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Abstract: A great challenge in ecology is to link patterns in nature with the factors that determine species coexistence and
community structure. In general, these patterns have been associated with different environmental conditions and species traits.
The coexistence of ant species could be affected by the availability of food and nesting resources, which depend on vegetation
diversity and structural complexity. In this study, we attempt to reproduce, through null models, the properties of ant community
structure in areas with different physiognomy of vegetation associated to different wildfire regimes. The null model construction
considered ant traits such as occurrence frequency, body size, and nest type; and site characteristics such as vegetation height
and extra-floral nectar availability, and their combinations. The null models were compared to observed species segregation and
nestedness patterns. Ant species were more aggregated in space than expected by chance. Vegetation height and extra-floral nectar availability were included in the most successful models in predicting ant segregation and aggregation pattern. Furthermore,
ants’ body size was enough to reproduce the nestedness of species distribution in sites. Our results suggest that under post-fire
conditions, habitat complexity, resource availability and species traits such as body size may be the determinants of ant community structure.
Abbreviations: AIC–Akaike Information Criterion, B–Body size, CI–Confidence Interval, EFN–Extra-Floral Nectar, Eq–
Equiprobable, Fr–Frequency, GLMM–Generalized Linear Mixed Model, N–Nest type, O–Observed frequency matrix, V–
Vegetation height.

Introduction
A great challenge in ecology is to link the patterns observed in nature with the multiple processes or factors that,
individually and in combination, determine the structure of
communities (Agrawal et al. 2007). Different patterns of species distribution have been identified in nature. For example,
nestedness reflect that species-poor assemblages are proper
subsets of the richer ones (Patterson and Atmar 1986), while
checkerboard patterns are found when species co-occur less
than expected by chance (Stone and Roberts 1990). These
patterns of species distribution have been associated with different environmental conditions and species traits (Leibold
and Mikkelson 2002, Almeida-Neto et al. 2008).
Processes such as random dispersal and stochastic local
extinction have been found to be the factors governing species
assembly in ecological communities (e.g., Krishna et al. 2008,
Vázquez et al. 2009). In those cases, the most abundant species are more likely to occur across space than the less abundant ones (Hubbell 2001). On the other hand, the niche theory
(Hutchinson 1957) was also applied to explain species distribution, competitive interactions, and community assembly
(Bar-Massada et al. 2014). Accordingly, the ecological context
(e.g., environmental conditions and species composition) in

combination with individual phenotypes could also determine
the occurrence and abundance of species and, consequently,
the community structure (Holt 1977, Levine and Rees 2002).
Ants are frequently studied in community ecology due to
their dominance in terms of number, biomass and ecological
function (Hölldobler and Wilson 1990). In ant communities,
interspecific competition is an important factor determining
ant species spatial pattern and richness, being the ‘hallmark’
in ant ecology (Hölldobler and Wilson 1990, Davidson 1998,
Parr and Gibb 2010). Although competition occurs in ant
communities, this process may not always be the key factor in
determining community configuration; in fact, other factors
should be taken into account to explain ant species distribution and coexistence (Ribas and Schoereder 2002, Andersen
2008, Cerdá et al. 2013).
Several studies have shown that vegetation regulates
microclimatic conditions (Retana and Cerdá 2000, Arnan et
al. 2006), the availability of food and nesting sites (Ribas
et al. 2003, Fagundes et al. 2015), and could affect the cooccurrence of ant species and species composition (Powell
et al. 2011, Paolucci et al. 2017). It was demonstrated that
food and nesting resources diversity, and the availability of
living space in structurally complex habitats decrease the monopolization of space by aggressive species. Consequently,
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the foraging success of submissive species is improved, allowing the coexistence and supporting more ant species than
simplified habitats (Gibb and Parr 2010, Koptur et al. 2010,
Sendoya et al. 2016). Accordingly, the presence and density
of extra-floral nectary bearing plants (EFN) have a strong influence on the diversity and distribution of melivorous and
omnivorous ants (Blüthgen et al. 2000, Díaz-Castelazo et al.
2004, Dáttilo et al. 2015).
Environmental disturbances like wildfires can affect the
spatial distribution of species, changing the composition of
assemblages (Philpott et al. 2010, Arnan et al. 2013). The effect of fire on ant communities may depend on the magnitude of changes in vegetation (Farji-Brener et al. 2002, Parr
et al. 2004, Arnan et al. 2006, Paolucci et al. 2017) and on
the ability of ants to cope with burned areas, which may become hotter, poorer in resources and simpler habitat structure
than unburned sites (Arnan et al. 2007, 2013, Fagundes et
al. 2015). These changes may, therefore, benefit some species over others and, consequently, affect ant assemblages
(Andersen 1991, Farji-Brener et al. 2002). Accordingly, the
spatial distribution of ant species among sites should reflect
their response to environmental characteristics in combination with ant species traits.
Body size is a trait closely associated with the physiology, behavior, reproduction, and survival time of organisms
(Wills et al. 2014). Large ant species have been associated
to open areas (Arnan et al. 2013), and some studies suggest
a positive relationship between heat tolerance and ants body
size (Hood and Tschinkel 1990, Kaspari 1993). Moreover, the
‘size-grain’ hypothesis posits that longer legs and larger body
size may act as an impediment in interstitial habitats, with
ants of these characteristics being more successful in simpler
habitats such as burned sites (Farji-Brener et al. 2004, Gibb
and Parr 2010). Therefore, heat tolerant ant species could occur in more sites than specialized ones.
In this study, we attempt to reproduce ant community
parameters and species distribution pattern in areas with
different vegetation physiognomy in fire disturbed habitats.
Specifically, we aim at understanding the role of ant frequency, body size, nesting type and particular features of
sites such as habitat complexity or food availability, and their
combinations, in the determination of community spatial patterns such as species segregation and nestedness.
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Materials and methods
Study area
The Sierras Chicas in Córdoba, Argentina, encompasses
the southeastern portion of Chaco Serrano District (Cabrera
1976), stretching in a north-south direction (from 31°05'S,
64°28'W to 32°05’S, 64°28'W), with an altitude range between 500 and 1947 m a.s.l. Climate is temperate semiarid,
with a mean annual temperature of 16.8°C and a monsoonal
rainfall regime. Average annual rainfall is 960 mm concentrated between October and March (spring and summer)
(Argañaraz et al. 2015a). The Sierras Chicas vegetation corresponds to the lower strata of the mountains, the Bosque
Serrano (500 to 1300 m a.s.l.), dominated by Lithraea molleoides (Vell.) Engl. And Zanthoxylum coco Gillies ex Hook. f.
et Arn. (Luti et al. 1979, Giorgis et al. 2011).
In this ecosystem, fire is one of the most important disturbances driven by climate (Argañaraz et al. 2015b) and human
activity, principally due to the use of fire to renew vegetation
for cattle raising (Abril and González 1999), urbanization and
tourism (Argañaraz et al. 2015a). In Córdoba mountains, fire
is the main factor associated with changes in vegetation physiognomy, floristic composition and soil properties (Giorgis et
al. 2013, Carbone and Aguilar 2016, Carbone et al. 2017). As
a result, sites that have suffered fire events in the last years are
characterized by the dominance of shrub woody species such
as Abutilon pauciflorum St. Hil., Acacia caven (Mol.) Mol.
and Colletia spinossisima J. F. Gmel., being different from
unburned forests with developed vertical structure (Giorgis et
al. 2013, Carbone et al. 2017).
Ant sampling
We selected eight sites with different vegetation physiognomy in the oriental slope of the Sierras Chicas. Three of
these sites had no fire events recorded since 1991 and five
areas had three or four years since the last fire in 2010. The
frequency of fire events in burned sites ranged from one to
four since 1991 (Fig. 1) (Giorgis et al. 2013, Argañaraz et
al. 2015a). All areas have the same slope exposure (N, NE,
and NW), altitude between 836 and 1000 m a.s.l., have similar livestock load and belong to the same phytogeographical

Figure 1. Location of selected
study sites of Chaco Serrano forest from central Argentina, with
different fire frequency ranging from unburned (A-C), once
burned (D), twice burned (E
and F), three times burned (G)
and four times burned (H) since
1991.
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region. Consequently, the physiognomic differences between
these sites could be related to their fire history (Giorgis et al.
2013).
In each site, we selected eight permanent plots of 25 m2
separated from each other by, at least, 20 m (64 plots in total).
Between November 2013 and April 2015, on four occasions
during the period of higher activity, two operators sampled
melivorous ants foraging on soil and vegetation in each plot
for 45 minutes. The collected ants were sorted to species
using taxonomical keys (Kusnezov 1978, Gonçalves 1961,
Ward 1990, Shattuck 1992, Wilson 2003, Quirán et al. 2004,
Palacio and Fernández 2013), and the aid of specialists (MSc.
Prof. Liliana Buffa). When the identification of individuals to
species level was not possible, we sorted specimens into genus level and assigned them to morphospecies as a surrogate
of taxonomic species. Voucher specimens were deposited
in the collection of Entomology Department, Universidad
Nacional de Córdoba, Argentina.
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To evaluate the association between fire frequency and
site characteristics, we performed Generalized Linear Mixed
Models (GLMM) analysis comparing the vegetation height
and EFN availability with fire frequency of each site and considering plots nested into sites as random factor, using the
nlme package in R v. 3.0.0 (R Core Team 2016).
Ant community structure

We evaluated the sufficiency of our sampling by calculating non-parametric estimators of species richness (Chao 2,
Jackknife 1 and 2, and ICE). Sample accumulation curves and
estimates of species richness were computed using EstimateS
v. 9 (Colwell 2009).

We described the co-occurrence pattern of ant species
according to two widely used parameters: C-score and nestedness. C-score represents the normalized mean number of
checkerboard combinations (i.e., sub-matrices of presenceabsence of the form (1,0,1,0)) in a matrix of Ispecies × Jsites.
C-score values close to 1 reveal segregation (e.g., through
competition), and values close to 0 represent species aggregation (Stone and Roberts 1990). Nestedness is a particular
Ispecies × Jsites matrix organization in which species assemblages of species-poor sites are proper subsets of richer sites
(plots in our study). In our case, we expect the more tolerant ants will occupy more plots. Nestedness was calculated
as the NODF index, with values close to 0 indicating nonnestedness and those close to 100 indicating perfect nesting
(Almeida-Neto et al. 2008).

Ant traits
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We hypothesized that the occurrence of ant species in
plots might depend on several factors, including ant characteristics. In order to predict plot occupancy by different
species, we selected the following features: Frequency (Fr),
measured as the sum of incidences of each species at all
plots and on all sampling dates; Body Size (B), calculated as
Body Size Index (BSI) that relate thorax length to head size
(Barbieri 2014, for more details see Appendix S1), measured
on samples of 13 worker specimens in average; and Nest type
(N), based on literature surveys and personal observation, we
assigned ant species to an ordinal scale from 3 to 1 according
to nest built on the ground, cavities and vegetation, respectively (more information about ant traits characteristics is
presented in Supporting information, Appendix S3).

We hypothesize that ant assemblages (ant species occurrence patterns at different plots) are a function of ant traits
and plots characteristics. To assess whether the parameters of
community structure can be predicted by ant traits and plots
characteristics, we compared the values obtained from the observed Ispecies × Jplots frequency matrix with those predicted by
matrices under different scenarios.

Plots characteristics
Plots characteristics were selected according to the potential to support melivorous ant species. We selected Vegetation
height (V) as a surrogate of habitat structural complexity, estimated as the average height of vegetation at each plot; and
Extra-floral nectar (Efn) availability, estimated as the abundance of individual plants bearing EFN in each plot. To register this data, we performed vegetation surveys (NovemberDecember 2013) over the selected plots, recording the number and identity of plant species. We registered vegetation
height every 0.5 m along two perpendicular lines crossing
each surveyed plot, and calculated the average height per area
(more information about plot characteristics is presented in
Supporting information, Appendix S4).

We constructed the Observed frequency matrix (O) with
Ispecies in rows and Jplots in columns in which each cell contained the number of times a species i was recorded at plot j
(ranging from 0 to 4 of the survey dates). Also, we built probability matrices by multiplying vectors of plots characteristics
and species attributes. The resultant matrix contains the same
dimension of the O matrix and, after normalization, each cell
represents the probability of occurrence of the species i in
the plot j according to the traits and characteristics involved.
We constructed a probability matrix of decreasing parsimony,
from a completely random matrix (noted as Eq), by multiplying equiprobability vectors, to all combinations possible of
species and plots features (Table 1).
After that, we constructed single-factor models for each
descriptor variable by multiplying transposed equiprobable
plots vectors by vectors reflecting ant frequency (Fr), body
size (B) and nest type (N); and equiprobable ant vectors by
transposed habitat complexity (V’) and food availability
(Efn’), where ’ indicates the vector that was transposed in
matrix notation. To evaluate the contribution of species characteristics and plots traits as determinants of ant assemblages
we followed the method of Vázquez et al. (2009), originally
proposed for species interaction networks.
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Table 1. Nomenclature of null models and particular predictions for each model. Model references: equiprobable (Eq), body size (B),
ant frequency (Fr), nest type (N), extra-floral nectar availability (Efn), vegetation height (V) and their combinations. The subscript “in”
refers to inverted values to give more probability of occurrence to lower values, and the symbol ´ refers to a transposed vector in matrix
notation.
Model
Eq
V’
Efn’
Fr
B
N
BEfn’
FrB
BVin’
V’Efn’
FrEfn’
BinV’
NinV’
NVin’
FrV’
FrN
FrVin’
BVin’Efn’
FrVin’Efn’

Prediction
Plot occupation by ants is equiprobable
Plots with more complex vegetation structure support more ant species
Plots offering more resources can support more ant species
Frequent ants occupy more plots
Large ants occupy more plots
Ground-nesting ants occupy more plots, followed by cavity and finally vegetation nesting ants
Large ants occur more frequently in plots with more EFN availability
More frequent and larger ants occupy more plots
Larger ants occupy simpler habitats
Plots with complex vegetation and more EFN bearing plants can host more ants
Frequent ants have more occurrences in plots with a higher abundance of EFN bearing plants
Smaller ants occupy plots with tall vegetation
Vegetation-nesting ants occupy pots with complex vegetation
Ground-nesting ants occupy simpler habitats
More frequent ants occupy complex habitats
Frequent ants with ground-nesting habits occupy more plots
More frequent ants occupy simpler habitats
Large ants occupy simpler habitats and those with higher abundance of EFN-bearing plants
More frequent ants occupy simpler habitats with a higher abundance of EFN-bearing plants

We also assembled models of combined probabilities as
the element-wise multiplication of vectors of single-factor
models. These combined matrices represent the expected
probability under the joint influence of more than one factor. To make sense with our predictions (Table 1), in some
cases we inverted trait scores (noted with in) to assign more
probability of occurrence to ants with characters of decreasing value (e.g., tree-nesting ants will have more frequency
probability to occur in plots with taller vegetation). We
combined these single-factor vectors to create a total of 11
two-factor models (BEfn’, FrB, BVin’,V’Efn’, FrEfn’, BinV’,
NinV’, NVin’, FrV’, FrN, FrVin’), and two three-factor models (BVin’Efn’ and FrVin’Efn’). The resulting matrices have
the same size of O and were normalized so that the sum of the
elements was up to 1. Particular predictions for each model
are presented in Table 1.

Since species segregation patterns are particularly notable for dominant species (Blüthgen and Stork 2007), we repeated the analysis taking into account only the numerically
dominant ants (those with > 25 incidences), and discarding
the rest. We calculated the two community parameters and
compared them with an equiprobable model to evaluate the
consistency in the general community patterns of this study.
Since the occurrence of ants at a site could also be influenced
by the spatial site distribution, we checked for the existence
of spatial autocorrelation in ant composition in sites using
Mantel test with the vegan package (Oksanen et al. 2016) in
R v. 3.0.0 (R Core Team 2016). We compared the observed
matrix based on similarity of ant species composition with a
spatial distance matrix constructed from x and y GPS coordinates using Kendall´s tau correlation coefficient.

We tested the predictive performance of the probability models regarding two parameters of the ants community
structure: C-score and nestedness. Using the mgen function
of Vázquez et al. (2009) in R v. 3.0.0 (R Core Team 2016),
we created 1000 randomized matrices corresponding to each
of the 19 probability matrices. The randomization algorithm
generated matrices of the same size as O, and distributed the
observed ant frequency (908 occurrences in O) in the cells
according to their probability. A constraint was included so
that each species in randomized matrices occurred at least
once and each plot had at least one occurrence. The observed
parameter values were compared with values obtained from
randomized matrices and considered well predicted by our
approach when we found overlaps with the 95% confidence
interval (CI), calculated with the function confint in the bipartite package in R v. 3.0.0 (R Core Team 2016).

Likelihood analysis of ant frequency in plots
We used the Akaike Information Criterion (AIC) (Olito
and Fox 2014), to evaluate the ability of species and plots
characteristics to predict the observed frequency of ants in
plots. Accordingly, a probability matrix that reproduces the
ant occupancy pattern should show coincidence with the matrix O so that cells with higher probability in the probability
matrix would have a higher ant frequency in the observed
matrix (O). The number of parameters used to weight the different model's complexities was defined as the number of factors contributing to generate a particular probability matrix.
For example, model Fr includes only ant relative frequency,
requiring only one parameter to be estimated from the data.
As in Vázquez et al. (2009), we assumed that the probability
of ant occupancy in plots followed a multinomial distribution. We compared the relative fit of models by calculating
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the ΔAIC that is the value obtained by subtracting the AIC of
the best-fitting model from the AIC of each model. Finally,
for the best-fitting model, we correlated (Spearman Rank
Correlation) the occurrence probability values (as the product
of the predicted interaction probabilities and the total number
of occurrences) with observed ant frequency.

Results
We collected individuals of 36 melivorous ant species
belonging to 4 subfamilies (Dolichoderinae, Formicinae,
Myrmicinae, and Pseudomyrmicinae). Nonparametric estimators of species richness indicated that our sampling was
highly complete (Appendix S2). The most frequent species
were Camponotus mus Roger, 1863, C. rufipes (Fabricius,
1775), Brachymyrmex patagonicus Mayr, 1868, and Pheidole
cordiceps Mayr, 1868, and seven rare species were recorded in
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only one or two occasions. Ant species showed high variability in size, ranging in values from 0.69 BSI for Crematogaster
crinosa Mayr, 1862 to 571.08 BSI for C. rufipes. The three
nesting types were represented, with the soil-nesting type being the most represented (Appendix S3).
Regarding plots characteristics, vegetation height was
negatively related to fire frequency (t = –3.287, df = 6, p =
0.017; Fig. 2a), with unburned plots being those of greatest
height (3.87±1.22 m) and the most frequently burned plots
being those of lowest height (0.99±0.31 m). On the other
hand, EFN availability was uncorrelated to fire frequency (t =
0.446, df = 6, p = 0.671; Fig 2b). Finally, we found a low spatial autocorrelation of species composition and the proximity
of plots (Mantel´s r = 0.101, p = 0.001).
None of the ant community parameters were reproduced
by the completely random model (Eq). The observed C-score
was lower than expected for the Eq model (Fig. 3), and ant

Figure 2. Relationship between fire frequency and vegetation height (a), and number of extra-floral nectar-bearing plants (b) in the
studied sites of Chaco Serrano in central Argentina.

Figure 3. Observed C-score (vertical
line) of ant species in sites of Chaco
Serrano from central Argentina and
C-scores predicted by null models
including ants and plots characteristics. Points indicate the mean C-score
expected for each null model, with error bars indicating 95% CI and bold
letters highlighting null models that
agreed with the observed values. Null
model references: equiprobable (Eq),
body size (B), ant frequency (Fr), nest
type (N), extra-floral nectar availability (Efn), vegetation height (V) and
their combinations. The subscript “in”
refers to inverted values to give more
probability of occurrence to lower
values, and the symbol ´ refers to a
transposed vector in matrix notation.
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Figure 4. Observed nestedness
(vertical line) of ant species in
sites of Chaco Serrano from central
Argentina and nestedness predicted
by null models including ants and
plots characteristics. Points indicate
the mean C-score expected for each
null model, with error bars indicating 95% CI and bold letters highlighting models that agreed with the
observed values. Null model references: equiprobable (Eq), body size
(B), ant frequency (Fr), nest type
(N), extra-floral nectar availability
(Efn), vegetation height (V) and their
combinations. The subscript “in” refers to inverted values to give more
probability of occurrence to lower
values, and the symbol ´ refers to a
transposed vector in matrix notation.

Figure 5. Likelihood analysis of
ant species frequency in plots.
Each bar shows the ΔAIC values
for each model against the best
fitting model. Model references:
equiprobable (Eq), body size (B),
ant frequency (Fr), nest type (N),
extra-floral nectar availability
(Efn), vegetation height (V) and
their combination. The subscript
“in” refers to inverted values to
give more probability of occurrence to lower values, and the
symbol ´ refers to a transposed
vector in matrix notation.

0

Figure 5.
values for

distribution among plots was more nested than expected exThe pattern of spatial segregation of ant species (C-score)
clusively by chance (Fig. 4). When we considered only the
was predicted by a model that combined vegetation height
numerically dominant species, we found a similar pattern to
with extra-floral nectar availability (V’Efn’) (Fig. 3). On the
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In summary, plots structural complexity (V) and the avail-

site characteristics (V and Efn) and ant species body size (B)

volved in two out of 4 successful models, being able to repro-

size (B), ant frequency
(Fr), nest type (N), extra-floral nectar availability
(Efn), vegetation
at least one of our models. Broadly, the models that included
ability of plants bearing extra-floral nectarines (Efn) were invalues
give distribution
more in plots. Regarding
height (V) andwere
theirablecombination.
The subscript
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studied (Fig.
and 4).to inverted
duce patterns
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probability of occurrence to lower values, and the symbol ´ refers to a transposed vector in
matrix notation.
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Figure 6. Ant species frequency in plots (a) and a predicted matrix of ant frequency in plots by a null model including ant frequency (b). Rows are ant species, and columns are plots, the size of black circles represent ant species frequency in each plot.
Panel c shows the relation between observed species frequencies and species occurrence probabilities predicted by model Fr.
ant traits, body size (B) was involved in three successful
models that reproduced community nestedness. Otherwise,
nest type (N) and ant frequency (Fr) were not included in any
successful model (Figs 3 and 4).

numerically or behavioral dominant ants (Blüthgen and Stork
2007), we repeated the analysis with those species with more
than 25 occurrences and found similar community patterns as
those of the complete community.

Unlike the community structure results, the likelihood
analysis revealed that the Fr (frequency) model provided
the best fit to the observed frequency matrix of ant species in
plots. FrVin’ was the next best fitting model, but had a larger
ΔAIC (Fig. 5), indicating that model Fr provided the best fit
to the data. However, Fr was a moderate predictor of the observed matrix, often assigning lower probabilities of occurrence in plots to ant species that had high observed frequency
(Spearman rho = 0.492, p < 0.001) (Fig. 6).

We built null models that incorporate sites and species
traits individually and in combination to reproduce observed
community statistics. Our results revealed that plots characteristics such as vegetation vertical structure (N = 2) and EFN
availability (N = 2), and ant traits such as body size (N = 3),
participated in successful null models. Qualitatively, vegetation height and EFN abundance were capable, in combination, to reproduce the C-score of ant communities.

Discussion
Knowing the assembly rules determining the composition of local biota is a major challenge of community ecology
(Gotelli 1999, Agrawal et al. 2007). These rules may reflect
the outcome of species interactions (Stone and Roberts 1992),
habitat filtering (Cornwell et al. 2006, Ulrich et al. 2012),
dispersal limitations (Lindo et al. 2008), historical processes
(Chase 2003), and neutrality (Hubbell 2001). Ants are ideal
for this kind of studies because they are abundant and diverse,
occupy a variety of ecological niches and have high functional importance (Hölldobler and Wilson 1990, Lach et al.
2010). Here we aimed to reproduce ant species distribution
patterns in forest sites with different vegetation physiognomy,
associated to fire regimes. To achieve this aim, we used null
models that incorporate vegetation and ant species traits that
are related to the effects of fire disturbance simultaneously.
We found melivorous ant species distribution patterns
to be non-random, being less segregated than expected by
chance. This result contrasts with previous studies that demonstrated less co-occurrence of ant species than expected by
null models (Ribas and Schoereder 2002, Sanders et al. 2007).
Considering that the “ant mosaic theory” (Majer 1972) postulates that competitive processes are more important between

Ant assemblages could be indirectly affected by fire events
through a reduction of vegetation diversity and vertical structure (e.g., Farji-Brener et al. 2002, Hoffmann and Andersen
2003, Vasconcelos et al. 2008, Paolucci et al. 2017). In the
study area, the vertical structure of vegetation was strongly
affected by wildfires and the null models that incorporated
vegetation height of sites succeeded in reproducing ant community structure. Habitat complexity is an important factor
affecting ant species richness, composition, and distribution
(Ribas et al. 2003, Fagundes et al. 2015). It was proposed
that complex habitats can host several species simultaneously
by offering vertically distributed living space (Blüthgen and
Stork 2007, Fayle et al. 2013). Thereby, subordinate species
can improve their foraging success by avoiding aggressive
species that, in turn, cannot monopolize resources (Gibb and
Parr 2010, Koptur et al. 2010). Moreover, complex habitats
provide a higher diversity of nesting sites and food resources
that allow the presence of specialist species and provide a
higher amount of exploitable resources for generalists (Ribas
and Schoereder 2002, Ribas et al. 2003, Fayle et al. 2013).
The distribution of food resources could also be an important driver of the distribution of melivorous ant species
(Blüthgen and Feldhaar 2010, Blüthgen et al. 2004). EFN is
a highly required resource for omnivorous and melivorous
ants; although, ant-plant interactions are opportunistic compared with other myrmecophilic interactions (Blüthgen et
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al. 2004, Rico-Gray and Oliveira 2007, Cagnolo and Tavella
2015). High resource availability could relax interspecific
competition increasing ant species coexistence (Ribas et al.
2003). Considering the high cost of resource monopolization,
non-aggressive co-occurrence of different ant species sharing a single plant individual is often reported (Blüthgen et
al. 2000, 2004). Moreover, it was recently demonstrated that
sugar exudates from plants and insects positively affect ant
diversity and modify their assemblages (Sendoya et al. 2016).
Coincidently, our results suggest that plots with more
EFN abundance may increase the habitat capability to support
a higher number of ant-plant mutualistic interactions coexisting in space. Although the mechanism involved in the relation
between the abundance of EFN and ant species aggregation
still needs to be established, it could involve a ‘mass effect’
(Leibold et al. 2004), the presence of a particular plant species with a disproportionate effect on ants aggregation (‘sampling effect’, Tilman et al. 1997), or an effect of complementarity of EFN-bearing plant diversity (‘complementarity effect’, Tilman et al. 1997, Loreau 2000). A greater abundance
of EFN in fire disturbed habitats has frequently been reported
(Koptur et al. 2010, Fagundes et al. 2015); nevertheless, we
did not find a relationship between the number of EFN plants
and fire frequency. Therefore, even if the species distribution
pattern is related to myrmecophilic interactions, we cannot
associate this pattern with fire events in these sites.
In the study area, ant assemblages in plots with lower
species richness are subsets of those of richer plots. This pattern of species distribution, known as nestedness (Ulrich and
Gotelli 2007), could reflect both a gradient of carrying capacity of plots and ants characteristics that limit their capability
to colonize new habitats, as well as the simply neutral distribution of ant species with different abundances (Dáttilo et al.
2014). In this study, ant body size sufficed to reproduce the
nestedness of the species × plots matrix. Accordingly, nestedness could be a consequence of larger ants occupying more
plots than smaller ants.
Ant species body size could be related to dispersion capabilities (Jenkins et al. 2007), foraging capacity (Kaspari and
Weiser 1999, Farji-Brener et al. 2004), desiccation resistance
and behavioral dominance (Kaspari 1993, 1996, Nowbahari
et al. 1999). For these reasons, larger ants could be present
in more plots than smaller ants, especially in structurally
simple habitats with lower vegetation and those with higher
abundance of EFN bearing plants. Beyond biological reasons,
sampling artifacts could also be involved, since body size affects the effectiveness of sampling larger ants being more
easily detected than smaller ones (Siemann et al. 1999).
In addition to life-history traits, neutral demography could
affect community structure, particularly in the absence of
niche-related boundaries (Hubbell 2001, Gravel et al. 2014).
Several studies revealed that null models that incorporated
site and species abundance sufficed to reproduce the segregation pattern of the observed matrix of ant species occurrence
(Gotelli 2000). Although ant frequency showed to have high
potential to affect community structure, it was never included
in successful null models in this study. Despite not being a
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determinant of segregation and nestedness patterns of ant
community, it showed to be the best predictor of ant species
frequency in plots, suggesting that neutrality could explain,
at least in part, the ant dominance hierarchy. However, it is
important to highlight that frequency failed in predicting the
detailed observed frequency in plots, leaving a large amount
of variation unexplained.
The interplay of nesting habits and food preferences
contributes directly to niche differentiation in ant communities, allowing species coexistence (Armbrecht et al. 2004,
Blüthgen and Feldhaar 2010, Fagundes et al. 2015). However,
nest type was never included in successful null models of our
study. Low availability of nesting sites, associated to low
vegetation complexity seems to have no consequences on the
occupation patterns in this habitat. Nevertheless, in our study
area, only Cephalotes species depend exclusively on vegetation for nesting. Further, in temperate regions, most ant species nest underground, since temperature and humidity are
less variable in the soil than in more exposed sites (Blüthgen
and Feldhaar 2010). Consequently, we could discard this attribute as an important determinant of ant species distribution
in sites with different vegetation physognomy.
In summary, ant community structure in the Chaco
Serrano forest may be determined by habitat features affected
by wildfires such as changes in vegetation structure and the
availability of food resources. Regarding ant traits, body size,
which allow species to exploit different habitats, may contribute to generating the observed ant assemblages. On the
other hand, the numerical dominance of ants was important
in determining the species frequency in each site. In other
words, our results suggest that habitat preferences, mutualistic interactions, and species auto-ecology may be drivers
of melivorous ant effective niche in this region composed by
an heterogeneous mosaic of habitats with different fire history. Nevertheless, we must note that null models are by no
means an evaluation of causality between studied factors and
community patterns, but allow us to consider those factors
as possible determinants. In the likelihood analysis, the traits
evaluated did not substantially contribute to the reproduction
to the observed ant occupation matrix, suggesting that these
determinants did not predict the detailed occurrence pattern
of species in the studied areas. Other factors could be acting
in determining the parameters of ant community structure,
such as behavioral dominance (Andersen 1991, Arnan et al.
2013), availability of other food resources (e.g., hemipteran
honeydew: Blüthgen and Feldhaar 2010), historical events
(Ricklefs 1987, 2004) or, even chance. Studying the factors
that determine community organization and species coexistence is critical for understanding the impact of anthropogenic
disturbance on ecosystems and predicting how communities
will respond to future environmental changes. In that sense,
our results are a contribution to predict changes in ant community structure under fire disturbance and to identify key
features for ant species conservation.
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