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Abstract Ecological patterns and processes are highly scale-dependent, but few studies have used standardized
methodology to examine how scale dependency varies across continents.This paper examines scale dependency in
comparative ant species richness and turnover in savannas of Australia and Brazil, which are well-matched
climatically but whose ant faunas have contrasting biogeographic origins. The study was conducted in savanna
woodland near Darwin in northern Australia and Uberlândia in central Brazil. The sampling design consisted of
eight 400-m line transects, four in each continent, with eight pitfall traps located on and around each of 20 trees
evenly spaced along each transect. Ant richness and species turnover were compared at three spatial scales: pitfalls
associated with a tree, trees within a transect and transects within a savanna.The composition of the Australian and
Brazilian savanna ant faunas was broadly similar at the subfamily level, despite the very low proportion of shared
genera and species. The ground and arboreal ant faunas were very distinct from each other in both savannas, but
especially in Brazil. Overall ant abundance was almost three times higher in Australia than in Brazil, both on the
ground and on vegetation, but overall species richness was higher in Brazil (150 species) than in Australia (93).
There was no significant difference in the mean number of species per pitfall trap, but the mean species richness
was significantly higher in Brazil than in Australia at both the tree and transect scales. We attribute these
scale-dependent intercontinental differences to biogeographical and historical factors in Brazil that have led to a
large regional pool of arboreal species of rainforest origin. Our study underlines the importance of biogeographical
context when conducting comparative analyses of community structure across biogeographical scales, and high-
lights the importance of process acting at regional scales in determining species richness in ant communities.
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INTRODUCTION

The effect of spatial scale on ecological patterns is a
key issue in community ecology and biogeography,
and studies comparing community structure at differ-
ent spatial scales have made important contribu-
tions to ecological theory (Ricklefs 1987; Wiens 1989;
Lawton 1999; Spiesman & Cumming 2008).The per-
vasiveness of scale dependency (Wiens 1989) is a key
factor limiting the generality of ecological patterns and
processes (Lawton 1999). For example, it is particu-
larly common for the factors controlling species diver-
sity at local and regional scales to be quite different
(Ricklefs 1987), so that comparative analyses of
species diversity can arrive at different conclusions
depending on the scale of analysis. Moreover, such
comparative analyses are frequently confounded by

the different scales at which species have been
sampled. In order to develop a mechanistic under-
standing of the relative importance of different factors
driving comparative species diversity, it is important to
collect standardized data at comparable spatial scales,
and to repeat this at different scales (Whittaker et al.
2001).

Several workers have noted the importance of
spatial scale for ant communities (Andersen 1997a;
Lawton 1999; Gotelli & Ellison 2002; Parr et al. 2005;
Spiesman & Cumming 2008), but there have been few
studies purposely designed to investigate this (Kaspari
et al. 2003). Here we report on such a study, which
incorporates an intercontinental comparison between
Australia and Brazil. Intercontinental comparisons
of community structure have already been made for a
number of taxa (e.g. Cody & Mooney 1978), including
ants (Andersen 1997b; Morton & Davidson 1988);
however, few of those comparisons have explicitly
addressed scale dependency.
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Ant diversity shows a strong latitudinal gradient glo-
bally, reaching a maximum in the tropics (Ward 2000;
Dunn et al. 2009). Most studies of tropical ant diversity
have focused on rainforest, which supports a highly
distinctive fauna both compositionally and function-
ally: local assemblages are exceptionally diverse, are
highly segregated vertically, and contain few taxa from
non-forest habitats (Wilson 1959; Brühl et al. 1998;
Longino et al. 2002). However, the dominant tropical
vegetation is savanna, characterized by sparse trees and
continuous grass cover, whose open structure is driven
by highly seasonal rainfall and high rates of disturbance,
especially by fire (Huntley & Walker 1982). Tropical
savannas also possess very high ant diversity (Andersen
2000; Parr & Chown 2001; da Silva et al. 2004;
Vasconcelos &Vilhena 2006), but the extent of vertical
segregation varies markedly. Savannas in Australia
and South Africa support few tree-nesting species, and
the arboreal fauna is overwhelmingly dominated
by ground-nesting species (Majer 1990; Parr & Chown
2001; Andersen et al. 2006). In contrast, Brazilian
savannas (cerrado) support an exceptionally diverse
specialist arboreal ant fauna, dominated by taxa of
rainforest origin (Ribas et al. 2003; da Silva et al. 2004;
Vasconcelos & Vilhena 2006; Campos et al. 2008).

Our understanding of intercontinental patterns
of savanna ant diversity is limited to these general
findings, and, as is the case for most taxa, detailed
comparisons are confounded by highly variable sam-
pling methodology and intensity. A comparison of
Brazilian and Australian savannas is especially inter-
esting because they are located at similar latitudes, are
very similar in size (about 2 000 000 km2), and expe-
rience comparable rainfall and temperature regimes
(Mott et al. 1985; Oliveira & Marquis 2002). Con-
versely, their ant faunas have strikingly different
biogeographic origins that reflect contrasting environ-
ments at the continental scale, and drive the represen-
tation of arboreal species described above. A large
proportion of the Australian savanna ant fauna (such
as the genera Iridomyrmex, Melophorus and Merano-
plus) is arid-adapted, derived from that continent’s
vast central arid zone (Andersen 2000), and very few
taxa have originated from tropical rainforest, whose
extent in Australia is extremely limited (Taylor 1972).
In contrast, Brazilian savannas contain few arid zone
taxa but very many derived from tropical rainforest
(e.g. Azteca, Cephalotes, Pseudomyrmex; see Kempf
1972; Brown 2000), as reflects their proximity to the
Amazonian Basin to the north and the Atlantic rain-
forest to the south. Such contemporary biogeography
is also reflected in the evolutionary histories of the two
savannas, which were embedded in expansions and
retractions of desert in Australia (Horton 1984) and
rainforest in Brazil (Redford & Fonseca 1986).

Here we used standardized sampling methodology
to compare species richness in Australian and Brazil-

ian savanna ant communities, and to examine how this
comparison varies with spatial scale.The specific aims
of this paper were to: (i) compare the taxonomic com-
position of Australian and Brazilian savanna ants; (ii)
compare the extent of vertical segregation of ant com-
munities between the two continents; (iii) compare
ant species richness and species turnover at multiple
spatial scales; and (iv) examine the extent to which
intercontinental comparisons of ant diversity are
scale-dependent.

METHODS

Study area

The study was conducted near Darwin (12°24′S, 130°55′E)
in northern Australia and near Uberlândia (18°30′S,
45°40′W) and Caldas Novas (17°43′S, 48°42′W) in central
Brazil.The temperature in Darwin ranges from an overnight
minimum of 15°C in winter to a daytime maximum of 35°C
in summer, and mean annual rainfall is 1600 mm with
around 80% concentrated in the wet season between Decem-
ber and April. The regional climate in central Brazil is very
similar to that of northern Australia, with mean annual pre-
cipitation around 1500 mm, and rainfall concentrated in
the summer wet season. Temperatures are also very similar,
except that minimum overnight temperatures during the dry
season are lower because of the lack of a coastal influence.
The typical savanna vegetation in central Brazil is known
as cerrado sentido restrito (Ribeiro & Walter 1998) while in
northern Australia it is called savanna woodland (Mott et al.
1985). The physiognomy of the cerrado is quite different to
that of woodland savannas. The latter are composed of rela-
tively tall and erect trees (mostly Eucalyptus tetrodonta and
Eucalyptus miniata), whereas the cerrado presents short
‘crooked’ trees and a much higher woody species richness
(Appendix S1; also see Table 1).

Ant sampling

Ant sampling was conducted along four 400-m transects
in each country. Inter-transect distances ranged from 1 to
40 km in Australia and from 1 to 130 km in Brazil. A detailed
characterization of each transect is presented in Table 1.
Along each transect the nearest tree taller than 2 m was
located at each 20 m interval (n = 20 trees). Eight pitfall
traps were established on and around each tree, four buried
in the ground beneath the tree canopy and four fixed in the
tree branches with masking tape. These eight traps will sub-
sequently be referred to as a ‘tree’ (Appendix S2). The four
traps placed on the ground were arranged in a 2 ¥ 2-m grid
established around each tree. The four arboreal traps were,
whenever possible, placed in different tree branches and were
at least 2 m apart from each other. Pitfall traps were 4-cm
diameter plastic containers partially filled with water and
detergent. For each set of four ground and arboreal traps,
two had their inner rims smeared with sardine oil, and two
with honey, as ant attractants. Each trap was kept open for a
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48-h period, and a total of 1280 pitfalls were sampled on and
around 160 trees.We used published information (Andersen
2000; Schultz & McGlynn 2000) combined with direct
observations for 1 h on each tree to identify which species
nest arboreally.

Ants were sampled during November and December
(early rainy season) of 2005 in Brazil and during the same
months and season of 2006 in Australia. All ants collected in
traps were sorted to species, and where possible named, with
species nomenclature following Bolton (2003). Species
that could not be confidently named were assigned voucher
codes.Voucher specimens of all Australian species are held at
the CSIRO Tropical Ecosystems Research Centre, and Bra-
zilian species in the Zoological Collection of the Federal
University of Uberlândia.

Data analysis

The comprehensiveness of our sampling protocol was evalu-
ated by constructing two sample (pitfall trap)-based accumu-
lation curves (Gotelli & Colwell 2001), one for Australia and
the other for Brazil (n = 640 pitfalls each), using EstimateS
7.5 (Colwell 2004). A t-test was used to compare mean ant
abundance at the pitfall trap scale, and mean species rich-
ness at the pitfall, ‘tree’ and transect scales (Appendix S2),
between Australia and Brazil.

The taxonomic composition of the Australian and Brazil-
ian faunas was compared by analysing the proportions of
species and individuals per subfamily using a Chi-squared
contingency table (Zar 1999). The two faunas are known to
be very distinct at the genus level, and no native species are
shared, so formal analyses were not conducted at these levels.
The frequency of arboreally nesting species, and of species
from rainforest taxa, was compared, but did not require
formal statistical analysis.

The extent of vertical segregation (ground and arboreal) of
ant species was investigated using multidimensional scaling

(MDS) in two dimensions, on log-transformed species abun-
dance data from ground and arboreal traps. MDS was based
on a Bray-Curtis dissimilarity matrix, and performed using
the software Systat 10 (SPSS 2000). The effect of stratum
on the species composition was then assessed by MANOVA
(Zar 1999) using the MDS axes as dependent variables. For
this former test the ‘trees’ were considered as blocks to assess
only the effect of treatment (stratum) independent from
the effect of plant species (for block designs see Clarke &
Warwick 2001).

We used additive diversity partitioning (Veech et al. 2002)
for a comparative analysis of species diversity and species
turnover at different spatial scales in Brazil and Australia,
using combined ground and arboreal data. Diversity parti-
tioning is a method of decomposing total species richness
(gamma diversity) into the components of mean diversity
within samples (alpha diversity) and diversity among samples
(beta diversities). For the purpose of our analyses, the mean
number of species per pitfall represented a diversity, whereas
b1, b2, b3 represented the diversity among pitfalls within
trees, among trees within transects and among transects
within countries, respectively. The analyses were performed
using the software Partition 3.0 (Veech & Crist 2009). This
program calculates alpha and beta diversity and uses a ran-
domization method for evaluating the statistical significance
of the diversity components. The randomization procedure
produces diversity partitions that would be expected from
randomized data (i.e. a null model) and then compare
these expected partitions with the actual partitions. We used
individual-based randomizations (based on 1000 randomiza-
tions), which reassign each individual of the dataset to any
sample (Veech & Crist 2009).

Because transects in the two countries showed different
levels of geographic separation, the extent to which species
turnover was related to geographic separation was examined
by calculating the dissimilarity for each pair of transects in
each country. Dissimilarity between transects was calculated
using the Simpson index, which is less biased by variations in

Table 1. Vegetation description, dominant tree species in the canopy, number of tree species by transect and geographic
coordinates from the eight transects located four in the Brazilian savanna and four in the Australian savanna

Country Transect Vegetation

Dominant
species in

the canopy

N°. of
tree species

(n = 20) Coordinates

Australia 1 Canopy approximately 15 m height
with 15% of foliage cover.

Eucalyptus tetrodonta 9 12o 24′ 38″ S 130o 55′19″ E

Australia 2 Canopy approximately 12 m height
with 15% of foliage cover.

E. tetrodonta 2 12o 24′ 54″ S 130o 55′ 58″ E

Australia 3 Canopy approximately 15 m height
with 15% of foliage cover.

E. miniata 4 12o 40′ 25″ S 131o 4′ 7″ E

Australia 4 Canopy approximately 20 m height
with 10% of foliage cover.

E. tetrodonta/E. miniata. 11 12o 42′ 6″ S 130o 58′14″ E

Brazil 1 Canopy approximately 5 m height
with 15% of foliage cover.

several 12 19o 10′ 01″ S 48o 23′ 20″ W

Brazil 2 Canopy approximately 4 m height
with 12% of foliage cover.

several 11 19o 10′ 58″ S 48o 23′ 87″ W

Brazil 3 Canopy approximately 4 m height
with 10% of foliage cover.

several 13 17° 43′ 75″ S 48° 42′ 23″ W

Brazil 4 Canopy approximately 4 m height
with 10% of foliage cover.

several 10 17° 43′ 22″ S 48° 42′ 02″ W
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species richness than other commonly used similarity indices
(Koleff et al. 2003). The index was calculated using the
following equation: min (b.c)/(min (b,c) + a), where a is the
number of species shared between two transects, and b and c
are the number of exclusive species in each transect (and min
denotes the smallest value).

RESULTS

Faunal composition

In total, 185 334 individual ants representing 242
species, 48 genera and 7 subfamilies were collected
in traps (see Appendix S3). In Australia, the richest
genera were Monomorium (13 species) and Polyrhachis
(9), and in Brazil Camponotus (27 species) and Pheidole
(23). Despite only eight (16%) genera co-occurring in
Australia and Brazil, the composition of the two faunas
was extremely similar at the subfamily level when con-
sidering species richness (c2 = 7.21; d.f. = 5; P = 0.20;
Fig. 1a). In both cases, by far the richest subfamilies
were Myrmicinae and Formicinae, representing about
one-half and one-quarter of total species, respectively.
However, there were very considerable differences
when considering proportional abundance (c2 =
80.81; d.f. = 5; P < 0.001; Fig. 1b). Behaviourally

dominant dolichoderines were proportionally far more
abundant (around 65% of all individuals) in Australia,
with myrmicines being likewise in Brazil.These differ-
ences were accounted by four genera: Iridomyrmex
and Papyrius (Dolichoderinae, with 38% and 27% of
all individuals, respectively) in Australia, and Pheidole
and Solenopsis (Myrmicinae, with 41% and 25% of all
individuals, respectively) in Brazil.

In Brazil, 48 species have arboreal nests (see Appen-
dix S3), and these represented >60% of ants collected
on trees. In contrast, only five Australian species have
arboreal nests, and these accounted for <11% ants
collected in arboreal traps. Even more notably, 22 of
the Brazilian genera are of rainforest origin, account-
ing for 61 species, compared with just three genera
each with a single species in Australia. This contrast
would be even more striking if rainforest species
groups within widely distributed genera such as
Camponotus and Pheidole were considered. The con-
trast is epitomized by the ecologically compara-
ble pseudomyrmecines Pseudomyrmex (Brazil) and
Tetraponera (Australia), which were represented by 13
and 1 species, respectively.

The MDS plots based on species abundance showed
a clear separation between the fauna from the ground
and vegetation for Australia (Bray-Curtis similarity
index of 0.27) and especially Brazil (Bray-Curtis

Fig. 1. Percentage of the total number of species (a) and individuals (b) by subfamily sampled in Australian savanna and
Brazilian savanna.
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similarity index of 0.24) (MANOVA P < 0.001 in both
cases; Fig. 2). These intercontinental differences in
between-stratum similarity were more pronounced
when considering species occurrence rather than
abundance, with Sørensen similarity indexes of 0.66
for Australia and 0.55 for Brazil. In Australia, 46% of
species were collected in both strata, compared with
38% in Brazil, and the proportion of species recorded
exclusively in arboreal traps was twice as high in Brazil
(9.3%) compared with Australia (4.3%).

Ant abundance

Overall ant abundance per pitfall was about three
times higher in Australia than in Brazil, both on the

ground and on vegetation (Ground, mean � SE:
409.5 � 30.7 vs. 130.7 � 9.18, t = 6.1, d.f. = 638,
P < 0.001; Vegetation: 31.8 � 5.4 vs. 7.6 � 0.5,
t = 3.2, d.f. = 638, P = 0.001). This is further illus-
trated when we directly compare the total number
of individuals of the most abundant species from
both savannas (Australia: Iridomyrmex palli-
dus = 34258; Brazil: Pheidole fallax = 6646).

Species richness and species turnover

Despite markedly lower ant abundance, overall species
richness was far higher in Brazil (150 species) than in
Australia (93; Appendix S4). The species abundance
curves were extremely similar for the two faunas, with
the difference in overall richness being driven by
the number of rare species; there were 68 Brazilian
species occurring in <5 trees, compared with only 25
in Australia (c2 = 8.27; d.f. = 1; P = 0.003; Fig. 3).

Comparative species richness between Australia and
Brazil varied markedly with spatial scale, with similar
results for ground, arboreal and combined data.There
was no significant difference in the mean number
of species per pitfall trap (combined data: t = 1.48;
d.f. = 1278; P = 0.14), but the mean number of
species was significantly higher in Brazil than in
Australia at both the tree and transect scales
(combined data: t = 5.53; d.f. = 158; P < 0.001; and
t = 2.62; d.f. = 6; P = 0.04, respectively; Fig. 4).

Partitioning of total species richness (g diversity) in
each country revealed that all observed diversity par-
titions are significantly different from those expected
in a random distribution (Table 2). In both coun-
tries, the contribution to total diversity increased
with spatial scale, with variation among trees within
transects (b2) and among transects (b3) contributing a
combined 80%. However, variation among transects
was substantially higher in Brazil (48%) than Australia
(35%; Table 2). This can be explained by the greater
geographic distances between transects in Brazil, given
that species turnover at the transect scale increased
with distance between transects (Fig. 5).

DISCUSSION

Faunal composition

The Australian and Brazilian savanna faunas showed
remarkable compositional similarity at the subfamily
level in terms of relative contribution to species rich-
ness, despite the very low proportion of shared genera.
However, there were very marked intercontinental
differences in subfamily composition in terms of con-
tribution to relative abundance, with dolichoderines

Fig. 2. Non-metric multidimensional scaling (MDS)
showing differences in ant species composition between
ground and vegetation in the savannas of Australia (a) and
Brazil (b). Each point represents a different sampling unit
(‘tree’) where four pitfalls were placed on the ground and
four in the vegetation.
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(Iridomyrmex and Papyrius) being far more common in
Australia, and myrmicines (Pheidole and Solenopsis)
likewise in Brazil. This difference reflects the broader
ecological domination of Australian ant communities
by dolichoderines, which is unparalleled elsewhere in
the world and arguably represents the most significant
intercontinental ‘anomaly’ in ant biogeography and
community ecology (Andersen 1995). Although the
Brazilian species of Pheidole and Solenopsis can be con-
sidered as ecologically dominant ants, it is not a simple
case of ecological equivalence to behaviourally domi-
nant dolichoderines of Australia, as the myrmicines
are functionally quite different in terms of their
(lower) rates of activity and abundance (see below).

Ground-nesting behaviourally dominant doli-
choderines (species of Dorymyrmex) occur in Brazilian
savannas, but they tend to be minor components of ant
communities in terms of abundance and behavioural
dominance (Campos et al. 2006 unpubl. data).

There is also a major functional difference in the
composition of the Australian and Brazilian savanna
faunas in terms of nest location. The ground-active
and arboreal faunas were quite distinct from each
other in both countries, but especially so in Brazil,
which had a dramatically higher representation of tree-
nesting species. In Brazil, nearly 50 species collected
on trees (representing more than 60% of total ants)
have arboreal nests; whereas there were only five
arboreal species, representing 11% of total ants, in
Australia. Other studies have shown that arboreal ant
fauna in Australian savannas contain few tree-nesting
species and are dominated by ground-nesting species
(Majer 1990; Andersen 2000; Andersen et al. 2006),
and that Brazilian savannas have a high diversity
of specialist arboreal ants (Ribas et al. 2003; da Silva
et al. 2004; Vasconcelos &Vilhena 2006; Campos et al.
2008). However, this is the first time that such differ-
ences have been explicitly examined and quantified.

Tree-nesting in Brazil occurs in a range of sub-
families, all of which occur in Australia, and in many
genera, so this intercontinental contrast cannot be
attributed to phylogenetic constraints.The most likely
explanation lies in the contrasting biogeographic
and evolutionary histories of the Australian and
Brazilian savanna faunas. Australian savannas are
biogeographically and evolutionarily associated with
arid lands (Horton 1984), which characteristically
have few specialist arboreal ants (Greenslade 1979;
Andersen 2003). In contrast, Brazilian savannas are
biogeographically and evolutionarily associated with

Fig. 3. Frequency–dominance curves showing the proportion of species sampled on less than 5% of the ‘trees’ in the Australian
and Brazilian savannas. The species were ranked in order of frequency (n = 80 ‘trees’ by savanna).

Fig. 4. Mean (�SE) number of ant species at three dif-
ferent spatial scales: pitfalls (n = 640), ‘tree’ (n = 80) and
transect (n = 4) in the Australian and Brazilian savannas. In
each case, the symbols above the bars indicate significant
differences (P < 0.05). Very similar results were shown when
ground and arboreal results were analysed separately, and so
these have not been presented.
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rainforests (Redford & Fonseca 1986), which charac-
teristically support many arboreal specialists (Wilson
1959; Brühl et al. 1998; Longino et al. 2002). This
explanation is supported by the fact that 22 of the
genera that we collected in Brazilian savanna are of
rainforest origin, accounting for 61 species, compared
with just three genera and three species in Australia.

Ant abundance

Overall ant abundance was almost three times higher
in Australia than in Brazil, both on the ground and on
trees.This difference is consistent with the remarkably
high ant productivity of arid, semi-arid and seasonally
arid Australia (Andersen 2003), but this is the first
time that standardized quantitative data have been
obtained to document this difference. More specifi-
cally, much of the intercontinental difference is due to
an extraordinarily high abundance of dolichoderines in
Australia. Species of Iridomyrmex alone contributed to

nearly 40% of total ant abundance in Australia, and
the most common species in Australia (Iridomyrmex
pallidus) was five times more abundant than the most
common Brazilian species (Pheidole oxyops).

Extremely high ant productivity in Australia, and in
particular the exceptional abundance of behaviourally
dominant dolichoderines, has been linked to low soil
fertility acting through the provision of liquid carbohy-
drates (Andersen 2003). Behaviourally dominant
Iridomyrmex and other dolichoderines require liquid
carbohydrates in the form of nectar or honeydew to
maintain their large colony sizes and high rates of
activity, as is the case for behaviourally dominant ants in
general (Davidson 1997). Indeed, access to such liquid
carbohydrate is the fundamental reason why ground-
nesting dolichoderines are so abundant in trees in
Australia. The availability of liquid carbohydrate is
strongly promoted by low soil fertility, as plants are
limited by nutrients rather than by their ability to
photosynthesize carbohydrate (Mattson 1980), such
that Australia’s characteristically infertile landscapes
provide bountiful carbohydrate resources (Stafford-
Smith & Morton 1990). Comparative data on the avail-
ability of liquid carbohydrates in Australia and Brazil
are unavailable. However, despite being relatively infer-
tile, Brazilian savanna soils are richer in nutrients than
in Australian savannas (Montgomery & Askew 1983),
and we speculate that carbohydrate resources for ants
might be lower in Brazil than Australia.

Species richness and turnover

Species richness was similar in Brazil and Australia at
the pitfall scale, but was higher in Brazil at all larger
scales. This parallels result from a comparative study
of harvester ants in Australian and North American
deserts, where richness was similar at small scales, but
very considerably higher in Australia at larger scales as

Table 2. Additive partitioning of total ant species richness in Brazil and Australia into their alpha and beta components, using
combined ground and arboreal data

Country Diversity component Observed (% of total) Expected P

Australia a (within pitfalls) 4.18 (4.49) 3.91 <0.001
b1 (among pitfalls) 11.73 (12.61) 17.31 <0.001
b2 (among trees) 44.59 (47.95) 53.54 <0.001
b3 (among transects) 32.50 (34.95) 18.24 <0.001
g (total diversity) 93 92.99

Brazil a (within pitfalls) 4.29 (2.86) 3.80 <0.001
b1 (among pitfalls) 15.16 (10.11) 15.60 <0.001
b2 (among trees) 58.80 (39.20) 54.78 <0.001
b3 (among transects) 71.75 (47.83) 50.01 <0.001
g (total diversity) 150

The P-values were obtained by comparing the observed values of each diversity component with expected values generated
through 1000 randomizations of the dataset.

Fig. 5. Dissimilarity (Simpson index) in ant species com-
position between transects plotted against the geographical
distance between the respective pair of transects.
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a result of a larger regional species pool and higher
species turnover (Morton & Davidson 1988).However,
in our study the far higher total richness observed
in Brazil (150 cf. 93 species) was influenced by its
greater geographic separation of transects, which
inflated species turnover among transects. We also
acknowledge that our data are limited to single regions
in each country.Therefore, further sampling is required
both to assess continental differences in species turn-
over at larger spatial scales, and to verify the generality
of our findings across the broader savanna biomes.

Nevertheless, the fact that local species richness
varies markedly between such environmentally
matched biomes indicates that comparative diversity is
strongly influenced by regional factors (Andersen
2008). The most obvious regional factor is the avail-
able species pool, which explains comparative ant
species richness in Australia and North America
Andersen (1997b). In our study, comparative richness
can be explained by the very large regional pool of
rainforest taxa, including very many arboreal species
in Brazil, a species pool that is virtually absent
from savanna landscapes in Australia. Indeed, if
species from rainforest taxa are excluded, the total
number of species we recorded in Brazil (89) is almost
identical to that in Australia (90). We have previously
noted that Brazilian savannas are surrounded by vast
expanses of tropical rainforests, the Amazon to the
north and the Atlantic to the south, and that the evo-
lutionary history of the savanna biota is embedded
in expansions and retractions of rainforest (Redford
& Fonseca 1986; Silva & Bates 2002). Such history is
considered to be a major driver of the high local and
regional diversity of birds (Silva 1997), mammals
(Redford & Fonseca 1986) and hawkmoths (Amorim
et al. 2009) in Brazilian savannas, and this also appears
to be true for ants. In addition, within Brazilian
savanna landscapes there are many intrusions of
gallery and other mesophytic forests that are extremely
rich in forest ant species (Lopes & Vasconcelos 2008),
whereas Australian savanna landscapes contain very
small and isolated forest patches, and these support
a depauperate ant fauna (Andersen et al. 2007).

In addition to specialist arboreal species, tropical
rainforests also support a great diversity of cryptic
species associated with the soil-litter interface (Ward
2000). Very few such species were recorded in our
study, but cryptic ants are not well represented in
pitfall samples. Australian savannas have a very dep-
auperate cryptic ant fauna (Andersen 2000; Andersen
et al. 2006), while in the savannas of Brazil cryptic
species of the genera Gnamptogenys, Hylomyrma,
Hypoponera, Prionopelta, Rogeria and Strumigenys are
often collected by sorting the leaf-litter (Lopes & Vas-
concelos 2008). Consideration of cryptic taxa would
therefore likely amplify intercontinental differences in
savanna ant faunas driven by biogeographical context.

In addition to biogeographical context, there are two
ecological factors that potentially contribute to higher
ant diversity in Brazilian compared with Australian
savannas.The first is a difference in structural complex-
ity of savanna vegetation. Vegetation structure in Aus-
tralian savanna woodlands is often strongly bimodal,
with a poorly developed mid-storey. Moreover, Austra-
lian savannas are often dominated by just one or two
tree species, such as Eucalyptus tetrodonta and E.miniata
(Mott et al. 1985). In contrast, Brazilian savanna wood-
lands are multilayered (Ribeiro &Walter 1998; Campos
et al. 2008), which might promote ant richness through
greater habitat heterogeneity (Ribas et al. 2003). Simi-
larly, Brazilian savannas have greater tree species rich-
ness (Oliveira-Filho & Ratter 2002) – we recorded a
total of 41 tree species in Brazil, compared with only 19
in Australia. This might also contribute to greater ant
species richness in Brazil, especially because there is a
positive relationship between the number of tree species
and ant richness in Brazilian savanna (Ribas et al.
2003). However, there is no evidence that ant richness
varies substantially with tree richness or vegetation
structural complexity in Australian savannas. Indeed,
transect 1 had lowest ant richness (45, compared with
62–68 at others) despite its high vegetation complexity,
and the relatively high tree richness at sites 1 and 4
(Table 1) was not associated with higher ant richness.
This suggests that the relationship between tree and ant
species richness in Brazil (Ribas et al. 2003) is contin-
gent upon the regional availability of forest species, and
especially tree-nesting specialists.

The second ecological factor potentially contri-
buting to the observed intercontinental differences in
ant richness is the higher abundance of behaviourally
dominant ants, and therefore possibly higher rates
of competitive exclusion, in Australia. However, this
seems unlikely for two reasons. First, differences
in competitive exclusion would affect comparative
species richness at small spatial scales, whereas the
differences we have revealed operate at larger spatial
scales. Second, although competition from dominant
ants can strongly affect foraging success of subordinate
species, there is little evidence that it prevents such
species from occurring (Gibb 2003; Andersen 2008).
Indeed, within Australia there is a positive relationship
between the abundance of behaviourally dominant
dolichoderines and species richness (Andersen 1995).

Concluding remarks

Our study has revealed scale-dependent differences
in species richness between savanna ants in Australia
and Brazil. Species richness was similar at very small
(pitfall trap) scales, but was increasingly higher in
Brazil with increasing spatial scale.We have attributed
these intercontinental differences in part to biogeo-
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graphical and historical factors in Brazil that have led
to a large regional pool of species of rainforest origin.
This further underlines the importance of biogeo-
graphical context when analysing ant communities,
and further highlights the importance of processes
acting at regional scales in determining species rich-
ness in ant communities (Kaspari et al. 2003; Parr
et al. 2005; Andersen 2008).

Our study has compared savanna faunas at the
highest end of the savanna rainfall gradient, and con-
cluded that the large regional pool of rainforest taxa in
Brazil has been a major factor contributing to higher
species richness in Brazil compared with Australia.We
would therefore predict that the intercontinental dif-
ferences in species richness would diminish, and even
be reversed, for savannas in lower rainfall zones. This
is because the prevalence of rainforest taxa would
be expected to decline with decreasing rainfall, with a
concomitant favouring of arid-adapted taxa. Such a
climatic shift would strongly change relative richness
in Australia’s favour. This would suggest that not only
are cross-continental comparisons of species richness
scale-dependent, but they are also likely to vary with
the climate zone under investigation.
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