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Fig. 9. Aerial view of several hundred-year-old pastures in Santa Rosa
National Park. All of the light-colored area is jaragua (Hyparrhenia rufa) grass
monoculture that was burned almost annually up through the 1984 dry
season. Forest and forestlets are variously aged secondary succession that
were being eradicated before the fire was halted. Arrow indicates a forest
island under a single large guanacaste tree (Enterolobium cyclocarpum) whose
crown is 40 m in diameter. Park entrance highway (two-lane) passes along
base of photograph and center is Presa Pinuela. January 1985, Santa Rosa
National Park, Costa Rica.

designed to let the heat from a grass fire pass quickly through, rather than
form a tent to trap rising hot air that would kill branches and leaves. Equally,
concentrations of individuals may be thinned by the lethal effect of their
combined crowns accumulating hot air rising from the burning grass below.
Many of the other species of trees that co-occur with Eucalyptus in fre-
quently burned areas have deciduous crowns at the time of fires, stand far
apart, and/or have very diffuse crowns.

There are many species of Eucalyprus trees in the dry Australian tropics
(accompanied by the equally species-rich sister genus Melaleuca in the Myrta-
ceae, and the unrelated species-rich legume genus Acacia). If a fire-rich habi-
tat is only 30,000 years old, are we to guess that the trees that occupy most
of the habitat have speciated in this short time? Perhaps, but it is not neces-
sarily so. The fire-resistant Myrtaceae could be serendipitously fire-resistant
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and have been much older occupants of dry forest unburned habitats with a
high frequency of disturbance (landslides. cliff faces, erosion ravines, marsh-
stream-river-flood plain banks, heavily browsed/grazed areas, hurricane
impact areas, etc.). Some species could even have been selected for fire
tolerance in areas with exceptionally frequent lightning fires at the beginning
of the rainy season (end of the dry season). But whatever habitats the fire-
resistant Eucalyptus occupied originally, owing to their high fire tolerance
they undoubtedly underwent an explosion in population size and geographic
coverage when the original human occupants of dry tropical Australia began
their burning regime.

The original occupants were, above all else, hunters and gatherers. In
the Neotropics, the first waves of Neotropical hunters eliminated the bigger
and slower of the Neotropical herbivores (Martin 1973, 1984) (and caused
their predators and scavengers to starve: Janzen 1983b). The original human
invaders of Australia did the same (Martin 1984). They certainly had a diverse
fauna of large animals to hunt (Murray 1984) and those animals are no longer
with us. It is not hard to imagine that the removal of these large animals
reduced the frequency and extent of small-scale vegetation disturbance
(leading to a more homogeneous fire regime) and reduced the dispersal of
dry-forest tree seeds (leading to slower reinvasion of sites that were occa-
sionally cleaned of their plants by exceptional fires). Australia also went
through periods of climatic changes during this time. Habitats move, frag-
ment, and coalesce as the climate changes. The movement of seeds by animals
is an integral and important component to this habitat movement, and thus
an important part of whether a climate change leads to species or habitat
movement or to species or habitat extinction.

But then, enter the Europeans as a major agricultural force between
1800 and 1900 (depending on where you are in Australia. they and their
influence on the fire regime arrived at different times). Aside from largely
eliminating the original inhabitants and therefore indirectly eliminating their
practice of burning early in the dry season. the Europeans were interested in
raising cattle. And to do this, late dry season fires seemed best because they
yielded a dry season harvest of green sprouts. Additionally. once the tradi-
tional early dry season fires were gone. the tinder-box nature of the habitat
by the end of the dry season led to rapid and thoroughly widespread fires
from accidents. ranches. or lightning. A small patch of deciduous dry torest
that would be protected by a moist area or rocky outcrops from a weak fire
early in the dry season will often be overrun by a raging fire late in the dry
season.

The consequence of the shift in fire regime has been dramatic. The
original eucalypts still stand over their grassy plain. but their recruitment is
severely limited. Annual fires in the late dry season repeatedly eliminate all
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but the most robust adult trees. and even these eventually succumb. Where
grazing is severe enough to reduce grass fuel to non-inflammable levels. the
cucalypt seedlings and sucker shoots are also eaten, and introduced grazing-
resistant woody plants invade the forest understory. Gne day, within 100
vears or so. Australians are going to wake up to find that almost overnight
their dry tropical eucalyptus torests have been converted to treeless grassland
habitats and deciduous torest scrub that is'lurgeiy inedible to cattle.

What message does Australia’s dry tropical forest story have for the
understanding of tropical complexity? Australia is a marvelous example of
how what you see in the tropics. species-rich as it may be, can still be but
a tattered ecological remnant rather than an evolutionarily fine-tuned eco-
system millions of years old. Yes, there are hundreds of species of plants
in dry tropical Australia. But this list is undoubtedly much shorter than
it was 30.000 years ago, and it is going to get abruptly shorter as the Euro-
pean-style fire regime eliminates the last relict dry forest pockets.

Dry tropical Australia displays the striking ecosystem pattern of enor-
mous areas covered with a few species-rich genera of grasses, trees, and
shrubs, with a sprinkling of tiny refugee habitats containing many other
species. However, it is likely that these plants did not come to have their
current habitat status through evolution under a severe fire regime, but rather
have been put in their places by a process of ecological fitting of fire-tolerant
parts evolved in other disturbed habitats. Yes, dry tropical Australia has its
spectacular vertebrates—goannas, wallabies, emus, bower birds, megapodes,
cockatoos, magpie geese, etc. But this fauna is only a pale shadow of the
marsupials that were as large as tapirs and rhinos, the huge ratites, giant
kangaroos, etc., that early humans confronted. The impact of the extinct
megafauna is still everywhere to be seen or tasted—thorns, burs, large fleshy
fruits with woody or fibrous coverings around seeds, leaf defensive chemistry.
Such an impact will require a special kind of reconstruction ecology to
understand (e.g. Janzen and Martin 1982). This is an area of field biology
very much in its infancy.

In sum, dry tropical Australia is complex and spectacular just as is (was)
much of the remainder of the dry tropics. However, this complexity is only
that which can survive the great homogenizers, fire and humanity. The regime
of nearly annual burning and continuous hunting has been forced onto a
complex tropical habitat. The effects have been indelibly recorded through
extinctions and novel geographic distributions well before any evolution can
occur to compensate for them. This type of complexity is also in the eye of
the beholder, but the beholder is blind,
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CONCLUSION

The tropics are a complicated environment. The direction and intensity
of ecosystem processes are as much based on the idiosyncracies of the natural
history of particular species as on major climatic and geological variables. One
of those particular species is Homo sapiens. Homo sapiens has clearly beaten
nature, and in doing so continues to convert habitats to the vegetation type
that grows the resources to support a very large herd of human draft animals.
May | only add that humanity has never displayed the trait of developing the
brains of its draft animals. The bits of complex tropical nature that are still
within the grasp of tropical peoples are perhaps this portion of humanity's
last chance for mental stimulation extraneous to the pitiful stimuli offered by
humanity itself. Life in a sugar cane plantation is not substantially improved
by even two TV channels playing ten-year-old re-run movies from the U.S.

In the not-too-distant future, the most valuable pieces of real estate in the
tropics will be the less than 10% that will be in national parks or other biolo-
gical reserves. Can you imagine the intellectual response by Europe if 100 km?
of Pleistocene forest and its animals could be made to reappear in central
France? 1 do not intend to depreciate the complexity of human society.
Rather | note that this complexity is only a very incomplete representation of
what the human mind is capable of absorbing, using, and enjoying. The
natural world, tropical or otherwise, at least allows the chance for a sub-
stantial increase in the completeness of that representation. Complexity is in
the eye of the beholder, but there has to be something left to behold.
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