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are often seen in opposition, with environmentalists and developers struggling
for
compromise in a zero-sum game. But in the developing nations; the opposite
is
true. Destructio n of the natural environme nt is usually accompanied by short-term
profits and then rapid local economic decline. In addition, the immense richness
of tropical biodiversity is a largely untapped reservoir of new foods, pharmaceu
ticals,
fibers, petroleum substitutes, and other products.
Because of this set of historical circumstances, thio book, which contains papers
from the forum, should prove widely useful. It provides an updating of many
of
the principal issues in conservation biology and resource management.
It also
documents a new alliance between scientific, governmenml, and commercial forcesone that can be expected to reshape the internation al conservati on movement
for
decades to come.
The National Fomm on BioDiversity and thence this volume were made possible
by the cooperative efforts of many people. The forum was conceived by Walter
G. Rosen, Senior Program Officer in the Board on Basic Biology- a unit
of the
Commission on Life Sciences, National Research Council/N ational Academy
of
Sciences (NRC/NA S). Dr. Rosen represented the NRC/NAS throughou t the
planning stages of the project. Furthermore, he introduced the term biodiversity,
which
aptly represents, as well as any term can, the vast array of topics and perspectiv
es
covered during the Washingto n forum. Edward W. Bastian, Smithsoni an
Institution, mobilized and orchestrated the diverse resources of the Smithsoni an
in the
effort. Drs. Rosen and Bastian were codircctors of the forum. Michael H. Robinson
(Director of the National Zoological Park) served as chairman of the Program
Committe e, organized one of the forum panels, and served as general master
of
ceremonies. The remainder of the Program Committe e consisted ofWilliam Jordan
III, Thomas E. Lovejoy III, Harold A. Mooney, Stanwyn Shetler, and Michael
E. Soule.
The various panels of the forum were organized and chaired by F. William Burley,
William Conway, Paul R. Ehrlich, Michael Hanemann, William Jordan Ill, Thomas
E. Lovejoy III, Harold A. Mooney, James D. Nations, Peter H. Raven, Michael
H. Robinson, Ira Rubinoff, and Michael E. Soule. David Johnson at the New
York
Botanical Garden was very helpful in verifying some of the botanical terms
used
in this book. Helen Taylor and Kathy Marshall of the NRC staff and Anne
Perct
of the Smithsoni an Institution assisted with the wide variety of arrangeme
nts
necessary to the successful conduct of the forum. Linda Miller Poore, also
of the
NRC staff, entered this entire document on a word processer and was responsible
for formatting and checking the many references. Richard E. Morris of the National
Academy Press guided this book through production.
The National Forum on BioDiversity was supported by the National Research
Council Fund and the Smithsoni an Institution , with supplemental support
from
the Town Creek Foundation, the Armand G. Erpf Fund, and the World Wildlife
Fund. The National Research Council Fund is a pool of private, discretiona
ry,
nonfederal funds that is used to support a program of Academy-initiated studies
of
national issues in which science and technology figure significantly. The
NRC
Fund consists of contributio ns from a consortium of private foundations including
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the Carnegie Corporatio n of New York, the Charles E. Culpeper Foundatio
n, the
William and Flora Hewlett Foundation, the John D. and Catherine T. MacArthu
r
Poundation, the Andrew W. Mellon Foundation, the Rockefeller Foundatio
n, and
the Alfred P. Sloan Foundation; the Academy Industry Program, which
seeks
nnnual contributions from companies that are concerned with the health of
U.S.
science and technology and with public policy issues with technological content;
nnd the National Academy of Sciences and the National Academy of Engineerin
g
endowments. The publication of this volume was supported by the National
Research Council Dissemination Fund, with supplemental support from the
World
Wildlife Fund. We are deep! y grateful to all these organizations for making
this
project possible.
Finally, and far from least, Frances M. Peter marshalled the diverse contributio
ns
In the present volume and was essential to every step of the manuscript editing
process. The cover for Biodiversity was derived from a forum poster designed
by
lll"tist Robert Goldstrom.
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THE TROPICAL FOREST CANOPY
The Heart of Biotic Diversity

TERRY L. ERWIN
Curator, Department of En~omology, National Museum of Natural History,
Smithsonian Institution, Washington, D.C.

A

few years ago in a short paper in the

Coleopterists BuUetin, I hypotheoized that instead of the current estimate of 1. 5
million species on Earth, there were 30 million specie> of imecto alone (Erwin,
1982). This hypothesis was based on collectiom of beetle> from tropical foreot
cnnopy samples in Panama (Erwin and Scott, 1980), rather than on the catalog
counts of taxonomic names used in all the earlier estimate>. I uoed oimple arithmetic
hosed on actual numbers of beetle species in my samples, estimated numbers of
tropical forest tree species given me by the leading botanists, and a conservative
estimate of the host specificity of tropical forest canopy insects. Host specificity in
this sense means that a species in some way is tied to the host tree species and
cannot exist without it.
This reestimation of the magnitude of life on Earth got a lot more covemge than
[ anticipated and began the usual controversy of right or wrong. Those engaged
in the controversy, most of whom never read this obscure paper in the Coleopterists
Bulletin, in a way actually missed the point of the paper. Consequently, I now want
to take the opportunity to clarify the situation.
Science, at least in natural history, proceeds. from casual observatiom, usually
in the field or on museum specimens, to the erecting of hypotheses and finally to
the testing of those hypotheses. Repeated failure to prove a hypothesis false lends
support to the possibility that it may be true. For the 30 million species of insects
hypothesis, which was based on a brand new set of observations never before
available to scientists, I suggested that testing must begin by refining of our knowledge about host specificity of insects in tropical forests.
In a subsequent paper, analyzing data from the canopies of four different forests
123
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in the central Amazon around Manaus, Brdzil, I showed that 83% of the beetlo
species in the samples were found in only the samples of one of the types of forest,
14% of the species were shared between two, and only 1% of the species of beetles
was found in all four forest types (Erwin, 1983a). This added fuel to the "numbers"
controversy, because of the numerous types of forest known to exist in the Amazon
Basin alone and the fact that the analysis was based on more than 1,000 species
of beetles, a fairly substantial data base. At this point, I turned my attention to
the now well-refined sampling techniques of insecticidal fogging of forest canopies
at the Tambopata Reserved Zone in the southeast comer of Amazonian Peru. I
developed these techniques for the purpose of testing the main hypothesis regarding
biological diversity in tropical forests and the subhypothesis that host specificity is
a main feature of the lifestyle of tropica 1 canopy insects. The following paragraphs
provide some glimpses of the Tambopata Canopy Project, some preliminary ob·
servations on the fauna itself, and what I believe to be the status of the 30 million
species hypothesis. With a data base of a million specimens (we'll get to the number
of species later), it will take a long time to complete the data analysis from just 1
year of collecting.

THE PROBLEM
It has been predicted that in 25 to .30 years, much of the humid tropical forest
could be gone or severely converted (see Raven, this volume, Chapter 12). Between
25 and 40% has already been lost to misguided human exploitation. The best
estimate is that an area the size of Honduras is being lost or converted each year,
and by the year 2000 some popular accounts have predicted that a million species
will become extinct. Although I regard such guesses as a bit low, a point discussed
later in this chapter, they mean that in our generation we, the only species on
Earth with the mental capacity to reason, will see the virtual disappearance of
contiguous tropical forests and probably the extenninationof more than 20% of
the diversity of life on Earth, and we humans will have caused it.
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THE HISTORY
The Amazon basin (Figure 13-1) has the richest biota on Earth. There are several
factors involved, not the least of which is the sheer size of the basin. We must
start the historical analysis with the Amazon basin as it was on the western portion
of the megacontit1ent Uonwanaland some 100 million years ago. The biota of today
is a result of many events that occurred after two supercontinents, South America
and Africa, rifted, and South America drifted in a westerly direction. As this
occurred, the uplift of the Andes began. This wonderful mountain chain, extending
from Venezuela down into Chile, became a dike that reversed the western flow of
all the rivers of Gonwana, turning them around and beginning their flow .to the
east. In the last 40 million years, this event has caused a mosaic of habitats, the
fine-grained resolution of which we have no comprehension at this time. As I am
discovering in some of my work in Peru, the fine-grainness of habitats is far, far
greater than what the botanical classifications have led us to believe. We need

. 13-1
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droele cttic projects, the Rondo nia projec t, and
various other develo pment project!
that are startin g to break up that vast expans
e of forest. From the air, one can
detect even finer and finer mosaics. It is very
easy to pick out the trees in blossom,
the trees with tough dark-green leaves, trees
that lost their leaves during the dry
season and are now getting a new flush of
very light pale leaves (the ones tho
insects like to eat the most), and vines that
reach up into the canopy to spread
their leaves over the tree leaves or interm ingle
them with the leaves of the canopy
trees. All 150 or more species of canopy trees
or vines per hectar e contrib ute tO
the mosaic. There is an interm ingling of leaves
betwee n two species of trees,
betwee n the vines and the trees, and betwee
n one tree oversh adowin g the other,
resulti ng in the creatio n of microe nviron ments
for the little creatm es that are so
import ant in provid ing the richness of the world's
biotic diversity.
Depen ding on forest type, the tops of the trees
range from 15 meters to as high
as 55 meters. Tambo pata was chosen for my prelim
inary studies because logistically
it is very difficult to get equipm ent and people
into a virgin rain forest, keep them
there for long periods, and get the materi al back
to the museum to study it undel'
the microscope. The average length of the beetles
in the canopy is about 2 to 3
millimeters, so one needs pretty good facilities
to make detaile d studies. Tambo pata
served the logistic purposes as well as anothe r
purpo se-app roxim ately 11 different
types of forests are found within walkin g distanc
e. That seemed like too much to
handle during l year, so only five were selecte
d for intense collecting. In each of
these five forests, we selecte d three 12-me ter-squ
are plots (Erwin, l983b) .
All 15 plots were sampled in the early rainy,
late rainy, early dry, and late dry
seasons. The data collect ed includ ed tree canopy
sizes, species of trees, and exact
locatio n of the collect ing trays. All thi.1 inform
ation has been compu terized and
allows museum specimens to he traced back to
the actual square meter of rain forest
where they were collected. This gives us the
opport unity to return in subsequent
years and resample in order to see what the canopy
, or what the forest in general,
is doing over long periods. Long-term cycles have
been largely overlooked, except
by a few researchers for only a few species. My
research team is now beginn ing to
computerize the canopy in three dimensions so
that we can describe exactly where
these insect species reside in the canopy.
Beyond this data set, we also have the branch
ing pattern s, the leaf structu re,
and other derails of microh abitats . It has taken
'a long time to develop our data
collect ions, because we have paid attenti on
to the finest details. l am trying to
look at the canopy habita t throug h the eyes of
these 2- to 3-mill imeter -long beetles.
To date, we have analyzed about 3,000 species
of beetles from only five plots.
When we compl ete our analysis, we will have
a large data set. A compa rison of
the tree compo sition of the different kinds of
forest has shown that the forest in
Manau s and two of our upland terra firma forests
contai n entirel y different tree
families. There are more big trees in the Peruvi
an sites than in the Manau s sites.
Perhaps that accoun ts in part for the·. larger
.size of the inseCts in the canopy in
Peru than in Manau s.'
Only 2.6% of the species are shared betwee
n Manau s and Tambo para (Figure
13-2). This seems reason able, because the two
sites are 1,500 kilometers apart.
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Tambopata, Peru
Upland Forest Type 1
Plots 1 and 2
Distance = 50 m
Dry Season

Manaus Brazil
4 Forest Types
>70 km apart
Dry Season
Manaus/Tambopata
Terrafirme
(Upland ForestType 1)
Distance = 1 ,500 km
NUUl\E 13-2
ltl\1111\.
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Pie diagrams of shared beetle species among
forests in Peru and Brazil in percent of
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We f\re rapidly acquiring a new picture of Earrh, and it is crammed with millions

ur.nn millions of nature's species on the verge of being replaced by billions upon
billions of hungry people, asphalt, brick, glass, and useless eroded red clay baked
hy 11 harsh tropical sun. Many driving forces of evolution have affected carabid
htvtlus and much of the other life on this planet. V cry late in the scale of geologic
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w

n new driving force, humans, appeared. There is little question in my mi;,.,d

IIW Isaac Asimov (1974) in his wonderful Foundation Trilogy may have been

[L

rn

Plll'ilcularly visionary when he described the planet Trantor, a sphere of steel and
GOncrete; a hollow joke of its former self. Could Trantor be future Earth? Perhaps;
rPI'hnps hot. Perhaps the biocrisis can be avoided. Human beings are starting to
I)IIY 1\ttention to the problem, and we're a very resilient species and have a lot of
HOOd Ideas. But do we have the resolve to rise above profit and greed?
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