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Abstract: Competition and facilitation are expected to leave different signatures in the pattern of species co-occurrence. Competition
may result in a given species pair occurring less often than expected by chance, whereas facilitation may result in a given species pair
occurring more often than expected by chance. We assessed the co-occurrence of pairs of herbaceous and shrubby species in Brazilian
savannas, asking (1) whether a given species pair occurs more often than expected by chance, (2) whether the number of species pairs
in sites with frequent fires is higher than expected by chance, (3) whether the difference in the functional traits of heterospecific pairs
is lower in sites with frequent fires, and (4) whether small environmental variations in each site — instead of species interactions — could
explain the co-occurrence of species. We used null models to answer the first two questions, analyses of variance to answer the third
question, and detrended correspondence analyses to answer the fourth question. In all studied sites, approximately half of the heterospe-
cific pairs occurred more often than expected by chance. So, facilitation seems to be important in determining the co-occurrence of
some species in Brazilian savannas. However, high fire frequencies changed the pattern of occurrence of the species pairs, resulting in
a spatial signature indistinguishable from random. Frequent fires also promoted phenotypic clustering of species. Nevertheless, wher-
ever fire frequency is reduced, competition may lead to phenotypic overdispersion of plant species. Thus, less harsh environmental

conditions in savannas may increase the competition among plant species.

Introduction

Competition and facilitation are important ecological in-
teractions determining species coexistence in plant commu-
nities (Callaway and Walker 1997, Grime 2001, Bruno et al.
2003, Butterfield 2009, Lamb et al. 2009). Competition oc-
curs when neighbouring plants share the same light, nutrient,
and space requirements (Grime 1973, 2001). Facilitation oc-
curs when one plant species ameliorates the local environ-
ment for another, especially under harsh environmental con-
ditions (Callaway 1995, Bruno et al. 2003). However, these
ecological interactions are expected to be more evident
within small neighbourhoods, because plants, as sessile or-
ganisms, only interact directly with nearest individuals (Stoll
and Weiner 2000, Hubbell et al. 2001). Thus, competition
and facilitation should leave different signatures in the pat-
tern of co-occurrence of species at small spatial scales (Stoll
and Weiner 2000, Perry et al. 2009). As competitively infe-
rior species are unable to persist in the neighbourhood of
competitively superior species, a lower number of co-occur-
ring species than expected at random may arise from compe-
tition (Lieberman and Lieberman 2007, Perry et al. 2009).
On the contrary, a higher number of co-occurring species
may arise from facilitation (Cavieres et al. 2002, Arroyo et
al. 2003, Cavieres and Badano 2009).

A straightforward way to evaluate whether competition
or facilitation is predominant among species pairs in a com-

munity is considering the frequency of occurrence of neigh-
bour pairs (Perry et al. 2009, Azaele et al. 2010). In other
words, how often is the nearest neighbour of species i a mem-
ber of species j? The frequency at which two species are
neighbours is influenced by the kind of interaction between
them (Grime 2001, Bruno et al. 2003) and their relative abun-
dances (Perry et al. 2009). Thus, facilitation may result in a
given pair of species occurring more often than expected by
chance (Dullinger et al. 2007, Lieberman and Lieberman
2007, Maestre et al. 2008), whereas competition may result in a
given pair of species occurring less often than expected by
chance (Gotelli and Ellison 2002, Gotelli and Rohde 2002).

The outcome of competition and facilitation is frequently
influenced by variation in the abiotic environment, and
within a given habitat, the environmental conditions can vary
through time, also influencing the outcome of biotic interac-
tions and driving community dynamics (Butterfield 2009).
Likewise, the intensity and importance of these biotic inter-
actions vary spatially along gradients of environmental stress
or resource availability (Greenlee and Callaway 1996, Gold-
berg and Novoplansky 1997), hereafter referred to as ‘envi-
ronmental harshness’ (sensu Brooker et al. 2008). In plant
communities, for instance, competition and facilitation are
supposed to occur simultaneously among different species
and to change as the age of the community advances. Seed-
lings may use larger individuals as ‘nurses’, but compete
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with them when they become adults (Verdu and Valiente-
Banuet 2008). Notwithstanding, empirical studies have dem-
onstrated that facilitation increases with environmental
harshness, whereas competition prevails under more benign
conditions (that is, the stress-gradient hypothesis; Bertness
and Callaway 1994, Greenlee and Callaway 1996, Brooker
et al. 2008). As a consequence, the pattern of co-occurrence
of plant species at small spatial scale is also expected to
change when the environmental conditions change (Collins
and Klahr 1991). The number of occurrences of pairs of
neighbouring plant species should be, hence, greater than ex-
pected by chance in communities that experience an increas-
ing environmental harshness (Lieberman and Lieberman
2007, Perry et al. 2009).

The assessment of the functional traits of species is also
important to infer whether competition determines the co-oc-
currence of heterospecific pairs of plant species. At small
spatial scales, plant species compete directly for limited soil
nutrients (Hubbell et al. 2001, Grime 2001, Lamb et al.
2009). Such a competition is higher among species that have
similar niches and consequently share more morphological
and physiological characteristics, that is, share more func-
tional traits (Weiher et al. 1998, Grime 2001). Thus, wher-
ever competition is predominant, neighbouring heterospeci-
fic pairs of plants are expected to differ more than expected
by chance in functional trait values (Weiher and Keddy 1995,
Weiher et al. 1998).

In South America, the largest savanna region is the Bra-
zilian cerrado (Gottsberger and Silberbauer-Gottsberger
2006). Like its counterparts elsewhere, the cerrado vegeta-
tion evolved with fire and, consequently, its plant species
have well-developed capabilities of regenerating, either
vegetatively or by seed (Coutinho 1990, Gottsberger and Sil-
berbauer-Gottsberger 2006). Even though most fires in cer-
rado occur at the surface, by consuming mainly the herba-
ceous layer of the vegetation (Miranda et al. 1993), frequent
burnings favour the herbaceous and shrubby species, due to
their underground meristems, at the expense of trees
(Moreira 2000, Gottsberger and Silberbauer-Gottsberger
2006). Many herbaceous species have the reproductive out-
put increased by recurrent fires (Sarmiento 1992), and the
persistence of some species in the community depends on
high fire frequency (Canales et al. 1994).

Near neighbour interactions have been recently exam-
ined in forests (Lieberman and Lieberman 2007) and
shrublands (Perry et al. 2009). These studies did not corrobo-
rate the stress-gradient hypothesis. Perry et al. (2009) argued
that a great number of species pairs in rich plant communities
are unlikely to occur, because the species are present at low
densities in samples. In this case, most of near neighbour
pairs are represented by a small fraction of species and, by
chance alone, the number of observed possible pairs is lower
than the theoretical maximum. Nevertheless, these previous
studies did not evaluate explicitly the stress-gradient hy-
pothesis, considering the species interactions along an envi-
ronmental harshness gradient. Studies conducted in altitudi-
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nal (Choler et al. 2001) and moisture (Holzapfel et al. 2006)
gradients have demonstrated that the frequency of facilitative
interactions increases with the environmental harshness.

Here, we tested whether an annual fire frequency
changes the pattern of co-occurrence of herbaceous and
shrubby species in cerrado, taking into account the near
neighbours. Based on the stress-gradient hypothesis
(Brooker et al. 2008), we expected that annual fires would
increase the co-occurrence of pairs of herbaceous and
shrubby species and assemble neighbouring species with
similar functional traits. In sum, we answered (1) whether a
given species pair occurs more often than expected by
chance, (2) whether the number of species pairs in sites with
frequent fires is higher than expected by chance, (3) whether
the difference in the functional traits of the heterospecific
pairs is lower in sites with frequent fires, and (4) whether small
environmental variations in each site — instead of species inter-
actions — could explain the co-occurrence of species.

Methods

Study site

We surveyed three spatially proximate cerrado sites in
Emas National Park (ENP), central Brazil (17°49°-18°28°S;
52°39°-53°10°W). The ENP comprises 132,941 ha and is one
of the largest and most important reserves of Cerrado
(Unesco 2001). Regional climate is humid tropical, charac-
terised by marked rainfall seasonality, with a pronounced dry
season in the winter (Aw, Koppen 1931). Annual rainfall and
mean temperature lie around 1,745 mm and 24.6°C, respec-
tively. In general, the soils are poor in nutrients, well drained,
and acid (Silva and Batalha 2008). Up to 1984, the ENP was
annually burned in the dry season to promote forage re-
growth to cattle (Franca et al. 2007). Afterwards, the ENP
was fenced, and a fire exclusion policy was established (Ra-
mos-Neto and Pivello 2000). As a consequence, catastrophic
fires used to occur every 3-4 years, burning 80% of the park’s
area (Ramos-Neto and Pivello 2000). Since 1994, around 10
km? of preventive firebreaks have been burned annually at
the end of the wet season, and a fire brigade works in the park
during the dry season to prevent anthropogenic fires. Thus,
there are currently few occurrences of anthropogenic fires in-
side the ENP (less than 2.2% of the burned area from 1994
to 2003), and the largest wildfires burn less than 30% of the
total area (Franga et al. 2007).

Data collection

In the late rainy season of 2006, we sampled the plant
species of the herbaceous layer in three nearby sites with dif-
ferent fire frequencies, but with similar physiognomies
(grassland cerrado), on the same soils (Oxisols), in the south-
castern portion of the ENP. The first and second sites were
firebreaks, one burned annually since 1994 (18°18°50°’S and
52°54°00°°W) and other burned approximately biennially
since 1994 (18°19°01°’S and 52°54°10°’W). The third site
was a protected cerrado, without fires since 1994
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(18°17°28°’S and 52°53°41°°W). The sites were distant less
than 2 km apart.

In each site, we placed a 1,250 m line, with 125 points,
10 m apart. In each point, we sampled four individuals in the
herbaceous layer with the point-quarter method (Mueller-
Dombois and Ellenberg 1974), summing up 500 individuals
in each site. We defined the herbaceous layer as all herba-
ceous individuals and all woody individuals with stem di-
ameter at soil level lower than 3 cm. We did not sample seed-
lings, defined as those individuals with cotyledons. In
cerrado, most plant species present clonal growth from sub-
terranean organs (Gottsberger and Silberbauer-Gottsberger
2006), so that it is occasionally hard to distinguish ramets and
genets in field. We tried to minimise this problem counting
only those individuals that did not present clear connections
to other sampled individuals at soil level. We identified the
individuals sampled by comparing the collected material to
reference collections from ENP (Batalha and Martins 2002)
and vouchers lodged at the State University of Campinas her-
barium. When identification at species level was not possi-
ble, we classified them as morphospecies.

Data analyses

First, we described the distribution of species abun-
dances in the three sites to characterise the general structure
of the plant community, considering all individuals sampled.
For each site, we constructed a graph in which we plotted the
relative abundance of species against species abundance rank
order (Fig. 1). Then, in each sampling point, we considered
that each individual could interact potentially with the other
three individuals. Accordingly, we obtained six different
pairs of co-occurring individuals per sampling point, sum-
ming up 750 pairs of plants in each site. First, we calculated
the theoretical maximum number of species pairs for each
site, computing the simple formula S(S—1)/2, where S was
the total number of species. Then, we computed for each site
the observed frequency of all possible ij species pairs.

To answer our first question, we generated a distribution
of expected frequencies for each potential ij species pair in
each site. We followed the null model proposed by Lieber-
man and Lieberman (2007), in which the combinations of
species pairs in a site reflect a process of random sampling
from the community: (1) we picked two plants at random,
with replacement, from the complete list of individuals of the
site; (2) we recorded the species identities of the pair and, if
this randomly picked pair matched the ij species combination
under consideration, we counted it; and (3) we repeated these
steps until the number of pairs drawn was equal to the
number of pairs in the site. We repeated this procedure 1,000
times, producing a null distribution of 1,000 expected counts
for a given ij species combination.

To deal with a potential bias of the non-independence of
the pairs at each sampling point, we also ran the previous
analysis considering only two random pairs of individuals
per point. So, we picked randomly two pairs of individuals
without replacement at each point, summing up 250 pairs of
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plants in each site. In this second null model, we considered
the highest number of species pairs picked by chance in each
site for 1,000 randomisations. Then, we compared the fre-
quency of these species pairs with a distribution of expected
frequencies for each potential ij species pair in each site, as
described above.

We used a Monte Carlo procedure to evaluate whether
the observed number of species pairs in each site was differ-
ent than expected by chance. We used the following proce-
dure: (1) we computed the observed number of species pairs
in each site; (2) we randomised the individuals in the sam-
pling points and recorded the number of random pairs; (3) we
repeated these steps 1,000 times and estimated a random
mean and SD for the null communities; and (4) we calculated
pseudo P-values for the observed number of species pairs to
compare null and observed community characteristics. We
also repeated this procedure considering only the conspecific
pairs.

To answer our third question, we measured three func-
tional traits: basal area, plant height, and specific leaf area. In
each site, we sampled ten individuals of each species to esti-
mate the mean of the functional traits. When there were not
ten individuals of a given species, we used all individuals
sampled. Basal area is a trait related to space occupation and
resource acquisition (Navas and Moreau-Richard 2005).
Plant height is associated to competitive ability, fecundity,
and tolerance to stress (Cornelissen et al. 2003). Specific leaf
area is positively related to maximum photosynthetic rates,
since low values of it correspond to a high leaf structure in-
vestment (Cornelissen et al. 2003). We measured these traits
according to Cornelissen et al. (2003). We calculated the leaf
area with the ImagelJ software (Rasband 2004). Then, we
compared the absolute value of the differences in functional
trait values of the heterospecific pairs of each site with an
analysis of variance, followed by a Tukey test. The term
‘phenotypic clustering’ refers to high trait similarity among
neighbouring species, whereas the term ‘phenotypic overdis-
persion’ refers to low trait similarity among neighbouring
species (Weiher et al. 1998).

Finally, to answer our last question, we constructed a de-
trended correspondence analysis (Jongman et al. 1995),
which allowed us to observe how spread species and sites
scores were in the multivariate space. With this approach, we
evaluated whether theoretical environmental variables could
explain patterns of co-occurrence of species within sites. We
ran all analyses in the R environment (R Development Core
Team 2009). The R functions we wrote are available in
http://www.cerradoecology.com.

Results

We found 97 species in the three sites; 58 species in the
annually burned site, 50 species in the biennially burned site,
and 62 species in the unburned site (Appendix 1). The distri-
bution of species abundances in the three sites was similar,
with the dominance of few species, such as Axonopus suffil-
tus and Tristachya leiostachya (Fig. 1).
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With the first null model, we found 182 species pairs in
the annually burned site, 168 in the biennially burned site,
and 221 in the unburned site. These values were proportion-
ally much lower than expected by the theoretical maximum
number of species pairs (1,711 for the annually burned site,
1,275 for the biennially burned site, and 1,953 for the un-
burned site). They represented 10.63, 13.17, and 11.31% of
the theoretical maxima for the three sites respectively. More-
over, in the second null model, we found 101 pairs in the an-
nually burned site, 97 pairs in the biennially burned site, and
127 pairs in the unburned site. These values accounted for
5.90, 7.60, and 6.50% of the theoretical maxima for the three
sites respectively.

When we analysed each observed pair of species with the
first null model, we found few pairs that occurred less often
than expected by chance (two pairs in the annually burned
site and three pairs in other sites (Appendix 2). However, ap-
proximately half of the observed heterospecific pairs in each
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Figure 1. Rank-abundance curves of the herbaceous species
found in three cerrado sites under different fire frequencies in
Emas National Park, central Brazil.
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site were very frequent. The observed frequencies of 50.9%
of the heterospecific pairs in the annually burned site, 32.5%
in the biennially burned site, and 45.5% in the unburned site
were significantly higher than expected by chance (P < 0.05,
Appendix 2). We found similar results with the second null
model, given that one single pair occurred less often than ex-
pected by chance in the annually burned site, and two pairs
in the biennially burned site (Appendix 3). Accordingly,
35.9,42.8, and 41.2% of the observed heterospecific pairs in
the annually burned, biennially burned, and unburned sites
occurred at frequencies higher than those expected by chance
(P <0.05, Appendix 3).

The total number of observed pairs in the unburned site
was significantly lower than expected by chance (mean of
null pairs = 253.6 + 9.7, P < 0.001). Nevertheless, the total
numbers of observed pairs in the sites with high fire frequen-
cies were not different from random (mean of null pairs =
195.7 £ 9.3, P=0.110 for the annually burned site, mean of
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Figure 2. Detrended correspondence analysis of herbaceous
species abundances in three cerrado sites under different fire
frequencies at Emas National Park, central Brazil. Open black
circles are species scores, and crosses are site scores.
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Table 1. Mean differences + standard deviations in basal area (cmz), height (cm), and specific leaf area (m2 kg'l) between neighbour-
ing species of herbaceous plants in cerrado, Emas National Park, central Brazil. Different letters indicate significant differences be-
tween means (o = 0.05) in the annually burned site, the biennially burned site, and in the site unburned since 1994.

Functional trait Annually Biennially Unbumed - B P
Basal area 3.562" £ 6.446 2.248" + 6,120 3.22% + 5.048 2.143 0.118
Height 19.782" + 14.281 19.677"+ 12.831 22,042+ 17.657 1388 0.25

Specific leaf area  36.284" £ 32.909  70.781"+ 81.244  70.610°+71.063 15083 0.001

null pairs = 177.0 + 8.2, P = 0.240 for the biennially burned
site). On the other hand, the total numbers of conspecific
pairs in all sites were significantly higher than expected at
random (P < 0.001). We observed 266 conspecific species
pairs in the annually burned site (mean of null pairs = 202.1
+ 12.7), 194 in the biennially burned site (mean of null pairs
=101.3 + 9.6), and 180 in the unburned site (mean of null
pairs = 103.7 £ 9.6).

We also found a significant difference in the values of
specific leaf area of neighbouring heterospecific pairs (F =
15.083, P <0.001). The neighbouring plant species in the an-
nually burned site presented a mean difference in the values
of specific leaf area (36.284 m’ kg'l), lower than neighbour-
ing species in the biennially burned (70.781 m’ kg']) and un-
burned sites (70.610 m’ kg'l). The mean difference between
biennially burned and unburned sites was not significant.
When we analysed the other functional traits, we also did not
find differences among the sites (Table 1, F =2.143 for basal
area and F = 1.388 for plant height, P > 0.100 for all com-
parisons).

The site scores in the detrended correspondence analyses
were somewhat spread along the first two axes (Fig. 2), indi-
cating that the species composition in the point-quarters
along transects were different. This is an indication of envi-
ronmental heterogeneity within sites, which may influence
the species co-occurrences differently from expected at ran-
dom. However, the detrended correspondence analyses did
not show any particular clustering of species scores and the
overall distribution of species scores in the multivariate space
was quite overlapped. Thus, species interactions, rather than
local environmental variations, are likely to explain the co-
occurrence of species.

Discussion

Our results supported that more benign environmental
conditions in cerrado may increase the competition among
species plants. Although high fire frequencies did not assem-
ble more pairs of species as predicted by stress-gradient hy-
pothesis (Brooker et al. 2008), they may diminish the
strength of competitive exclusion among plants, resulting in
co-occurrences of species indistinguishable from random.
Frequent fires also promoted phenotypic clustering of herba-
ceous species in cerrado. So, wherever fire frequency is re-
duced, competition may lead to phenotypic overdispersion of
plant species.

The observed number of pairs of neighbouring species
was lower than the expected maximum number for the cer-

rado sites. In other studies, this number was also very low
(Lieberman and Lieberman 2007, Perry etal. 2009). This dis-
crepancy is primarily due to differences in the relative abun-
dance of species plants (Appendix 1, Perry et al. 2009). If
there are many rare and few common species in the commu-
nity, chance alone would make it unlikely that rare species
would occur as neighbours (Lieberman and Lieberman
2007). As long as pairs of neighbouring species are deter-
mined to a certain extent by chance (see also Hubbell 2001),
the reciprocal selective pressures acting on species are de-
pendent on community context (Perry et al. 2009). Conse-
quently, the interactions between species may be the product
of a diffuse rather than a specific pairwise selection. Diffuse
evolution among plants has been also evoked to explain the
tolerance of saplings to a large number of neighbouring tree
species in tropical forests (Uriarte et al. 2004). Further stud-
ies should consider competition and facilitation as a network
of species in the community to place the ecological interac-
tions in an appropriate evolutionary context (Johnson and
Stinchcombe 2007, Verdu and Valiente-Banuet 2008)

If chance prevents most of plant species to interact with
each other, ecological interactions may not be important in
structuring the co-occurrence of plant species (Perry et al.
2009). However, a certain pattern emerges from that small
proportion of heterospecific pairs that occurred as neigh-
bours at frequencies different than expected at random. In the
three cerrado sites, approximately half of the heterospecific
pairs occurred more often than expected by chance and few
species pair occurred less often than expected by chance. In
forests and shrublands, most of the observed pairs also oc-
curred at higher frequencies than expected by chance (Lie-
berman and Lieberman 2007, Perry et al. 2009). These find-
ings indicate that facilitation is important in determining the
co-occurrence of some species in plant communities. In cer-
rado, this positive interaction seems to be more important be-
tween rare species, of which the pairs were more frequent
than rare-common species pairs (see Appendix 2).

The unburned cerrado showed a number of species pairs
lower than expected by chance, what is expected to occur
where competition is the predominant interaction among
species (Lieberman and Lieberman 2007, Perry et al. 2009),
since few species could survive in the neighborhood of com-
petitively superior species (Grime 2001, Lamb et al. 2009).
In addition, a decrease in the fire frequency promoted a phe-
notypic overdispersion of species relative to specific leaf
area. Phenotypic overdispersion is also expected when com-
petitive exclusion structures the community. Among neigh-
bouring plants, however, phenotypic overdispersion is
thought to be even higher (Weiher and Keddy 1995), because
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species compete directly for limited soil nutrients (Grime
2001). Evidence of competition promoting phenotypic
overdispersion among neighbours has been also found in
other plant communities (prairies — Fargione et al. 2003; sand
dunes — Stubbs and Wilson 2004; and tropical forests — Kraft
et al. 2008). Thus, competition seems to be predominant
when an environmental constraint is reduced, even though
facilitation continues to occur among some species pairs.

However, for basal area and plant height, we did not find
differences among the cerrado sites. Basal area and height are
traits associated with the growth forms of plants (Cornelissen
et al. 2003). Herbaceous and shrubby species present more
restricted range in the values of basal area and height than
trees, for instance. Thus, a clear pattern of phenotypic clus-
tering or overdispersion relative to these traits may not
emerge in the herbaceous layer of the savannas. On the other
hand, annual fires promoted a phenotypic clustering of her-
baceous plants, because frequent fires acting as an environ-
mental filter select those species that can survive within a
community on the basis of their tolerance to the abiotic con-
ditions (Weiher and Keddy 1995). Consequently, they tend
to assemble co-occurring species with similar niches, that is,
species with similar functional traits (Fukami et al. 2005).
Silva and Batalha (2010) have recently demonstrated that
frequent fires may assemble functionally similar woody spe-
cies in cerrado. In Mediterranean vegetation, high fire fre-
quencies also promote phenotypic clustering of plants
(Pausas and Verdua 2008). In other savannas (Williams et al.
1999, Silva et al. 2001), as well as in the California chaparral
(see Syphard et al. 2006 for reference), frequent fires
changed the plant functional types, favouring grass and shrub
species. Although frequent fires favour herbaceous plants at
the expense of woody ones (Moreira 2000), they reduce the
range of functional traits and the number of functional types
in fire-prone vegetation types, decreasing the overall func-
tional diversity of the plant community.

Frequent fires, however, did not assemble species pairs
at frequencies higher than expected by chance, favouring fa-
cilitation among plant species (Perry et al. 2009). Facilitation
has been documented in alpine, arid, and Mediterranean-type
plant communities (Brooker et al. 2008), that is, in environ-
ments that experience harsh abiotic conditions, as the savan-
nas. In these vegetation types, facilitation takes the form of
‘nurse plants’, in which larger plants act as favoured recruit-
ment sites for seedlings and for herbs by modifying microcli-
mate, or reducing herbivory or both (Callaway 1995,
Brooker et al. 2008). Here, we tested the stress gradient hy-
pothesis with herbaceous and shrubby species, which are af-
fected directly by fires in cerrado (Miranda et al. 1993). Con-
sequently, possible nurse effects of large woody species were
not captured by our analysis. Despite this bias, our results
showed that frequent fires may decrease the strength of com-
petitive exclusion among herbaceous plants, resulting in co-
occurrences of species indistinguishable from random. Fur-
ther studies in savannas should also assess the pairwise
co-occurrence between herbs and trees when testing the
stress gradient hypothesis.
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The number of conspecific pairs of species was higher
than expected at random in the three cerrado sites. In other
vegetation types, the number of conspecific pairs was also
higher than expected by chance (Perry et al. 2009, but see
Lieberman and Lieberman 2007). This general pattern is a
direct consequence of the spatial distribution of plant popu-
lations. In rich communities, most plant species present an
aggregated spatial distribution (Condit et al. 2000, Perry et
al. 2008). In cerrado, the spatial pattern of the populations is
not different (San Jose et al. 1991, Silva et al. 2009). Aggre-
gation of individuals of the same species is a response to
patchiness of favourable soil conditions or to dispersal limi-
tation (Condit et al. 2000). In cerrado, the conspecific aggre-
gation is increased by the clonal growth of the large majority
of their plant species (Gottsberger and Silberbauer-Gottsber-
ger 2006). So, frequent fires do not seem to change the
clumped pattern of spatial distribution of herbaceous species
and, consequently, the co-occurrence of conspecific pairs in
cerrado.

Moreover, it is worth noticing that the large dominance
of some grasses in the studied sites, such as Axonopus sufful-
tus and Tristachya leiostachya (Fig. 1), contributed largely to
the significance of the results. Nevertheless, dominance of
graminoid species are common features in other savannas
(San Jose et al. 1991, Sarmiento 1992, Canales et al. 1994),
so that the pattern in the co-occurrence of conspecific pairs
we found was consistent in other savannas as well.

Our results also supported that the species interactions,
rather than environmental heterogeneity, explain the co-oc-
currence of species pairs in cerrado. Other studies in temper-
ate forests (Cavender-Bares et al. 2006) and sclerophyllous
shrublands (Slingsby and Verboom 2006) also demonstrated
similar trends at fine spatial scales. Thus, even though small
variations in the environment might also influence the out-
come of competition and facilitation (Butterfield 2009), spe-
cies interactions seem to be the predominant ecological proc-
ess in the assembly of neighbour species pairs.

It is also important to notice that we could not include
genuine replications (sensu Hurlbert 1984) in our experimen-
tal design. In cerrado, where fire frequency is high, very few
sites protected from fire during a decade can be found
(Franga etal. 2007), so that replicated treatments may be hard
to obtain. Hence, other non-controlled variables differing be-
tween the cerrado sites may also account for a fraction of the
observed results.

In conclusion, the frequencies of neighbour species pairs
in cerrado, as in other vegetation types, follow mostly a dis-
tribution expected by chance. However, competition and fa-
cilitation may also influence the co-occurrence of herbaceous
and shrubby species. Among the heterospecific pairs that de-
parted from the frequency expected at random, facilitation
seems to be the predominant ecological interaction in cer-
rado. Competition, on the other hand, seems to take place in
the absence of an environmental constraint. Frequent fires
may hence decrease the strength of competitive exclusion
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among plants, resulting in random co-occurrences of neigh-
bouring species.
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Appendices

Appendix 1. Number of individuals of the species sampled in
Emas National Park, central Brazil.

Appendix 2. Observed herbaceous species pairs for which the
null hypothesis was rejected (o0 = 0.05) with the first null
model.

Appendix 3. Observed herbaceous species pairs for which the
null hypothesis was rejected (o = 0.05) with the second null
model.

The files may be downloaded from the web site of the pub-
lisher at www.akademiai.com.



