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AT +A—>/ + 77—E— (Stephen H. Kirby)

Why target tropical orchid species diversity?

The orchid family (Orchidaceae) is a charis-
matic group of flowering plants that show an
extraordinary variability of plant size, plant
forms and flower shapes and sizes, and color
patterns that have led to the identification near-
ly 27,000 orchid species and 800 genera, and a
distribution on all continents except Antarctica.
Arguably their collection and distribution and
species characterization exceed those of any
other flowering plant family. As a consequence
of this human interest in orchids, we know
more about the orchid family in nature than
any other diverse flowering plant family. Or-
chid distribution and diversity patterns are
therefore natural targets for study of the influ-
ence environmental changes consequent to ac-

tive geologic processes.

Why are mountain environments in_the tropics

so biologically diverse? Mountain environ-

ments in the tropics typically contrast with
lowlands because mountains tend to be cooler.
Because of the orographic effect, they are also
wetter on their windward (weather) sides.
They also harbor many microclimates due to
the effects of intermountain valleys such as
variable sun exposure and variable rainfall.
These highland tropical forests are biologically

the most diverse on planet Earth.

Global indicators of ongoing mountain build-

ing and erosion. Geologists recognize that
there are many landforms and seafloor features
that indicate that the shape of Earth’s surface is
often changing with the passage of time. More-
over, earthquakes and volcanic eruptions are
direct phenomena indicative of a dynamic
Planet Earth. GPS motions and gravity mea-
surements are also indicators of deformation of

the lithosphere.

Tropical Latin America. The opening of the

JGL, Vol. 15, No. 3, 2019
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Atlantic Ocean by seafloor spreading beginning
in late Jurassic had tectonic and volcanic had
consequences for the tropical Americas along
their western margins. This motion led to large-
scale subduction and plate reconstruction along
the western margins of North and South Amer-
ica. Collisions of oceanic ridges with the
Americas (such as the Juan Fernandez, Nazca,
Carneigie, and Cocos Ridges) produced by
seafloor spreading and hot-spot volcanism in
the Pacific, in turn, led to tectonic mountain
building along the Pacific margin of the Ameri-
cas. These rapid uplifts are thought to have
played key roles in rapid environmental chang-
es and orchid diversification along this margin
in the late Cenozoic.

Tropical Southeast Asia and Papuasia. The

collision of the Indian Plate with the Eurasia
Plate has raised the lofty Himalayas and many
of the mountain ranges of continental SE Asia
beginning in early Cenozoic time. Similarly,
the Australian Plate is presently colliding with
the equatorial Pacific Plate, but mountain
building in insular SE Asia began later in the
Neogene and led to the most complex tectonics
on Earth in the island regions called Wallacea
(including Sulawesi and New Guinea Islands),
as well as northern and western Borneo and the
Philippines. New Guinea Island, for example,
was largely under water as recently as 12 Ma
BP and now boasts the highest mountain rang-
es in insular Asia and also the most diverse or-

chid flora in all Asia.

Tropical Afirica. The greatest epiphytic orchid
diversity in Africa occurs in the highlands of
east Africa that are along the Africa-Plate and
Somalia-Plate boundary. These mountains rep-
resent the upturned isostatic adjustments of the
rifted lowlands along that boundary as well as
the chains of volcanoes that also mark that
boundary. That rifting began about 30 My BP.

Orchid Diversity and the High Rates
of Mountain Building in the Tropics

The mountains of the Atlantic margin of Africa
on the other hand date back to the Mesozoic
rift opening of the South Atlantic Ocean, but
are no longer tectonically active. Most of those
countries along the South Atlantic coast have

much less orchid diversity.

Key points. This study shows that the greatest
orchid diversity worldwide occurs in the geo-
logically young highland forests above 1000 m
elevation. The most recent uplifts began in ear-
ly Miocene to time (<25 My BP) and contin-
ue to the present. Remarkably, molecular phy-
logeny of orchids has also shown that the
greatest rates of diversification of orchid spe-
cies began about the same time. I interpret this
parallel chronology as a consequence of the ef-
fects of rapid uplift on the rates of environmen-
tal change as well as the apparent “plasticity”
of the genome of the orchid family allowing
remarkably rapid adaptations to these environ-
mental changes. The late Cenozoic timing of
mountain building in planet Earth’s tropics is a
consequence of the breakup of the superconti-
nent, Gondwanda and the collisions and
plate-tectonic reconstructions that came with
the motions of these moving fragments of

Gondwana into the tropics.

Further Reading: Kirby, S.H. (2016) Active
Tectonic and Volcanic Mountain Building and
Orchid Diversity, Lankesteriana 16(2), 243-
254.
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