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New Guineais the world’s largest tropical island and has fascinated naturalists for
centuries*?. Home to some of the best-preserved ecosystems on the planet® and to
intact ecological gradients—from mangroves to tropical alpine grasslands—that are
unmatched in the Asia-Pacific region*?, it is aglobally recognized centre of biological

and cultural diversity®’. 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 surroundingislands. 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™®,

Great uncertainty remains as to the number of New Guinea plant spe-
cies known to science, with conflicting estimates ranging from 9,000
t0 25,000 species®®. 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, withaknown vascular plant flora19%larger thanthe 11,488 species
recordedinMadagascarand 22%larger thanthe 11,165 species recorded
in Borneo (http:/www.plantsoftheworldonline.org, accessed 27 April
2019). New Guineacontains almost three times the 4,598 spermatophyte
species of Java' and 1.4 times the 9,432 vascular plant species of the Phil-
ippines"®—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), whichhas 7,616. PapuaNew Guineaalso has more genera (1,654
versus1,511) and families (260 versus 248). These differences partly arise
from the lower collecting density in Indonesian New Guinea'? (Fig. 1a).
Nevertheless, the order of country rankings in plant diversity is unlikely
tochangewith further collectionsbecause Papua New Guineahasalarger
area,and surface areais the strongest predictor ofisland plant diversity™.
Our speciestotal for Papua New Guinea differs markedly fromthe 29,756
species that were presented in anunverified list of the Global Biodiversity
Information Facility” and our total number of genera for New Guineais
28% lower than the 2,437 unverified genera reported in a previous mac-
roecological study™. 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 Table1). Orchidaceae
account for 20% and 17% of the flora of Papua New Guinea and Indo-
nesian New Guinea, respectively. The floristic importance of orchids
iscomparableto thatin other megadiverse countries such as Ecuador
(23% of total flora) and Colombia (15%)". 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 generaarerepresented by asingle speciesin New Guinea.

Endemism

Plant endemism in New Guinea is remarkably high: it is the only Male-
sianisland group with more endemic thannon-endemic species (9,301
endemic species; 68% of the total). This preponderance of endemic spe-
cieswas noted in earlier studies, although these were based on smaller
floristic samples®®. The uniqueness of New Guinea within Malesia may
be explained by its greater land surface area and habitat diversity’;
its location, marking the junction between Malesia, Australia and the
Pacific; andits highly complex tectonic history”. Geographically, 53%
oftheendemic species have been found only in Papua New Guinea and
24% occur only in Indonesian New Guinea. Of the total species from
PapuaNew 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
thesurvival of thisirreplaceable biodiversity. Given the general trend
of plant endemism to increase with elevation®, the conservation of
ecosystems along altitudinal gradientsis particularly critical.
Angiosperms have higher species endemism (71%) than ferns and
lycophytes (46%) or gymnosperms (41%). Endemism within familiesis
highly uneven, with just eight angiosperm families comprising 50% of
allendemics: 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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endemic), Gesneriaceae (96%) and Zingiberaceae (95%). AllNew Guinea
species of Vaccinium (Ericaceae) are endemic and over 95% of species
of Begonia (Begoniaceae), Cyrtandra (Gesneriaceae), Glomera (Orchi-
daceae), Psychotria (Rubiaceae), Rhododendron (Ericaceae), Saurauia
(Actinidiaceae) and Taeniophyllum (Orchidaceae) areendemic. 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
dataare absent for 59% of these (for example, GenBank: https://www.
ncbi.nlm.nih.gov/Taxonomy/Taxldentifier/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, butinanarea 6.4 times larger®. Taxonomic monographs have
been completed for Moraceae for Flora Malesiana (an international
projectinitiated in1950 that aims to name, describe and inventory the
vascular plants of the Malay Archipelago®), and partly for Euphorbi-
aceae 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).

Expertknowledge in the digital era

We soughtto ascertain what the total number of vascular plant species
reported for New Guinea would be if we resolved names using online
toolsratherthan expert knowledge. To assess this, we first submitted the
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Fig.1|Floristic patternsin New Guinea.a, Map
ofthe study area of mainland New Guineaand
surroundingislands, showing the number of
digitized collections per grid cell of 25 x25km.

b, Thefive plant families that comprise 35% of the
flora.c, Families with highest species endemismin
angiosperms (orange), gymnosperms (blue) and
fernsandlycophytes (green), arranged by
increasing number of endemic species. Black bars
depictthe number of non-endemic species.
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list of 23,381 unique names to the Taxonomic Name Resolution Service
(TNRS), an online name standardization platform?® thatis regularly used
inmacroecological studies®. We found that TNRS accepted 17,518 vascu-
lar plant species, or 75% of the names in the original list, whereas our 99
expertsaccepted 53%. There were significant differencesin the number
of species reported by TNRS and by experts; the numbersranged 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
anindependent comparisonwithaNew Guinealistin 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 coveringall vascular plants by 2020. We found that
POWO accepted 13,073 species for New Guinea, of which 1,714 species
weresynonymsand/or non-native taxaaccording toexperts—making the
final species countin 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 Guinealags behind other tropical regions
in taxonomic effort, uncertainty in taxonomic names and geographic
occurrences is common even in better-studied regions. For example,
animproved knowledge of the size of the Amazonian tree flora” was
only achieved after a series of steps that reduced uncertainty®°—
underscoring theimportance of dynamiclists and international collabo-
ration 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 generawithmore than 80 speciesin
New Guinea. a, Bulbophyllum; b, Dendrobium; c, Crepidium; d, Taeniophyllum;
e, Oberonia; f, Phreatia; g, Glomera; h, Syzygium; i, Rhododendron; j, Cyrtandra;

knowledge, large-scale international attempt to catalogue the entire
native floraof New Guinea beyond locallists?. Since the publication of
theFloraofJava 50 years agoand that of the Philippines in 2011, ours
isthe only other published vascular plant checklist of alarge Malesian
island orisland group. An expert-vetted checklist for New Guinea will
beinvaluable 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
onspeciesranges. Inaddition, anauthoritative checklist of plant names
willimprove the accuracy of biogeographic studies (for example, biore-
gionalization, 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 sequencingin
species-richgroups with poor generic delimitation and highendemism
(forexample, Lauraceae). Finally, our checklist willaid 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,
ourrapid collaborative assessment—facilitated by centuries of botani-
cal collections and digital verifiable records—can also serve asamodel
for accelerating research in other hyperdiverse areas (for example,
Borneo and Sumatra). Three conditions will help toincrease the speed
atwhichverified 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 residents?,

k, Timonius; 1, Freycinetia; m, Saurauia; n, Begonia; o, Medinilla; p, Ficus;
q, Myristica; v, Psychotria; s, Vaccinium. Photograph credits: A.S. (a-f), W.J.B.
(g,s), YW.L. (h), T.U.(i-1,0,q), M.S.A.(m,n) and Z.E. (p, r).

and 40% of the experts in our consortium are either retired or within
tenyears 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 for-
eignexperts. Thus, in-country and international training programmes
(for example, postgraduate studies, parataxonomy courses™>?%) 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 Collectionsinitiative
(https://www.dissco.eu), for example—are critically needed tounder-
pinresearch andto 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 Centerin
Leiden has photographed all specimens and most label informationis
available online; and only Queensland Herbarium is almost fully digi-
tized. Itis insufficient to digitize herbaria, however, if there are high
rates of specimen misidentification®. Thus, our third recommendation
is that critical taxonomic research—especially in species-rich genera
(Extended Data Table 2)—needs long-term institutional and financial
supportifsubstantialadvances are tobe 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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boom in botanical discoveries in New Guinea (Fig. 4) was largely due
toRudolfSchlechter, 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 obliga-
tions and low salaries®. This may explain why only two complete Flora
Malesianaaccounts, and few generain multi-authored accounts, have
been written by anIndonesian person, and none by anindividual from
PapuaNew Guinea. Currently, there are very limited career opportuni-
ties 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 guides™. This will be
crucial to raise awareness of the region’s plants and enhance collect-
ing, 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 projects®. Finally, collecting effort is still low (fewer than 25
collections per 100 km?throughout much of New Guinea?; Fig. 1a) and
land-use changeis anincreasing threat®, 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. Spe-
cies discovery, however, will ultimately depend on enough experts
beingavailable to study the large number of collections that have been
amassed in the past decades (Extended Data Fig. 2), including thou-
sands of specimens that remain unidentified (Extended Data Table 4).
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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 Guineais the most floristically diverse island in the world and
thatits high level of endemismis unmatched in tropical Asia. Our work
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demonstrates that international collaborative efforts using verified
digital data can rapidly synthesize biodiversity information. In doing
so, suchinitiativesinform 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 mainisland
of New Guineaand the surrounding smaller islands that were connected
to mainland New Guinea during the Last Glacial Maximum. We delimit
itby selecting areas withina depth of -120 m of mainland New Guinea
fromthe General Bathymetric Chart of the Oceans (http://www.gebco.
net) (Extended Data Fig. 1). Accordingly, the study area spans a latitu-
dinal range of 0.08° S t010.66° S and a longitudinal range of 129.42°
E t0150.21° E and excludes the Moluccas and Kai Islands to the west,
Bougainville and the Solomon Islands to the east and the Micronesian
islands tothe north. Largeislandsinourstudy areainclude New Guinea,
the Aruislands, the Raja Ampatislands, 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 Infor-
mation 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 Uni-
versity 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 His-
tory 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 His-
tory (https://collections.nmnh.si.edu/search/botany, n=1,025), Mis-
souriBotanical 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 taxono-
mists 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 IV** (angiosperms),
on the Pteridophyte Phylogeny group (ferns and lycophytes)* and
ona previous study (gymnosperms)*¢. 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 Collec-
tors (http://www.nationaalherbarium.nl/FMCollectors/). Collectors’
names that were absent from the Cyclopaedia of Malesian Collectors
werereviewed by R.C.-L.and D.G.F., the latter an expert on the history
of biological exploration in New Guinea'.

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 speciesidentifications (for
example, ‘cf., ‘sp.nov., ‘aff., ‘sp.) were classified to generic level. The list
of generawas then used as the basis to query TNRS?. 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.

Expertreview
From Aprilto November 2018, 99 taxonomic, floristicand monographic
experts (see author list) of the New Guinea flora reviewed the list of

originalnames 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, distributionin 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 speciesin both lists for 254 plant families by
using a Wilcoxon signed-rank test. We then performed anindependent
comparison against alist of 13,073 accepted species names contained
in POWO for the ‘New Guinea’ locality (http://www.plantsoftheworl-
donline.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
inour checklist, experts assessed whether they were incorrect (that s,
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

Toassess 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 publica-
tion 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
inatotal 0f153,979 unique records. A richness map using a 25 x 25-km
grid was built in R¥ using commands from the libraries raster® and
letsR* and artwork was designed using QGIS*°.

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this paper.

Data availability

Thedatathat supportthe findings of this study are available within the
Article and in Supplementary Tables 1-4.

Code availability

The R code used for calculations and analyses is available from the
corresponding author onrequest.
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Bathymetry (m)

Extended DataFig.1|Delimitation of the study area of New Guinea. The study area (blackislands) includes islands within adepth of -120 m of mainland New
Guineaaccordingto the General Bathymetric Chart of the Oceans (http://www.gebco.net). Purplelines depict seafloor depth startingat -120 m.
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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

Family Native species Endemic species % Endemic
Orchidaceae 2856 2464 86.3
Rubiaceae 784 668 85.2
Ericaceae 438 431 98.4
Poaceae 376 113 30.1
Myrtaceae 352 256 72.7
Arecaceae 292 257 88
Fabaceae 289 79 27.3
Apocynaceae 284 196 69
Cyperaceae 254 24 9.4
Lauraceae 242 194 80.2
Euphorbiaceae 241 157 65.1
Polypodiaceae 235 108 46
Gesneriaceae 228 218 95.6
Melastomataceae 228 188 825
Thelypteridaceae 203 140 69
Zingiberaceae 202 191 94.6
Phyllanthaceae 202 138 68.3
Moraceae 201 96 47.8
Pandanaceae 200 175 87.5
Urticaceae 196 158 80.6
Asteraceae 171 109 63.7
Sapindaceae 149 100 67.1
Rutaceae 143 100 69.9
Malvaceae 141 74 52.5
Myristicaceae 134 115 85.8
Primulaceae 133 113 85
Araliaceae 131 107 81.7
Elaeocarpaceae 127 108 85
Araceae 111 73 65.8
Dryopteridaceae 110 52 47.3

Cyatheaceae 110 92 83.6




Extended Data Table 2 | The 20 most-diverse plant genera in New Guinea, arranged in
descending order of native species

Genus Family Native species Endemic species % Endemic
Bulbophyllum Orchidaceae 658 599 91
Dendrobium Orchidaceae 614 528 86
Syzygium Myrtaceae 207 174 84.1
Ficus Moraceae 179 93 52
Rhododendron Ericaceae 171 169 98.8
Psychotria Rubiaceae 146 144 98.6
Glomera Orchidaceae 143 138 96.5
Freycinetia Pandanaceae 140 127 90.7
Phreatia Orchidaceae 138 128 92.8
Vaccinium Ericaceae 135 135 100
Taeniophyllum Orchidaceae 130 125 96.2
Cyrtandra Gesneriaceae 112 108 96.4
Crepidium Orchidaceae 110 102 92.7
Myristica Myristicaceae 99 89 89.9
Saurauia Actinidiaceae 93 91 97.8
Medinilla Melastomataceae 91 82 90.1
Macaranga Euphorbiaceae 91 76 83.5
Begonia Begoniaceae 90 86 95.6
Timonius Rubiaceae 89 80 89.9

Oberonia Orchidaceae 87 81 93.1
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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

Genus Family Species GenBank sequences
Aistopetalum Cunoniaceae 2 no
Anakasia Araliaceae 1 no
Annesijoa Euphorbiaceae 1 no
Anthorrhiza Rubiaceae 9 yes
Antiaropsis Moraceae 2 yes
Archboldiodendron Pentaphylacaceae 1 no
Basisperma Myrtaceae 1 no
Brachionostylum Asteraceae 1 no
Brassiophoenix Arecaceae 2 yes
Buergersiochloa Poaceae 1 yes
Calycacanthus Acanthaceae 1 yes
Chaetostachydium Rubiaceae 3 no
Chimaerochloa Poaceae 1 yes
Chlaenandra Menispermaceae 1 no
Cyrtandropsis Gesneriaceae 14 no
Decatoca Ericaceae 1 no
Distrianthes Loranthaceae 2 no
Dolianthus Rubiaceae 13 yes
Dransfieldia Arecaceae 1 yes
Dryadorchis Orchidaceae 5 no
Eleutherostylis Malvaceae 1 no
Fittingia Primulaceae 9 no
Gibbsia Urticaceae 2 yes
Gjellerupia Opiliaceae 1 no
Gymnophragma Acanthaceae 1 no
Hartleya Stemonuraceae 1 no
Holochlamys Araceae 1 yes
Hulemacanthus Acanthaceae 2 no
Ischnea Asteraceae 4 yes
Jadunia Acanthaceae 2 yes
Kairoa Monimiaceae 4 yes
Kairothamnus Picrodendraceae 1 no
Lagenocypsela Asteraceae 2 no
Lamiodendron Bignoniaceae 1 yes
Macrococculus Menispermaceae 1 yes
Magodendron Sapotaceae 2 yes
Manjekia Arecaceae 1 yes
Maschalodesme Rubiaceae 2 no
Novaguinea Asteraceae 1 no
Opocunonia Cunoniaceae 1 yes
Pachystylus Rubiaceae 1 no
Papuacalia Asteraceae 17 yes
Papuaea Orchidaceae 1 no
Papuanthes Loranthaceae 1 no
Papuasicyos Cucurbitaceae 7 yes
Papuodendron Malvaceae 2 yes
Paramyristica Myristicaceae 1 no
Piora Asteraceae 1 no
Pseudobotrys Cardiopteridaceae 2 no
Rhadinopus Rubiaceae 2 no
Rheopteris Pteridaceae 1 yes
Ruthiella Campanulaceae 4 no
Sepikea Gesneriaceae 1 no
Sericolea Elaeocarpaceae 15 yes
Siphonandrium Rubiaceae 1 no
Sommieria Arecaceae 1 yes
Thylacophora Zingiberaceae 1 no
Thysanosoria Lomariopsidaceae 1 no
Urceodiscus Cucurbitaceae 1 yes
Wallaceodoxa Arecaceae 1 yes
Xylonymus Celastraceae 1 no

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

TOTAL BISH BRI CANB L LAE NSwW

Genus S U »U| S U %U| S U %U| S U %U| S U %U| S U %U| S U %U
Aglaia 2353 1271 54 87 86 99 | 341 196 57 | 268 239 89 | 824 76 9 727 574 79 106 100 94
Alpinia 695 514 74 1 0 0 11 2 18 | 6 1 17 | 524 417 80 145 89 61 8 5 63
Archidendron 302 29 10 3 0 0 20 0 0 14 0 0 183 13 7 77 14 18 | 5 2 40
Ardisia 446 188 42 20 5 25 | 46 14 30 20 7 35 166 60 36 167 93 56 | 27 9 33
Asplenium 578 56 10 0 0 0 7 6 86 | 8 2 25| 464 14 3 86 31 36 13 3 23
Begonia 1195 341 29 15 0 0 313 192 61 15 10 67 | 395 83 21 431 40 9 26 16 62
Beilschmiedia 712 171 24 6 0 0 7 45 63 30 14 47 | 488 61 13 104 48 46 13 3 23
Bulbophyllum 3992 1701 43 | 4 1 25 139 85 61 951 527 55 1774 496 28 1116 585 52 | 8 7 88
Casearia 786 265 34 78 45 58 198 99 50 10 5 50 | 243 94 39 | 254 21 8 3 1 33
Cryptocarya 3331 1226 37 54 41 76 1088 437 40 168 28 17 | 977 218 22 | 957 490 51 87 12 14
Cyrtandra 2091 1401 67 86 12 14 | 410 363 89 | 26 16 62 | 959 839 87 | 577 147 25 | 33 24 73
Dendrobium 5383 1133 21 89 12 13 532 123 23 500 388 78 | 2461 506 21 1720 95 6 81 9 11
Diospyros 1848 365 20 23 5 22 | 486 121 25 | 74 28 38 | 616 169 27 | 624 41 7 25 1 4
Dysoxylum 2520 910 36 51 18 35 | 632 248 39 | 67 33 49 | 83 67 8 845 527 62 | 72 17 24
Elaeocarpus 4097 308 8 175 1 1 1084 6 1 151 61 40 1026 58 6 1578 134 8 83 48 58
Elatostema 2785 1735 62 38 22 58 | 281 33 12 | 458 377 82 | 682 424 62 1094 768 70 232 111 48
Endiandra 1084 199 18 29 0 0 266 141 53 69 8 12 | 340 40 12 | 340 8 2 40 2 5
Euodia 1141 411 36 29 18 62 | 221 107 48 | 33 17 52 | 282 78 28 | 555 181 383 21 10 48
Ficus 20109 1979 10 205 71 35 | 3116 548 18 | 3733 125 3 3881 91 2 8941 1108 12 | 233 36 15
Garcinia 3046 1716 56 | 46 4 9 723 497 69 126 14 11 1164 646 55 | 923 546 59 | 64 9 14
Glochidion 1524 335 22 19 4 21 93 5 5 50 3 6 811 192 24 | 520 123 24 | 31 8 26
Guioa 1013 162 16 34 1 3 210 31 15 117 31 26 | 209 3 1 403 90 22 | 40 6 15
Hedyotis 1190 398 33 35 6 17 | 214 70 33 113 15 13 | 321 165 51 485 134 28 | 22 8 36
Hoya 1954 459 23 14 4 29 | 338 59 17 | 345 120 35 | 372 65 17 | 859 205 24 | 26 6 23
Litsea 2378 1031 43 35 12 34 | 556 390 70 86 23 27 | 95 152 16 | 704 440 63 41 14 34
Macaranga 3934 993 25 39 5 13 880 348 40 168 10 6 1545 217 14 1250 406 32 | 52 7 13
Medinilla 3698 1238 33 76 13 17 | 853 458 54 | 279 47 17 1063 115 11 1329 570 43 98 35 36
Mussaenda 1785 465 26 64 17 27 | 258 106 41 189 22 12 | 381 133 35 | 825 171 21 68 16 24
Myristica 4270 838 20 196 87 44 | 350 94 27 | 322 83 26 1445 29 2 1770 435 25 187 110 59
Pandanus 960 384 40 7 7 100| 278 62 22 1 0 0 364 29 8 304 281 92 | 6 5 83
Piper 5259 1402 27 149 21 14 1068 300 28 | 394 50 13 1092 408 37 | 2354 599 25 | 202 24 12
Pouteria 4204 875 21 51 4 8 1970 683 35 152 15 10 | 706 12 2 1240 151 12 | 85 10 12
Psychotria 6168 2132 35 208 64 31 7112 0 892 248 28 1171 567 48 | 2971 1184 40 215 67 3
Rhododendron 2904 148 5 35 14 40 57 24 42 | 221 5 2 1357 3 0 1150 97 8 84 5 6
Riedelia 722 431 60 26 13 50 56 24 43 0 0 0 465 295 63 161 90 56 14 9 64
Saurauia 5290 2376 45 249 176 71 838 587 70 790 564 71 525 107 20 | 2625 781 30 263 161 61
Schefflera 2162 497 23 55 3 5 382 130 34 | 228 43 19 | 383 19 5 1058 284 27 | 56 18 32
Solanum 2868 172 6 62 6 10 513 28 5 379 17 4 486 16 3 1326 97 7 102 8 8
Syzygium 4034 1540 38 145 54 37 | 552 213 39 | 514 205 40 1293 422 33 1226 561 46 | 304 85 28
Vaccinium 1116 31 3 1 0 0 6 1 17 | 6 0 0 1021 4 0 73 24 33 9 2 22

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.
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  We gathered a list of vascular plant species names by downloading species collections available for our study area from the Global
Biodiversity Information Facility (GBIF, https://www.gbif.org/occurrence/download/0064983-160910150852091), Consortium of Pacific
Herbaria (CPH, https://www.re3data.org/repository/r3d100012011), Australasian Virtual Herbarium (AVH, http://avh.ala.org.au) and the
Kew Herbarium Catalogue (http://apps.kew.org/herbcat/). We also downloaded type specimens from the Harvard University Herbaria
(https://kiki.huh.harvard.edu/databases/specimen_index.html), the Natural History Museum (https://data.nhm.ac.uk), New York
Botanical Garden (http://sweetgum.nybg.org/science/collections), Royal Botanic Garden Edinburgh (https://data.rbge.org.uk/search/
herbarium), Smithsonian National Museum of Natural History (https://collections.nmnh.si.edu/search/botany), Missouri Botanical
Garden (http://www.tropicos.org) and the Muséum national d'Histoire naturelle (https://science.mnhn.fr/institution/mnhn/search).

Data analysis The list of taxonomic names obtained from public repositories was submitted to the Taxonomic Names Resolution Service (http://
tnrs.iplantcollaborative.org) to resolve names. An independent contrast against a list of 13,073 accepted species names contained in
Plants of the World Online for the ‘New Guinea’ locality helped confirm the robustness of the expert review. Other calculations and
analyses were performed with R version 3.5.2 and map artwork was designed using QGIS v 2.18.9.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- Alist of figures that have associated raw data
- A description of any restrictions on data availability

Data and materials availability: The data that support the findings of this study are available as Supplementary Tables 1-4, and Extended Data Tables 1-4.

Field-specific reporting
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For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description We quantified the total number of native vascular plant species in the New Guinea region by combining a data-driven approach and
expert knowledge. After gathering a list of names from public repositories, we resolved the names of 23,381 taxa using two
contrasting approaches: 1. A 'Big data' approach typically used in macroecological studies, i.e., using the Taxonomic Name Resolution
Service software (TNRS: (http://tnrs.iplantcollaborative.org). 2. An expert approach, based on the knowledge of 99 taxonomic,
floristic and monographic experts of the flora of New Guinea. Experts reviewed the list of original names in their respective families
of expertise and 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) 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. Similarly, when experts considered a species note to be native, they were asked to write an explanation (e.g. geographic error,
taxonomic misidentification). Finally, experts also included names that had been missed from the original list. To assess the
discrepancy between the TNRS and expert verification, we compared the total number of accepted species in both lists for 254 plant
families using a Wilcoxon-signed rank test.

Additionally, we performed an independent contrast against a list of 13,073 accepted species names contained in Plants of the World
Online for the ‘New Guinea’ locality (POWO; http://www.plantsoftheworldonline.org, accessed December 21, 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 if they
were incorrect (i.e., 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.

Research sample We focused our analysis on all the native vascular plant species occurring in the New Guinea region, which we delimt as the area
spanning a latitudinal range of -0.08 to -10.66 S and a longitudinal range of 129.42 to 150.21 E.

Sampling strategy No statistical method was used for sample size calculation. The sample size in our case reflects the data that is available from public
or institutional repositories for our study area of New Guinea.

Data collection Data collection was based on natural history collections available for the study area in:
1. Public repositories, including the Global Biodiversity Information Facility (http://www.gbif.org), Consortium of Pacific Herbaria
(http://www.pacificherbaria.org), Australasian Virtual Herbarium (http://avh.chah.org.au), Kew Herbarium Catalogue (http://
apps.kew.org/herbcat/), Harvard University Herbaria (https://kiki.huh.harvard.edu/databases/specimen_index.html), the Natural
History Museum (https://data.nhm.ac.uk), New York Botanical Garden (http://sweetgum.nybg.org/science/collections), Royal Botanic
Garden Edinburgh (https://data.rbge.org.uk/search/herbarium), Smithsonian National Museum of Natural History (https://
collections.nmnh.si.edu/search/botany), Missouri Botanical Garden (http://www.tropicos.org) and the Muséum national d'Histoire
naturelle (https://science.mnhn.fr/institution/mnhn/search).
2. Institutional repositories of the Naturalis Biodiversity Center, Royal Botanic Gardens Kew and University of Papua New Guinea.
3. Databases curated by taxonomists for the families Orchidaceae, Arecaceae, Araliaceae and Cyatheaceae.

Timing and spatial scale We used all collections available through time for the study area.

Data exclusions We pre-established different filters to restrict our analyses on vascular plants and clean scientific names: we excluded fungi, lichens,
algae, bryophytes and marine species (e.g.,sea grasses); doubtful species identifications (e.g., ‘cf.’, ‘sp. nov.’, ‘aff.’, ‘sp.’) were
classified to generic level; Misspelled genera were manually corrected and doubtful cases excluded; we removed all known hybrids
from the analyses.

Reproducibility As this is not an experimental study, replication was not conducted. All data used in our analysis is made available as Supplementary
Tables. Comparison of names among datasets was done using Excel and the R computer programming language and the analysis
code is available on request from the corresponding author.
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Randomization Our study was not experimental but based on taxonomic knowledge and on published literature of the vascular plants of New
Guinea. Thus, no randomization was required.

Blinding Investigators were not blinded during data acquisition or analysis because our study is not experimental.

Did the study involve field work? [ |Yes  [X[No

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies [ ] chip-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging
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