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Abstract

The distribution of ants along an altitudinal gradient from 800 m to 1500 m was studied in southeastern
Brazil. Two hypotheses were tested: a) “the altitudinal gradient hypothesis’, which predicts that ant species
richness decreases with increasing altitude; and b) “the habitat favourability hypothesis’, which predicts that
ant species richness is higher in mesic habitats than in xeric habitats, independent of altitude. Pairs of mesic
and xeric habitats were randomly established and replicated three times at each 100 m of elevation. Mesic
habitats were those along washes, creeks and rivers while xeric habitats were those away from water
resources. Ants were collected utilizing sardine baits distributed along transects on both vegetation and on
soil. The species richness of ants collected on vegetation and soil increased with decreasing elevation. This
pattern was found for ants collected on the ground in both mesic and xeric habitats. Also, we found more ant
species in mesic habitats (0.64 + 0.05 ants/sample set) than in xeric habitats (0.45 + 0.05 ants/sample set)(t =
3.51, p < 0.001). The decreased number of ant species at higher elevations as well as in xeric habitats may be
caused by a decrease in habitat complexity that limits the success of ants. Furthermore, at high altitudes
harsher habitat conditions and lower temperatures prevail, further limiting the success and establishment of

ants.
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Introduction

In the Brazilian cerrado the variations in the patterns of
distribution of insects along altitudinal gradients have been
described for only afew areas (Fernandes & Price, 1988, 1991;
Carneiro et al., 1995; Araljo, 1996). These studies have either
corroborated the pattern of diminishing species richness with
increasing elevation (Fernandes & Price, 1988; Fernandes et
al., 1997), detected no pattern (Carneiro et al., 1995), or
pointed to an increase in species richness in relation to altitude
(Ribeiro et al., 1994) (for review see Fernandes et al., 1997).

The cerrado (savanna) is a xeromorphic formation that
covers about 23% of Brazil (Eiten, 1979; Furley & Ratter,
1988; Ratter et al., 1997). Its flora displays a high level of
endemism (Ab’ Saber, 1971; Ratter et al., 1997) and harbors a
rich diversity of insect species (Silveira & Campos, 1995). Ser-
rado Cipé is a high altitudinal area in the southeastern central
Brazilian plateau. It is covered by a cerrado formation with a
predominance of xeric habitats. The landscape is composed of
various vegetation physiognomies that change gradually from
cerrado to altitudinal grassland. Nevertheless, sclerophylly
predominates across all altitudes (Giullietti & Pirani, 1988).
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Although ants play a fundamental ecological role in cerrado
ecosystems (Lévieux, 1982, 1984), little is known about the
structure of their communities in the cerrado (but see Morais,
1980). For the first time, we test two hypotheses on the
distribution of ants along an altitudinal gradient and their
differential distribution between mesic and xeric habitats in
Brazil. Data were collected in the various physiognomic
formation of the cerrado in Serra do Cipd. The “altitudinal
gradient hypothesis” predicts a negative correlation between ant
species richness and altitude. Several studies have shown that
decreased availability of nesting sites and increased habitat
harshness at higher altitudes limit ants distribution and richness
(Brown, 1973; Janzen, 1973). The “habitat favourability
hypothesis’ predicts a greater richness of ant species in mesic
habitats compared to xeric habitats (Andersen, 1986; Levieux,
1982; Benson & Harada, 1988). We believe that in the Serra do
Cip6 the larger woody plants encountered in mesic habitats,
result in increased habitat complexity and availability of
resources, therefore providing more diverse nesting sites and
better foraging conditions (Carrol, 1974; Young, 1982, 1986).

Methods
This study was conducted in the southeastern portion of
the Espinhago Mountains in the Serra do Cip6 region (19° 10" -

19° 40' S and 43° 30" - 43° 55 W). This region presents a
diversified vegetation, varying with altitudinal and soil type,
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and is dominated by sclerophyllous species (Giullietti & Pirani,
1988; Giullietti et al., 1997, Fernandes, unpublished).

Ants were collected at eight different altitudes between 800
m and 1500 m above sea level. At each altitude, six sampling
sites were defined and paired: three in mesic and three in xeric
habitats. Mesic habitats were defined as those near washes,
canyons and rivers, while xeric habitats were defined as those
habitats away from water sources (see Fernandes & Price, 1988
for details). Hence, the vegetation of mesic habitats was
primarily riparian. Xeric vegetation varied from cerrado at
lower elevations (800 m) to altitudinal grassland at the highest
sites (1500 m). Sampling sites were separated from each other
by aleast 1 km in an attempt to avoid pseudoreplication.

To evaluate the species richness of ants, we used baits of
canned sardines in vegetable oil. Baits comprised of animal
protein have been used frequently in ant surveys (Leving, 1983;
Caldas & Moutinho, 1993; Roth & Perfecto, 1994) and sardine
baits are especially effective in capturing ants in cerrado
vegetation (Morais, 1980). All ant collections were conducted
during the dry season, from April to August, in order to reduce
environmental variations associated with the increased
humidity during the wet season. A transect of 100 m was
established at each sample site. Baits were placed on 8x 8 cm
squares of paper towel and set out 10 m apart along the transect
line. Baits were placed in pairs: one on ground and one on
adjacent vegetation at a height of 1.5 m above the ground.
Hence, 120 baits were distributed at each altitude between 800
m and 1300m: 60 baits on the ground and 60 baits on
vegetation. Only one hundred baits were used at 1400 m
because we only found two mesic habitats at this altitude. No
mesic habitat was found at 1500 m. Since the vegetation at this
altitude was of low stature (lower than 1,5m), only 50 grounds
samples from 5 xeric sites were taken.

Sampling was done between 09:00 and 16:30h, enabling us
to capture only diurnal ants. Baits were exposed for 45 minutes.
This exposure time was tested through a saturation curve
elaborated from data sampled in the area (Araljo, 1996). Each
bait, with its associated ants, was then sprayed with ethyl
acetate and placed in a marked plastic bag. When ant
identification was not possible, the specimens were separated
into morphospecies and preserved in 70% alcohol. Samples of
species collected were deposited at the Departamento de Biolo-
gia Geral, ICB/Universidade Federal de Minas Gerais and the
Museum of the Instituto de Zoologia Agricola MIZA
(Agricultural Zoology Institute) Venezuela.

To complement the bait captures and to further compare
the species richness in mesic and xeric habitats, we also
sampled ants directly from the vegetation. At each transect,
three branches (about 1.0 m long) were cut from each of 20
randomly select trees and/or large shrubs. Branches were
immediately placed in marked plastic bags and sprayed with
ethyl acetate to kill ants. We measured the diameter at breast
height (DBH) for each sampled plant. These measurements of
plant size were then correlated with ant species number to
obtain an indirect indication of resource availability. The index
for the basal area (BA) of trees and shrubs sampled in this
study was adapted from Miller-Dambois (1977) and then
transformed into log,, (BA + 1) (Zar, 1984). In the laboratory,
we recorded the ant species found, and the presence or absence
of immature stages (eggs, larvae and pupae) in an attempt to
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estimate colony size (see Young, 1986). Each occupied branch
was considered as an ant nest. Since only ants residing in
stems were included, this study does not provide information
about the size of the entire arboreal nesting ant fauna. Those
ants that nest in myrmecophytes, trunk epiphytes, and bound
leaves were excluded. To test the altitudinal gradient hypothesis
we used simple linear regressions, while to compare ant species
richness between mesic and xeric habitats we used the
Wilcoxon signed rank test. Differences in ant species richness
on branches of plantsin mesic and xeric habitats was compared
by the t-test (Zar, 1984).

Results

A total of 42 morphospecies of ants from 18 genera were
recorded from 870 baits and 820 trees in Serra do Cip6. Of
these, 17 morphospecies were obtained from the vegetation
within xeric and mesic habitats (Tab. 1). Thirty morphospecies
were widely distributed along the ground of both adjacent and
contiguous habitats (Tab. 2). The richness of ants obtained was
lower than that reported by Morais (1980) for the cerrado
vegetation and Samson et al. (1997) along an altitudinal
gradient in the Philippines.

The richness of ant species obtained utilizing baits on
vegetation and on the ground was negatively associated with al-
titude in mesic habitats. Most of the variation in the number of
species of arboreal ants in mesic habitats was explained by the
altitude (r?= 0.87, F = 32.82, y = 13.32 — 0.007x, p < 0.002,
Fig. 1). The richness of ants sampled on the ground was
negatively correlated with altitude both in mesic and xeric
habitats (mesic: r2 = 0.57, F = 6.56, y = 25.75 — 0.014x, p <
0.05; xeric: 12 =0.81, F = 29.14, y = 27.3 - 0.017x, p < 0.001,
Fig. 2). However, this relationship was not statistically
significant for arboreal ants in xeric habitats (r? = 0.26, F =
1.76,y = 6.25 - 0.179%, p > 0.05, Fig. 1).

The richness of ant species obtained by directly cutting
branches from vegetation at the same altitude yielded more
species of arboreal ants in mesic than in xeric habitats. Each
plant in mesic habitats supported on average 50% more species
of ants than plants in xeric habitats (Tab. 3). Plants in mesic
habitats also supported larger colonies (measured by the
presence or absence of ant eggs, larvae and pupa) than plantsin
xeric habitats (Tab. 3). Plants in mesic habitats were larger
(Tab. 3).The richness of ant species collected on the ground did
not differ statistically between mesic and xeric habitats (mesic
= 2.55 £+ 0.25 ants per bait; xeric = 3.04 + 0.27 ants per bait,
Wilcoxon = 0.326, p > 0.05).

Discussion

The 42 morphospecies of ants which were recorded in the
Serra do Cip6 was low compared to other studies in tropical
habitats. We argue that this difference may be due to sampling
effects. Baiting is an effective technique for recording ant
species but it usually recruits aggressive foraging ant species
disproportionately (Andersen, 1997). Furthermore, the presence
of aggressive ant species also negatively influences species
richness, by excluding the presence of other less aggressive
species. As the sampling was purposefully done in the dry
season, in order to reduce environmental variation associated
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Table 1 — Distribution of ants found on the vegetation (collected in branches) of xeric (black) and mesic (gray) habitats in Serra do Cipd, MG,

Brazil.

SPECIES

ALTITUDE (m)

800 900

1000

1100 1200 1300 1400

Azteca sp.

Camponotus crassus

C. sericeiventris

Camponotus sp.3

Chephalotes atratus

Cephalotes pusillus

Cephalotes sp.1

Crematogaster sp.1

Ectatomma muticum

Leptothorax sp.1

Leptothorax sp.2

Linepthema sp.3

Myrmelachista sp.1

Pachycondyla sp.1

Pseudomyrmex sp.1

Pseudomyrmex sp.2

with the increased humidity of the wet season. The aggressive
component may further increase its negative effect due to the
paucity of resources, given that winners of competitive
interactions with other species become dominant (Andersen,
1986; Holldobler & Wilson, 1990).

Another likely important effect on the richness pattern
found is the sampling regime. Wolda (1987) suggested that
continuous sampling over long periods of time may provide
different results than sampling over short periods. Therefore,
future studies should focus on separating sampling effects to
ant species composition and richness as well as be performed
for longer periods of time.

In order to explain the low occurrence of arboreal ants
species encountered in the branches of trees and shrubs

sampled it is important to note the behavior of the species
which were recorded. Some species such as Cephallotes
pusillus are quite effective colonizers in the cerrado (Morais,
1980). In the Serra do Cipo6, C. pusillus is the most abundant
species encountered in trees and shrubs (Aradjo, 1996). This
rapid colonizing ability could be the reason for the relatively
low species richness. Because this rapid and efficient
occupation of stems may confer an advantage to C. pusillus in
interspecific competition. The dynamics of competitive
interactions indicate that a type of dominance order can exist
among interspecific neighboring colonies (Hoélldobler & Wil-
son, 1990).

The distribution of ant species along altitudinal gradients
in the tropics has only been studied in rare instances (e.g., Jaffe
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Table 2 — Distribution of ants found on the ground in xeric (black) and mesic (gray) habitats in serra do Cipd, MG, Brazil

SPECIES ALTITUDE (m)

800 900 1000 1100 1200 1300 1400 1500

Brachymyrmex sp.

Camponotus crassus

Camponotus sericeiventris

Camponotus rufipes

Camponotus sp.3

Camponotus sp.4

Camponotus sp.5

Camponotus sp.8

Ectatomma sp.1

Ectatomma sp.2

Linepthema sp.1

Linepthema sp.2

Linepthema sp.3

Linepthema sp.4

Odontomachus chelifer

Pachycondila sp.1

Pheidole oxyops

Pheidole sp.1

Pheidole sp.2

‘

Pheidole sp.3

Pheidole sp.4

Pheidole sp.5

Pheidole sp.6

Pheidole sp.10

Pogonomyrmex sp.1

Ponera sp.1

Pseudomyrmex sp.1

Solenopsis bondari

Solenopsis (Diplorhoptrum) sp

Solenopsis saevissima
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Table 3 — Comparison between arboreal ants in mesic and xeric habitats, taking into consideration species richness (number of ants species per
habitat), number of ants species per tree, presence of eggs, larvae, and pupae of ants per branch, and the basal area of trees and shrubs

in Serra do Cip6, Brazil

AVERAGE NUMBER T P
(+ 1SE)
MESIC XERIC
SPECIES RICHNESS 0.64 + 0.05 0.45 + 0.03 3.51 < 0.001
SPECIES/TREE 0.84 + 0.04 0.45 + 0.03 2.81 < 0.05
EGGS/LARVAE/PUPAE 0.37 + 0.24 0.29 + 0.23 2.35 <0.05
“BASAL AREA” 10.6 + 0.04 9.78 + 0.004 15.21 < 0.001

et al., 1993; Samson et al., 1997), despite their enormous
diversity and importance in that biogeographical region. The
differential distribution of ants along the altitudinal gradient
studied supports the general pattern of negative correlation of
species richness with altitude, already reported for many other
plant and animal taxa in several geographical regions (e.g.,
Cook, 1974; Terborgh, 1977; Young, 1982; Krisan et al., 1984;
Wolda, 1987; Fernandes & Price, 1988, 1991; Fernandes &
Lara, 1993). The inverse relationship between the number of
ant species and altitude may be caused by a diverse array of
factors, such as diminished complexity of the vegetation
structure, reduction in habitat area and increasing habitat
harshness. Mountain tops in Serra do Cip6 display a strong
reduction in area and at the highest altitudes shrubs and trees
are sparsely distributed (Giulietti & Pirani, 1988; Meguro et al.,
1996 a, b). Reduction in the availability of resources at high al-
titudes has been commonly reported as the cause for low
species diversity (see MacArthur & Wilson, 1967). According
to MacArthur & Wilson's (1967) theory of biogeography of
islands smaller areas also support fewer species due to higher
extinction rates and lower colonization rates.

At high altitudes, air humidity is higher resulting in high
soil humidity, but no permanent mesic habitat exists due to
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Figure 1 — Species richness of arboreal ants in mesic and xeric
habitats in an altitudinal gradient in Serra do Cip6. Mesic
habitat: r? = 0.87, F = 32.82, y = 13.32 — 0.007x, p <
0.002; Xeric habitat: r2 = 0.26, F = 1.76, y = 6.25 —
0.179x, p > 0.05.

the lack of a constant water course and corresponding
vegetation. The existence of a constant water course,
typically promotes the formation and subsistence of
traditional mesic habitat vegetation (Fernandes & Price,
1988). This vegetation defines mesic habitats and influences
comparisons with other habitats. Also lower temperatures,
at these higher altitudes, prolong larval development and
reduce survival; thereby further decreasing colonization and
increasing extinction rates (Brown, 1973; Torres, 1984;
Lawton et al., 1987), which affects ant species richness. In
other regions, both low temperature and high humidity were
shown to adversely affect the development of ant colonies
(e.g. Torres, 1984; Young, 1986). The soil at high elevations
in Serra do Cip6 is shallow and humid throughout the year
(Meguro et al., 1996 a, b). This soil characteristic may limit
establishment of colonies (Wilson, 1971; Brown, 1973).
Controlled studies on the impact of environmental factors on
ant physiology and reproduction are needed, mainly for
species in tropical areas.

The differential distribution of arboreal ants between mesic
and xeric habitats supports the habitat favourability hypothesis.
The gallery forests in Serra do Cipd are more structurally
complex than the surrounding vegetation (Giulietti & Pirani,
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Figure 2 — Species richness of soil ants in mesic and xeric habitats in
an altitudinal gradient in Serra do Cip6, MG. Mesic
habitat: r?2 = 0.57, F =6.56, y =25.75 — 0.014x; p <
0.05; Xeric habitat: r> = 0.81, F = 29.14 — 0.017x, p <
0.001.
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1988; Meguro et al., 1996a,b), and may support more species
of opportunistic ants. We postulate that the larger number of
ants species found in mesic habitats throughout the altitudinal
gradient is positively influenced by a greater number of micro-
habitats in comparison to adjacent xeric habitats which
probably furnished more resources to ant fauna (Carroll, 1974).

Nevertheless, the association between habitat complexity
and ant species richness needs further study. Despite the
generalized sclerophylly in mesic and xeric habitats in Serra do
Cipé, the plant species found in xeric habitats are
characteristically bushy and thin. This phenomenon is generally
associated with evolutionary and developmental histories of
plants which may have important consequences for
development and protection of ant colonies. Morais (1980)
found a low average number of ants per plant in cerrado areas
where the vegetation had an average height of 2.0 m, while
Carroll (1974, 1979) found higher numbers of ants per plant on
larger plants in forest habitats.

In conclusion our results corroborate two long standing
hypothesis concerning species richness along altitudinal
gradients and distribution between habitats. However, we argue
that the negative correlation between altitude species richness
must be further investigated to better understand the factors that
drive species distribution at global and regional levels (see
Erlich et al., 1972; Murphy et al., 1990; Boggs & Murphy,
1972). Future studies should concentrate on the mechanisms
that influence ant success between habitat types along the
elevational gradients in Serra do Cip6 in an attempt to provide
the fuel to better understand species richness patterns in the
cerrado.

Acknowledgments

We thank D. Yanega, F. A. Silveira, and two anonymous
reviewers for their helpful comments on the manuscript, J. E.
Latke for identifying the ants and L. R. Viana for contributions
to the English version of the manuscript. The Instituto Brasilei-
ro do Meio ambiente (IBAMA) kindly gave permission to work
in the Parque Nacional da Serra do Cip6. This study was
presented by the senior author in partial fulfillment for the
Master of Science in Ecologia, Conservacdo e Manejo da Vida
Silvestre at the Universidade Federal de Minas Gerais. We
thank the following institutions for financial aid: CNPq
(521772/97-8), Fapemig CBS 1950/97, CRA 2519/97) and US
Fish & Wildlife Service.

References

AB’Saber, N. A. 1971. Contribuicdo a geomorfologia da &rea
dos cerrados. In: Ferri, M. G. (ed.) Simpésio sobre o cerra-
do. S&o Paulo, Edgar Blicher/Universidade de Sdo Paulo,
pp. 97-103.

Andersen, N. A. 1986. Patterns of ant community organization
in mesic southeastern Australia. Australian Journal of
Zoology, 34:53-54.

Andersen, N. A. 1993. Ant communities in the Gulf Regions of
Australia’s semi-arid tropics. species composition, patterns
of organization and biogeography. Australian Journal of
Zoology, 41:399-414.

Andersen, N. A. 1997. Functional groups and patterns of
organization in North American ant communities: a
comparison with Australia. Journal of Biogeography,
24:433-460.

Araujo, L. M. 1996. Diversidade e distribuicdo de formiga
(Hymenoptera: Formicidae) ao longo de um gradiente de al-
titude. M. Sc. thesis. Belo Horizonte, Universidade Federal
de Minas Gerais, 42 pp.

Benson, W. W. & Harada, A. Y. 1988. Local diversity of tropi-
cal and temperate ant faunas. Acta Amazonica, 18:275-289.

Boggs, C. L. & Murphy, D. D. 1997. Community composition
in mountain ecosystems: climatic determinants of montane
butterfly distributions. Biogeography L etters, 6:39-48.

Brown Jr, W. L. 1973. A comparison of the Hylean and Congo-
West African rainforest ant faunas. In: Meggers, B. J,;
Ayensu, E. S. & Duckworth, W. D. (ed.) Tropical forest
ecosystems in Africa and South America: a comparative
review. Washington, Smithsonian Press, pp. 161-185.

Caldas, A. & Moutinho, P. R. S. 1993. Composic&o e diversida-
de da fauna de formigas (Hymenoptera: Formicidae) em are-
as de remogdo experimental de arvores na Reserva Florestal
de Linhares, ES, Brasil. Revista Brasileira de
Entomologia, 37:299-304.

Carneiro, M. A. A.; Ribeiro, S. P. & Fernandes, G. W. 1995.
Artropodos de um gradiente altitudinal na Serra do Cip0.
Revista Brasileira de Entomologia, 3:597-604.

Carrol, C. R. 1974. The structure of Tropical arboreal ant
communities. Ph.D. Thesis. Chicago, University of Chicago,
177 pp.

Carrol, C. R. 1979. A comparative study of two ant faunas: the
stem-nesting ant communities of Liberia, West Africa and
Costa Rica, Central America. American Naturalist,
113:551-561.

Cook, R. E. 1974. Origin of highland avifauna of southern
Venezuela. Systematic Zoology, 23:257-264.

Ehrlich, P. R.; Breedlove, D. E.; Brussard, P. F. & Sharp, M. A.
1972. Weather and “regulation” of subalpine butterfly
populations. Ecology, 53:23-47.

Eiten, G. 1979. Formas Fisiondmicas do Cerrado. Revista Bra-
sileira de Botanica, 3:139-148.

Fernandes, G. W. & Price, P. W. 1988. Biogeographical
gradients in galling species richness: tests of hypothesis.
Oecologia, 76:161-167.

Fernandes, G. W. & Price, P. W. 1991. Comparisons of tropical
and temperate galling species richness: the roles of
environment harshness and plant nutrient status. In: Price, P
W.; Lewinshon, T. M.; Fernandes, G. W. & Benson, W. W.
(ed.) Plant-animal interactions: evolutionary ecology in
tropical and temperate regions. New York, John Wiley, pp.
95-115.

Fernandes, G. W. & Lara, A. C. F. 1993. Diversity of
Indonesian gall-forming herbivores along altitudinal
gradients. Biodiversity Letters, 1:186-192.

Fernandes, G. W.; Araljo, L. M.; Carneiro, M. A.; Cornelissen,
T. G.; Barcelos-Greco, M. C.; Lara, A. C. F. & Ribeiro, S. P.



Altitudinal patterns in a tropical ant assemblage

1997. Padrbes de riqueza de insetos em gradientes
atitudinais na Serra do Cip6, Minas Gerais. In: Leite, L. L.
& Saito, C. H. (ed.) Contribuicdo ao conhecimento ecol6-
gico do cerrado. Brasilia, Universidade Federal de Brasilia,
pp.191-195.

Furley, P. A. & Ratter, J. A. 1988. Soil resource and plant
communities of the central Brazilian cerrado and their
development. Journal of Biogeography, 15:97-108.

Giulietti, A. M. & Pirani, J. R. 1988. Patterns of a geographic
distribution of some plant species from the Espinhago range,
Minas Gerais and Bahia, Brazil. In: Vanzolini, P. E. &
Heyer, W. R. (ed.) Proceedings of a workshop on
neotropical distribution patterns. Rio de Janeiro, Acade-
mia Brasileira de Ciéncias, pp. 39-69.

Giulietti, A. M.; Pirani, J. R. & Harley, R. M. 1997. Espinhago
range region-eastern Brazil. In: Davis, S. D.; Heywod, V. H.;
Herrera-MacBryde, O.; Villa-Lobos, J. & Hamilton, A. C.
(ed.) Centers of plant diversity — a guide and strategy for
their conservation. Washington, WWF & IUCN, pp. 397-
404.

Holldobler, B. & Wilson, E. O. 1990. The Ants. Cambridge,
Massachusetts, Harvard University Press, 732 pp.

Jaffé, K.; Lattke, J. E. & Hernandes, P. 1993. Ants on the tepuis
of the Guiana shield: a zoogeographic study. Ecotropicos,
6:22-28.

Janzen, D. H. 1973. Sweep samples of tropical foliage insects:
effects of seasons, vegetation types, elevation, time of day
and insularity. Ecology, 54:687-706.

Krisan, J. L.; Branson, R. F. W.; Schroeder, W. & Steiner, E. J.
1984. Elevation of Diabrotica sicuanica (Coleoptera:
Chrysomelidae) to the species level with notes on the
altitudinal distribution of Diabrotica species in the Cuzco
Department of Peru. Entomology News, 95: 91-98.

Lawton, J. H.; Macgarvin, M. & Heads, P. A. 1987. Effects of
altitude on the abundance and species richness of insects
herbivores on bracken. Journal of Animal Ecology, 56:
147-160.

Lévieux, J. 1982. A comparison of ground-dwelling ant
population between a Guinea savanna and evergreen rain
forest of the Ivory Coast. In: Breed, M. D. (ed.) The
Biology of social Insects. Boulder Colorado, Westview
Press, pp. 48-51.

Lévieux, J. 1984. The soil fauna of tropical savannas. In:
Goodall, D. W. (ed.) The Ants. Ecosystems of the World,
Tropical Savannas. Canberra, Division of Land Resources
Management, pp. 525-540.

Levings, S. C. 1983. Seasonal, annual and among site variation
in the ground ant community of a deciduous tropical forest:
some causes of a patchy-species distribution. Ecological
Monography, 53:435-455.

MacArthur, R. H. 1972. Geographical ecology. New York,
Harper & Row, 167 pp.

MacArthur, R. H. & Wilson, E. O. 1967. The theory of island
biogeography. New Jersey, Princeton University Press, 189
pp.

Meguro, M.; Pirani, J. R.; Mello-Silva, R. & Giulietti, A. M.
1996a. Estabelecimento de matas riparias e capdes nos
ecossistemas campestres da cadeia do Espinhaco, Minas Ge-
rais. Boletim de Botanica da Universidade de Sdo Paulo,
15:1-11.

Meguro, M.; Pirani, J. R.; Méllo-Silva, R. & Giulietti, A. M.
1996b. Caracterizagdo floristica e estrutural de matas
ripérias e capdes de altitude da Serra do Cip6, Minas Gerais.
Boletim de Botanica da Universidade de Sdo Paulo,
15:13-29.

Morais, H. C. 1980. Estrutura de uma comunidade de formigas
arboricolas em vegetacdo de campo cerrado. M. Sc. thesis,
Campinas, Universidade Estadual de Campinas, 87 pp.

Miuller-Dumbois, D. 1977. Aims and methods of vegetation
ecology. In: Mller-Dumbois D., Ellemberg, H. (eds), New
York, Willey, pp. 123-133.

Murphy, D. D.; Freas, K. E. & Weiss, S. B. 1990. An
environment meta-population approach to population
viability analysis for a threatened invertebrate.
Conservation Biology, 4:41-51.

Ratter, J. A.; Ribeiro, J. R. & Bridgewater, A. The brazilian
cerrado vegetation and threats to its biodiversity. Annals of
Botany, 80:223-230.

Ribeiro, S. P; Silva, C. H. L. & Fernandes, G. W. 1994.
Distribution of Brachypnoea (Coleoptera: Chrysomelidae) in
an altitudinal gradient in a brazilian savanna vegetation.
Phytophaga, 6:29-33.

Roth, D. S. & Perfecto, I. 1994. The effects of management
systems on ground-foraging ant diversity in Costa Rica.
Ecological Applications, 14:423-436.

Samson, D. A.; Rickhart, E. A. & Gonzalez, P. C. 1997. Ant
diversity and abundance along an elevational gradient in
Philippines. Biotropica, 29:349-363.

Silveira, F. A. & Campos, M. J. O. 1995. A melissofauna de
Corumbatai (SP) e Paraopeba (MG) e uma analise da
biogeografia das abelhas (Hymenoptera, Apoidea) do cerra-
do brasileiro. Revista Brasileira de Entomologia, 39:371-
401.

Terborg, J. 1977. Bird species diversity on an Andean
elevational gradient. Ecology, 58:1007-1019.

Torres, J. A. 1984. Diversity and distribution of ant
communities in Puerto Rico. Biotropica, 16:296-303.

Wilson, E. O. 1971. The insect societies. Cambridge,
Massachusetts, Harvard University Press, 233 pp.

Wolda, H. 1987. Altitude, habitats and tropical insect diversity.
Biological Journal of Linnean Society, 30:313-323.

Young, A. M. 1982. Population biology of tropical insects.
New York, Plenum, 221 pp.

Young, A. M. 1986. Notes on the distribution and abundance of
ground and arboreal nesting ants (Hymenoptera:
Formicidae) in some Costa Rica cacao habitats. Proceedings
of Entomological Society, 88:550-571.

Zar, H. 1984. Biostatistical Analysis. New Jersey, Prentice-
Hall, 332pp.



