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The distribution of biodiversity richness in the tropics

Peter H. Raven'*, Roy E. Gereau’, Peter B. Phillipson'?, Cyrille Chatelain®,

Clinton N. Jenkins*>, Carmen Ulloa Ulloa'

We compare the numbers of vascular plant species in the three major tropical areas. The Afrotropical Region (Africa
south of the Sahara Desert plus Madagascar), roughly equal in size to the Latin American Region (Mexico southward),
has only 56,451 recorded species (about 170 being added annually), as compared with 118,308 recorded species
(about 750 being added annually) in Latin America. Southeast Asia, only a quarter the size of the other two tropical
areas, has approximately 50,000 recorded species, with an average of 364 being added annually. Thus, Tropical
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Asia is likely to be proportionately richest in plant diversity, and for biodiversity in general, for its size. In the animal
groups we reviewed, the patterns of species diversity were mostly similar except for mammals and butterflies.
Judged from these relationships, Latin America may be home to at least a third of global biodiversity.

Detailed studies over the past several decades have made it possible
to compare accurately the numbers of species of indigenous vascular
plants in Africa, Latin America, and Southeast Asia, and the results
are unexpected. In summary, the Afrotropical Region (Africa south
of the Sahara with Madagascar), with an area of 22,657,000 km?,
is home to 56,451 plant species. These were enumerated accurately
following the development of the regularly updated African Plant
Database (1) and the Madagascar Catalogue (2), both regional
nomenclature repositories with standardized taxonomy. For Latin
America (Mexico south, including the West Indies), with 19,197,000 km?,
a similar effort (3) has recorded 118,308 known species. These registers
are kept updated; the numbers provided here are current. Thus,
Latin America is home to more than twice as many plant species as
the Afrotropical Region in an area only about 85% of its size. Tropical
Africa is comparatively even poorer in species, since 9582 of the
species recorded in the Afrotropical Region occur only in Madagascar
(587,000 km?), and 16,405 of the species occur only in Southern
Africa (2,704,000 km?), with 41 species shared uniquely between
Madagascar and Southern Africa. There are also 4330 plant species
shared uniquely between Tropical and Southern Africa. These fig-
ures demonstrate the well-known floristic richness of Southern
Africa. If we subtract the plant species found only in Madagascar
and Southern Africa from the total, Tropical Africa, with an area of
19,366,000 km?, is home to only 30,423 plant species in an area
essentially the same size as Latin America, which has some 3.8 times
as many species of plants—the difference between the two areas is
growing rapidly due to the higher rate of discovery of new species in
Latin America. Although Latin America is ecologically more diverse
than mainland tropical Africa, the latter includes rainforest, coastal
forest, extensive dry plains, and the mountains of East and Southern
Africa. There is no area in Africa, however, nearly as rich in plant
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species as the Andes—a true major area of endemism that remains
relatively poorly known biologically [see also (4)].

A recent review of floras that are currently being prepared for
Southeast Asia (excluding Bangladesh, India, and Bhutan but in-
cluding from Myanmar and Thailand west to the Philippines and
New Guinea), with an area of 5,708,000 km?, shows that this region
is home to approximately 50,000 indigenous species of vascular plants
(5, 6). In contrast, the entire Afrotropical Region, with an area al-
most four times as large, has only 56,451 recorded species and is
much better known than its Asian counterpart.

Before analyzing the reasons for these remarkable disparities, it
will be useful to compare the figures for vascular plants (1, 3, 5-7)
with those for selected groups of animals, ones that are well known
enough to make possible meaningful comparisons. To obtain the
most accurate figures possible for these groups, we consulted the
available literature (8-19) and then discussed each group with lead-
ing global experts. By doing so, we have been able to present the most
up-to-date figures for each of them that are available anywhere.

Current estimates of the species present in each area mentioned
are summarized in Table 1 and illustrated in Fig. 1. The number of
Afrotropical species that occur only in Madagascar (i.e., are not
shared with either tropical or Southern Africa) is listed separately.
In general, the regional abundances of species of breeding birds,
lizards, and snakes are roughly in line with those for vascular plants.
However, there are some notable differences between the patterns
we reviewed for the groups listed.

For Madagascar, there are fewer species of butterflies recorded
than would be expected from the number in the Afrotropical re-
gion, but the ratio for moths resembles that in other groups (28,529
regionally, 4681 in Madagascar = 17.2%). There are many more spe-
cies of amphibians in the Neotropics than one would estimate from
their numbers in other tropical regions. Significantly, there are rel-
atively more African mammals compared with their Neotropical
counterparts. While rodents resemble other groups in this respect
[870 species (Latin America) versus 430 species (Afrotropical region)],
primates (144 versus 192) and, especially, hoofed animals, Cetartio-
dactyla (27 versus 89), present unusual distribution patterns.

Part of the difference in mammalian species diversity between
Latin America and Tropical Africa (cf. Cetartiodactyla) certainly
can be attributed to the extermination of most of the large mammals
of the Neotropical region by the humans who arrived there some
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Table 1. Estimated total numbers of described species for main taxonomic groups across selected tropical regions (7, 3, 5-19).

Taxonomic group Latin America* Afrotropical Region® Afro;’rlgs :g::s ct;nrly = M:Z;j\ef?;:?: pt Southeast Asia
Vascular plants 118,308 56,451 9582 17% 50,000
éﬂfterﬂies e 9000 ........................................... 4426320 .............................................. 7% .............................. ;‘000
é;éeding b,i‘rds ................... 4626 ........................................... 2134253 ............................................. 12% ............................. ﬁ(,(,o
Ants e 3917 ........................................... 3343367 ............................................. 26% ............................. ,?;663
'A“r‘ﬁphibian; ................... 3393 ............................................ 1 173341 .............................................. 29% ............................. iogs
Lf;érds e 2225 ............................................ 1 409337 ............................................. 24% ............................. ,1‘129
'|'\‘/'|;mm3|5 1793 ............................................ 1 421246 ............................................. 17% ............................. 1305
Snakes 1573 681 109 16% 751

*Mexico southward through all of South America, including the West Indies.
to Afrotropical Region species total, rounded to the nearest percentage.

Vascular plants 118,308

1That is, including Madagascar.
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Fig. 1. Map of the world showing the three tropical major regions with a summary of the biodiversity richness for each, with the three floristically distinctive
subunits of the Afrotropical Region: Tropical Africa (dark blue), Southern Africa (pale blue), and Madagascar (green).

10,000 years ago (20). In Africa, the entire course of evolution of
hominids over the past 6 to 8 million years took place in the pres-
ence of large mammals, many of which survive to the present. In
addition, North American mammals originally invaded South
America following the elevation of the Panama land bridge some
3.5 million years ago, with uplands developing about 2.2 million
years ago (21). North American mammals invaded South America
in far greater numbers than Eurasian ones invaded Africa, possibly
another factor in reducing the diversity of the surviving South
American mammals. In contrast, the reason that fewer ant species
are recorded in the Neotropics than would be expected may well be
that they remain understudied there.

For every group of organisms, except butterflies, Madagascar
has remarkably many species relative to the rest of the Afrotropical
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Region, of which it constitutes just over 1/40th the size. Considering
that there are probably at least 3000 additional species of vascular
plants to be discovered and named in Madagascar (2), Madagascar’s
contribution to the vascular plant flora of the Afrotropical Region is
probably actually more than 20%.

Considering that a rapidly growing 118,308 species of vascular plants
are known from Latin America and that the global total now is about
384,000 species (22), it seems likely that a third of more or all existing
vascular plant species occur in Latin America and that the same may
hold true for biodiversity in general. How many species that would
imply depends on estimates for the total existing number of eukary-
otes and so cannot be made with any degree of precision at this point.

It is important now to turn to a consideration of how well known
vascular plants are in each of the three tropical regions we have
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analyzed [Table 2 (1-3, 7, 23, 24) and Fig. 2]. On average, 173 newly
described species have been added to the flora of the Afrotropical
Region each year since 2008, with 54 of these from Madagascar
[Table 2 (1, 7)]. An average of 749 new species has been described
annually from Latin America for the past 25 years, with no demon-
strable tendency to level off [Table 2 (23)]. The number of newly
described plant species added for Southeast Asia (5,708,000 km?)
has been growing at an average of 364/year for the past 12 years,
more than twice as many as for the entire Afrotropical Region
(22,657,000 km?), which is almost four times as large. This is a clear
indication of how very rich in plant species and relatively poorly
known Southeast Asia remains [see also (6)].

In recent years, the publication of new species of vascular plants
by scientists living in Latin American countries has increased markedly.
These increases have become possible because of freely available
botanical online resources (e.g., Tropicos, The International Plant
Name Index, and Biodiversity Heritage Library), low publication
costs, and rapid electronic publication. At the same time, traditional
studies of tropical plants have continued in Europe, North America,
and Asia, as they have been increasing locally within the tropical
countries themselves.

Since Latin America is somewhat smaller than the Afrotropical
Region, the reasons for its far greater species richness deserve analysis.
Comparing continental areas of rainforest, forest occupies about
5,500,000 km?” in the Amazon Basin, with additional extensive areas
in the Choco of Northwest South America, the Mata Atlantica of Brazil
(originally 1,500,000 km?, but with only about 7% of the original
area remaining), and especially the extraordinarily rich forests and
highland vegetation of the Andes [e.g., (25), for butterflies]. In con-
trast, all of the rainforests in Africa occupy only about 3,900,000 km?,
Most of the 5,700,000 km* area of Southeast Asia was originally rain-
forest, so that species number comparisons with Africa seem reason-
able. Overall, considering that, with respect to their biodiversity,
tropical forests are the richest habitats on Earth, their regional repre-
sentation obviously has an effect on the overall numbers of species
found in the major regions considered here.

Although Latin America is somewhat smaller than the Afrotropical
Region, it is home to more than twice as many species of vascular
plants and of several groups of animals as well. A review of the geo-
logical and climatic history of Africa and South America provides
some reasons for this major discrepancy (26). When these continents
separated from their original positions as parts of Gondwanaland,
about 88 million years ago, their floras, judged from the fossil re-
cord, were similar. The continents moved apart gradually, so that by
the start of the Tertiary Era, 66 million years ago, they were only
about 800 km apart, with islands scattered between them. Africa and
Eurasia became relatively close by the middle Miocene Period, about
17 to 18 million years ago, with biotic exchange between them still
limited but increasing from that time onward (27).

At the end of the Cretaceous Period, Africa and South America
were low-lying and level, with moist subtropical forests extending
from coast to coast. To the north, across the Tethys Sea, the plants
and animals of Eurasia and North America were markedly different
from their tropical counterparts. By the Eocene Period (56 to
34 million years ago), the plants and animals of the two southern
continents had become significantly different (28), and they have
continued to diversify further to the present. Subsequently, with the
formation of the Rift Valley system of East Africa, the eastern and
southern regions of the continent were gradually uplifted to their
present heights, some of the mountains (e.g., Mt. Kilimanjaro, 5900 m)
within the past 1 million years. The mountains of South Africa, which
is topographically quite rugged, range up to 3450 m in height. Mostly
subsea 17 million years ago, East Africa rose relatively rapidly to its
present elevation, especially during the most recent 5 to 6 million
years. As this process continued, the African mountains were attaining
their present heights, and the contours of the modern Rift Valley
were taking shape (29).

This extensive orogeny profoundly affected regional climates and
hence the nature of local ecosystems (26). In Sub-Saharan Africa,
savannas and dry woodlands replaced many of the moist forests
that had originally occupied about half the total area (30). Although
still biologically rich, the drier habitats have proportionately many

Table 2. Number of newly described species of vascular plants for Latin America, Southeast Asia, and specified portions of Africa, by year, 2008-2019

(1-3,7,23,24).

Afrotropical

Year Latin America Southeast Asia Region Tropical Africa Southern Africa Madagascar
2008 697 298 190 94 46 50
12yearmean P 749 s 364 e 1 73 s 78 e 41 R 54 A
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Fig. 2. Plant species from the Andes Mountains, East Africa, Madagascar, and Malaysia. (A) Chuquiraga jussieui at the base of volcano Chimborazo, Ecuador. Photo
credit: Flora of The World. (B) Vachellia tortilis (Acacia tortilis), grazed by giraffes at the foot of Mt. Kilimanjaro. Photo credit: David C. Western. (C) Alluaudia procera spiny
thicket, Berenty, Madagascar. The family Didieriaceae is highly characteristic of Madagascar. Moringa drouhardii on the left, and noxious introduced Opuntia stricta in the
foreground. Photo credit: Flora of the World. (D) Rafflesia cantleyi, a unique parasitic plant, northern Malaysia rainforest. Photo credit: Charles Davis.

fewer species than do tropical moist forests. As they expanded, they
greatly reduced Africa’s moist forests and left many of them as
separate patches [e.g., (31)]. The separation of South America from
Antarctica about 55 million years ago, eventually leading to the for-
mation of ice sheets in the south, strongly cooled the Benguela
Current, running up the west coast of Africa, and caused the spread
of arid climates there too. The original rainforest, now much smaller
and fragmented, also became much poorer in species of plants and
animals than it had been originally (26).

The events that led to the formation of the modern biota of Africa
were quite distinct from those that took place in Latin America and
in Southeast Asia. In Latin America, the elevation of the Andes over
the past 6 to 10 million years has protected most of South America
from spreading aridity, with the effects of the cold, northward-flowing
Humboldt Current mainly confined to the relatively narrow strip
of level lands west of the Andes. In Southeast Asia, the predominant
insularity and moisture have preserved the original biological rich-
ness, which has also been accentuated by extensive regional orogeny.
Because of the factors discussed, the cool periods during Pleistocene
affected Africa much more severely than they did the other two major
tropical regions. The well-known and extensive biological interchange
between North and South America following the establishment of
their Pleistocene connection and of the nearly continuous mountains
now linking them has enriched the biota of the Andes greatly. Rapid
speciation in these mountains, partly based on the northern immi-
grants, has significantly added to the overall biological richness of
most groups of South American organisms (27, 28, 32).

UNRESOLVED QUESTIONS
The destruction of ecosystems is taking place so rapidly throughout
the tropics that it will be difficult to obtain additional information
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bearing on the matters reviewed here. With the global population
currently 7.8 billion, projected to increase to nearly 10 billion over
the next 30 years, and our current consumption of natural produc-
tivity having reached around 175% of what is available sustainably
(www.footprintnetwork.org), the future for most natural eco-
systems looks dim. In Sub-Saharan Africa, the situation is espe-
cially dire; the 1.2 billion people there are estimated to double by
mid-century and quadruple by the end of this century. Few predict
that there will be many areas of tropical forest left by the end of the
century. Therefore, to find answers to the obvious questions of how
many species are there, how their ecosystems function, and so forth,
we will need to do the best we can as soon as we can. Thus far, we
have named no more than 10% of tropical plants and animals, and
at current rates of discovery, most are likely to be long gone before
we become aware of their existence. A division of effort between
strengthening our knowledge of well-known groups, similar to those
reviewed here, to reveal general patterns, and gaining some knowl-
edge of the lesser-known groups by carefully designed sampling ap-
proaches, is apparently the best that we can do. But it is well worth
the effort to do so, for its own sake and to provide the best possible
basis for conservation.
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