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INTRODUCTION

To design reserves for protecting biodiversity and preserving representa-
tive ecosystems, we must know (1) what factors limit the populations of vari-
ous representative kinds of plants and animals, (2) what factors allow these
populations to persist, (3) which species are particularly crucial to the in-
tegrity of their communities, and (45) how the integrity of these communities
depends on events in their surroundings, or in the biosphere as a whole.

Social questions also confront conservationists. Biodiversity cannot be
preserved if the hope of the rural poor is taken away, or if human popula-
tions continue outgrowing their resources. The preservation of ecosystems
requires that local people be able to support themselves decently without de-
stroying them. Speaking practically, right relationships between humans and
nature cannot be based on grossly inequitable relationships among humans.
This paper considers only the (equally essential) biological dimension of
conservation. '

This paper relates research on Barro Colorado Island (BCI) to problems
connected with conserving tropical forest and its diversity. This research
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yields no immediate prescriptions
about how large a viable park must
be, how many habitat types it must
contain, etc. Indeed, research at
many sites is needed to answer such
questions. We merely identify fac-
tors which must be considered in
making such decisions, and suggest
where appropriate information may
be found.

First, some background (from
Windsor 1990): BCI is a 1,500-ha is-
land isolated about 1913 from the
surrounding mainland of central
Panamd by the rising waters of
Gatun Lake. BCI’s rainfall has aver-
aged 2,600 mm/yr over the last 60
years. A severe dry season extends
from December into April or May;
the median rainfall for the first 13
weeks of the year is 84 mm. BCI’s
vegetation is considered characteris-
tic of fertile soil (Foster and Brokaw
1982, 1990). Human Eopulations
lived on BCI before the Spanish
conquest (Piperno 1990). Mature
forest has -covered parts of BCI’s
central plateau uninterruptedly for
2,000 years, but other parts of,BCI
probably were more thickly settled.

How can basic research on this is-
land help answer our questions?

ANIMALS

Population regulation Monitoring
the timing and extent of flowering,
fruiting, and leaf flush among BCI’s
plants, and studies of the behavior
and demography of vertebrate frugi-
vores and folivores in relation to
seasonal changes in their food sup-
ply, suggest that the forest controls
its vertebrate herbivores by seasonal
shortages of fruit and new leaves
(Leigh 1975, 1982; Leigh et al. 1982,
199§, even though parasites may
eliminate overly malnourished indi-
viduals (Milton 1982, 1990), and
predators eat surplus young (Smythe
et al. 1982, 1990). Fruit is most
abundant on BCI from March
through May and from August into
October (Foster 1982a). Fruit and
new leaves are most scarce from late

October into the dry season. During
this seasonal shortage, there is not
enough fruit to feed the frugivores, a
circumstance reflected in their be-
havior and demography (Table 1).
As in Peru’s Parque Mant (Terborgh
1986a, 1986b), each species which
shares in the bounty when fruit
abounds has its own specialty in the
lean season, as if to avoid competi-
tive displacement during this critical
eriod ?Zaret and Rand 1971). When
ruit is rare, coatis, Nasua narica,
hunt animals in the leaf litter; pacas,
Agouti paca, browse seedlings;
agoutis, Dasyprocta punctata, dig up
seeds buried in the time of abun-
dance, etc. (Smythe 1978).
Collectively, folivorous insects
are most abundant soon after the
rains begin, when leaf flush is in full
swin gNolda 1978, 1982, 1990;
Smythe 1982, 1990). Insectivorous
bats and birds tend to breed in this
season of insect abundance
(Bonaccorso 1979; Leigh and Wind-
sor 1982, 1990). We know the popu-
lation density or aggregate feeding
rate of no kind of fgo%ivorous insect,
not even leafcutter ants, Atta spF.
Nevertheless, comparing the popula-
tion sizes and feeding rates of insec-
tivorous birds with estimates of in-
sect folivory from damage to litter
leaves suggests that BCI's birds eat
enough folivorous insects to control
their numbers (Leigh and Windsor
1982, 1990). One Australian eucalyp-
tus forest depends demonstrably on
its birds for protection against foliv-
orous insects (Loyn 1987): is this
equally true for tropical forests?
What do different animal popula-
tions need to rpersist? A species can
only persist if it has enough suitable
habitat to maintain a viable popula-
tion, enough habitat types to meet
its various needs, and access to
enough of the resources it needs to
assure it a living, secure from supe-
rior competitors, even in bad years
(Leigh 1981, 1990; Karr 1982). White-
lipped peccaries, Tayassu £ecari,
travel very widely in large herds.
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Table 1. Evidence that a seasonal shortage of fruit and new leaves controls
BCI’s populations of vertebrate herbivores

1. Quantitative data
4

<+
<+

During the lean season, measured fruit sufg)l is insufficient to feed,
e.g., terrestrial frugivores (Smythe et al. 85, 1990) and manakins,
Pipra mentalis and Manacus vitellinus (Worthington 1982, 1990)

Failure of September fruiting peak in 1970 caused mass starvation
among BCI’s mammals (Foster 1982b, 1990b)

Mortality, reproductive activity and population density of squirrels,
Sciurus granatensis, changes from year to year in accord with

availability of principal foods in successive years (Giacalone et al.
1990)

2. Seasonal changes of behavior in relation to food supply

+

+

<+

+

Sgecies which share in the same abundance of fruit during the season
of abundance each specialize to a different diet during the lean
season,; e.g., terrestrial frugivores (Smythe 1978)

Animals are more easily trapped during the lean season; e.g.,
terrestrial frugivores (Smythe et al. 1982, 1990) and squirrels, Sciurus
granatensis (J. Giacalone pers. comm.)

Animals range further and take more risks to find food; e.g.,
terrestrial frugivores (Smythe et al. 1982, 1990) and coatis, Nasua
narica (Russell, 1982, 1990{

Animals show less care for their {oung in the lean season; e.g.,
agoutis, Dasyprocta punctata (Smythe 1978)

3. Relationship of demography to food supply

+
+

Coatis who have never bred before delay breeding for a year in a year
when food is short (Russell 1982, 1990)

Death rates, especially among young, are higher in the lean season;
e.f., agoutis, Dasyprocta punctata (Smythe 1978); howling monkeys,
Alouatta palliatta (Milton 1982, 1990, 1990b); and sloths, Bradypus
variegatus (Montgomery and Sunquist 1978; Milton 1990b)

Births are timed to produce young in the favorable season; e.g.,
iguanas, Iguana iguana (Burghardt et al. 1977; Rand and Greene
1982); coatis, Nasua narica (Russell 1982, 1990); insectivorous bats:
Saccopteryx bilineata (Tannenbaum 1975); frugivorous bats, Artibeus
jamazcensis (Morrison 1978); and others (Bonaccorso 1979)

Birth rates are lower during the lean season; e.g., whitefaced
monkeys, Cebus ca&ucinus (Mitchell 1989); howling monkeys, Alouatta
palliatta (Milton 1982, 1990); and squirrels, Sciurus granatensis (Glanz
etal., 1982, 1990)

Such herds disappeared from BCI in  but the last siﬁhting was in 1958

the 1930s, 20 years after its isolation  (Martin Moyni

an, personal com-

(Glanz 1982, 1990a), although indi- munication). The only jaguar, Pan-
viduals have been reported since. thera onca, ever recorded on BCI was

n
Pelis

cats need large territories: puma, seen in 1983. Is BCI too small to
concolor, were (?hoto§'mphed on  support such species indefinitely?
BCI in the 1930s (Glanz 198

2, 1990),
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Many bird species of young
second-growth have disappeared
from BCI as its forest has aged
(Willis 1974), as if BCI has too few
kinds of habitat to maintain high
bird diversity. Some bird species,
which migrate to streamside
habitats, have disappeared from
BCI, which lacks permanent streams
(Karr 1982). Similarly, isolating La
Selva, in Costa Rica, from montane
forest would eliminate those many
species of birds which migrate
seasonally from lowland forest up
nearby mountainsides in response to
changing fruit availability (Loiselle
and Blake 1991). Finally, some
species of large ant-following birds
with very specialized feeding
requirements have disappeared
(Willis 1974), as if BCI were too
small to assure them a reliable food
supply.

In sum, animal diversity presup-
poses diversity of plants and vegeta-
tion types. The principle of competi-
tive exclusion implies that species
coexist only if their numbers are
limited by different factors, say, dif-
ferent predators or availabilities of
different foods or habitats. A rain-
forest’s vertebrates, whether at BCI
(Leck 1971; Jones 1977; Smythe 1978;
Bonaccorso 1979), Manui (Terborgh
1983; Terborgh et al. 1990) or Gabon
(Emmons 1980; Emmons et al. 1983),
differ enough in diet or habitat, at
least during the lean season, to en-
sure coexistence. The same proba-
bly applies to insects. The diverse
rhythms of flowering, fruiting, and
leaf flush among a rainforest’s
plants, and the lack of winter cold,
ensures that fruit and insects are
available all year round, even
though selection by herbivores (Aide
198§) has shaped a forest-wide
rhythm that controls the number of
vertebrate herbivores (Leigh 1975,
1982). The continual, if uneven,
supply of suitable food allows many
more kinds of frugivorous and insec-
tivorous mammals and birds in the
tropics than in the temperate zone

(Emmons et al. 1983; Terborgh and
Robinson 1986; Emmons 1989).

Keystone species for animal popula-
tionseyOf theP1,500{ plant spe{:Jig; in
Peru’s Parque Mand, just 12
“keystone” species, including figs,
Ficus spp., and palms, Scheelea spp.
and Astrocaryum spp., provide food,
tiding frugivores over the lean sea-
son. These 12 species set Mani’s
carrying capacity for frugivores
(Terborgh 1986a, 1986b). On BCI,
Ficus insipida, Ficus yoponensis, Schee-
lea zonensis and Astrocaryum stand-
leyanum are keystone species with
fruit in the lean season (Morrison
1978; Handley and Leigh 1991; Glanz
et al. 1982, 1990). Astrocaryum seeds,
moreover, are durable enough to
bury against future shortages
(Smythe 1989). Keystone species for
BCI's smaller frugivores are not yet
identified, but, as at Many, they 'in-
clude pollen- and nectar-producers.

Are big cats (Felidae) keystone
species which BCI lacks? They an-
nually kill 8% of Mani’s standin§
crop of mammals weighing over
kg, a predation pressure similar to
the Serengeti’s (Emmons 1987; Ter-
borgh 198%, 1990), yet frugivores are
as abundant there as at BCI
(Terborgh 1986a). Do big cats
merely stabilize prey populations,
weeding out the weak, the sick and
the surplus, as wolves (Canis lupus)
do at Isle Royale? Or have big cats
caused the differences between BCI
and Manti mammal faunas (perhaps
by thinning mammal populations
enough to allow more species to
coexist in the Manu)? Views on this
subject differ widely (Glanz 1990;
Janson and Emmons 1990).

PLANTS
Population regulation Why there
are so many kinds of tropical plants
is one of biology’s greatest mysteries
(Le_}ﬁlh 1990; Leigh et al. in press).

e forest as a whole 1s limited
by abundance of light, water, and
nutrients. On BCI, upland forest
equilibrates at a density of slightly
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over 400 trees/ha > 10 cm, and 4,800
stems/ha > 1 cm, in diameter at
breast height (Richard Condit, per-
sonal communication). However,
trees are so longlived that changes
devastating for a forest’s future di-
versity can pass unnoticed by any
but the most practiced eye. We now
think we understand the population
dynamics of one of BCI’s tree
species, Trichilia tuberculata, the
most common canopy tree on BCI's
50-ha Forest Dynamics Plot (Hubbell
et al. 1990). This triumph was at-
tained by maPping and recensusing
all of this plot’s 240,000 stems > 1 cm
thick, an immense project of un-
known environmental impact.

This 50-ha plot has shown that
few species specialize to particular
habitats (such as slope vs. ridgetop)
or particular sizes of treefall gap
(Hubbell and Foster 1986), suggest-
ing that habitat heterogeneity is not
essential to (although, according to
Gentry 1988, it often enhances) tree
diversity.

What do plant populations need to
persist? What factors help maintain
the diversity of BCI’s trees? The
seeds of many (but not all) trees
have better prospects when dis-
persed well away from the parent
plant (Howe and Smallwood 1982),
to avoid species-specific herbivores
(Howe et al. 1985) or (f)athogens
(Augspurger 1983) around the par-
ent. Virola surinamensis seeds are 44
times more likely to become six-
week-old seedlings when removed 45
m from the parent crown than when
dropped under the parent (Howe et
al. 1985). Pests can thus promote
tree diversity by providing room for
other species between a parent and
its surviving young (Janzen 1970).
Moreover, fruit production and re-
cruitment of different tree species
varies drastically, and contrastingly,
from year to year (Hubbell and Fos-
ter 1990; Leigh 1990). Such “sorting
in time” of reproductive success may
help prevent competitive displace-
ment (Chesson and Warner 1981),

thus promoting tree diversity. These
contrasting reproductive responses
must, in part, reflect contrasting re-
sponses to yearly differences in
abundance of various pollinators,
dispersers, and seedling-browsers.
Indeed, the diversity of pollination
and dispersal mechanisms (Foster
1982a, 1990a), exploiting the diver-
sity of possible carriers, suggests a
premium on novelty for its own
sake, as if a novel reproductive re-
sponse to environmental change fa-
vored persistence. If so, animal di-
versity is crucial to plant diversity.

Perhaps competitive exclusion is
irrelevant to plant diversity (Huston
1979, Hubbell and Foster 1986). Are
animals demonstrably essential for
maintaining some plant Eopula-
tions? The seeds of the black palm,
Astrocaryum standleyanum, can only
escape destruction by weevils if
agoutis peel their flesh and bury
them (Smythe 1989). This instance is
not isolated. Even after toucans,
Ramphastos spp., disperse them,
agoutis must bury seeds of Virola
surinamensis (= nobilis) to save them
from weevils (Forget and Milleron
1991). Islands of 1 ha or less near
BCI, which were forested when iso-
lated and not cleared since, have
been largely taken over by four
species of tree, Protium panamense
(Burseraceae), Swartzia simplex
(Leguminosae), Oenocarpus mapora
(Pa%mae), and Scheelea zonensis
(Palmae) (Putz et al. 1990; Leigh et
al. in press). These islands lack
mammals, so their seeds remain un-
buried. The seeds of the first three
of these species are not infested by
insects, while the bruchids which
plague Scheelea early in its fruiting
season disappear by October, leav-
ing late-falling Scheelea seeds unin-
fested (Wright 1990). (On BCI, the
latter fall during the lean season and
are immediately eaten by mammals.)
Are mammals crucial to the survival
of many tree species?

The diversity of regeneration in
the rain forest at Las Tuxtlas, Mex-
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ico, where mammals are very rare, is
much lower than in a much larger
expanse of rainforest with roughly
similar diversity and species compo-
sition of canopy trees, but with
many more mammals, in Chiapas,
Mexico (Dirzo and Miranda 1990,
1991). In the Neotropics, the least-
seasonal forests have the highest tree
diversity, the highest proportion of
animal-dispersed trees, and the
highest diversity of frugivorous ani-
mals (Emmons .1989). '%he first ani-
mals to be hunted out are potential
seed dispersers. Such hunting imper-
ils tropical tree diversity.

Plant diversity and keystone ani-
mals Many tree species at both the
Tai Reserve, in the west of Cobte
d’Ivoire, and the Parc National
Banco, near Abidjan, had seeds de-
signed to be dispersed by elephants,
Loxodonta africana (Alexandre 1978).
On much of BCI, at least in some
years, agoutis eat nearly all the seeds
of Dipteryx panamensis. Young of this
species are abundant only on certain
peninsulas of BCI. Are agoutis rarer
there, or are these young more
abundant because more light
reaches the forest floor of these
peninsulas? This question is in dis-
pute. On the mainland points near
BCI, where there are fewer agoutis,
and where the forest is younger and
perhaps thinner, and at La Selva,
Dipteryx regeneration seems quite
adequate (De Steven and Putz 1984;
Clark and Clark 1987). Similarly,
agoutis may be keystone animals for
maintaining BCI’s tree diversity.

Are jaguars also keystone animals
for plants? Agoutis are much more
common on BCI than at Manu.
BCI’s lack of jaguars must play some
role in this difference (Glanz 1990b).
Again, on BCI agoutis eat so many
seeds o f Dipteryx panamensis
(Leguminosae) that this species is re-

enerating only on certain peninsu-
as where agoutis are rare. At La
Selva, and on the mainland points
near BCI, where agoutis are rarer,
Dipteryx regeneration seems quite

adequate (De Steven and Putz 1984;
Clark and Clark 1987). Will Dipteryx—
or other species—disappear from
BCI for lack of jaguars?

Global environmental change and
plant responses  Atmospheric con-
tent of carbon dioxide (Hogan et al.
1991) and methane (Keller et al.
1990) is increasing, thanks to a vari-
ety of human activities. How will
these changes affect rainforest
plants? How should reserve design
reflect these effects?

Answering these questions must
begin with plant physiology.
Changing COz2 levels affects photo-
synthetic rate and water use, and
might increase plants’ tolerance for
higher temperatures (Hogan et al.
1991). How will these atmospheric
changes affect plant-animal interac-
tions? Among other things, we must
understand the physiology underly-
ing phenological rhythms of flower-
ing, fruiting, and leaf flush in differ-
ent rainforest plants. Synchronous
fruiting, and synchronous leaf flush,
helps protect seeds, seedlings, and
new leaves from herbivores within a
species (Augspurger 1982, 1990; Aide
1991) or in whole forests (Ashton et
al. 1988). Speedy leaf flush.(Aide and
Londoiio 1589), or flushing leaves in
the dry season when insects are rarer
(Aide 1988), are also possible de-
fenses against herbivory.

Our devastating ignorance of plants
The greatest service of BCI's 50-ha
Forest Dynamics Plot has been to
reveal the depths of our ignorance
of the lives of plants. Saplings whose
nearest canopy neighbor is a con-
specific grow more slowly, and die
more rapidly, than those with near-
est neighbors of different species
(Hubbeﬁ and Foster 1990). Is this ef-
fect strong enough to enhance tree
diversity? No one knows. The plot’s
common trees tended to grow more
common, and rarer trees rarer, be-
tween the first two censuses (Welden
et al. 1991). Does this reflect the later
stages of a plant succession after the
Spanish conquest eliminated BCI’s
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human populations (Piperno 1990)?
Did the Amerindians actively main-
tain plant diversity (Irvine 1989)? Or
do these changes reflect a continu-
ing response to the onset 11,000
years ago of wetter conditions (Bush
et al. in press)? These are tricky
questions. The vegetation of eastern
North America has been changing
continuously since the last glaciers
receded. These changes were con-
sidered evidence for disequilibrium
in North American plant communi-
ties, but a more thorough study
(Prentice et al. 1991) suggests that the
vegetation has remained in equilib-
rium with a continuously changing
climate.

More general questions remain
unsettled. The potentially high pest
pressure in tropical forests promotes
effective plant dispersal. Dispersal is
often enhanced by attractive fruits
(Howe and Smallwood 1982). Calcu-
lations suggest that, if a tree’s seeds
disperse well beyond the
“neighborhood” of the trees with
whom the roots or leaves of their
parent competes, it pays the parent
to increase seed and fruit produc-
tion, even by means which benefit
neighboring trees; harming neigh-
bors at the expense of slowing one’s
own growth or reproduction no
longer pays (Wilson 1980; Leigh
199%). Many naturalists have consid-

ered tropical rainforest to be the
apex of mutualism (Corner 1964; Ja-
cobs 1988): the nature and extent of
its interdependences have hardly
begun to be explored. Are insect
pests, through their effect on seed
dispersal, crucial to the diversity and
productivity of tropical forests, the
complex interdependencies amon

their species, and the luxuriance o

their mammal populations?

CONCLUDING REMARKS

We understand something of
what factors affect the diversity of
vertebrates and perhaps—despite our
stunning ignorance of them—even
insects. At bottom, however, animal
diversity presupposes plant diversity
(Hutchinson 1959).

Therefore, our abysmal igno-
rance of tropical plants may be the
stumbling-block for formulating ap-
propriate long-term conservation
strategies. Our ignorance of plants,
however, is no excuse for neglecting
animals, for we know least about the
many ways plants depend on ani-
mals (Table 2). Alexandre’s (1978)
demonstration that elephants are
keystone animals for West African
plant diversity was nearly universally
ignored. The corresponding role of
agoutis for BCI's forests is a remark-
ably recent discovery.

Table 2. How tropical plants depend on animals: What we know (- ), what we
must learn (ec), and management implications (§)

4 Animals pollinate plants.

4+ Animal pollinators allow scattered individuals to outcross, permitting

high tree diversity (Regal 1977).

4+ Birds, bats, and insects serve as pollinators (Appanah 1990; Bawa 1990;

Schatz 1990). .

4+ Some pollinating birds (Feinsinger 1980), bats (Lee 1980) and insects

(Williams 1958) migrate.

4+ The bats in Malaysia which pollinate durians also eat mangrove
ollen. The destruction of mangrove habitats and bat caves in
alaysia thus imperils its durian industry.

4+ What proportion of pollinators migrate? We must identify migrant

pollinators.
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Table 2 (continued)

+ We must protect alternate habitats and resources of migrating pollina-
tors.

4+ Animals protect plants against herbivores and pathogens.

4+ Are insectivorous birds needed to protect a forest’s trees from defolia-
tion by insects?

4+ Excluding insectivorous birds leads to defoliation and death of Aus-
tralian Eucalyptus forest (Loyn 1987).

4+ On BCI, excluding insectivorous birds allows insect populations to
bgéle) up in aerial tangles of dead leaves (Gradwohl and Greenberg
1 .

4+ Rough calculations suggest that half the “consuming biomass” of a
tropical forest’s leaf-eating insects are destined to be eaten by birds
(Leigh and Windsor 1982, 1990).

4+ Management practices (such as using insecticides) which kill insectivo-
rous birds should be avoided.

+ Animals help seeds escape species-specific pests by dispersing seeds
away from their parents (Janzen 1970).

+ In the most diverse rainforest, over 90% of tree species are dispersed
by animals (Gentry 1982; Emmons 1989).

4 Some plants cannot replace themselves unless their seeds are dis-
persed. On BCI, Panamad, seeds of Virola surinamensis must be
dispersed to survive (Howe et al. 1985). In Guanacaste, Costa Rica,
seeds of Hymenaea courbaril must be dispersed by agoutis (Hallwachs
1986). In Céte d’Ivoire, seeds of Saccoglottis gabonensis must be
dispersed by elephants (Alexandre 197%).

+ On BCI, seeds of Astrocaryum standleyanum (Smythe 1989) and Virola
surinamensis (Forget and Milleron 1991) must be buried by agoutis to
be saved from destruction by insects.

4+ On BCI, Virola surinamensis regeneration depends on the intervention
of both toucans and agoutis ?F orget and Milleron 1991).

4+ Some dispersers, like toucans, migrate (Foster 1982b); some are prize

me, like agoutis (Smythe 1978), some need special nest sites, like
ornbills which nest in dead trees gacobs 1988).

4+ What species require their seeds to be dispersed or buried by animals
in order to regenerate? We must identify crucial dispersers and
“protectors,” especially those which migrate, those prized by hunters,
and those with unusual requirements.

4+ We must protect crucial dispersers, and the alternative habitats and
foods they require (Terborgh 1990b).

4 Animals facilitate the coexistence of different kinds of plants.

4 Insect pests keep at least some tree species rare, making room for
others (Janzen 1970; Howe 1990).

4+ Each tree species attracts different defoliators, pollinators, and dis-
persers (Janzen 1981, 1983), which respond differently to the climate
differences of successive years, causing their host plants to respond
differently as well (Leigh 1990).

4 These different reproductive responses create a “sorting in time” of
reproductive success.

4+ Theory predicts that this sorting facilitates coexistence of different
species (Chesson and Warner 1981).
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Table 2 (continued)

+ Does this “sorting in time” of reproductive success contribute sub-
stantially to tropical tree diversity?
4+ If so, animal diversity must be protected for the sake of plant diversity.

4+ Do pests favor evolution of higher fruit production and increased popula-

tions of game animals?

4+ Insect pests favor dispersal of a tree’s seeds far beyond the
“neighborhood” of adult trees with which their parent’s roots or
crown competes directly (Janzen 1970).

4+ Seed dispersal thus promotes reproductive competition between dif-

ferent neighborhoods (trait

oups) of adult trees (Wilson 1980).

4 Theory predicts that competition among neighborhoods favors in-
creased seed and fruit production, even by means which also benefit
neighboring trees, and selects against “spiteful” competition which re-

duces the agent’s own
competitors (Wilson 1980).

owth rate in order to harm or kill

4+ How might a tree benefit its neighbors by increasing its own growth rate

and fruit production?

(Perhaps by making leaves which rot and release nutrients more
readily when they fall, or by using types of mycorrhizae that
neighbors can share: Leitgh 1991).

4 What are the observable e
neighborhoods?

fects of this theoretical competition among

+ It is essential to consider evolutionary as well as ecological conse-
quences of management decisions.

We need to understand the natu-
ral history of tropical forest. Auteco-
logical studies of especially interest-
ing species will not suffice. We need
field stations where many students
work independently on different or-

nisms and share their results. Low-

udget student projects at the primi-

tive, ill-equipped Manu (Terborgh
1983, 1990; Terborgh et al. 1995),
have been especially spectacular.
(The Mand’s lack of financial sup-
port is the most stunning condemna-
tion we know of the funding priori-
ties of both the U.S. National
Science Foundation and non-gov-
ernmental organizations.) Such ar-
rangements would facilitate the iden-
tification and study of the interac-
tions which maintain the integrity of
ecosystems (Karr 1990).

Research at a single site, éven one
with the Mani’s pristine glory, can-

not provide a sufficient basis for
conservation strategies appropriate
to all habitats. For example, BCI’s
agoutis bury seeds dispersed by
other animals (Forget and Milleron
1991), but agoutis of Costa Rica’s dry
forest disperse seeds (Hallwachs
1986). Migration patterns—in birds
(Loiselle and Blake 1991), butterflies
(Williams 1958), moths (Smith 1976,
1990), and bats (Handley et al.
1991)—will differ from site to site.
Local research stations are needed
to establish conservation policies
appropriate for local conditions
(Rubinoff and Leigh 1990).
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