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Abstract:

 

Concerns about elevated extinction rates in the tropics are a common feature of the conservation
literature, but direct measurements are rare. We present the first quantitative estimates of extinction rate in
a complete Neotropical flora based on historical plant-collection records, quantitative measurements of forest
loss and plant diversity, and the conservation status of endemic plant species in Ecuador. Our analyses suggest
that 19–46 endemic plant species have gone extinct in Ecuador over the last 250 years, mostly because of habi-
tat loss, and therefore are now globally extinct. An additional 282 species, nearly 7% of Ecuador’s endemic
flora, qualify as critically endangered. We found evidence of impending large-scale plant extinctions in the
country’s coastal and Andean forests, but little extinction and low potential for extinction in the Amazonian
lowlands.

 

Estimaciones de Tasas de Extinción para una Flora Moderna Neotropical

 

Resumen:

 

Las preocupaciones sobre las elevadas tasas de extinción en los trópicos son una característica
común en la literatura sobre conservación, pero las mediciones directas son escasas. Presentamos las prime-
ras estimaciones cuantitativas de la tasa de extinción en una flora neotropical completa basada en los expe-
dientes históricos de colecciones de plantas, las mediciones cuantitativas de la pérdida de bosque y de diver-
sidad y el estado de conservación de especies de plantas endémicas en Ecuador. Nuestro análisis sugiere que
19–46 especies de plantas se han extinguido en el Ecuador a lo largo de los últimos 250 años, debido princi-
palmente a la pérdida de hábitat y por lo tanto son ahora extintas a nivel mundial. Además 282 especies,
cerca del 7% de la flora endémica del Ecuador califica como críticamente amenazada. Encontramos indica-
ciones de inminentes extinciones de gran escala en el país, tanto en los bosques costeros como en los bosques

 

de los Andes, pero poca extinción y bajo potencial de extinción en las tierras bajas del Amazonas.

 

Introduction

 

Natural ecosystems worldwide are suffering massive al-
terations (Vitousek et al. 1997; Laurance 1999). The con-
sequences for Earth’s species remain poorly docu-
mented, because measuring—or even estimating—the
accelerated rate of modern extinction has proven diffi-

cult in well-studied ecosystems and nearly impossible
for the hyperdiverse tropical taxa that account for most
of life on Earth ( Whitmore & Sayer 1992; May et al.
1995; Reid 1997). Even when an entire tropical land-
scape is deforested (e.g., Turner et al. 1994), biologists
are rarely able to determine what proportion of the spe-
cies lost there were endemic and therefore have be-
come globally extinct, and what proportion are wide-
spread and still extant elsewhere (Pimm et al. 1995).

Here we address the problem by using endemic species
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to estimate global extinction rates across a diverse tropi-
cal biota: the vascular flora of Ecuador. Documenting ex-
tinctions remains nearly impossible in tropical forests
( Whitmore & Sayer 1992; but see Turner et al. 1994;
Laurance et al. 1999), but if the first signs of the mass
tropical extinctions anticipated by scientists (Myers 1990;
Dodson & Gentry 1991) are detectable anywhere today,
they should be detectable among Ecuador’s plants. The
small Andean country has an extremely diverse, well-
collected, well-studied, and recently catalogued flora
( Jørgensen & León-Yánez 1999): it has 

 

�

 

4000 endemic
plant species (Valencia et al. 2000) and has lost 

 

�

 

40% of
its original vegetation (Sierra 1999), mostly over the last
50 years.

 

Methods

 

We used two different methods to assess rates of extinc-
tion in the Ecuadorean flora. First, in 1999–2000 a team
of over 40 botanists, directed by us, carried out a thor-
ough revision of the conservation status of the Ecuador-
ean species most likely to have gone globally extinct:
the country’s 4011 vascular endemics ( Valencia et al.
2000). For each of these species, we recorded the dates
and locations of all specialist-identified collections lo-
cated in Ecuadorean and international herbaria, searched
the taxonomic and conservation literature (Oldfield et al.
1998; Walter & Gillett 1998), and searched electronic plant-
specimen databases (Missouri Botanical Garden’s TROPI-
COS, available from http://mobot.mobot. org/W3T/Search/
vast.html, and the collections database of Denmark’s Aarhus
University).

By combining these historical collection records with
information on the current and historical extent of the
vegetation types occupied by each species (Sierra 1999),
we classified the conservation status of every endemic
species under recently updated World Conservation
Union (IUCN) guidelines (version 3.1, published in
IUCN 2001).

Under those guidelines, “A taxon is Extinct when
there is no reasonable doubt that the last individual has
died” ( IUCN 2001). We also employed a less stringent
set of criteria to identify species we considered likely to
have gone extinct: endemics known from a single col-
lection made 

 

�

 

80 years ago in what are now major met-
ropolitan areas. Species satisfying these criteria but with
a dubious taxonomic or distributional status were omit-
ted from the analyses.

Because our analyses did not include undescribed spe-
cies, or species described over the last 80 years (which
cannot satisfy our criteria for likely extinction), we de-
vised a second analysis to estimate more broadly the
number of plant species that may have gone extinct during
the destruction of Ecuador’s lowland forests. In this anal-
ysis, we used extrapolations from quantitative invento-

ries of lowland plant communities to estimate how many
plant species occurred in the original extent of a given
forest type and to estimate how many plant species oc-
curred in the amount of that forest type remaining to-
day, as measured by satellite imagery (Sierra 1999). We
considered the difference between these two numbers
to be a proxy for how many plant species may have
gone locally extinct as these forests were reduced in
size. Multiplying this number by the proportion of the
region’s flora currently believed to be endemic gave the
estimated number of global extinctions.

We used Fisher’s alpha to estimate regional diversity
from small-scale inventory data (Fisher et al. 1943;
Rosenzweig 1995). Alpha was chosen over other extrap-
olation methods on the recommendation of Condit et al.
(1998), who used data from three large inventories of
tropical forests to compare the performance of six dif-
ferent diversity indices. Extrapolations with Fisher’s al-
pha rely on two assumptions: (1) species abundances
are distributed in a log-series manner and (2) the re-
gional plant community is spatially homogeneous, mean-
ing that species are well mixed in space. The first is satis-
fied even for small samples of tropical forest vegetation
(Rosenzweig 1995; Condit et al. 1996). The second is a
matter of debate, but it may be an adequate approxima-
tion for these forests (Pitman et al. 2001).

Fisher’s alpha can be calculated for any sample as 
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 is the number of individuals
sampled and 
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 is the number of species in the sample.
Once alpha is known, the number of species expected
in a sample of any size 

 

N

 

 can be estimated with the same
equation.

In the Amazonian lowlands of Ecuador, we calculated
Fisher’s alpha from an inventory of approximately
12,000 free-standing woody plants 

 

�

 

1 cm diameter at
breast height in a 2-ha area of Yasuní National Park (Ta-
ble 1; Romoleroux et al. 1997). The equation above was
then used twice, first to estimate the number of species
present in the original extent of Ecuador’s lowland Ama-
zonian forests, circa 1950, and second to estimate the
number of species present in the 88% of this forest that
remained in 1996 (Sierra 1999). To estimate the number
of stems present in the larger areas, we assumed that
stem density across the landscape was constant and
equal to that in the local inventory. The difference be-
tween these two estimates gave an estimate of the num-
ber of the region’s woody plant species lost to deforesta-
tion over the last 50 years. To convert this number to
global extinctions, we multiplied it by the proportion of
Ecuador’s Amazonian flora that is currently believed en-
demic to the country, 5.6% (Valencia et al. 2000).

Identical analyses were carried out for the two largest
forest types in coastal Ecuador, where 68.4% of the orig-
inal vegetation has been destroyed (Sierra 1999). These
are evergreen forest types concentrated in the north and
east of the coastal lowlands and accounting for more
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than 50% of the coastal land area below 1300 m. Be-
cause all-taxa plant inventories were carried out in both
forest types (Gentry & Dodson 1987), extrapolations for
the coast incorporated all vascular plants rather than
only woody plants. Both the coastal and Amazonian bo-
tanical inventories registered all species-level taxa
whether or not these could be identified, so extinction
estimates for both regions included currently unde-
scribed species.

 

Results

 

Only three endemic plant species in the country met
IUCN criteria for extinction: 

 

Blutaparon rigidum

 

 (Ama-
ranthaceae), 

 

Sicyos villosa

 

 (Cucurbitaceae), and 

 

Delilia
inelegans

 

 (Asteraceae), whose formerly dubious taxo-
nomic status has been resolved (Montufar & Tye 2000;
Valencia et al. 2000). All three species are from the Gal-
apagos archipelago, the only region of the country
where the exhaustive inventories necessary to confirm
extinctions are feasible.

An additional 282 species in the country qualified as
critically endangered, the next-highest IUCN threat cate-
gory below extinct. Of these species, 43 are known
from a single collection made 

 

�

 

80 years ago in what are
now major metropolitan areas, and we consider them
very likely to be extinct. Historical collection records
and habitat loss thus suggest that as many as 46 endemic
plant species—1.1% of the country’s endemic flora—
may have gone extinct since botanical exploration of
the country began 265 years ago and that an additional
6% are highly likely to follow suit in the near future.

The extrapolation exercises for Amazonian Ecuador
suggested that 23 woody plant species have gone locally
extinct over the last 50 years; 1.3 of these represented
endemic species that have gone globally extinct as well.
In Ecuador’s coastal evergreen forests, extrapolations
predicted 149 local extinctions, 18 of which were also
considered global extinctions.

 

Discussion

 

Taken together, our analyses suggest that at least 19–46
global plant extinctions have taken place in Ecuador over
the last 265 years. Although these numbers may appear
too modest to support claims of ongoing mass extinc-
tions in tropical forests, they are in fact among the high-
est in the world, exceeded only by those for Australia
( 71 extinct plant species), South Africa (53), Mauritius
(47), and Cuba (23) ( Walter & Gillett 1998). The number
of critically endangered plant species in Ecuador is also
one of the highest recorded anywhere to date.

Our estimates of extinction in Ecuador also exceed the
number of natural extinctions expected to have taken
place in that country’s vascular flora over the same time
period. May et al. (1995) estimated the background ex-
tinction probability for a species at 1 in 5–10 million per
year. For the 15,306 vascular plant species native to Ec-
uador (Jørgensen & León-Yánez 1999); therefore, one
would expect 0.4–0.8 natural global extinctions over
the last 265 years. The extinction rate suggested by our
analyses is 24–115 times higher than this. This parallels
several recent studies of extinction, which tend to find
present-day extinction rates elevated one to two orders
of magnitude above background levels (e.g., 50–100
times higher for vertebrates and plants [Heywood 1995];
45 times higher for mammals [Reid 1997]; 8–15 times
higher for birds, mammals, reptiles, anurans, and fresh-
water clams [Pimm et al. 1995]).

Even so, our extrapolations probably represent severe
underestimates of the extinction rate in the Ecuadorean
flora. Our first analysis did not include undescribed spe-
cies or species described during the last 80 years, and
our second analysis did not include the Andean region,
where most of the country’s plant species and most of
its endemic plant species are concentrated ( Jørgensen
& León-Yánez 1999; Valencia et al. 2000). Deforestation
data from the second analysis are now over 6 years old,
so our results do not take into account more recent
forest destruction. The coastal extrapolations in the sec-

 

Table 1. Historical and present-day data on the size and diversity of three Ecuadorean forest types (sensu Sierra 1999) used to estimate 
global plant extinctions in Ecuador.

 

Habitat

Original
area

(km

 

2

 

)

 

a

 

Area
remaining 

(%)

 

a

 

Fisher’s 
alpha

Estimated
original
regional
diversity

Estimated
present
regional
diversity

Endemism
level

 

 

 

(%)

 

b

 

 

Estimated
global

extinctions

 

Amazonian lowland
forest 6.7 

 

�

 

 10

 

4

 

88 176.1 (woody plants)

 

c

 

3393 3370 5.6 1
Coastal lowland forest 3.2 

 

�

 

 10

 

4

 

18.3 39.6 (vascular plants)

 

d

 

853 786 12.1

 

e

 

8
Coastal foothills forest 1.1 

 

�

 

 10

 

4

 

36.8 81.1 (vascular plants)

 

d

 

1680 1598 12.1

 

e

 

10

 

a

 

Data from Sierra et al. (1999).

 

b

 

Data from Valencia et al. (2000).

 

c

 

Data from Romoleroux et al. (1997).

 

d

 

Data from Gentry and Dodson (1987).

 

e

 

These figures from Valencia et al. (2000) are for coastal forests in general, not the two forest types, so they probably represent an overestimate.
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ond analysis did not include Ecuador’s deciduous and
semideciduous forests, which are rich in endemics but
are now largely destroyed (Dodson & Gentry 1991;
Sierra 1999; Valencia et al. 2000). In neither analysis did
we take into account species that persist only in popula-
tions too small or fragmented for long-term survival
( Brooks & Balmford 1996; Cardoso da Silva & Tabarelli
2000) or species not endemic to Ecuador. If a thorough
accounting had been possible, we would likely have re-
corded an extinction rate three orders of magnitude
higher than background.

Because forest destruction is ongoing in Ecuador, the
large number of endemic plant species currently classi-
fied as critically endangered may be interpreted as the
leading edge of this even more extensive extinction
event to come. Just as worrisome, the data suggest that
impending extinctions are concentrated in regions
where our ability to document them is the least devel-
oped. Only a tiny proportion of critically endangered en-
demics grow in Galapagos (5%) or Amazonia (0%),
where intensive exploration (Galapagos) and large-scale
landscape homogeneity (Amazonia) make plant-species
distributions relatively well understood. The remaining
95% of critically endangered endemics are concentrated
in the environmentally heterogeneous and still poorly
explored Andean (60%) and coastal (35%) regions. Until
ecologists develop a better understanding of plant-spe-
cies distributions in the montane forests where most of
South America’s tropical plant species grow (Henderson
et al. 1991; Jørgensen & León-Yánez 1999), we fear that
most extinctions in the South American flora will go un-
noticed.

In contrast, extinction rates are likely to remain low in
the Amazonian lowlands as deforestation continues be-
cause of the region’s high concentration of species at
small scales (Balslev et al. 1998) and its low levels of en-
demism (Valencia et al. 2000). Because similarly low levels
of endemism prevail across large areas of lowland Ama-
zonia (Pitman et al. 1999), only the most extreme defor-
estation scenarios in the Amazon basin—near-total de-
struction—may result in immediate mass extinctions of
plant species there. A similar conclusion was reached in
a recent study of Amazonian tree species based on a pre-
dictive model and field data from central Brazil ( Lau-
rance et al. 1999).

Many of the patterns we report here for Ecuadorean
plants are mirrored by those for the country’s bird and
mammal fauna. For the 323 mammal and 1423 bird spe-
cies native to Ecuador (excluding migrants and va-
grants), seven modern extinctions have been hypothe-
sized ( BirdLife International 2000; Tirira 2001), yielding
an extinction rate 80–160 times higher than background.
As in plants, extinct vertebrate taxa are concentrated
in the Galapagos (5 species) and the Andes (2 species),
with no taxa from Amazonia. The implication is that the
extinction crisis among Ecuador’s plants is also decimat-

ing its animals, including the hyperdiverse and poorly
studied invertebrate taxa that comprise the bulk of the
country’s biological diversity.
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