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Contemporary Neotropical Defaunation and Forest
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John Terborgh®
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ALVARO MIRANDA

Centro de Ecologia, UNAM
A.P. 70-275
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A series of long-term studies on the demography of tree
seedlings and patterns of herbivory in the forest under-
story have been carried out at the Los Tuxtlas Tropical
Research Station (southern Veracruz, Mexico) (see de la
Cruz & Dirzo 1987; Dirzo 1984, 1987; Dirzo & Miranda
1990; Nunez-Farfin & Dirzo 1988). As a result of these
studies, a number of features of this forest’s understory
became evident which, we believe, support Terborgh’s
contention (1988) that the “big [animal] things” of the
tropical forest play an important though largely unap-
preciated role in the diversity and structure of these
natural systems.

Such features of the forest understory at Los Tuxtlas
include the following (1) A consistently low or total
absence of damage by folivorous vertebrates. Practically
none of the seedlings, which were individually marked
and monitored for several years, show evidence of dam-
age, other than by invertebrates (insects in several
orders). Moreover, none of our permanent plots has
shown damage by trampling, which is characteristic of
other areas of tropical Mexico in which tapirs, white-
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tailed deer, mazama deer, and peccaries are present
(personal observation). (2) A marked absence of several
components of the forest floor—dwelling fauna that, pre-
sumably, should be trampling and feeding on the plants
of this stratum. This absence is striking since 90 species
of mammals are reported for the area, including several
medium- to large-sized species of terrestrial herbivores
(Navarro 1982). Evidence of a process of contemporary
defaunation in Los Tuxtlas is presented elsewhere
(Dirzo & Miranda 1990). (3) In the immediate vicinity
of reproductive trees of several species with large seed
crops (e.g., Brosimum alicastrum, Dussia mexicana,
Nectandra ambigens, Ompbhalea oleifera), the forest
floor is densely covered by carpets of these trees’ seed-
lings. Due to the usually clumped distribution of the
adult trees of these species, the carpets are often very
extensive. These carpets are virtual monocultures in
which insect herbivory (<10% leaf area eaten [de la
Cruz & Dirzo 1987; Dirzo & Miranda, unpublished
data]) and pathogenic infection (<5% leaf area dam-
aged [Garcia-Guzmian 1990]) are relatively low and the
seedlings die mostly from shading by neighboring plants
and from the physical damage caused by objects falling
from the canopy. In areas not covered by tree seedlings,
the carpets are replaced by dense mats of herbaceous
plants, mostly in the Araceae (e.g., Anthurium bomba-
cifolium, Monstera acuminata, Syngonium podophy!-
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lum — C. C. Horvitz & R. Dirzo, unpublished data). In
these areas of herbaceous plant cover, herbivory is ac-
counted for by insect and pathogen damage (Garcia-
Guzmin 1990) and no vertebrate herbivory has been
detected. Furthermore, piles of seeds and fruits are oc-
casionally left rotting on the ground, particularly in
some areas of the forest (such as those on volcanic out-
crops) where nesting sites and, presumably, densities of
small rodents (mainly Heteromys desmarestianus and
Peromyscus mexicanus) are rather low (R. Dirzo & S.
Sinaca, unpublished data).

Are these features of the forest understory anomalous,
and if so, to what extent are they a result of the pre-
sumed absence of mammalian vertebrates? The appro-
priate experiment to test this question at Los Tuxtlas
would be to establish experimental plots with con-
trolled and contrasting levels of grazing and trampling.
However, our current level of knowledge on the ecol-
ogy and management of this fauna, and the difficulty and
potential dangers of a major “transplant” exercise, par-
ticularly for a site as small as Los Tuxtlas (700 ha the
biological station itself, or ca. 4,000 ha if its still-forested
western extension and surrounding fragments are con-
sidered — Dirzo 1990) prevent this experiment from
being undertaken at the moment. In an attempt to carry
our conjecture a bit farther, however, we conducted a
comparative study between Los Tuxtlas and the Lacan-
don forest in Chiapas (southern Mexico), a major tract
of forest some 500 km to the south of Los Tuxtlas and
one in which the mammalian fauna was expected, in
principle, to be much more intact than that of Los
Tuxtlas (see Dirzo & Miranda 1990). This approach is
the same as Terborgh (1988) used in comparing Cocha
Cashu (Amazonian Peru) with the partly defaunated
Barro Colorado Island (Panama) to assess the impor-
tance of top predators in the ecology of tropical forests.

In our study, we first documented that other alterna-
tive explanations, such as foliage unacceptability to ver-
tebrates, do not seem to be the reason for the marked
absence of vertebrate damage or trampling in the Los
Tuxtlas understory. We then compared (1) the pres-
ence/absence and relative abundance of the mammalian
faunas from both sites. This was accomplished by cen-
susing, six times a year over two years, the presence of
animal tracks on 100 quadrats (0.5 m X 0.5 m) of fine
sand randomly positioned along a 0.5 km transect. Casts
of the footprints were prepared and identified with
Aranda’s (1981) manual for mammalian tracks. Details
of the technique are given in Miranda and Dirzo (1990).
We also compared (2) the levels of herbivory by verte-
brates, by censusing 300 individually tagged understory
plants (seedlings and saplings) from each site. As a cor-
ollary, we compared (3) the structure and diversity of
the two forests’ understories based on the analysis of 20
1 m? quadrats on each site.
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Our results indicated, first, that at Los Tuxtlas, forest
floor—dwelling vertebrates are very poorly represented.
In terms of their presence in the sand quadrats, we de-
tected nine species, whereas fifteen were found in the
Lacandon forest. The species detected only in the La-
candon forest include the tapir, the mazama deer, the
white-lipped peccary, and the collared peccary — spe-
cies which by their number and/or biomass are ex-
pected to be important understory herbivores. Likewise,
other nonherbivorous species (including top predators
such as the jaguar) were present only in the Lacandon
forest. A weighted index of animal occurrence (details
of the index in Miranda & Dirzo 1990), calculated for a
select list of herbivorous species (tapir, mazama deer,
white-lipped and collared peccaries, paca, agouti) and
predators (jaguar, ocelot), indicated that the frequency
of occurrence of some of the important understory
mammals is very low at Los Tuxtlas (overall mean [s.d.]
index difference: Los Tuxtlas 0.29 [0.53]; Lacandon for-
est 1.27[1.17]; U-test, P < 0.05). Although our emphasis
was on the terrestrial mammals and we do not have
comparable quantitative information on the arboreal
ones, diurnal (06-08 hrs) and nocturnal (20-22 hrs)
censuses by direct sightings on both sites indicated the
total absence at Los Tuxtlas of at least one species, the
spider monkey (which, indeed, we have not seen in the
forest for the last nine years), and the low abundance of
other species, such as the kinkajou. Thus, by
“defaunation” at Los Tuxtlas we imply the absence or
low occurrence of many of the components of the forest
floor—dwelling mammals, ranging from the size of agou-
ties (~2.5 k) to jaguars (~80 k), and the absence or low
abundance of some arboreal ones too. Second, while at
the Lacandon forest 29% of the sampled seedlings and
30% of the saplings were damaged by vertebrates, none
of the plants from Los Tuxtlas were damaged by these
organisms. Third, the density of seedlings was 2.33
times higher (58.2 vs. 22.6 m~%; U-test difference, P
< 0.05) and the understory diversity 3.46 times lower
(Shannon’s Index, H', 2.3 vs. 6.65; modified t-test for H'
comparison, P < 0.001) in Los Tuxtlas than in the La-
candon forest.

Additionally, the absence or low abundance of some
understory mammals at Los Tuxtlas might imply re-
duced levels of seed predation for some relatively large-
seeded species (which typically produce dense seedling
carpets) such as Brosimum alicastrum, Dussia mexi-
cana, Nectandra ambigens, and Ompbalea oleifera.
These species are readily eaten when offered to some
captive mammals such as peccaries and white-tailed
deer (R. Dirzo, unpublished data).

These results are highly suggestive, but association of
facts does not guarantee causality and experiments are
still needed. However, we are now much more confi-
dent about the potential value of the experimental ma-
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nipulation, and moreover, as a result of this prospective
study, we now have a more practical alternative exper-
iment: instead of “retransplanting” the mammalian fauna
to Los Tuxtlas (with all the problems this would imply),
we will establish exclosures at the Lacandon forest to
see if we can generate patches of forest understory with
the “defaunation syndrome” of Los Tuxtlas. As a control,
comparable exclosures will be set up at Los Tuxtlas. The
value of such experiments cannot be overemphasized,
not only for their potential to help us understand nature,
but because of their far-reaching implications “for the
future management of isolated forest fragments” (Ter-
borgh 1988, p. 403 ), which are an increasingly common
feature of tropical areas.

What we have described as “anomalous” features of
the understory of Los Tuxtlas do not constitute a “de-
faunation syndrome” of general applicability, for the ab-
sence or low abundance of vertebrate animals may be a
natural aspect of some forests (see Janzen 1974). How-
ever, the image of the defaunation syndrome of the un-
derstory (seedling carpets, vertebrate damage-free un-
derstory herbs and seedlings, piles of uneaten rotting
fruits and seeds) comes to mind when we think of areas
of intense perturbation by gold miners (and their hunt-
ing), as compared to nondisturbed areas in Corcovado
National Park, Costa Rica (Janzen et al. 1985; R. Dirzo,
personal observation). Are other protected forests al-
ready experiencing the same phenomenon? It might be
worth considering and studying the ecological implica-
tions of defaunation in such important sites.

We believe that our preliminary findings constitute a
sequel to Professor Terborgh’s contention that tropical
“big things” are important, although our case differs
from his in some respects. Terborgh discusses a situa-
tion of “selective defaunation” whereby the top preda-
tors are missing and the herbivores, lacking a control-
ling agent, have a negative impact on some components
of the vegetation, presumably via intensive seed preda-
tion on the large-seeded species. Our case is a situation
of more “general defaunation,” in which the top preda-
tors, as well as the herbivores, are missing and it is the
vegetation (or some of its components) that lacks some
of its controlling agents, apparently via reduced her-
bivory (and perhaps seed predation and trampling). It
would seem premature to conclude, for our studied sys-
tem, that its big things “hold the key to its stability and
to the maintenance of its extraordinary diversity of
plants and animals” (Terborgh 1988, p. 402). However,
our studies suggest that medium to large mammalian
herbivores may play an important role in the structure
and diversity of the understory (and perhaps in the long-
term dynamics of the forest). Quite clearly, this is an
area of tropical conservation biology that warrants fur-
ther study.

Finally, two other important lessons emerge from this
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kind of study. First, tropical biologists frequently tend to
gain an idea of the degree of conservation of a given site
on the basis of physiognomy-related macro attributes of
the forest (e.g., the relative abundance and distribution
of secondary species, or the frequency distributions of
tree diameters). Obviously these are useful, but they can
also yield a very misleading image: a forest such as Los
Tuxtlas has a splendid botanical (macrophysiognomic)
appearance, but it is a very dramatically altered forest.
Second, these studies point out to the tremendous value
of the few large and relatively well-conserved (botani-
cally and zoologically ) sites that still exist in the tropics.
Many important lessons for understanding, managing,
and conserving tropical ecosystems (and their agroec-
osystems too) remain to be learned from the relatively
undisturbed areas of the world.

Acknowledgments

We are grateful to Robert J. Marquis, Peter H. Raven,
Carlos Galindo, Gerardo Ceballos, John Terborgh, and
two anonymous reviewers for reading a previous ver-
sion of this paper and offering constructive criticisms.
The study was carried out with the field assistance of
Santiago Sinaca and was supported by funds from the
National University of Mexico (UNAM) and a CONACyT
grant to R. Dir20.

Literature Cited

Aranda, M. 1981. Rastros de los mamiferos silvestres de Méx-
ico. Manual de campo. Instituto Nacional de Investigaciones
sobre Recursos Bidticos, Xalapa, Mexico.

de la Cruz, M, and R. Dirzo. 1987. A survey of the standing
levels of herbivory in seedlings from a Mexican rain forest.
Biotropica 19:98-106.

Dirzo, R. 1984. Insect-plant interactions: some ecophysiolog-
ical consequences of herbivory. Pages 209-225 in E. Medina,
H. A. Mooney, and C. Viazquez-Yanes, editors. The physiologi-
cal ecology of plants of the wet tropics. Junk Publishers, Hol-
land.

Dirzo, R. 1987. Estudios sobre interacciones planta-herbivoro
en Los Tuxtlas, Ver. Pages 119-132 in D. A. Clark, R. Dirzo, and
N. Fetcher, editors. Ecologia y ecofisiologia de plantas en los
bosques Mesoamericanos. Revista de Biologia Tropical
35:119-132.

Dirzo, R., and A. Miranda. 1990. Altered patterns of herbivory
and diversity in the forest understory: a case study of the
possible consequences of contemporary defaunation. in P. W.
Price, T. W. Lewinsohn, W. M. Benson, and G. W. Fernandes,
editors. Herbivory: tropical and temperate perspectives.
John Wiley & Sons, New York. In press.

Garcia-Guzman G. 1990. Estudios sobre ecologia de patégenos
en el follaje de plantas de la selva de Los Tuxtlas, Ver. M. Sc.
thesis, Facultad de Ciencias, UNAM, Mexico.



Dirzo & Miranda

Janzen, D.H. 1974. Tropical blackwater rivers, animals and
mast fruiting by the Dipterocarpaceae. Biotropica 6:69-103.

Janzen, D. H,, R. Dirzo, G. C. Green, J. C. Romero, F. G. Stiles, G.
Vega, and D. E. Wilson. 1985. Corcovado National Park: a per-
turbed rain forest ecosystem. A field study and report to the
World Wildlife Fund. 79 pp.

Miranda, A., and R. Dirzo. 1990. A method of foot prints anal-
ysis for the comparative study of vertebrate faunas. Manuscript
submitted to the Journal of Mammalogy.

Contemporary Neotropical Defaunation 447

Navarro, D. 1982. Los mamiferos de la Estacién de Biologia
“Los Tuxtlas.” B. Sc. thesis, Facultad de Ciencias, UNAM, Mex-
ico.

Nuiiez-Farfin, J., and R. Dirzo. 1988. Within-gap spatial heter-
ogeneity and seedling performance in a Mexican tropical for-
est. Oikos 51:274—284.

Terborgh, J. 1988. The big things that run the world—a sequel
to E. O. Wilson. Conservation Biology 2:402—-403.

Conservation Biology
Volume 4, No. 4, December 1990



	Article Contents
	p. 444
	p. 445
	p. 446
	p. 447

	Issue Table of Contents
	Conservation Biology, Vol. 4, No. 4 (Dec., 1990), pp. 341-476
	Volume Information [pp. 468-476]
	Front Matter
	Editorial: A Balanced Approach to Conservation [pp. 341-343]
	News of the Society [p. 344]
	Letter [pp. 345-346]
	Conservation Education
	[Comment on "The Question of Management" and Reply] [pp. 347-349]

	International Conservation News
	What's Happening to the Amphibians? [pp. 350-352]
	Announcements [pp. 352-354]

	Indicators for Monitoring Biodiversity: A Hierarchical Approach [pp. 355-364]
	How Many Plants Feed the World? [pp. 365-374]
	Land Forms and Winter Habitat Refugia in the Conservation of Montane Grasshoppers in Southern Africa [pp. 375-382]
	Desert-Dwelling Mountain Sheep: Conservation Implications of a Naturally Fragmented Distribution [pp. 383-390]
	Avian Survival Rates and the Extinction Process on Barro Colorado Island, Panama [pp. 391-397]
	Absence of Blood Parasites in Indigenous and Introduced Birds from the Cook Islands, South Pacific [pp. 398-404]
	Use-Values of Tree Species in a Communal Forest Reserve in Northeast Peru [pp. 405-416]
	Endangered Greater One-Horned Rhinoceros Carry High Levels of Genetic Variation [pp. 417-422]
	Demographic Consequences of Changed Pupping and Hauling Sites of the Hawaiian Monk Seal [pp. 423-430]
	Graduate Education in Conservation Biology [pp. 431-440]
	Note
	Small Viable Population: The Red-Tailed Hawk of Socorro Island [pp. 441-443]

	Comments
	Contemporary Neotropical Defaunation and Forest Structure, Function, and Diversity-A Sequel to John Terborgh [pp. 444-447]
	Women and Wildlife in Southern Africa [pp. 448-451]

	Diversity
	Integrating Science and Passion in Conservation Education [pp. 452-453]

	Book Reviews
	Review: Tropical Mammals [pp. 454-456]
	Review: More on Tropical Mammals [pp. 456-457]
	Review: Plant Ecology: A Sheffieldocentric View [pp. 457-458]
	Review: Ecology in the Service of Development [pp. 458-459]
	Review: Deforestation in Brazilian Amazonia [pp. 459-460]
	Review: "Ancient Forests": Valuable Data, Questionable Conclusions [pp. 461-462]

	Books Received (September 1989-August 1990) [pp. 462-463]
	Erratum: Management Options for Preserving Genetic Diversity: Reintroduction of Guam Rails to the Wild [p. 464]
	Back Matter [pp. 465-467]



