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ABSTRACT. Fungus-growing ants (tribe Attini) are characteristic elements of the New World fauna. However, there
is little information on the patterns of diversity, abundance, and distribution of attine species in their native
ecosystems, especially for the so-called “lower” genera of the tribe. A survey of attine ant nests (excluding Atta
Fabricus, 1804 and Acromyrmex Mayr, 1865) was conducted in a variety of savanna and forest habitats of the Cerrado
biome near Uberlandia, Brazil. In total, 314 nests from 21 species of nine genera were found. Trachymyrmex Forel, 1893
was the most diverse genus with 10 species. Eighteen species were found in the savannas, including Mycetagroicus
cerradensis Branddo & Mayhé-Nunes, 200I, a species from a recently-described genus of Attini, whereas in the
forests only 12 species were found. Forest and savannas support relatively distinct faunas, each with a number of
unique species; the species present in the forest habitats did not represent a nested subset of the species found in
the savannas. Furthermore, although many species were common to both types of vegetation, their abundances
were quite different. The density of attine nests is relatively high at some sites, exceeding an estimated 4,000 nests
per hectare. In this sense, attine ants can be regarded as prevalent invertebrate taxa in the Brazilian Cerrado.
KEY WORDS. biodiversity; community structure; forest; savanna; Trachymyrmex.

RESUMO. Padroes de diversidade e abundéancia de formigas cultivadoras de fungo (Formicidade: Attini) em
areas do Cerrado Brasileiro. As formigas cultivadoras de fungos (tribo Attini) sio exclusivas da fauna do Novo
Mundo. Entretanto, existem poucas informacoes sobre os padroes de diversidade, abundancia e distribuicio das
espécies de Attini em seus ecossistemas nativos, em especial para os géneros menos derivados desta tribo. Um
levantamento de ninhos de Attini (excluindo Atta Fabricius, 1804 e Acromyrmex Mayr, 1865) foi realizado em
diversos ambientes savanicos e de floresta do bioma Cerrado proximos a Uberlandia, Brasil. Encontramos 314
ninhos de 21 espécies pertencentes a nove géneros da tribo. Trachymyrmex Forel, 1893 foi o género mais diverso,
com 10 espécies. Encontramos 18 espécies na savana, incluindo Mycetagroicus cerradensis Branddo & Mayhé-Nunes,
2001, uma espécie de um género de Attini recentemente descrito, enquanto que nas areas de floresta registramos
somente 12 espécies. As savanas e florestas apresentaram faunas relativamente distintas, com espécies exclusivas
de cada tipo de vegetacdo; as espécies presentes nas florestas ndo representaram um subconjunto das espécies
encontradas nas savanas. Além disso, apesar de muitas espécies terem sido comuns a ambos os tipos de vegeta-
¢do, suas abundancias foram muito diferentes. A densidade estimada de ninhos de Attini foi relativamente alta
em alguns locais, ultrapassando 4.000 ninhos por hectare. Neste sentido, as formigas da tribo Attini podem ser
consideradas como invertebrados predominantes no Cerrado brasileiro.

PALAVRAS-CHAVE. Biodiversidade; estrutura de comunidades. floresta. savana. Trachymyrmex.

Ants of the tribe Attini are characteristic elements of the
fauna of the New World. Currently, 13 genera and over 200
species of attine ants are known and all of these species con-
sume fungi as a food source (Branpio & MavuE-Nunes 2001,
MutLLer et al. 2001, Borron 2003). Most of these species have
Neotropical distribution, with only 5% of attine species occur-

ring in the Neartic region (Mayni-Nunes & Jarrt 1998). Attine
ants of Atta Fabricius. 1804 and Acromyrmex Mayr, 1865, known
as leaf-cutting ants, build relatively large nests and use fresh
leaves for fungus cultivation. On the other hand, the non-
leafcutting genera of Attini, known as “basal” or “lower” fun-
gus-growing ants, build relatively small nests and grow their

Revista Brasileira de Zoologia 25 (3): 445-450, September, 2008



446

H. L. Vasconcelos et al.

fungi on a variety of substrates, including fallen flowers, fruits
and seeds, dead vegetal matter, feces of herbivorous insects,
and insect corpses (HoLLposLER & WiLsoN 1990, Lear & OLIVEIRA
2000). Studies on the ecology of attine ants have traditionally
focused on Atta and Acromyrmex, since these are the most con-
spicuous and economically important members of the group.
Yet, a number of studies have indicated that the less conspicu-
ous lower attine ants perform important ecosystem services.
For instance, in the Brazilian Atlantic Rain Forest, seed clean-
ing by Mycocepurus goeldii Forel, 1893 was found to increase
the germination rate of Hymenaea courbaril Linnaeus, 1758 seeds
(OvLivERrA et al. 19935). Similarly, in the Cerrado, attine ants act as
secondary dispersers of seeds of non-myrmecochorous plants
(CuristiaNINI et al. 2007) and also increase their germination
success (Lear & Oruiveira 1998).

Relatively little information exists on the patterns of di-
versity, abundance, and distribution of lower attines in their
native ecosystems (but see Lear & Ouiveira 2000). In this study,
we performed a survey of attine nests in a variety of savanna
and forest habitats of the Cerrado biome in Central Brazil. The
Cerrado region is covered by a mosaic of vegetation types, which
include mostly savannas of very variable structure (collectively
known as cerrado sensu lato) on the well-drained interfluves
and forests along the water courses or on richer soils (OLIVEIRA-
FiiHo & Rarter 2002). We evaluated the hypothesis that the
attine fauna is more diverse and abundant in the savanna than
in the forest habitats of the Cerrado (Lrar & Ouiveira 2000).
Furthermore, we evaluated whether forest and savannas sup-
port a distinct fauna (cf. Saso et al. 2005), or alternatively,
whether the fauna of the less diverse habitats represent a nested
subset of the most species-rich habitats.

MATERIAL AND METHODS

The study was conducted at four sites with native veg-
etation near Uberlandia, Minas Gerais, Brazil. We collected
attine ants at: Estacdo Ecolodgica do Panga (EEP) (19°10°S,
48°23’'W), Fazenda Agua Limpa (FAL) (19°05’S, 48°21'W),
Fazenda Experimental do Gléria (FEG) (18°56S, 48°12'W), and
Parque Municipal Victério Siquierolli (PVS) (18°52’S, 48°15'W).
Collections were performed in four different vegetation types,
including two types of forest, the semi-deciduous forest and
the cerradao, and two types of savanna vegetation, the cerrado
sensu stricto and the campo cerrado (OLiveRA-FiLLHO & RATTER
2002). Not all study sites presented all these types of vegeta-
tion, and therefore the number of vegetation types sampled
per site was variable. In total, eight areas were sampled, two of
each vegetation type. Within each area, we located and marked
all Attini nests (excluding those of Atta and Acromyrmex) found
in 40 plots of 4 m? each (2x2 m). These plots were distributed
uniformly along two 200-m long transects, with a spacing of
10 m between plots. In total 320 plots were established, cover-
ing an area of 1,280 m?2. To facilitate the location of the ant
nests we put, within each plot, four baits made of corn flour

and dried orange peel. The plots were baited twice, once in the
morning and once in the afternoon. Once the ants retrieved
the baits, foragers were followed back to their nest entrance.
Only nests located within the plots were marked. Voucher speci-
mens are deposited in the entomological collection of
Universidade Federal de Uberlandia (UFU), and in the Colecao
Entomolégica Costa Lima (CECL) of the Universidade Federal
Rural do Rio de Janeiro (UFRR]).

For each of the eight sampling areas we determined the
number of ant species, the absolute and relative number of ant
nests per species, and the total number of ant nests (for all spe-
cies combined). Differences in species richness and in nest den-
sity between forest and savanna habitats were evaluated using t-
tests. Data on nest densities in each sampling area were log trans-
formed prior to analysis in order to meet the assumptions of
data normality. The relationship between nest densities and spe-
cies richness was evaluated using simple linear regression.

We calculated the similarity in ant species composition
among the eight sampled areas using the following formula:
PS =3 (pli; p2i) x 100, where ‘PS’ is the percentage of similar-
ity between any two areas, ‘pli’ is the relative abundance of
species ‘i’ in area ‘1’ and ‘p2i’ is the relative abundance of spe-
cies ‘i’ in area ‘2, and %, is the sum of the values (BRower & Zar
1977). With the resulting similarity values we constructed a
cluster tree using the average linkage method (Sess 2000).

We calculated the degree of nestedness of ant assemblages
from different sampling areas with the Nestedness Tempera-
ture Calculator Program (Atmar & Parterson 1995). This method
estimates the maximum nestedness in a given matrix (of spe-
cies by areas) by re-arranging ant species and sampling areas in
such a way as to minimize unexpected species occurrences
(AtMAR & ParTersoN 1993). The degree of nestedness is calcu-
lated by the temperature index (T°) of the matrix, which ranges
from 0° for a perfectly nested matrix, to 100° for a random
matrix. The significance of the observed temperature index
value was determined through a randomization procedure with
100 iterations (AtMAR & PATTERSON 1995).

RESULTS

In total, 314 nests from 21 species of nine genera were
found. Trachymyrmex Forel, 1893 was the most diverse genus,
with a total of 10 species. The remaining genera all presented
only one to two species each. In terms of numerical abundance,
Trachymyrmex, Sericomyrmex, and Mycocepurus were the domi-
nant genera, with 92, 88, and 80 nests respectively. Mycetosoritis
and Mpycetagroicus were the rarest, with only 1 and 6 nests, re-
spectively.

The largest number of nests was found in the Estacao
Ecolégica do Panga cerrado sensu stricto, whereas the lowest
was in the cerradao of the same site (Tab. I). In the former we
found 66 nests in 160 m? whereas in the latter only 27 nests.
These numbers are equivalent to a density of 4,125 and 1,688
nests per hectare, respectively. Comparing the savanna and
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Table I. Nest densities of attine species in two savanna habitats (campo cerrado and cerrado sensu stricto) and in two forest habitats
(cerraddo and semi-deciduous forest) in different sites near Uberlandia, Brazil. Values represent the number of nests in 160 m? (40 plots

of 4 m? each).

Campo Cerrado

Ant species

Semideciduous
forest

Cerrado sensu

stricto Cerradao

EEP’

FAL2 EEP FAL EEP PVS? EEP FEG*

Apterostigma gr. pilosum sp. 1
Apterostigma gr. pilosum sp. 2
Cyphomyrmex aff. major Forel, 1901
Mycetagroicus cerradensis Branddo & Mayhé-Nunes, 2001
Mycetarotes parallelus Emery, 1905
Mycetosoritis sp.

Mpycocepurus goeldii Forel, 1893
Mpycocepurus smithii Forel, 1893
Myrmicocrypta sp.

Sericomyrmex aff. scrobifer Forel, 1911
Sericomyrmex sp.

Trachymyrmex agudensis Kempf, 1967
Trachymyrmex cirratus Mayhé-Nunes & Brandao, 2005
Trachymyrmex dichrous Kempf, 1967
Trachymyrmex holmgreni Wheeler, 1925
Trachymyrmex ruthae Weber, 1937
Trachymyrmex aff. levis Weber, 1938
Trachymyrmex papulatus Santschi, 1922
Trachymyrmex gr. cornetzi sp. 1
Trachymyrmex gr. urichi sp. 1
Trachymyrmex gr. urichi sp. 2
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! Estacdo Ecolégica do Panga, 2 Fazenda Agua Limpa, * Parque Municipal Victorio Siqueirolli,  Fazenda Experimental do Gléria.

forest habitats, we did not find a significant difference in nest
densities (mean + 1. S.D. number of nests in 160 m?, Forest: =
34.5 + 7.0, Savanna: = 44.0 £ 15.5; t = 1.12, df = 6, p = 0.30).
However, there were significantly more species in the savanna
than in the forest habitats (mean + 1. S.D. number of species in
160m?, Forest: 6.2 + 1.0, Savanna: 10.0+2.3;t=3.0,df=6,p =
0.024). There was a trend towards finding more species in ar-
eas with a greater density of ant nests (1> =0.50, F, (= 5.98, p =
0.05, Fig. 1). However, differences in nest densities can not
explain the observed differences in species richness between
forest and savanna habitats, as even when densities were com-
parable, the latter always presented a higher species richness
than the former (Fig. 1).

The distribution of species among sampling sites was not
significantly nested (T° . .. = 35.08° T° =47.28° SD =
8.28, p = 0.071), indicating that the species present in the less
species-rich sites did not represent a nested subset of the spe-
cies found in the richest sites. The sites with fewer species were
all forest sites, but some of the species present in the forest,
such as Mycetarotes paralellus Emery, 1905, Sericomyrmex sp.,

random
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Figure 1. Relationship between nest abundance and diversity of
attine ants. Each point represents the total number of nests and
total number of species found within 40 plots of 4 m? each.
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and Trachymyrmex aff. levis (Tab. I), were not present in the
savanna. Furthermore, Sericomyrmex aff. scrobifer, the most
abundant species in the forest habitats, was rare in the savanna,
whereas Mycocepurus goeldii, the most common species in the
savanna, was not found in the surveyed forest sites (Tab. I). As
a result, we observed clear differences in the composition of
the attine ant fauna between savanna and forests (Fig. 2). Dif-
ferences in species composition between the two forest habi-
tats surveyed, the cerraddo and the semi-deciduous forest, were
also detected, whereas differences between the two savanna
habitats, the campo cerrado and the cerrado sensu stricto were
less clear (Fig. 2).

cerradao (EEP)

cerradao (PVS)

semidec. forest (EEP)

—
|

semidec. forest (FEG)

cerrados.s. (EEP)

campo cerrado (FAL)

campo cerrado (EEP)

cerrados.s. (FAL)

1 1 17 1 T T T T T 1

0.0 0.1 0.2 0.3 040506 0.708091.0

Distances (degree of dissimilarity)

Figure 2. Dendrogram comparing two savanna (campo cerrado
and cerrado sensu stricto) and two forest habitats (cerraddo and
semi-deciduous forest) with regard to the composition of the attine
ant fauna. (EEP) Estacdo Ecoldgica do Panga, (FAL) Fazenda Agua
Limpa, (PVS) Parque Municipal Victorio Siqueirolli, (FEG) Fazenda
Experimental do Gléria. Distances = 1 — Percentage of Similarity.

DISCUSSION

The results of this study reinforce the earlier findings of
LeaL & Ouveira (2000), who suggested that, in the Cerrado
biome, the attine fauna is more diverse in the savanna habitats
than in the adjacent forest habitats. Similarly, in northern Aus-
tralia, ANDERSEN ef al. (2007) recorded a much higher number of
ant species in the savanna than in the adjacent patches of rain
forest. In contrast, in the savannas of eastern Amazonia the
diversity of ant species is much lower compared to the diver-
sity of species in the adjacent forest habitats, and this trend is
also observed when considering only ants of the tribe Attini
(VasconciLos & ViLHENA 2006). This difference may be attrib-
uted to the fact that, in the Cerrado (as well as in northern
Australia; ANperseN et al. 2007) savanna is the dominant type
of vegetation, whereas in the eastern Amazon savannas occur

as isolated patches within a large forested region. Thus, the
regional pool of savanna ant species is perhaps much greater
in central Brazil than it is in the Amazon, whereas the reverse
pattern is probably true for the forest species.

Of the 21 species recorded here, 18 were present in the
savanna habitats, including Mycetagroicus cerradensis Brandao &
Mayhé-Nunes, 2001, a species from a recently-described genus of
Attini (Brannio & MavuE-Nunes 2001), whereas in the forest sites
only 12 species were found. Similarly, the mean number of spe-
cies per transect was nearly two times higher in the savannas
than in the forests. Most of the difference in species richness be-
tween these two vegetation types was due to the elevated num-
ber of Trachymyrmex species in the savanna (9 species versus only
four in the forest), as also evidenced in the study of LeaL & OLIVEIRA
(2000). The distribution of attine species is still poorly known,
but MavHE-NUNEs & Jarre (1998) observed that the highest num-
ber of Trachymyrmex species is found near the Equator (between
10°S and 10°N). However, they pointed out that about half of the
attine species are only known from type localities, suggesting that
this group is still largely under-sampled. It therefore seems likely
that the diversity of Trachymyrmex in the Cerrado may have been
underestimated. In fact, some recent studies on Trachymyrmex
have demonstrated that many species previously thought to be
geographically restricted or known only from type localities ac-
tually have wider geographic distributions (MayHE-NUNEs &
Branpio 2002, 2005, 2007). This also seems to be the case for at
least three of the Trachymyrmex species found in Uberldndia,
namely T. agudensis Kempf, 1967, T. cirratus Mayhé-Nunes &
Brandao, 2005, and T. papulatus Santschi, 1922, which were pre-
viously known only from a few localities. In particular, our col-
lection of T. agudensis is the first of this species after its original
description (Kemrr 1967), and extends its range by 4° of latitude.

Forest and savannas supported relatively distinct faunas
(cf. VasconceLos & ViLHENA 2006), each with a number of unique
species. Therefore, although there were fewer species in the for-
est than in the savannas, the species present in the former habi-
tat did not represent a nested subset of the species found in the
latter habitat. Furthermore, although many species were com-
mon to both types of vegetation, their abundances were quite
different. For instance, the average density of Sericomyrmex aff.
scrobifer nests was about 16 times higher in the forest than in
the savanna habitats (Tab. I). In the savannas, the most com-
mon species was Mycocepurus goeldii, where up to 25 nests were
found in only 160 m?2. Similarly, Kemrr (1963) observed that M.
goeldii is very common in the region of Agudos, Sdo Paulo (the
type locality of T. agudensis found by us in Uberlandia), where it
occasionally lives alongside its close relative M. smithii Forel,
1893. Although M. goeldii was not collected in the forest sites
surveyed here, previous studies indicate that it can also be found
in gallery forest and in semi-deciduous forest (OLivera et al. 1995,
LeaL & Ouiviira 2000). Both M. goeldii and Sericomyrmex spp. also
reach relatively elevated densities in Eucalyptus plantations, where
they can cause some economic damage (Zanerti et al. 2003).
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Despite containing a higher number of species, the sa-
vanna sites surveyed here did not support a significantly greater
density of attine ant nests than did the forest sites. Therefore,
the relatively low diversity of attine ants in the forests near
Uberlandia can not be attributed to a paucity of ant nests. This
contrasts with the results from Lear & Ouiveira (2000) who ob-
served not only a higher diversity but also a greater abundance
of attine ants in the savanna than in the forest habitats. The
difference between their study and ours may be due to differ-
ences in the types of forest analyzed in each study. We sur-
veyed ants in two upland forest habitats: the cerradao and the
semi-deciduous forest, whereas LeaL & Oriveira (2000) worked
closer to the valley, in the gallery forest, where occasional flood-
ing may limit the establishment of ant nests on the ground (cf.
Lores & VasconcerLos 2008). Nevertheless, both studies indicate
that the density of attine nests in the Brazilian Cerrado is rela-
tively high. In fact, our estimates indicate that more than 4,000
nests can be found in a single hectare in some areas. In this
sense, attine ants can be regarded as prevalent invertebrate taxa
in the Cerrado ecosystems and, given their antagonistic and
mutualistic interactions with plant diaspores (LeaL & OLIVEIRA
1998), may well have an important influence on the structure
and dynamics of the vegetation.

ACKNOWLEDGMENTS

We thank the Universidade Federal de Uberlandia for
logistical support, Alan N. Costa and Caué T. Lopes for assis-
tance during fieldwork, and Scott Solomon for comments on
the manuscript. Financial support was provided by the
Fundacdo de Amparo a Pesquisas de Minas Gerais (CRA-1419/
05) and the Conselho Nacional de Pesquisas e Desenvolvimento
Cientifico e Tecnoldgico (fellowships to HLV and AJMN).

LITERATURE CITED

ANDERSEN, A.N.; vaN INGeN, L.T. & R.I. Camros. 2007. Contrasting
rainforest and savanna ant faunas in monsoonal northern
Australia: a rain forest patch in a tropical savanna landscape.
Australian Journal of Zoology 55: 363-369.

At™MaAR, W. & B.D. Parterson. 1993. The measure of order and
disorder in the distribution of species in fragmented habitats.
Oecologia 96: 373-382.

AtMAr, W. & B.D. Parterson. 1995. The nestedness temperature
calculator. AICS Res. Inc., available online at http:/aics-
research.com/nestedness/tempcalc.html [Acessed in
13.08.2004]

Borron, B. 2003. Synopsis and Classification of Formicidae.
Gainesville, Memoirs of the American Entomological
Institute, vol. 71, 370p.

Branpio, C.R.F. & A.J. MavHE-Nunes. 2001. A new fungus-growing
ant genus, Mycetagroicus gen. n., with the description of three
new species and comments on the monophyly of the Attini
(Hymenoptera: Formicidae). Sociobiology 38: 639-665.

Brower, J.E. & J.H. Zar. 1977. Field and laboratory methods
for general ecology. Dubuque, WM.C. Brown Company
Publishers, VI+194p.

CHRisTIANINI, A.V.; A.J. MavHE-NUNEs & P.S. Oriveira. 2007. The
role of ants in the removal of non-myrmecochorous
diaspores and seed germination in a neotropical savanna.
Journal of Tropical Ecology 23: 343-351.

HorrposLer B. & E.O. Witson. 1990. The Ants. Cambridge,
Belknap Press, XX+732p.

Kempr, W.W. 1963. A review of ant genus Mycocepurus Forel,
1893 (Hymenoptera: Formicidae). Studia Entomologica 6:
417-432.

Kemrr, WW. 1967. New ants from southwestern and central
Brazil. Studia Entomologica 9: 121-128.

Leat, LR. & P.S. Ouverra. 1998. Interactions between fungus-
growing ants (Attini), fruits and seeds in cerrado vegetation
in Southeast Brazil. Biotropica 30: 170-178.

Leat, LR. & P.S. Ouveira. 2000. Foraging ecology of attine ants
in a Neotropical savanna: seasonal use of fungal substrate
in the cerrado vegetation of Brazil. Insectes Sociaux 47:
376-382.

Lores, C.T. & H.L. Vasconceros. 2008. Evaluation of three
methods for sampling ground-dwelling ants in the Brazilian
Cerrado. Neotropical Entomology 37 (4).

MavuE-NUNEs, AJ. & K. Jarre. 1998. On the biogeography of Attini
(Hymenoptera: Formicidae). Ecotropicos 11: 45-54.

Mavui-Nunes, A.J. & C.R.F. Branpio. 2002. Revisionary studies
on the attine ant genus Trachymyrmex Forel. Part 1: definition
of the genus and the Opulentus group (Hymenoptera:
Formicidae). Sociobiology 40: 667-698.

MavHE-NuUngs, A.J. & C.R.E Branpio. 2005. Revisionary studies
on the attine ant genus Trachymyrmex Forel. Part 2: the
ITheringi group (Hymenoptera: Formicidae). Sociobiology 45:
1-35.

MavHE-NuUngs, A.J. & C.R.E Branpio. 2007. Revisionary studies
on the attine ant genus Trachymyrmex Forel. Part 3: The
Jamaicensis group (Hymenoptera: Formicidae). Zootaxa
1444: 1-21.

MueLLer, U.G.; T.R. ScHurrz; C.R. Currig; RM.M. Apams & D.
Marroch. 2001. The origin of the attine ant-fungus
mutualism. The Quarterly Review of Biology 76: 169-197.

Ouiveira-FiLHO A.T. & J.T. RarTer. 2002. Vegetation physiognomies
and woody flora of the cerrado biome, p. 91-120. In: P.S.
Ouiveira & R.J. Marquis (Eds). The Cerrados of Brazil:
ecology and natural history of a Neotropical savanna.
New York, Columbia University Press, XVIII+398p.

Ouiviira, P.S; M. Gaterti; EE. Pepront & L.P.C. MoreLLATO. 1995,
Seed cleaning by Mycocepurus goeldii ants (Attini) facilitates
germination in Hymenaea courbaril (Casealpiniaceae).
Biotropica 27: 518-522.

SaBo, J.L.; R. SPonseLLER; M. DixoN; K. Gapg; T. HarMs; J. HEFFERNAN;
A. Jani; G. Karz; C. Sovkan; J. Wartes & J. WELTER. 200S.
Riparian zones increase regional species richness by

Revista Brasileira de Zoologia 25 (3): 445-450, September, 2008



450 H. L. Vasconcelos et al.

harboring different, not more, species. Ecology 86: 56-62. 38: 100-106.
Spss. 2000. Systat version 10. San Francisco, SPSS Inc. ZANETTI, R.; J.C. ZANUNCIO; A.J. MAYHE-NUNES; A.G.B. MEDEIROS &
VasconcirLos, H.L. & J.M.S. ViLHeNA. 2006. Species turnover and A. Souza-Siva. 2003. Combate sistematico de formigas-
vertical partitioning of ant assemblages in the Brazilian cortadeiras com iscas granuladas, em eucaliptais com culti-
Amazon: a comparison of forests and savannas. Biotropica vo minimo. Revista Arvore 27: 387-392.

Submitted: 01.VI.2008; Accepted: 29.VIIl.2008.
Editorial responsibility: Marcio R. Pie

Revista Brasileira de Zoologia 25 (3): 445-450, September, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


