovery shows no sign of levelling
off, and we discuss steps to accelerate botanical research in the ‘Last Unknown’8.

Great uncertainty remains as to the number of New Guinea plant species 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 Philippines13—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 macroecological 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 Indonesian 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; Orchidaceae), Dendrobium (614 species; Orchidaceae), Syzygium (207 species; 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 Malesian island group with more endemic than non-endemic species (9,301
endemic species; 68% of the total). This preponderance of endemic species 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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Fig. 1 | Floristic patterns in New Guinea. a, Map
of the study area of mainland New Guinea and
surrounding islands, showing the number of
digitized collections per grid cell of 25 × 25 km.
b, The five plant families that comprise 35% of the
flora. c, Families with highest species endemism in
angiosperms (orange), gymnosperms (blue) and
ferns and lycophytes (green), arranged by
increasing number of endemic species. Black bars
depict the number of non-endemic species.
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endemic), Gesneriaceae (96%) and Zingiberaceae (95%). All New Guinea
species of Vaccinium (Ericaceae) are endemic and over 95% of species
of Begonia (Begoniaceae), Cyrtandra (Gesneriaceae), Glomera (Orchidaceae), Psychotria (Rubiaceae), Rhododendron (Ericaceae), Saurauia
(Actinidiaceae) and Taeniophyllum (Orchidaceae) are endemic. There
are 61 endemic genera in New Guinea and these contain 164 species
(ranging from 1–17 species per genus) or 2% of the endemic species
(Extended Data Table 3). However, molecular research is urgently
needed to test the monophyly of endemic genera, as phylogenetic
data are absent for 59% of these (for example, GenBank: https://www.
ncbi.nlm.nih.gov/Taxonomy/TaxIdentifier/tax_identifier.cgi).

Life forms
There are 3,962 species of trees in New Guinea, and these account for
29% of the flora (Fig. 3). The most-diverse ‘tree families’ (that is, those
in which more than 50% of species are trees) are Myrtaceae (329 tree
species), Lauraceae (240), Euphorbiaceae (204), Phyllanthaceae (167)
and Moraceae (161). For comparison, Amazonia has 2.6 times more tree
species, but in an area 6.4 times larger21. Taxonomic monographs have
been completed for Moraceae for Flora Malesiana (an international
project initiated in 1950 that aims to name, describe and inventory the
vascular plants of the Malay Archipelago22), and partly for Euphorbiaceae and Phyllanthaceae, but monographs are urgently needed for
the large families of trees Lauraceae and Myrtaceae (Supplementary
Tables 3, 4). Species with ‘non-tree’ life forms (herbs, epiphytes, shrubs,
climbers, palms and tree ferns) account for 71% of the vascular plant
diversity of New Guinea (9,672 species; see Methods). The endemism of
non-tree species resembles that for trees (68%) and the majority of the
species diversity in New Guinea’s endemic genera consists of non-trees
(63% of species). Non-tree species diversity is greatest in Orchidaceae,
Rubiaceae, Poaceae, Ericaceae and Arecaceae, and non-tree species
of these families constitute about one third of the New Guinea flora.
Except for Ericaceae, Flora Malesiana accounts are lacking for these
species-rich non-tree families (Supplementary Tables 3, 4).

Expert knowledge in the digital era
We sought to ascertain what the total number of vascular plant species
reported for New Guinea would be if we resolved names using online
tools rather than expert knowledge. To assess this, we first submitted the
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list of 23,381 unique names to the Taxonomic Name Resolution Service
(TNRS), an online name standardization platform23 that is regularly used
in macroecological studies24. We found that TNRS accepted 17,518 vascular plant species, or 75% of the names in the original list, whereas our 99
experts accepted 53%. There were significant differences in the number
of species reported by TNRS and by experts; the numbers ranged from
0–275 species per family (mean, 16 ± 35; Wilcoxon signed-rank test,
V = 1,712, P < 0.001). We reviewed all accepted TNRS names to assess
whether these were native to New Guinea, because even accepted names
can have geographic errors (non-native taxa). We found that 14% of
taxonomically valid TNRS species were false presences. The families
with the greatest incidence of false presences were Orchidaceae (244
species; 10% of total false presences), Poaceae (7%), Fabaceae (5%) and
Myrtaceae (3%). To assess the quality of our checklist, we also performed
an independent comparison with a New Guinea list in Plants of the World
Online (POWO; http://www.plantsoftheworldonline.org, accessed
21 December 2019). POWO is a dynamic taxonomic portal based on
mined literature that aims to become the most comprehensive single
information resource covering all vascular plants by 2020. We found that
POWO accepted 13,073 species for New Guinea, of which 1,714 species
were synonyms and/or non-native taxa according to experts—making the
final species count in POWO 17% lower than ours. Still, the POWO list had
259 native and accepted species (that is, not synonymized) that experts
missed and which were subsequently added to the checklist. Overall,
the independent comparisons with TNRS and POWO confirm the high
quality of our checklist and highlight the need for expert knowledge in
the digital era. Although New Guinea lags behind other tropical regions
in taxonomic effort, uncertainty in taxonomic names and geographic
occurrences is common even in better-studied regions. For example,
an improved knowledge of the size of the Amazonian tree flora21 was
only achieved after a series of steps that reduced uncertainty25,26—
underscoring the importance of dynamic lists and international collaboration networks. Because the importance of online taxonomic tools will
continue to grow in the digital era, collaboration among taxonomists,
ecologists and maintainers of online synonymy portals will be essential
to enhance the quality of online tools such as TNRS.

Completing the New Guinea Flora
Our checklist with resolved plant names, geographic distributions
and life forms (Supplementary Tables 1, 2) represents the first, to our
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Fig. 2 | Representatives of species-rich genera with more than 80 species in
New Guinea. a, Bulbophyllum; b, Dendrobium; c, Crepidium; d, Taeniophyllum;
e, Oberonia; f, Phreatia; g, Glomera; h, Syzygium; i, Rhododendron; j, Cyrtandra;

k, Timonius; l, Freycinetia; m, Saurauia; n, Begonia; o, Medinilla; p, Ficus;
q, Myristica; r, Psychotria; s, Vaccinium. Photograph credits: A.S. (a–f), W.J.B.
(g, s), Y.W.L. (h), T.U. (i–l, o, q), M.S.A. (m, n) and Z.E. (p, r).

knowledge, large-scale international attempt to catalogue the entire
native flora of New Guinea beyond local lists27. Since the publication of
the Flora of Java 50 years ago12 and that of the Philippines in 201113, ours
is the only other published vascular plant checklist of a large Malesian
island or island group. An expert-vetted checklist for New Guinea will
be invaluable for conservation planning, as accepted plant names and
geographic distributions are the basis of policy-relevant International
Union for Conservation of Nature (IUCN) Red List assessments, and are
also used for modelling the effects of changes in climate and land use
on species ranges. In addition, an authoritative checklist of plant names
will improve the accuracy of biogeographic studies (for example, bioregionalization, molecular phylogenies) and trait-based approaches.
DNA sequence data are lacking for most taxa in New Guinea, and our
checklist will enable more-precise targeting of taxa for sequencing in
species-rich groups with poor generic delimitation and high endemism
(for example, Lauraceae). Finally, our checklist will aid in the discovery
and characterization of more species by taxonomists. By cataloguing
13,634 plant species in the world’s most biodiverse island in one year,
our rapid collaborative assessment—facilitated by centuries of botanical collections and digital verifiable records—can also serve as a model
for accelerating research in other hyperdiverse areas (for example,
Borneo and Sumatra). Three conditions will help to increase the speed
at which verified species checklists are produced in other hyperdiverse
regions: (i) specimens and literature are accessible, physically and
digitally in online portals; (ii) family experts exist and their institutions
support them; and (iii) coordinator(s) have clear goals, time-delimited
guidelines and promote international collaboration.
Species discovery shows no sign of levelling off, especially for
non-tree life forms (Fig. 4) and we propose six steps to accelerate the
cataloguing of the New Guinea flora. First, training the next generation
of resident plant taxonomists is urgently needed. The plants of New
Guinea have been studied mostly by people who are not residents2,

and 40% of the experts in our consortium are either retired or within
ten years of turning 65 (International Plant Names Index, https://www.
ipni.org). Unless the number of resident taxonomic leaders increases,
the future of taxonomy in New Guinea will continue to depend on foreign experts. Thus, in-country and international training programmes
(for example, postgraduate studies, parataxonomy courses15,28) will
continue to be essential both for documenting the flora of the region
and to increase exchange with Malesian plant taxonomy experts.
To build capacity at all levels—from Indigenous citizen scientists to
postgraduate students—universities and botanical gardens should
align their training and research plans, and partner with embedded
institutions such as non-governmental organizations (NGOs). Second,
international-scale efforts to digitize and unify historical collections—as
proposed by the Distributed System of Scientific Collections initiative
(https://www.dissco.eu), for example—are critically needed to underpin research and to repatriate type specimens in digital format. So far,
Indonesia’s largest herbarium (Herbarium Bogoriense) has digitized
around 20,000 type specimens (http://ibis.biologi.lipi.go.id/) but
not the general collection; the Royal Botanic Gardens, Kew, the Royal
Botanic Gardens and Domain Trust in Sydney and Singapore Botanic
Gardens have digitized less than 30% of their New Guinea collections,
and the Australian National Herbarium and the Papua New Guinea
Forest Research Institute just 50%; the Naturalis Biodiversity Center in
Leiden has photographed all specimens and most label information is
available online; and only Queensland Herbarium is almost fully digitized. It is insufficient to digitize herbaria, however, if there are high
rates of specimen misidentification29. Thus, our third recommendation
is that critical taxonomic research—especially in species-rich genera
(Extended Data Table 2)—needs long-term institutional and financial
support if substantial advances are to be made. Otherwise, erroneous
taxonomic determinations will persist, causing species numbers to
be over- or underestimated. For example, the early twentieth century
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Knowledge on the flora of New Guinea has remained scattered for
too long, which has limited basic and applied research in this highly
diverse tropical wilderness area. Here, we have built an expert-verified
checklist of New Guinea’s 13,634 known vascular plant species and made
it openly available to the global community. The checklist suggests
that New Guinea is the most floristically diverse island in the world and
that its high level of endemism is unmatched in tropical Asia. Our work
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boom in botanical discoveries in New Guinea (Fig. 4) was largely due
to Rudolf Schlechter, who described more than 1,000 new species and
had long-term support. Often, scientists trained abroad who return
home encounter heavy teaching loads, large administrative obligations and low salaries30. This may explain why only two complete Flora
Malesiana accounts, and few genera in multi-authored accounts, have
been written by an Indonesian person, and none by an individual from
Papua New Guinea. Currently, there are very limited career opportunities for plant taxonomists in Indonesian New Guinea and Papua New
Guinea. Boosting the role of resident botanists in understanding the
New Guinea flora will thus require governmental measures that create
jobs, improve professional conditions for taxonomists and reward
scientific productivity and merit. A fourth step will be to increase the
number and quality of user-friendly plant field guides31. This will be
crucial to raise awareness of the region’s plants and enhance collecting, identification and cataloguing efforts. As a fifth step, countries
should support more international collaborations, because reciprocal
exchanges to co-write taxonomic papers provide tangible benefits
to Flora projects32. Finally, collecting effort is still low (fewer than 25
collections per 100 km2 throughout much of New Guinea2; Fig. 1a) and
land-use change is an increasing threat33, so more botanical exploration
is therefore urgently needed if unknown species are to be collected
before they disappear. Considering that 2,812 new species have been
published since 1970, and that larger and higher-diversity genera still
need to be tackled, we estimate that in 50 years 3,000–4,000 species
will be added to the number of vascular plants in New Guinea. Species discovery, however, will ultimately depend on enough experts
being available to study the large number of collections that have been
amassed in the past decades (Extended Data Fig. 2), including thousands of specimens that remain unidentified (Extended Data Table 4).

Decade

Fig. 4 | Species described per decade in New Guinea. The number of plant
species (basionyms) described per decade from 1753 to 2019, grouped into tree
species (red bars) and non-tree species (blue bars); and the cumulative number
of verified species of trees (red dotted line), non-trees (blue dotted line) and
total (black dotted line).

demonstrates that international collaborative efforts using verified
digital data can rapidly synthesize biodiversity information. In doing
so, such initiatives inform other branches of science and pave the way
for the grand challenge of conserving New Guinea’s rich flora.
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Methods
Study area
We defined the study area as the region encompassing the main island
of New Guinea and the surrounding smaller islands that were connected
to mainland New Guinea during the Last Glacial Maximum. We delimit
it by selecting areas within a depth of −120 m of mainland New Guinea
from the General Bathymetric Chart of the Oceans (http://www.gebco.
net) (Extended Data Fig. 1). Accordingly, the study area spans a latitudinal range of 0.08° S to 10.66° S and a longitudinal range of 129.42°
E to 150.21° E and excludes the Moluccas and Kai Islands to the west,
Bougainville and the Solomon Islands to the east and the Micronesian
islands to the north. Large islands in our study area include New Guinea,
the Aru islands, the Raja Ampat islands, Biak, Yapen, New Britain, New
Ireland and the Louisiade, Admiralty and Western islands.
Data compilation
An initial list of plant names for the study area was compiled from
specimen data after four steps. First, we downloaded specimens
within the extent of our study area from the Global Biodiversity Information Facility (GBIF, https://www.gbif.org/occurrence/download
/0064983-160910150852091, n = 394,821 records), Consortium
of Pacific Herbaria (CPH, https://www.re3data.org/repository/
r3d100012011, n = 30,188), Australasian Virtual Herbarium (AVH, http://
avh.ala.org.au, n = 42,714) and Kew Herbarium Catalogue (http://apps.
kew.org/herbcat/, n = 4,618). Second, we obtained herbarium specimen
records from institutional repositories of the Naturalis Biodiversity
Center (n = 189,382), Royal Botanic Gardens, Kew (n = 56,522) and University of Papua New Guinea (n = 17,929). Third, we downloaded type
specimens from the Harvard University Herbaria (https://kiki.huh.
harvard.edu/databases/specimen_index.html, n = 5,571), Natural History Museum (https://data.nhm.ac.uk, n= 1,325), New York Botanical
Garden (http://sweetgum.nybg.org/science/collections, n = 1,236),
Royal Botanic Garden Edinburgh (https://data.rbge.org.uk/search/
herbarium, n = 1,200), Smithsonian National Museum of Natural History (https://collections.nmnh.si.edu/search/botany, n = 1,025), Missouri Botanical Garden (http://www.tropicos.org, n = 51) and Muséum
National d’Histoire Naturelle (https://science.mnhn.fr/institution/
mnhn/search, n = 32). Fourth, we obtained data curated by taxonomists for Orchidaceae (n = 12,830), Arecaceae (n = 3,684), Araliaceae
(n = 1,713) and Cyatheaceae (n = 1,662). We manually unified headers and
standardized entries for the fields of family, genus, species, collector
name, collector number, date and elevation. Family circumscriptions
were based on the Angiosperm Phylogeny Group IV34 (angiosperms),
on the Pteridophyte Phylogeny group (ferns and lycophytes)35 and
on a previous study (gymnosperms)36. All records from outside the
study area were removed (that is, from Sumatra, Java, Borneo, Bali,
Komodo, Flores, Moluccas, Solomon Islands and Bougainville). Names
of collectors were verified using the Cyclopaedia of Malesian Collectors (http://www.nationaalherbarium.nl/FMCollectors/). Collectors’
names that were absent from the Cyclopaedia of Malesian Collectors
were reviewed by R.C.-L. and D.G.F., the latter an expert on the history
of biological exploration in New Guinea1.
We applied different quality filters to clean scientific names. First,
fungi, lichens, algae, bryophytes and marine species (for example, sea
grasses) were excluded. Second, doubtful species identifications (for
example, ‘cf.’, ‘sp. nov.’, ‘aff.’, ‘sp.’) were classified to generic level. The list
of genera was then used as the basis to query TNRS23. Misspelled genera
were manually corrected and doubtful cases excluded. We removed all
known hybrids from the analyses. The resulting list of 23,381 taxonomic
names was submitted to TNRS for verification.
Expert review
From April to November 2018, 99 taxonomic, floristic and monographic
experts (see author list) of the New Guinea flora reviewed the list of

original names in their respective families of expertise (Supplementary
Tables 1, 2). Each expert verified whether the original list of names
was correctly resolved by TNRS, and included additional information
about taxonomy (basionym name, basionym year), geographic range
(native, endemic, distribution in Indonesia and/or Papua New Guinea)
and life form (tree, herb, shrub, epiphyte, palm, etc.). When experts
considered that a name that was accepted by TNRS was not correct,
they wrote the correct name and cited the source(s) for these changes.
Similarly, when experts considered a species not to be native, they
were asked to write an explanation (for example, geographic error,
taxonomic misidentification). Finally, experts also included names
that had been missed from the original list (n = 1,263). To assess the
discrepancy between TNRS and expert verification, we compared the
total number of accepted species in both lists for 254 plant families by
using a Wilcoxon signed-rank test. We then performed an independent
comparison against a list of 13,073 accepted species names contained
in POWO for the ‘New Guinea’ locality (http://www.plantsoftheworldonline.org, accessed 21 December 2019). POWO was launched in 2017
with an initial focus on tropical Africa, but aims to become a single
point of access for authoritative information on all plant species by
2020. Accordingly, for the names in the POWO list that were missing
in our checklist, experts assessed whether they were incorrect (that is,
synonyms) and/or not native to the study area, and which names were
correct and native. The former represent false presences in POWO;
the latter represent species that experts overlooked and which were
subsequently included in the final checklist.

Life forms and species discovery over time
To assess the percentage of tree and non-tree species within each family,
we considered ‘non-trees’ to comprise the following life forms that lack
distinct secondary wood growth or have multiple woody stems: herbs,
epiphytes, shrubs, climbers, palms and tree ferns (Fig. 3). Families in
which more than 50% of the species were trees were considered ‘tree
families’. To assess the rate at which species names in the checklist
have been described and accepted, we compiled the year of publication of basionyms from the primary literature, the International Plant
Names Index (https://www.ipni.org) and the Tropicos database (https://
tropicos.org). To map collections of native species (Fig. 1a), we
discarded duplicate records (that is, those with the same collector
name, collector number, latitude and longitude) and records that
lacked coordinates or that had coordinates within the sea. This resulted
in a total of 153,979 unique records. A richness map using a 25 × 25-km
grid was built in R37 using commands from the libraries raster38 and
letsR39 and artwork was designed using QGIS40.
Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this paper.
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Extended Data Fig. 1 | Delimitation of the study area of New Guinea. The study area (black islands) includes islands within a depth of −120 m of mainland New
Guinea according to the General Bathymetric Chart of the Oceans (http://www.gebco.net). Purple lines depict seafloor depth starting at −120 m.

Extended Data Fig. 2 | Collection effort and discovery of the New Guinea
flora through time. The number of plant collections that have been digitized
(green bars), the cumulative total number of collections (green dotted line)

and the cumulative number of plant species (basionyms) described over time
(black dotted line).
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Extended Data Table 1 | The 31 plant families in New Guinea that have
more than 100 species, arranged in descending order of native species

Extended Data Table 2 | The 20 most-diverse plant genera in New Guinea, arranged in
descending order of native species
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Extended Data Table 3 | The 61 endemic genera to New Guinea, their number of
species and availability of sequences in GenBank

GenBank sequences at https://www.ncbi.nlm.nih.gov/genbank/

Extended Data Table 4 | Number of New Guinea specimens and unidentified specimens, and percentage of
unidentified specimens, for larger vascular plant genera held at BISH, BRI, CANB, L, LAE and NSW

S, specimens; U, unidentified specimens; %U, percentage of unidentified specimens.
Herbarium acronyms: BISH, Bishop Museum; BRI, Queensland Herbarium; CANB, Australian National Herbarium; L, Naturalis; LAE, Papua New Guinea Forest Research Institute;
NSW, Royal Botanic Gardens and Domain Trust.

