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Islands are key for protecting the world’s 
plant endemism

Julian Schrader1 ✉, Patrick Weigelt2,3,4, Lirong Cai2, Mark Westoby1, 
José María Fernández-Palacios5, Francisco J. Cabezas6, Gregory M. Plunkett7, Tom A. Ranker8, 
Kostas A. Triantis9, Panayiotis Trigas10, Yasuhiro Kubota11 & Holger Kreft2,3,4

Islands are renowned as evolutionary laboratories and support many species that are 
not found elsewhere1,2. Islands are also of great conservation concern, with many of 
their endemic species currently threatened or extinct3. Here we present a standardized 
checklist of all known vascular plants that occur on islands and document their 
geographical and phylogenetic distribution and conservation risk. Our analyses of 
304,103 plant species reveal that 94,052 species (31%) are native to islands, which 
constitute 5.3% of the global landmass4. Of these, 63,280 are island endemic species, 
which represent 21% of global plant diversity. Three-quarters of these are restricted  
to large or isolated islands. Compared with the world flora, island endemics are non- 
randomly distributed within the tree of life, with a total of 1,005 billion years of unique 
phylogenetic history with 17 families and 1,702 genera being entirely endemic to 
islands. Of all vascular plants assigned International Union for Conservation of Nature 
conservation categories5, 22% are island endemics. Among these endemic species, 
51% are threatened, and 55% of all documented global extinctions have occurred on 
islands. We find that of all single-island endemic species, only 6% occur on islands 
meeting the United Nations 30×30 conservation target. Urgent measures including 
habitat restoration, invasive species removal and ex situ programmes are needed to 
protect the world’s island flora. Our checklist quantifies the uniqueness of island life, 
provides a basis for future studies of island floras, and highlights the urgent need to 
take actions for conserving them.

Islands have served as natural laboratories for studying assembly pro-
cesses, speciation and ecological adaptation2. The evolution of life in 
isolation has led to unique species assemblages and remarkable exam-
ples of diversification and adaptive radiations, including morphological 
oddities and island syndromes such as the tendency of herbaceous 
plants to become woody or the loss of defence mechanisms6,7. In par-
ticular, islands support many species that are not found anywhere else1,8 
and are hotspots of phylogenetic endemism9. Extrapolations have 
suggested that as many as 70,000 plant species worldwide could be 
endemic to islands1. These include species such as the New Caledonian 
endemic Amborella trichopoda, a lineage that forms the extant sister 
to all other angiosperms10 or the palm genus Howea, which consists of 
two species that evolved sympatrically on Lord Howe Island, Australia11. 
Island endemics also feature classic examples of species radiations, 
such as the 63 extant members of the Aeonium alliance in Macaron-
esia12 or the 126 species of lobeliads that are endemic to Hawai‘i13, both 
of which radiated from single ancestors. Islands also harbour some 
of the rarest and most threatened taxa worldwide. Examples include 
Brighamia insignis, a species that is endemic to the Kaua‘i and Ni‘ihau 

islands in Hawai‘i, was last seen in the wild in 201214 and is now con-
sidered extinct5, or the rare ebony tree Diospyros egrettarum, whose 
only known viable population is from the 25-ha Île aux Aigrettes near 
Mauritius15. Despite their value for evolutionary and ecological research 
and conservation, and their many uses for humans, great uncertainty 
remains around estimates of the total number of plants native and 
endemic to islands and their global distribution. Thus, the current 
lack of a working list of all plant species that are known to be native or 
endemic to islands and their distribution status, which should form 
the basis of such a global assessment, presents a major knowledge gap. 
This is concerning because islands are at the forefront of biodiversity 
loss. Many of their unique species are threatened by extinction, which 
also endangers crucial services that are provided by island ecosystems, 
including cultural and spiritual values, and increases the vulnerability 
of Indigenous people and local communities3,16,17.

Here we provide a comprehensive assessment of all vascular plant spe-
cies native and endemic to marine islands worldwide and highlight their 
conservation risk. Based on 5,243 taxonomically standardized check-
lists and floras for 1,967 island and 1,010 mainland regions covering the 
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whole globe from the Global Inventory of Floras and Traits database18 
and the World Checklist of Vascular Plants19, we provide a standard-
ized species list20. Extending previous research1,9,21, this enabled us to 
identify all species that are native and endemic to islands and currently 
known to science following several alternative approaches, and to 
analyse the distribution of island plant species across scales (single  
island, archipelago and global). We investigated the conservation status 
of these species and quantified their phylogenetic history. For the main 
results reported here, we treated species that occur on only one island 
as single-island endemics, and species that occur on more than one 
island but not on any mainland as island endemics in general. Alterna-
tive approaches and numbers are discussed in the Methods—they lead 
to similar overall numbers for global island plant endemism.

Island plant endemism
We find that 63,280 plant species globally are endemic to islands. 
We adopt the conventional definition of an island as any landmass 
that is not one of the seven recognized continents2. Island endem-
ics comprise 21% of the 304,103 species in our dataset or 67% of all 
species that are native on islands. Of these, 44,147 species (70% of all 
island endemics) only occur on a single island. These numbers exclude 
species from genera prone to asexual reproduction via apomixis22. 
Reasons for this exclusion are discussed in detail in the Methods, but, 
in brief, the documentation of apomictic genera is highly skewed 
towards well-sampled floras in Europe and North America that are 
likely to represent a geographical bias in taxonomic treatment and 
coverage9,22. If apomixis-prone genera are included, our species list 
increases to 350,707 species, which is similar to global vascular plant 
diversity described in other datasets19. Among these, 107,580 species 
are native and 71,695 (20%) are endemic to islands. Differences in ways 
to count endemics (Methods) affect these numbers only marginally, 
by up to 3% of the world’s flora. Considering that islands contribute 
only 5.3% of the world’s land area4, these high percentages highlight 
the uniqueness and disproportionate contribution of island floras to 
global biodiversity.

A large share of island endemism is concentrated on a few large tropi-
cal islands, notably Madagascar (9,318 species), New Guinea (8,793), 
Borneo (5,765), Cuba (2,679) and New Caledonia (2,493) (Fig. 1 and 
Extended Data Table 1). This is both because these islands are very 
species-rich—New Guinea23 tops the list with 12,647 native species, 
closely followed by Borneo (12,014 native species) and Madagascar 
(11,149 native species)—and because of high proportions of endemics 
(Madagascar highest with 83%, followed by New Caledonia with 74% 
and New Guinea with 69%). At the same time, many islands in our data-
set do not have endemic species (1,328 islands (68%); Extended Data 
Fig. 1) and the largest islands without endemics, such as Baffin Island 
(507,451 km2), are situated at high latitudes that were glaciated until 
recently. The flora on these islands generally comprises comparatively 
few widespread species that are adapted to rapid colonization via high 
dispersibility from the mainland or nearby islands24.

At the level of archipelagos, the Greater Sunda Islands (Borneo, Java, 
Sumatra, Sulawesi and surrounding islands) support the largest number 
of archipelago endemics with 10,769 species (51% of their total flora) 
followed by Madagascar (9,318; 84%), New Guinea and surrounding 
islands (9,314; 68%), Greater Antilles (5,609; 61%) and the Philippines 
(4,528; 46%). These archipelagos collectively support 60% of all island 
endemics. Their tropical origin, large area size, topographic complexity 
and complex geological and evolutionary history promote speciation 
and species persistence by lowering the risk of extinctions leading to 
high endemism23,25.

Oceanic archipelagos renowned for their high endemism, such as 
Hawai‘i, the Canary Islands or the Mascarene Islands, account for a 
total of 13,716 (21%) endemic species. They are not the leading con-
tributors to total island endemism because of their overall lower 

species richness compared with the much larger tropical continental 
land-bridge or fragment islands. However, species restricted to these 
oceanic archipelagos contribute high proportions of endemic plant 
diversity—83% for Hawai‘i, 50% for the Mascarene Islands and 42% for 
the Canary Islands. Also, oceanic archipelagos contribute only 5.8% 
of all island landmass in our dataset, further emphasizing their high 
concentration of endemic plants. The flora of remote oceanic islands 
results from rare long-distance dispersal events from other islands or 
the distant mainland. Species reaching these archipelagos can radiate 
allopatrically or fill vacant niche space leading to some of the highest 
speciation rates observed among plants26, increasing the proportion of 
island endemics27. Notably, high proportions of endemics on oceanic 
islands become prevalent mainly at the level of archipelagos rather 
than at single islands. Maui (Hawai‘i) has only 14% and Tenerife (Canary 
Islands) has only 12% of single-island endemics in their native floras. The 
reason is that islands belonging to the same archipelago often share a 
similar geological origin, such as originating from hotspot volcanism 
(for example, Mascarene Islands, Hawai‘i and Galápagos) or ocean 
floor uplift (for example, Nicobar and Andaman Islands). This leads 
to clusters of closely connected islands that share similar climatic and 
environmental conditions, which allows frequent inter-island dispersal 
and establishment27. Large geographical distances and climates and 
environments that are often different from those of other archipelagos 
or mainland regions prevent species colonization beyond their original 
archipelagos. One example is the 63 species from the Aeonium clade 
(Crassulaceae), most of which are endemic to Macaronesia12.

The centres of insular plant endemism identified for single islands 
and archipelagos are mirrored at the level of 30 out of 35 terrestrial 
floristic regions that include islands28. Here, Malesia, comprising both 
the Greater Sunda Islands and New Guinea (26,363 endemics, 69%), 
and the Madagascan region, including Madagascar and surrounding 
oceanic archipelagos (10,217 endemics, 82%), had the highest numbers 
of endemics. These regions belong to the global centres of plant diver-
sity characterized by their stable and tropical climate and high habitat 
diversity25. For large geographical regions, such as floristic regions, 
the number of endemics is higher than the sum from each individual 
island or archipelago from that region. This is because larger regions 
include species that occur on multiple islands or archipelagos but are 
still endemic to the island region. Examples include many of the laurel 
forest species that are endemic to Macaronesia29, or the genera Metro-
sideros and Cyrtandra, which are spread widely across the Pacific30,31.

Island endemics occur in at least 358 out of 476 plant families (75%) 
and in 5,413 out of 15,030 genera (36%) in our dataset (Extended Data 
Fig. 2). Seventeen families (3.6%) and 1,702 genera (11%) are entirely 
endemic to islands. All endemic island families occur on continental 
fragments with Sarcolaenaceae (78 species) and Sphaerosepalaceae 
(20) from Madagascar and Phellinaceae (10) from New Caledonia 
having the most species. At the genus level, this pattern changes with 
seven out of the ten most species-rich endemic genera occurring on 
continental or oceanic islands in Malesia and the Pacific (for exam-
ple, Dimorphanthera and Riedelia) and only two occurring in Mada-
gascar and surrounding islands (Dypsis and Oncostemum) and one in 
New Caledonia (Pycnandra). The globally most species-rich families 
also contribute most island endemics (Extended Data Fig. 2a). Of all 
plant families, Orchidaceae contributes the largest number of island 
endemics with 8,446 species (32% of total orchid diversity), followed 
by Rubiaceae (4,890 species; 34%) and Asteraceae (2,676 species; 11%). 
Remarkably, although these three families combined contributed 25% 
of all island endemics, their relative proportion differs greatly within 
these families and is much higher than expected in Orchidaceae and 
Rubiaceae and lower in Asteraceae, based on the average across all 
families32. The macroevolutionary mechanisms behind why some plant 
families contribute disproportionately to island endemism are not yet 
fully understood but may involve specific traits enabling dispersal 
and establishment, together with family-specific speciation rates33,34.  
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At genus level, the genera that contribute most to island endemism were 
also very species-rich globally, although with large variation among 
genera (Extended Data Fig. 2b). The orchid genera Bulbophyllum (1,424 
species; 68% of the whole genus) and Dendrobium (1,175; 74% of the 
genus) and the Rubiaceae genus Psychotria (849; 52% of the genus) 
have the highest numbers of island endemic species.

Island endemism in plant families is spread unevenly across island 
types (Extended Data Fig. 3). Orchids, for instance, reach the highest 
endemism on large continental and fragment islands with the richness 
of endemics peaking on the Greater Sunda Islands and Madagascar. 
Despite their dust-like seeds that are suitable for long-distance dis-
persal, orchids are under-represented on oceanic islands, probably 
because of low co-colonization by their obligate mycorrhizae and 

their often specialized pollinators34. Some lineages belonging to the 
Asteraceae, however, radiated vigorously on oceanic islands, such as 
on Galápagos, the Canary Islands, Juan Fernández Islands or Hawai‘i, 
possibly because of their long-distance seed dispersal capacity coupled 
with high evolutionary rates35. Fern and lycophyte families achieve high 
proportions of endemism mainly on tropical and mountainous islands 
such as New Guinea and Borneo. By contrast, pteridophyte endemism 
is comparatively low whereas species richness is high on oceanic and 
Mediterranean islands33.

Island endemics contribute 21% to global phylogenetic diversity 
amounting to 1,005 billion years of unique phylogenetic history (35.8% 
or 1,645 billion years for all island natives). These numbers mirror 
those of global island endemism richness9 highlighting the enormous 
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contribution of islands to the plant tree of life. However, island endem-
ics are non-randomly distributed across families compared to the world 
flora. Families that are phylogenetically closer tended to have more 
similar percentages of island endemics (Cmean = 0.11, P = 0.003; Fig. 2). 
This means that the tendency to colonize islands and to radiate there 
is to some degree phylogenetically conserved both at family level and 
above.

Endemism on islands is hypothesized to increase with island area and 
isolation through their combined effect on speciation rates36–38. Larger 
islands have lower extinction rates due to larger population sizes and 
lower vulnerabilities to catastrophic events, increasing the lineages’ 
survival long enough to become differentiated from the mainland 
populations, thus enhancing the chances of lineages to evolve into 
a new species37. Larger islands also provide a wider variety of habi-
tats and feature more barriers to gene flow, which further increases 
speciation rates39. Smaller islands, which support smaller population 
sizes, have higher natural extinction rates40, making in situ specia-
tion less likely. Isolation limits gene flow via inter-island dispersal and 
colonization from the mainland, leading to higher speciation rates41, 
and increases endemism by having fewer arrivals of new competitors 
compared with islands near mainlands35. Although other factors such 
as island age, ontogeny and past climate are also hypothesized to be 
important influences on island endemism21,42, area and isolation show 
the highest predictive power21,43.

Endemism on islands and archipelagos globally is best explained by 
the interaction of island area and isolation (Fig. 3a), especially when 
accounting for island type and archipelago configuration (R2 = 0.74; 
see Methods for model details). Considerable variation in the numbers 
of endemics is explained by island area alone (continental: R2 = 0.55; 
complex and fragment: R2 = 0.54; oceanic: R2 = 0.19; Extended Data 
Fig. 4a,c), since larger islands carry more species in total, including 
endemics43. At island and archipelago level, isolation alone had only a 
weak influence (R2 values ≤ 0.05; Fig. 3 and Extended Data Fig. 4b,d). 
For oceanic archipelagos, this is probably because the most isolated 
ones, such as Hawai‘i, Galápagos or Fiji, share many endemic species 
with other islands of the same archipelago owing to intra-archipelago 
dispersal, limiting the total numbers and proportions of single-island 
endemics. At the archipelago level (Fig. 3b), many of the most iso
lated archipelagos comprise small atolls, such as Tuamotu, Gilbert 
and Line Islands in the Pacific, or the Maldives and Chagos Archipelago 
in the Indian Ocean, which support a widespread and largely non- 
endemic strand flora44. This diminished the overall effect of isolation 
on endemism.

Threat status of island plants
Of 36 recognized global biodiversity hotspots45, 9 are located exclu-
sively on islands and 3 others include a substantial share of islands. 
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Fig. 2 | Proportion of endemic island plants at family level. Colours indicate 
proportions of endemic species per family. Tip and inner ring colours indicate 
coverage of endemic island plants at family level and the outer ring delimits 
major clades. Bar heights in the outer ring are proportional to log10-transformed 
richness of endemic species per family. Proportions of island endemics are 
significantly different between families. Phylogenetic signal down to family level 

is expressed as Abouheif’s Cmean, a measure of phylogenetic autocorrelation 
that is calculated by summing the squared differences between values of 
adjacent tips in the phylogeny; the significant P value indicates that families 
closer to each other in the phylogeny tend to be more similar in their proportion 
of island endemics. Plant silhouettes were created with PhyloPic.org.
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Besides contributing a large proportion of the world’s endemics and 
many phylogenetically unique species9, species on islands are also 
disproportionately threatened by habitat degradation, invasive spe-
cies and climate change3. Small population sizes and unique functional 
adaptations of island species, such as loss of defence mechanisms or 
low competitive ability, can augment their risk of extinction33,46.

Island species—both natives and endemics—are overrepresented in 
all conservation categories of the International Union for Conservation 
of Nature (IUCN) compared with species native to the mainland (Fig. 4). 
Globally, we find that 31% of all IUCN-assessed species are native to 
islands, but 57% of all island endemics fall into one of the four IUCN Red 
List conservation categories5, with 14% being critically endangered, 23% 
endangered, 14% vulnerable and 6% near threatened. Further, 0.6% (176) 
of all island endemics are classified as extinct, which represents 55% of 
all extinct plant species worldwide. Together with non-endemic island 
species, this number increases to 77% for all extinct species. These 
percentages are considerably higher than the extinctions of species 
native to mainlands (<0.1% (52) extinct species and 39% threatened 
species). Similarly, of all critically endangered species, 48% are island 
endemics and 25% are native non-endemic on islands, compared with 
the 27% of species that are endemic to mainlands.

The proportion of IUCN-assessed native species that are threatened 
on islands is distributed somewhat differently from the proportion of 
IUCN-assessed island endemics (Extended Data Fig. 5 and Extended 
Data Table 2). High proportions of threatened island endemics are 
concentrated especially on islands in the central Atlantic (Ascension,  
St Helena and Cape Verde), the Seychelles, the Caribbean and Hawai‘i. 
The impacts of land degradation, climate change and invasive species 

are likely to be higher on smaller islands that usually support smaller 
species populations47,48. Under future global change scenarios, includ-
ing the continuing spread of exotic species and rising sea levels49, it 
can be expected that the risk level of island species will continue to 
increase3.

Concerningly, only a few islands currently meet the United Nations 
30×30 conservation target, according to which by 2030 at least 30% of 
all land and ocean should be protected. Of all single-island endemics, 
only 2,744 (6%) occur on islands that already meet the conservation 
target (Fig. 4c), highlighting the continuing conservation risk to island 
plants. Islands with high endemism, such as New Caledonia (only 5% 
of total land area protected), New Guinea (12%) and Madagascar (14%), 
feature relatively low protected area coverage. Although existing pro-
tected areas may overlap with the range of some endemic species, case 
studies from these endemic-rich islands suggest that current networks 
of protected areas are often unbalanced and do not cover the range of 
endemics adequately50–52.

For the future, it will be important to assess how well conservation 
networks cover the actual ranges of island endemics. Many island 
endemics have very restricted ranges and survive in specific locations 
and habitats—for example, located on mountain tops or along ridges 
that providing distinct microclimates or protection from human influ-
ences and invasive herbivores53. Priority should be given to islands with 
a high richness of endemic species but low overall coverage of pro-
tected areas (Fig. 4d). The United Nations 30×30 conservation target 
can serve as a guideline. To protect the outstanding floral diversity of 
islands, protected area networks should ideally also consider the full 
breadth of habitats that island endemics need in the future. To this 
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end, identifying and protecting important plant and key biodiversity 
areas on islands rich in endemic species can guide the selection of 
protected areas as these significantly lower species extinction risk 
and are effective in reducing biodiversity loss54,55. However, on many 
islands and habitats, extensions of protected area networks alone may 
be too late or insufficient, such as for the highly endangered dry for-
est of Hawai‘i or thermophilous woodlands of the Canary Islands56,57. 
Here, protected areas need to be coupled with habitat restoration 
as the availability of high-quality habitats for many island endemics 
may have shrunk to non-viable levels3. Population sizes of many island 
endemics in the wild are so small that ex situ conservation measures 
and seed banks are necessary for their protection. Also, Indigenous 
peoples and local communities need to be better integrated into or 
lead conservation management and participate in decision-making as 
this enhances sustainable and long-lasting protection of both nature 
and human wellbeing16. Conservation of island plants will therefore 
be even more challenging in the future, highlighting the need to inte-
grate local stakeholders, assess the distribution of island endemics, 
monitor their trends and build up ex situ collections and seed banks 
to safeguard much of the phylogenetically unique plant diversity of  
our planet.

Conclusion
Islands not only have great value for biologists and conservation, but 
their flora also provides essential ecosystem services for Indigenous peo-
ples and local communities and tourism. The data made available here 
can help future studies unravel the underlying ecological, biogeographi-
cal and evolutionary mechanisms of island endemism. Integration with 
geo-environmental data, speciation types and functional trait data will 
shed light on the origin and drivers of island endemism. Via the Global 
Inventory of Floras and Traits (GIFT) database, we provide a framework 
for continuously enhancing and validating occurrences and the status 
of island plant diversity worldwide. This is of crucial importance, as our 
results underline how strongly islands contribute to global biodiversity 
and how island endemics contribute disproportionately to species 
that are threatened. Together with the large number of species that are 
already extinct on islands, this calls for stronger conservation action, 
especially on those islands that support high levels of endemism but 
with low coverage of protected areas. Actions should include increasing 
coverage of conservation reserves, especially on islands that support 
endemic species, integrating local human populations into conserva-
tion management and decision-making, rigorous monitoring efforts 
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of protected areas for 1,651 single islands. Islands that fall below the United 

Nations 30×30 conservation target (by 2030 at least 30% land area protected) 
are indicated by red dots; islands that meet the target are indicated by blue dots. 
d, Percentage of island area that is protected and number and proportion of 
single-island endemic species for all islands that support endemics. The 30% 
protected area conservation target of the United Nations is indicated by a 
dashed black line.



Nature  |  www.nature.com  |  7

on island floras and threats to them, and targeted and internationally 
supported monitoring and conservation schemes, including ex situ 
collections and seed banks as well as habitat restoration and invasive 
species removal on islands that are currently poorly protected.

Online content
Any methods, additional references, Nature Portfolio reporting summa-
ries, source data, extended data, supplementary information, acknowl-
edgements, peer review information; details of author contributions 
and competing interests; and statements of data and code availability 
are available at https://doi.org/10.1038/s41586-024-08036-1.

1.	 Kier, G. et al. A global assessment of endemism and species richness across island and 
mainland regions. Proc. Natl Acad. Sci. USA 106, 9322–9327 (2009).

2.	 Whittaker, R. J., Fernández-Palacios, J.-M. & Matthews, T. J. Island Biogeography: 
Geo-environmental Dynamics, Ecology, Evolution, Human Impact, and Conservation 
(Oxford Univ. Press, 2023).

3.	 Fernandez-Palacios, J. M. et al. Scientists’ warning—The outstanding biodiversity of 
islands is in peril. Glob. Ecol. Conserv. 31, e01847 (2021).

4.	 Weigelt, P., Jetz, W. & Kreft, H. Bioclimatic and physical characterization of the world’s 
islands. Proc. Natl Acad. Sci. USA 110, 15307–15312 (2013).

5.	 IUCN Red List of Threatened Species, version 2022-2 (IUCN, 2022); https://www.
iucnredlist.org

6.	 Zizka, A. et al. The evolution of insular woodiness. Proc. Natl Acad. Sci. USA 119, 
e2208629119 (2022).

7.	 Burns, K. C. Evolution in Isolation: The Search for an Island Syndrome in Plants (Cambridge 
Univ. Press, 2019).

8.	 Gallagher, R. V. et al. Global shortfalls in threat assessments for endemic flora by country. 
Plants People Planet 5, 885–898 (2023).

9.	 Cai, L. et al. Climatic stability and geological history shape global centers of neo- and 
paleoendemism in seed plants. Proc. Natl Acad. Sci. USA 120, e2300981120 (2023).

10.	 Amborella Genome Project. The Amborella genome and the evolution of flowering 
plants. Science 342, 1241089 (2013).

11.	 Savolainen, V. et al. Sympatric speciation in palms on an oceanic island. Nature 441,  
210–213 (2006).

12.	 Mort, M. E., Soltis, D. E., Soltis, P. S., Francisco-Ortega, J. & Santos-Guerra, A. Phylogenetics 
and evolution of the Macaronesian clade of crassulaceae inferred from nuclear and 
chloroplast sequence data. Syst. Biol. 27, 271–288 (2002).

13.	 Givnish, T. J. et al. Origin, adaptive radiation and diversification of the Hawaiian lobeliads 
(Asterales: Campanulaceae). Proc. R. Soc. B 276, 407–416 (2009).

14.	 Walsh, S. K. et al. Pollination biology reveals challenges to restoring populations of 
Brighamia insignis (Campanulaceae), a critically endangered plant species from Hawai’i. 
Flora 259, 151448 (2019).

15.	 Venkatasamy, S., Khittoo, G., Nowbuth, P. & Vencatasamy, D. R. Phylogenetic relationships 
based on morphology among the Diospyros (Ebenaceae) species endemic to the 
Mascarene Islands. Bot. J. Linn. Soc. 150, 307–313 (2006).

16.	 Dawson, N. M. et al. The role of Indigenous peoples and local communities in effective 
and equitable conservation. Ecol. Soc. 26, 19 (2021).

17.	 Kueffer, C. & Kinney, K. What is the importance of islands to environmental conservation? 
Environ. Conserv. 44, 311–322 (2017).

18.	 Weigelt, P., König, C. & Kreft, H. GIFT—A Global Inventory of Floras and Traits for 
macroecology and biogeography. J. Biogeogr. 47, 16–43 (2020).

19.	 Govaerts, R., Lughadha, E. N., Black, N., Turner, R. & Paton, A. The World Checklist of 
Vascular Plants, a continuously updated resource for exploring global plant diversity.  
Sci. Data 8, 215 (2021).

20.	 Schrader, J., Weigelt, P. & Kreft, H. Plant list. Figshare https://doi.org/10.6084/m9.figshare. 
24448108 (2023).

21.	 Weigelt, P., Steinbauer, M. J., Cabral, J. S. & Kreft, H. Late Quaternary climate change 
shapes island biodiversity. Nature 532, 99–102 (2016).

22.	 Hojsgaard, D., Klatt, S., Baier, R., Carman, J. G. & Horandl, E. Taxonomy and biogeography 
of apomixis in angiosperms and associated biodiversity characteristics. Crit. Rev. Plant 
Sci. 33, 414–427 (2014).

23.	 Camara-Leret, R. et al. New Guinea has the world’s richest island flora. Nature 584, 579–583 
(2020).

24.	 Alsos, I. G. et al. Long-distance plant dispersal to North Atlantic islands: colonization routes 
and founder effect. AoB Plants 7, plv036 (2015).

25.	 Cai, L. et al. Global models and predictions of plant diversity based on advanced machine 
learning techniques. New Phytol. 237, 1432–1445 (2023).

26.	 Baldwin, B. G. & Sanderson, M. J. Age and rate of diversification of the Hawaiian silversword 
alliance (Compositae). Proc. Natl Acad. Sci. USA 95, 9402–9406 (1998).

27.	 Gillespie, R. G. et al. Long-distance dispersal: a framework for hypothesis testing. Trends 
Ecol. Evol. 27, 47–56 (2012).

28.	 Takhtajan, A. Floristic Regions of the World 1st edn (UC Press, 1986).
29.	 Fernández-Palacios, J. M. et al. A reconstruction of Palaeo-Macaronesia, with particular 

reference to the long-term biogeography of the Atlantic island laurel forests. J. Biogeogr. 
38, 226–246 (2011).

30.	 Wright, S. D., Yong, C. G., Dawson, J. W., Whittaker, D. J. & Gardner, R. C. Riding the Ice  
Age El Nino? Pacific biogeography and evolution of Metrosideros subg. Metrosideros 
(Myrtaceae) inferred from nuclear ribosomal DNA. Proc. Natl Acad. Sci. USA 97, 4118–4123 
(2000).

31.	 Johnson, M. A., Clark, J. R., Wagner, W. L. & McDade, L. A. A molecular phylogeny of the 
Pacific clade of Cyrtandra (Gesneriaceae) reveals a Fijian origin, recent diversification, 
and the importance of founder events. Mol. Phylogenet. Evol. 116, 30–48 (2017).

32.	 Roeble, L. et al. Island biogeography of the megadiverse plant family Asteraceae. Nat. 
Commun. 15, 7276 (2024).

33.	 Schrader, J., Wright, I. J., Kreft, H. & Westoby, M. A roadmap to plant functional island 
biogeography. Biol. Rev. 96, 2851–2870 (2021).

34.	 Taylor, A., Weigelt, P., Konig, C., Zotz, G. & Kreft, H. Island disharmony revisited using 
orchids as a model group. New Phytol. 223, 597–606 (2019).

35.	 Cerca, J. et al. Evolutionary genomics of oceanic island radiations. Trends Ecol. Evol. 38, 
631–642 (2023).

36.	 Givnish, T. J. Ecology of plant speciation. Taxon 59, 1326–1366 (2010).
37.	 Mayr, E. Populations, Species, and Evolution: An Abridgment of Animal Species and 

Evolution Vol. 19 (Harvard Univ. Press, 1970).
38.	 Kisel, Y. & Barraclough, T. G. Speciation has a spatial scale that depends on levels of gene 

flow. Am. Nat. 175, 316–334 (2010).
39.	 Losos, J. B. & Ricklefs, R. E. Adaptation and diversification on islands. Nature 457, 830–836 

(2009).
40.	 MacArthur, R. H. & Wilson, E. O. The Theory of Island Biogeography 1st edn, Vol. 1 (Princeton 

Univ. Press 1967).
41.	 Steinbauer, M. J. et al. Topography-driven isolation, speciation and a global increase of 

endemism with elevation. Global Ecol. Biogeogr. 25, 1097–1107 (2016).
42.	 Whittaker, R. J., Triantis, K. A. & Ladle, R. J. A general dynamic theory of oceanic island 

biogeography. J. Biogeogr. 35, 977–994 (2008).
43.	 Kreft, H., Jetz, W., Mutke, J., Kier, G. & Barthlott, W. Global diversity of island floras from a 

macroecological perspective. Ecol. Lett. 11, 116–127 (2008).
44.	 König, C., Weigelt, P. & Kreft, H. Dissecting global turnover in vascular plants. Glob. Ecol. 

Biogeogr. 26, 228–242 (2017).
45.	 Myers, N., Mittermeier, R. A., Mittermeier, C. G., da Fonseca, G. A. & Kent, J. Biodiversity 

hotspots for conservation priorities. Nature 403, 853–858 (2000).
46.	 Pimm, S. L., Jones, H. L. & Diamond, J. On the risk of extinction. Am. Nat. 132, 757–785 

(1988).
47.	 Pyšek, P. et al. Naturalized alien flora of the world. Preslia 89, 203–274 (2017).
48.	 Harter, D. E. V. et al. Impacts of global climate change on the floras of oceanic islands—

projections, implications and current knowledge. Perspect. Plant Ecol. Evol. Syst. 17,  
160–183 (2015).

49.	 Cazenave, A. & Cozannet, G. L. Sea level rise and its coastal impacts. Earth’s Future 2, 15–34 
(2014).

50.	 Parsch, C. et al. Papua at the crossroads: a plea for systematic conservation planning in 
one of the largest remaining areas of tropical rainforest. Front. For. Glob. Change 5, 
763131–763131 (2022).

51.	 Jaffre, T., Bouchet, P. J. & Veillon, J. M. Threatened plants of New Caledonia: is the system 
of protected areas adequate? Biodivers. Conserv. 7, 109–135 (1998).

52.	 Ralimanana, H. et al. Madagascar’s extraordinary biodiversity: threats and opportunities. 
Science 378, eadf1466 (2022).

53.	 Fernández‐Palacios, J. M. et al. Evolutionary winners are ecological losers among oceanic 
island plants. J. Biogeogr. 48, 2186–2198 (2021).

54.	 Smith, R. J. et al. Synergies between the key biodiversity area and systematic conservation 
planning approaches. Conserv. Lett. 12, e12625 (2018).

55.	 Darbyshire, I. et al. Important Plant Areas: revised selection criteria for a global approach 
to plant conservation. Biodivers. Conserv. 26, 1767–1800 (2017).

56.	 Otto, R. et al. Diversity and distribution of the last remnants of endemic juniper 
woodlands on Tenerife, Canary Islands. Biodivers. Conserv. 21, 1811–1834 (2012).

57.	 Sato, A. Y. et al. Biocultural restoration of Hawaiian tropical dry forests. Pac. Conserv. Biol. 
27, 362–375 (2021).

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this 
article under a publishing agreement with the author(s) or other rightsholder(s); author 
self-archiving of the accepted manuscript version of this article is solely governed by the 
terms of such publishing agreement and applicable law.

© The Author(s), under exclusive licence to Springer Nature Limited 2024

https://doi.org/10.1038/s41586-024-08036-1
https://www.iucnredlist.org
https://www.iucnredlist.org
https://doi.org/10.6084/m9.figshare.24448108
https://doi.org/10.6084/m9.figshare.24448108


Article
Methods

Species distributions and status
We sourced all species occurrences from the GIFT v.3.218 using the GIFT 
R package58. GIFT is a collection of regional plant inventories from 
published checklists, floras and reports for around 3,400 geographical 
regions. GIFT integrates other large aggregated species distribution 
databases, such as the World Checklist of Vascular Plants19 and the 
integrated assessment of the vascular plant species of the Americas59. 
We consider a species list for a geographical entity as comprehensive 
if the original author(s) of the lists do not state otherwise. However, 
it is important to note that in most, if not all, geographical regions 
worldwide new species are being described continuously60, so higher 
species numbers are to be expected in future studies.

Species names in GIFT are standardized according to the World 
Checklist of Vascular Plants19. Species name standardization can lead 
to slightly different richness counts compared with those given in 
original references due to synonyms and infra-specific taxa. Name 
standardization can also affect species status if, for example, a species 
was formerly considered endemic to an island but is now merged with a 
species from the mainland. For instance, for New Guinea, 13,634 native 
vascular plant taxa were counted in the original list23, whereas after 
name standardization we counted 13,401 native species.

As status we consider whether a species is native in a region, and 
whether it was considered endemic by the authors of the original pub-
lication. We derived whether a species belongs to mainland, spans 
mainland and islands or is found only on islands (whether part of an 
island, a whole island or an island group).

We obtained information for 350,707 species from 1,967 island and 
1,010 mainland regions from around 5.5 million species-by-region 
records with global geographical coverage (Extended Data Fig. 6) 
from 423 references (see reference list for details on all references 
included) including the World Checklist of Vascular Plants19. We focused 
on finding and including species lists of all islands known to support 
endemic plants. As a consequence, the list reported here is much more 
comprehensive than those used in previous studies on island plant end-
emism1,8,9,21 in both species completeness and geographical coverage. 
The coverage of our checklist is globally comprehensive (Extended Data 
Fig. 6a). Via the GIFT database18, we provide a mechanism for continu-
ing enhancements including the integration of new checklists for both 
island and mainland regions. The complete list of all 350,707 species 
as well as their geographical status is available online20.

Island definition and origin
We use the conventional definition of islands as any landmass that is 
not one of the seven recognized continents (that is, all landmasses 
smaller than Australia)2. This broad grouping includes different types 
of island origin, and correspondingly their biotas are formed by differ-
ent processes61. Oceanic islands such as Hawai‘i, the Canary Islands or 
Galápagos have formed volcanically over mantle hotspots within the 
past millions of years61. Most continental islands were connected to 
the mainland during the last glacial maximum (around 21,000 years 
ago) and have now been separated by sea-level rise. Some landmasses 
such as Cuba and New Zealand are of highly complex origin and have 
been separated for tens of millions of years. They were formed by plate 
tectonics as fragments of continents but are traditionally called islands 
rather than continents61.

Accordingly, we attributed each island to (1) oceanic; (2) continen-
tal shelf or land-bridge; or (3) complex origin including continental 
fragments (following ref. 2). We considered an island as a continental 
shelf island if it was connected to the mainland around 21,000 years 
ago before present using ETOPO1 global bathymetry data at 1-arcmin 
resolution62. At that time, the sea level was approximately 122 m lower 
than today, which we used as a threshold. The continental category 
included 560 islands (note that this list only includes continental islands 

for which separate species lists are available). Islands of complex origin 
include fragments once connected to continents or part of continen-
tal crust, which broke away during plate tectonic drift many million 
years ago, taking with them ancestors of their modern biodiversity. 
However, not all land area belonging to these islands has once been 
part of a mainland. Some islands in this category are of highly complex 
geological origin including ocean floor uplifts (for example, Cyprus), 
plate tectonics (for example, many islands of the Greater Antilles) or 
volcanic activity (for example, large Japanese islands)63. Further, not 
all islands located on continental fragments should biogeographically 
be attributed to this category. Some islands, like Jan Mayen, are located 
on continental crust but emerged from volcanic disruptions and are 
treated here as oceanic. For other islands on continental crust, it is 
not clear whether they have been submerged below sea level at some 
point of their ontogeny. Examples are Timor and Sumba63 in Southeast 
Asia, which we included as oceanic. Small islands surrounding frag-
ments, such as the numerous small islands off New Zealand or Cuba, 
are included as oceanic as they resulted from recent sea-level rises but 
their flora is likely sourced from the main islands more so than from 
what we are here considering mainlands. A special case in the category 
of fragments is New Caledonia, which, as part of a continental fragment 
once belonging to Gondwana, may have been submerged during its geo-
logical history64. However, evidence for this is contentious. Occurrence 
of many old and endemic lineages suggest that biogeographically it 
rather acts as a fragment64, which we call it here. We attributed 31 islands 
to complex origin including continental fragments. All other islands 
(1,060) are considered oceanic. These islands have never been part of 
or connected to any mainland and their biota result from long-distance 
dispersal and speciation. All island data, including island names and 
categories, can be found online20.

Apomictic taxa
Apomictic taxa that reproduce asexually have independently emerged 
in various genera65. Detecting apomixis and defining it in terms of spe-
cies concepts is contentious. The inclusion of apomicts in GIFT varies, 
leading to a skewed global representation9. In northern European floras, 
apomictic taxa are often treated as distinct species, while most tropical 
floras do not describe them at all. This bias results in an overestima-
tion of endemic species in temperate European and North American 
regions. To address this, we removed all angiosperm taxa from genera 
listed in the Apomixis Database22, excluding 46,604 species, mostly 
from the northern hemisphere. The dataset without apomictic taxa 
(304,103 species) is used for the main analyses. The numbers and global 
distribution of endemic species, including apomictic ones, is shown 
in Extended Data Table 1 and Extended Data Fig. 7.

Counting all species endemic to islands
Integrating species lists across large scales is challenging due to vari-
ations in data completeness and taxonomy66. In GIFT, species are cat-
egorized as native, endemic, or naturalized, but this classification can 
be inaccurate due to limited data or taxonomic changes. Relying solely 
on author opinions from the primary resources in GIFT for island end-
emism counts has two potential flaws: it may underestimate endemics 
due to regions without expert opinion or overestimate due to taxo-
nomic issues. To address this, mainland species lists from GIFT were also 
used to decide what species are occurring only on islands or on islands 
and the mainland, leading to two counting approaches (expert-based 
and exclusion; see below and Supplementary Fig. 1 for workflow).

Each species list included information whether a list covers: (1) a 
mainland region; (2) a mainland and island region; or (3) only islands. 
We excluded all lists for combined mainland and island regions where 
a list is also available for the mainland region specifically. However, 
to reach global geographical coverage we included 42 lists for which 
species information is only available for certain mainlands combined 
with islands. Examples are Tanzania (including Mozambique Channel 



Islands), Denmark (including Danish islands) and Saudi Arabia (includ-
ing Farasan, Tiran and Sanafir). Next, we grouped all native vascular 
plants available in the overall species list to occur either: (1) only on the 
mainland; (2) only on islands (island endemics); or (3) on both islands 
and mainlands.

To identify species endemic on islands (both numbers and species 
list), we applied and compared four different methods based on combi-
nations of the two approaches (expert and exclusion based) explained 
above. These probably represent lower and upper bounds of numbers 
of island endemism.

Expert-based. Most checklists in GIFT hold information on whether 
a species was assessed as endemic in a specific geographical region 
by the original author(s). Only taxa at the species level were consid-
ered, excluding infra-specific endemics. Next, we counted the total 
number of species considered endemic on islands according to the 
original author’s assessments. Using this method, we counted 58,182 
species endemic to islands (65,979 species including apomictic taxa). 
The advantage of this approach is that only species are included that 
are considered endemic by experts of the regional floras. However, we 
consider this number likely to underestimate the total number of island 
endemics because most lists in GIFT cover a single island or archipelago 
and species endemic to several islands or archipelagos may not have 
been indicated as island endemics. On the other hand, for single-island 
endemics, this method may overestimate species endemism, as species 
could have been labelled as endemic that were later also located on 
other islands or the mainland or were later taxonomically standard-
ized to species found also elsewhere (all species also occurring on the 
mainland or other islands are indicated in a Figshare repository20).

Exclusion. For the second method, we identified all species as endemic 
to islands that were native on islands but absent in any mainland region. 
For this method, we used the global geographical coverage of GIFT 
(Extended Data Fig. 6a), which was important to determine whether a 
species did not occur in any mainland region. This exclusion method 
has the advantage of identifying species occurring on multiple islands 
(not necessarily indicated as endemic by the authors but not occuring 
on the mainland). It can be applied to any geographical subset, such 
as archipelagos or floristic regions (see below). It can also be applied 
to islands without information on endemism provided by the authors. 
However, this method may underestimate island endemism as species 
from lists for mainland and island regions combined (especially in 
regions shown in Extended Data Fig. 6b) were excluded due to unclear 
geographical affiliation. Using this method, we counted 58,993 species 
endemic to islands (66,595 species including apomictic taxa).

Expert-based AND exclusion. This method only considered species 
endemic to islands if they were considered endemic by the authors 
of each list (expert-based) and did not occur in any mainland region 
(exclusion). For 72 islands with no expert information on species en-
demism available we used the lists produced by method 2 (exclusion) 
only. Using this method 53,895 species were identified as endemic to 
islands (60,879 species including apomictic taxa). This represents the 
most conservative count.

Expert-based OR exclusion. This method combined method 1 
(expert-based) and method 2 (exclusion) but considered a species 
endemic to an island if it was included in at least one of the two methods. 
For this method, we based the exclusion counting on a dataset that 
omitted all regions in GIFT that included both islands and mainland. 
We did this in order to include species endemic to islands identified by 
the expert method which were part of a mainland-plus-island region. 
This method counted 63,280 species endemic to islands (71,695 spe-
cies including apomictic taxa). This may represent an overestimation, 
as it can include species considered endemic by authors of the original 

list but later confirmed to also occur on the mainland. Nevertheless, 
we regard this number as the most comprehensive count of species 
endemic to islands as it includes all species considered endemic by 
the expert list and the exclusion approach.

All four methods yielded similar numbers of island endemics, dif-
fering only by 3.1% as a percentage of the global diversity of vascular 
plants when using the dataset including as well as excluding apom-
ictic taxa. When comparing the methods directly to each other, the 
lowest and highest counts differed by only 14.9%, which we consider 
low, especially since the expert-based AND exclusion method (3) is 
likely to produce a highly conservative count. In other words, none 
of the methods severely over- or underestimated the total number of 
species endemic to islands. For the main text, we report numbers and 
species identified endemic on islands by the fourth method excluding 
apomictic taxa. Data for all species native and endemic to islands from 
all four methods is provided online via ref. 20.

Endemism at the level of single islands
To identify species endemic to single islands, we used the lists of species 
endemism resulting from the four methods described above and tested 
which species only occur on any of the single islands we had data for. To 
maximize the coverage of single islands, we also included species lists 
for island groups where: (1) the largest island was much larger than all 
other islands of the group; or (2) had a much larger geographical extent. 
First, we included an island group if the largest island contributed >50% 
area of all islands combined in a list. Examples were lists for Cuba or New 
Caledonia that included the main islands (island of Cuba, Terra Grande) 
as well as numerous offshore islands with relatively small area. Second, 
an island group was included if the linear distance between the main 
island’s outer edges was >50% of the total extent. Examples include 
tropical atolls where many islands are clustered closely together, such 
as Caroline or Aitutaki Atolls, but one had by far the largest extent of 
the group. Our final list included 1,651 islands.

To compare the number of endemic species on an island to the num-
ber of natives we also extracted information from GIFT for all species 
native on each island. However, species lists including all species native 
to islands (1,454 out of 1,651 lists) were not available for all islands we 
had endemism data for.

Endemism at the level of archipelagos
Island groups and archipelagos are meaningful entities for endemism 
due to their shared geological and biogeographical history2. We attrib-
uted each island to an archipelago based on common geological ori-
gin, such as atolls (for example, Maldives, many islands in the tropical 
Pacific), volcanic hotspot islands (for example, Hawai‘i, Galápagos or 
the Azores) or geographic proximity and connectedness during the last 
glacial maximum, such as for continental islands (for example, Greater 
Sunda Islands, Patagonian Islands). Based on these criteria we attrib-
uted each island to one of 141 archipelagos. For some archipelagos, 
especially for those on continental shelves, delineation is traditional 
but somewhat arbitrary. Next, we identified all endemic species for 
each archipelago based on the four methods described above. We also 
assessed species native to an archipelago by summarizing all species 
found in any of the islands included in each archipelago.

Endemism at the level of floristic regions
Floristic and biogeographical regions are areas delineated by a shared 
floristic composition. One of the most commonly used floristic region-
alizations, proposed by Takhtajan28, has the advantage of accounting 
also for island regions. Of the 35 floristic regions identified by Takhta-
jan, 22 include islands and 11 are exclusively composed of islands. To 
assess the number of species endemic to these regions we assigned 
each island to its corresponding floristic region and identified all island 
species occurring in this region and endemic to this region using all four 
methods described above. To assess species native to islands of each 
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floristic region, we summarized all species found in any of the islands 
included in each floristic region. Results for island species native and 
endemic in each floristic region are in Extended Data Fig. 8. All maps in 
Fig. 1 and Extended Data Figs. 5–8 were drawn using the ne_countries 
function from the R package rnaturalearth (v.1.0.1).

Endemism at family and genus level and phylogenetic signal
To assess whether island endemism is over- or under-represented in 
certain families, we calculated the proportion of all endemic island 
species (based on method four) found in each of the 476 families in 
our dataset. We also tested for a phylogenetic signal in the proportion 
of endemic species per family using a family-level phylogeny using 
Abouheif’s Cmean (ref. 67); a significant P value indicates that families 
closer to each other in the phylogeny tend to have more similar propor-
tions of island endemics. We repeated the analyses for each of the three 
island categories (continental, complex origin including fragments, 
oceanic; Extended Data Fig. 3).

To calculate how much global phylogenetic plant diversity was pro-
vided by island endemics, we matched all species in our dataset to 
a dated species-level phylogeny for seed plants with 353,185 tips68. 
Nearly all species (except 8 species out of 350,707) could be matched 
or added to their genera on the phylogeny. Next, we calculated phylo-
genetic diversity for: (1) all species in our dataset; (2) all island natives; 
and (3) all island endemics using the function PD from the R package 
picante (v.1.8.2)69.

Island area, isolation and latitude
Island area and isolation are important factors influencing species 
diversity in major island biogeographical models2,41,43 and were available 
for all islands in our dataset. To test whether numbers and proportion of 
island endemism scale with area and isolation we extracted information 
on island area (km2) and isolation (km; distance to nearest mainland) for 
each single island as well as for each archipelago. For the archipelago 
area, we used the summed area of all islands within an archipelago, 
and for archipelago isolation the mean distance of all islands to the 
mainland. To test for their individual effects on endemism richness, 
we constructed a linear model for each island category and island area, 
isolation, and endemism richness (all log10-transformed). Additionally, 
we tested whether the richness and the proportion of island endemic 
species are also related to the latitude of the islands. Latitude is often 
a strong predictor of species diversity across biogeographical scales 
through many biological variables being associated with latitude, such 
as temperature or solar energy70. However, it is important to note that 
latitude itself is not a biological variable and has no direct effects on 
species diversity. For the full model, we used a linear mixed effects 
model with island area and isolation as well as their interaction and 
island category as fixed effects and archipelago as a random effect using 
the lmer-function in the R package lme4 (v.1.1-35.10)71. Conditional R2 
values were calculated using MuMin-package (v.1.47.5)72. The island 
category was included to account for differences in geological history 
and connectedness. Archipelago was included as a random effect to 
account for any biogeographical differences among archipelagos2,38,73. 
All information on islands including island area, isolation, archipelago, 
floristic region and numbers of native and endemic species is deposited 
in a Figshare repository20.

IUCN data
We sourced information about species threat status from the Inter-
national Union for Conservation of Nature (IUCN) List of Threatened 
Species5 for all vascular plants assessed (downloaded on 8 August 2023), 
yielding information for 62,666 species. Next, we matched IUCN species 
names with those from GIFT by standardizing the IUCN species names 
using the World Checklist of Vascular Plants19. We found matching 
names for 61,727 species (98.5%) in IUCN. Names not matched were 
mostly hybrids or absent in GIFT. We then matched all species with 

IUCN Red List categories to: (1) all species that are native on the main-
land; (2) all species that are native on islands; and (3) all species that 
are endemic to islands. The IUCN Red List category ‘extinct in the wild’ 
was grouped with ‘extinct’.

To test the proportion of IUCN-assessed species from all species 
native and endemic on islands, we only used islands included in the list 
of single islands as described above, and where complete inventories 
of native species were available.

The United Nations 30×30 conservation target is an internationally 
agreed target by which governments aim to designate 30% of their 
land and ocean areas worldwide as protected areas by 203074. While 
area-based conservation is not free of criticism75 and cannot be the 
only solution for the global biodiversity crisis, the 30×30 conservation 
target represents a tangible and quantifiable framework for measuring 
conservation efforts across geographical entities. We therefore used 
the United Nations 30×30 conservation target as a proxy for assessing 
conservation efforts across islands worldwide. Data from protected 
areas worldwide were sourced from The World Database on Protected 
Areas (https://www.protectedplanet.net/; accessed August 2023). 
Using only the terrestrial protected areas, we overlaid these with all 
islands in our dataset to calculate the proportion of protected areas 
from the total island area for all islands.

All species occurrence data was sourced from refs. 19,23,59,76–489.

Reporting summary
Further information on research design is available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
The standardized checklist of the world flora including information for 
all species on their geographic status—for example, if a species is native 
and/or endemic to islands, archipelagos or islands of floristic regions 
and/or native to the mainland—is available in a Figshare repository: 
https://doi.org/10.6084/m9.figshare.24448108 (ref. 20). Note that 
all data made available here are based on GIFT v.3.2. In future, newer 
versions may be available and accessible using the GIFT R package58.

Code availability
Code to download data from GIFT and generate species lists for all spe-
cies native and endemic to islands and the mainland based on all four 
counting methods including flagging of species belonging to genera 
prone to asexual reproduction via apomixis is available in a Figshare 
repository: https://doi.org/10.6084/m9.figshare.24448108 (ref. 20).
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Extended Data Fig. 1 | Frequency distribution of number of endemic species. (A) number and (B) proportion of endemic species across single island floras 
(n = 323 islands). 1,328 islands with no single-island endemic species have been excluded.



Article

Extended Data Fig. 2 | Relationship between the total global species richness 
of all known families (A; n = 476) and genera (B; n = 15,030) and the richness  
of species endemic to islands in each family and genus. A&B: Grey dashed 
lines indicate 100%, 10% and 1% of species in each family and genus endemic  
to islands. The five most species-rich families both in overall richness and 

richness of island endemic species are: Asteraceae, Orchidaceae, Fabaceae, 
Rubiaceae and Apocynaceae. The five most species-rich genera in terms of 
island endemic species are: Bulbophyllum, Dendrobium, Psychotria, Syzygium 
and Begonia.



Extended Data Fig. 3 | Phylogenetic distribution of insular plant endemism. 
Shown is the proportion of endemic island plants at family level and for three 
different island categories: A) continental islands (560); B) islands of complex 
origin including continental fragments (31 islands); C) oceanic islands (1,060 
islands). Tip and inner ring colours indicate coverage of endemic island plants 
at family level, outer ring delimits major clades. Bar heights in the outer ring are 
proportional to log10 richness of endemic species per family. Proportions of 

island endemics are significantly different between families. Phylogenetic 
signal down to family level is expressed as Abouheif’s Cmean, a measure of 
phylogenetic autocorrelation calculated by summing the squared differences 
between values of adjacent tips in the phylogeny; the significant p-values 
indicate that families closer to each other in the phylogeny tend to be more 
similar in their proportion of island endemics.



Article

Extended Data Fig. 4 | Numbers and proportion of endemic vascular plants 
on islands in relation to island area, isolation and absolute latitude across 
all islands in each category. Islands are grouped into continental (560 islands), 
complex origin and fragment (31) and oceanic (1,060). Only significant 
relationships are shown. Latitude is shown in absolute degrees. Species-area 

relationship z-values (A, D) are as follows: (A) continental islands: z = 0.47; 
complex origin and fragment islands: z = 0.72; oceanic islands: z = 0.28.  
(D) continental islands: z = 0.02; complex origin and fragment islands: z = 0.05; 
oceanic islands: z = 0.01.



Extended Data Fig. 5 | Proportion of non-endemic island and endemic island 
species in the IUCN categories. Near Threatened, Threatened, Endangered, 
Critically Endangered, Extinct in the Wild and Extinct. A – D: Global distribution 

of the numbers (A, B) and proportion (C, D) of island natives (right row) and 
endemics (left row) falling into one of these IUCN threat categories (Extinct 
species excluded).
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Extended Data Fig. 6 | Regions with checklist data extracted from GIFT 
database. A: Global coverage with mainland regions in orange and islands in blue. 
This dataset was used for the counting method #2; exclusion method. B: All 
regions with checklists that include both mainland and islands (purple), which 
were included as mainland regions. This step can lead to underestimation of 

island endemism based on the exclusion method, as also species potentially 
endemic to some of those islands included are now listed as mainland species. 
However, this step was necessary to reach global coverage of the dataset used 
for the exclusion method.



Extended Data Fig. 7 | Global distribution of native and endemic vascular 
plants. The distribution includes species from genera with apomictic species 
across 1,651 islands and 141 archipelagos. In the main text species from genera 
with apomictic species have been excluded as documentation of apomictic 
genera is highly skewed towards well-sampled floras in Europe and North 
America likely representing a geographical bias in taxonomic treatment and 
coverage. Left column indicates numbers for single islands, right column for 

archipelagos. Numbers of natives are shown in first row (A, B), endemic in second 
row (C, D) and endemics as proportion of total island richness in last row (E, F). 
Difference from Fig. 1 in main text is mainly in higher numbers of native and 
endemic island species. Some islands and archipelagos where many species 
have been recognized within apomictic genera (e.g., Great Britain, Spitsbergen) 
have proportionally higher endemism compared to Fig. 1 in main text.
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Extended Data Fig. 8 | Global distribution of native and endemic vascular plants to floristic regions based on the classification from Takhtajan. (Takhtajan, A.  
Floristic Regions of the World. 1986). Only floristic regions including islands are shown (33 out of 35).



Extended Data Table 1 | The top five islands, archipelagos and floristic regions globally in terms of numbers of native and 
endemic vascular plant species and their proportions

Counts of endemic species per island and archipelago are based on method 4 – Expert-based OR exclusion – described in the Methods section. Numbers including apomictic taxa are indicated 
in brackets.
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Extended Data Table 2 | The top-five islands globally with most species in IUCN conservation categories

(Near Threatened, Threatened, Endangered, Critically Endangered, Extinct species excluded) for native and endemic vascular plants. Counts of numbers of endemic species per island and 
archipelago are based on method 4 – Expert-based OR exclusion – described in the Methods section. Note that not all islands and species have been IUCN-assessed and may be missing from 
this table.
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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 All data is sourced from the Global Inventory of Floras and Traits database (https://gift.uni-goettingen.de). A targeted literature research was 
conducted to fill in gaps on plant endemism on islands so far not covered in GIFT.

Data analysis We performed all statistical analysis and data visualization using open-source R software version 4.1.0. Main R packages used were GIFT, 
picante (version 1.8.2), lme4 (version 1.1-35.10) and MuMin (version 1.47.5).
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- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

All species occurrences were sourced from the Global Inventory of Floras and Traits database (https://gift.uni-goettingen.de). Species red list status was sourced 
from https://www.iucnredlist.org. Coverage of protected areas for each island worldwide was sourced from https://www.protectedplanet.net/en. The standardised 
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checklist of the world flora including information for all species on their geographic status, e.g., if a species is native and/or endemic to islands, archipelagos or 
islands of floristic regions and/or native to the mainland, is available in a Figshare repository. Note that all data made available here is based on GIFT v.3.2. In the 
future, newer versions may be available, and accessible using the GIFT R package.

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation), 
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender NA

Reporting on race, ethnicity, or 
other socially relevant 
groupings

NA

Population characteristics NA

Recruitment NA

Ethics oversight NA

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

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 Based on 5,169 taxonomically standardized checklists and floras for 1,967 island and 1,010 mainland regions covering the whole 
globe from the Global Inventory of Floras and Traits database, we provide a standardized species list that allowed us to identify all 
native and endemic species to islands.

Research sample 350,707 vascular plant species from 1,010 mainland and 1,967 island regions from >5M species-by-region records with global 
geographical coverage. Data source was the Global Inventory of Floras and Traits database (v.3.0; https://gift.uni-goettingen.de/
home), which is a collection of regional plant inventories from published checklists, floras, and reports for c. 3,400 geographical 
regions. 

Sampling strategy No sampling strategy was needed.

Data collection Publicly available floras and checklists integrated in the Global Inventory of Floras and Traits database. All data can be downloaded 
via the R package GIFT.

Timing and spatial scale Recent and global occurrences of 350,707  vascular plant species.

Data exclusions No data was excluded. 

Reproducibility All numbers and occurrences of species native and endemic to islands are reproducible using the freely available data used from the 
GIFT database. All analyses can be reproduced using the data made available via figshare.

Randomization Species were grouped into native and endemic on islands as well as occurring on different island types. Mapping of species on global 
seed plant phylogeny tested for phylogenetic signal in proportion of island endemism per family.  

Blinding Our analysis did not required blinding.

Did the study involve field work? Yes No
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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. 

Materials & experimental systems
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Palaeontology and archaeology
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Plants
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Novel plant genotypes NA

Seed stocks NA

Authentication NA
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