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Most people can name a mammal or bird that has become 
extinct in recent centuries, but few can name a recently extinct 
plant. We present a comprehensive, global analysis of modern 
extinction in plants. Almost 600 species have become extinct, 
at a higher rate than background extinction, but almost as 
many have been erroneously declared extinct and then been 
rediscovered. Reports of extinction on islands, in the tropics 
and of shrubs, trees or species with narrow ranges are least 
likely to be refuted by rediscovery. Plant extinctions endan-
ger other organisms, ecosystems and human well-being, and 
must be understood for effective conservation planning.

Extinction of biodiversity is a central part of our planet’s past, 
present and future. Current understanding of ongoing extinc-
tion comes primarily from projections or assessments of extinc-
tion risk1–4. Direct data on modern extinction (having occurred 
in recent centuries) are scarce but relatively well documented for 
birds and mammals4. These data have been used to assess the sever-
ity of ongoing species extinction5, but extrapolations from verte-
brates underestimate ongoing losses in invertebrates6,7. A general 
understanding of modern extinction clearly requires analysis of a 
broad sample of biodiversity. To date, however, no global analysis 
has included plants (but see refs. 8,9). This is problematic if we are 
to make accurate predictions of future losses of plants, as well as of 
other organisms, because extinctions are not expected in one group 
of organisms independently of others (for example, co-extinction of 
insects and their host plants6,10).

Here we analyse a previously unpublished database of seed plants 
that have become extinct since Linnaeus’ Species Plantarum11. The 
database is a complete list of species reported as extinct, based 
on continuous literature review complementing data from the 
International Union for Conservation of Nature (IUCN) Red List of 
Threatened Species4 (hereafter, Red List) over almost three decades 
(see Methods and Supplementary Dataset 1). We used this database 

as a starting point for increasing understanding of modern extinc-
tion in plants, by testing whether what is known about modern 
extinction in animals and extinction risk in plants is true also for 
documented modern extinction of plants. We expected plant extinc-
tions to be: (1) more numerous than currently recorded by the Red 
List, the global authority on species extinction risk, but incomplete 
for most groups2,12; (2) elevated in rate above background extinction 
rates, because this has been shown for animals13,14; (3) dispropor-
tionately high on isolated, oceanic islands because of the vulner-
ability of island biotas to anthropogenic change8,15,16; (4) mostly of 
woody species and mostly from the wet tropics, reflecting extinc-
tion risk in plants2,4; and (5) phylogenetically clustered (that is, 
concentrated in certain evolutionary groups), as shown for modern 
extinction of mammals17. Finally, we compared the geographic and 
phylogenetic distribution of extinct species with species that have 
been erroneously declared extinct and subsequently rediscovered.

We show that the number of known seed plant extinctions is 
more than four times that on the Red List, and that the status of 
50 species listed as extinct needs updating due mainly to rediscovery 
or taxonomic change (Supplementary Dataset 2 and Supplementary 
Information). In addition, we list 491 extinct species not on the Red 
List. In total, we document 571 known cases of modern extinction 
in plants (Supplementary Dataset 1), originating from 1,319 species 
once published as extinct and representing 1,234 currently accepted 
species (571 extinct, 431 rediscovered and 232 synonymized spe-
cies). Fewer than 50% of reported species extinctions are therefore 
still presumed accurate.

Extinction of seed plants is occurring at a faster rate than the 
normal turnover of species. We found that, on average, 2.3 species 
have become extinct each year for the past 2.5 centuries. However, 
most species have not been known for 250 years, recently described 
species may have higher extinction rates than those described 
earlier14 and species may become extinct before being formally 

Global dataset shows geography and life form 
predict modern plant extinction and rediscovery
Aelys M. Humphreys   1,2*, Rafaël Govaerts   3*, Sarah Z. Ficinski1, Eimear Nic Lughadha4 and 
Maria S. Vorontsova   1

Table 1 | Rates of modern extinction in seed plants compared to vertebrates

Total number 
of seed plant 
species described

Number of 
seed plant 
species extinct

Average seed plant 
taxonomic age 
(years)a

Seed plant 
extinction rate 
(E/MSY)a

Amphibian 
extinction rate 
(E/MSY)b

Bird extinction 
rate (E/MSY)b

Mammal 
extinction rate 
(E/MSY)b

Before 1900 129,529 256 171 (195) 11.6 (10.1) 66 49 (73c) 72

1900–2018 204,793 315 60 (84) 25.6 (18.3) 107 132 243

Extinction rate is expressed as E/MSY. aEstimates without and, in brackets, with correction for the lag time between collection and description as a new species (24 years on average18). bEstimates from ref. 
14. cEstimate from ref. 13.
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Fig. 1 | Distribution of extinct and rediscovered seed plant species among geographical regions, climate zones and life forms. a, The geographical 
pattern of modern extinction in seed plants. Hawaii stands out as having the most recorded extinctions (79), followed by the Cape Provinces of South 
Africa (37) and Mauritius (32), with Australia, Brazil, India and Madagascar also being among the top regions. Seventeen extinctions are of cultivated 
plants that have never been known in the wild (Supplementary Dataset 1). b, The geographical pattern of rediscovery of seed plants that have been 
erroneously declared extinct. Australia stands out for contributing the most rediscovered species overall (133). About half of the regions with the 
most recorded extinctions also have the most rediscovered species (Supplementary Information). c, Comparison of the proportions of extinct and 
rediscovered species on different continents, on islands versus continental regions, in a single geographical area versus multiple, in different climate 
zones and life forms, compared to the global distribution of seed plants. Boxplots show the range of proportions calculated across 500 random 
draws of 500 species from a database of 269,441 seed plant species (World Checklist of Selected Plant Families23). Upper and lower box bounds 
represent the 75th and 25th percentiles, respectively, and the horizontal line represents the median value and circles denote outliers. Numbers 
along the x axis represent the total number of seed plant species known in each category. Observed values are shown with asterisks (pink, extinct; 
green, rediscovered).
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described. To correct for this, we calculated modern extinction 
rates separately for species described before and since the year 1900, 
including an average lag time of 24 years between the first collec-
tion of a plant and its description as a new species18. We found that 
recently described plants are becoming extinct at almost twice the 
rate of those described before 1900, but at rates almost an order of 
magnitude lower than for vertebrates (Table 1).

Our estimated rate of ongoing extinction (18–26 extinctions per 
million species years (E/MSY), Table 1) is up to 500 times the back-
ground extinction rate for plants (0.05–0.35 E/MSY13). However, 
previous studies have suggested current extinction rates closer to 
1,000 times the normal turnover rate with others predicting that 
rates will soon be 10,000 times faster5,13,14,16. Similarly, our data sug-
gest that 0.2% of standing plant diversity is extinct while mollusc 
losses have been estimated at 7% (ref. 7) and birds and mammals at 
5% (ref. 19). Furthermore, 30,000 plant extinctions were projected 
by 2015 (ref. 20) and 50,000 vascular plant species are estimated to 
be threatened with extinction2. Why are our findings lower than 
estimates for animals and forecasts for plants? The average extinc-
tion lag time is thought to be longer for plants than for animals, 
and thousands of living plant species are thought to be function-
ally extinct20. This is consistent with 89% of rediscovered species 
having high extinction risk (Supplementary Table 1), with several 
being known from only a few surviving individuals. Therefore, our 
estimated extinction rate, while elevated, is still likely to prove an 
underestimate of ongoing extinction of plant diversity.

The geographical pattern of modern extinction of plants is strik-
ingly similar to that for animals6,12,16,17: all of the top extinction areas 
are high-diversity regions with a tropical or Mediterranean climate, 
including islands (Fig. 1a). The proportions of extinct species from 
islands (50%) and the Pacific (18%) are significantly higher than 
expected based on the global distribution of seed plants (Fig. 1c; 
P < 0.01 based on random draws, see Methods). This probably 
reflects the high proportion of unique species (endemics) in island 
biotas and their vulnerability to biological invasion8. Consistent with 
this, we found that extinct species have narrower ranges than seed 
plants as a whole (Fig. 1c; 98% of extinct species were known from 
a single region, compared to 57% of all seed plants). This confirms 
that biodiversity ‘hotspots’, with exceptional numbers of endemics 
and undergoing extensive habitat change21, are key to understand-
ing global patterns of recent and future extinctions16.

Most extinct plants were woody perennials and/or from the wet 
tropics or subtropics. This reflects the diversity of seed plants glob-
ally, but the proportions for extinct plants are much higher than 
expected (Fig. 1c, P < 0.01; for example, 80% of extinct species are 
woody perennials compared to 40% of seed plants overall). In con-
trast, we found lower than expected proportions of epiphytes and 
herbaceous perennials, suggesting that herbaceous plants may be 
less prone to extinction due to larger population sizes and more 
persistent soil seed banks. Alternatively, these results indicate that 
our knowledge of modern extinction in plants is biased by historic 
and ongoing focus on trees22, reflecting cultural, ecological and eco-
nomic interests, a phenomenon analogous to zoologists’ focus on 
birds and fish rather than on insects.

There is no phylogenetic pattern to plant extinction—that is, 
extinctions were randomly distributed among evolutionary groups. 
Extinct species are distributed among a quarter of seed plant 
families23, with most extinctions reported from species-rich and 
globally widespread families (Fig. 2a, Supplementary Fig. 1 and 
Supplementary Information). The lack of phylogenetic signal to 
plant extinctions at the family level suggests that unrecorded modern 
extinctions and future extinctions are unlikely to be predicted from 
plants’ evolutionary relationships. This is at odds with findings for 
modern extinction in mammals17 and extinction risk in vertebrates24 
but consistent with most studies on extinction risk in plants25, rein-
forcing that extinction processes for animals and plants are different.

A final contribution of this study is the quantification of redis-
covery of species once reported as extinct. This not only improves 
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Fig. 2 | Phylogenetic distribution of seed plant families with extinct and 
rediscovered species. a, Extinction and b, rediscovery of species. There 
is no phylogenetic signal to what families contain species that a, have 
been declared extinct in recent centuries or b, have subsequently been 
rediscovered. This finding is robust to whether extinction is analysed as a 
proportion of species per family or the presence/absence of at least one 
extinct/rediscovered species. Families with at least one extinct/rediscovered 
species are shown in pink (extinct) or green (rediscovered), and proportions 
of extinct/rediscovered species are shown as filled circles. Note that the 
proportion of extinct/rediscovered species per family is vanishingly small 
in most cases (≤ 3.7% for extinct and ≤8.3% for rediscovered species; 
Supplementary Fig. 1), and circles have been scaled for visibility. 
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the accuracy of our understanding of extinction but allows for 
potential remedial work as well. Almost as many species as have 
become extinct have been rediscovered (Supplementary Dataset 1). 
Overall, we report a rediscovery rate of 35%, or 16 species per year 
in the past three decades. This is consistent with 39% rediscovery 
over two decades for Australian plants26 and 36% for mammals27, 
but exceeds the 9% rate for molluscs12. The striking consistency 
between plants and mammals might represent a genuine error rate 
associated with extinction declarations. The lower rate for molluscs 
probably reflects a focus on island taxa, and the rediscovery rate for 
plants from oceanic islands is similarly low (9%; Fig. 1c).

Geographical and phylogenetic patterns of rediscovery mir-
ror those for extinction (Figs. 1 and 2 and Supplementary 
Information), and there is overlap between families with many 
extinctions and those with many rediscoveries (Supplementary 
Fig. 1). Search effort is a correlate of rediscovery in mammals27, 
and our demonstration of rediscovery in the very taxa and regions 
with reported extinctions reduces the risk that the presumed 
extinctions are erroneous. Despite this overall similarity, impor-
tant differences between extinction and rediscovery suggest that 
rediscovery is most likely on continents (as opposed to islands), in 
the (dry) subtropics and of plants that are annual and/or have dis-
tributions that span more than one geographic area (Fig. 1c and 
Supplementary Information). Broad distributions have also been 
associated with rediscovery of mammals27. Higher than expected 
proportions of annuals among rediscovered plants might be 
because annuals are not always easily detectable and are thus 
more likely to be erroneously reported as extinct. In contrast, our 
data suggest that reports of extinction for trees, shrubs and spe-
cies with narrow distributions from islands or the wet tropics are 
more likely to be accurate. Thus, our results reveal mechanisms 
by which plants may erroneously be declared extinct and biases 
in our knowledge of plant extinctions, which is skewed to well-
studied areas of long-standing botanical interest and to woody 
rather than herbaceous plants.

In conclusion, our study greatly advances understanding of 
ongoing extinction in plants and suggests that geography and life 
form best predict ongoing extinction. The study of extinction inevi-
tably comes with caveats. Extinctions of poorly known taxa may go 
unreported resulting in underestimation of rates; conversely, even 
for better-known taxa, low detectability may result in rate overesti-
mation, revealed only by rediscovery. Our study indicates that these 
caveats can be alleviated through increased study in poorly known, 
biodiverse areas, and by furthering understanding of the environ-
mental, socioeconomic and temporal relationships between extinc-
tion and rediscovery. We urge botanists to compile data on search 
effort, species density, abundance and detectability and to engage 
local people in the search for their missing biodiversity. Such efforts 
will improve our understanding of genuine extinctions and help  
target future conservation action.

Methods
The database on seed plant extinction was built using all available sources of 
information: global, regional and national Red Lists, taxonomic revisions, floras, 
research papers, field trips and herbarium visits (Supplementary Dataset 1). The 
database was originally compiled from global and regional Red Lists in the 1980s. 
Since then, all incoming literature at the Royal Botanic Gardens, Kew has been 
screened weekly for any new reports of plants that are globally extinct or extinct 
in the wild (as defined by the Red List4), or reports of rediscovery or taxonomic 
change that would render a previous extinction declaration invalid. New data have 
continuously been added to the database. Rediscovery was defined as the discovery 
of a single living population. As a consequence, the continuously maintained 
dataset analysed here is different to the Red List data, which are not continuously 
updated and not compiled following comprehensive literature searches to ascertain 
all reported extinctions.

The rate of species extinction was expressed as E/MSY, taking into account the 
average time elapsed since species were described, separately before and after the 
year 1900 (ref. 14), including the average 24-year lag time between first collection 

and description as a new species18. Dates (date of the earliest name belonging to 
each species concept) were obtained from the World Checklist for Selected Plant 
Families23 (WCSP) for all currently accepted seed plant species (n = 334,322).

Phylogenetic signal in extinction and rediscovery was tested for at the family 
level using a published, dated phylogeny28. Two of the families in our dataset 
(Pandanaceae and Zamiaceae) were not present in the tree and were therefore 
excluded from analyses. We used Pagel’s λ (ref. 29) and Blomberg’s K (ref. 30) to 
calculate the phylogenetic signal of the proportion of extinct or rediscovered 
species per family, normalized by logit transformation. We also treated the data 
as a binary variable, scored as the presence or absence of extinct or rediscovered 
species for each family, and assessed the phylogenetic signal using the D-statistic31 
(Supplementary Information). Significance of K and D were determined using 
1,000 randomizations each.

To test whether the distribution of extinct and rediscovered species among 
geographical regions, climate zones and life forms differs from that for seed plants 
as a whole, we used data on these variables from the WCSP23. The checklist is 
complete at the family level, and includes geographical data for 269,441 species 
and life form data for 210,170 species. The geographic distribution data follow 
a custom, standardized system of country and first-level province boundaries 
developed for plants and approved as a Taxonomic Databases Working Group 
(TDWG) standard32. Geographical data were manually scored as ‘island’ versus 
‘continent’, and range sizes were defined as the number of country or first-level 
province (TDWG level 3) regions in which each species occurs. To provide sets 
of seed plants for comparison with our dataset, we generated 500 random draws 
of 500 species and used these to generate expected proportions of species among 
continents, climate zones, life forms and on islands. Observed data were compared 
to the distribution of proportions in these random draws.

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

Data availability
All new data on plant extinction and rediscovery analysed during this study are 
available as supplementary files linked to this published article. The data used for 
comparison with all seed plants are from the World Checklist of Selected Plant 
Families and are, or will soon become, publicly available from http://wcsp.science.
kew.org.
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