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ABSTRACT

Plants bearing extrafloral nectaries (EFNs) often have traits typical of pioneer species, and may be expected to proliferate in disturbed
habitats. However, a negative effect of disturbance on visitation by attendant ants could prevent EFN-bearing plants from acting as dis-
turbance winners. Here, we address the effects of chronic anthropogenic disturbance on the abundance of EFN-bearing plants and their
interactions with attendant ants in Caatinga vegetation of northeastern Brazil. We recorded the abundance of EFN-bearing plants, pro-
portion of plants visited by ants and composition of ant attendant species at 24 sites varying in levels of disturbance. EFN-bearing
plants as a whole did not behave as a disturbance winner group. The responses of the 13 species to increasing disturbance were highly
variable, with three species declining in abundance (loser species). The richness of ant species attending EFNs did not vary with distur-
bance, but species composition did. The overall proportion of EFN-bearing plants attended by ants per 5-min period was not affected
by disturbance. However, for the three loser species, attendance decreased from about 50 percent with low and moderate disturbance to
half that with very high disturbance. We hypothesize that disturbed sites are more stressful for loser species compared with other EFN-
bearing plants, with physiological stress resulting in lower production of EFN secretions and reduced attraction of ants. This would
make such species double losers, with physiological stress at disturbed sites not only directly influencing their performance but also indi-
rectly affecting it through the disruption of a key mutualism.
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HABITAT MODIFICATION IS A PRIMARY CAUSE OF GLOBAL BIODIVERSITY

DECLINE (Sala et al. 2000), and understanding the mechanisms
driving ecological degradation in disturbed habitats remains one
of the most important challenges for ecologists. One important
step is to understand how disturbance affects different functional
groups of plants and animals (Luque et al. 2013). Most studies of
disturbance have focused on its negative effects on species. Such
disturbance ‘losers’ are often specialized taxa that are characteris-
tic of climax vegetation (Tabarelli et al. 2012). However, many
species actually benefit from habitat disturbance (Lewis et al.
2009). These disturbance winners often have wide geographical
ranges and exhibit r-strategist behavior that allows them to take
advantage of the open sites and release of resources that are
associated with the decline of loser species in disturbed habitats
(McKinney & Lockwood 1999, Tabarelli et al. 2012).

Winner–loser replacement involving a proliferation of native,
disturbance-tolerant species has been well-documented for plants
in tropical forests (Santos et al. 2008, 2010, Tabarelli et al. 2010a,

b, Lobo et al. 2011). In these ecosystems, disturbance drives the
replacement of shade tolerant, old growth species by native pio-
neer species (Laurance et al. 2006, Tabarelli et al. 2008, Aguiar &
Tabarelli 2010). These replacements result in an impoverishment
of local vegetation not only in terms of taxonomic and phyloge-
netic composition but also of plant functional traits (Santos et al.
2008, 2010, but see Hern�andez-Ruedas et al. 2014). Such changes
in plant functional traits can have important implications for
resource availability for animal species (Melo et al. 2006, Gir~ao
et al. 2007). Hence, winner–loser replacements also may result in
shifts in plant–animal interactions, with cascading effects on eco-
logical structure and function of local and regional communities
(Aguilar et al. 2006, Tabarelli et al. 2010a,b).

Plants bearing extrafloral nectaries (EFNs) exemplify a plant
functional group that can benefit from habitat disturbance and
subsequently change the pool of resources available for its faunal
attendants. EFNs are not related to pollination, but rather attract
aggressive insects (particularly ants) that help protect the plant
from its insect herbivores (Rico-Gray & Oliveira 2007 and refer-
ences therein). EFNs have evolved independently many times
(Barrera & Nobel 2004, Nogueira et al. 2012), occurring in more
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than 700 genera representing more than 108 families (Marazzi
et al. 2013). EFNs are especially prevalent in plants with high
growth rates and affinity for full-light habitats, which are com-
mon traits of pioneer species (Schupp & Feener 1991, Bluthgen
& Reinferath 2003). EFN-bearing plants might therefore be
expected to be disturbance winners. However, if disturbance neg-
atively affects attendant ants and reduces rates of visitation by
ant mutualists, this might prevent EFN-bearing plants from fully
exploiting disturbed habitats. Indeed, several ant–plant mutualistic
systems have been negatively affected by human disturbance
through the replacement of specialist ants by generalist species
that provide poorer plant-protection services (e.g., Zelikova &
Breed 2008, Leal et al. 2014).

Here, we address the effects of disturbance on EFN-bearing
plants and their attendant ants in Caatinga vegetation of north-
eastern Brazil. We specifically examine the effects of chronic
anthropogenic disturbance (sensu Singh 1998) on the (1) abun-
dance of EFN-bearing plants, (2) proportion of EFN plants vis-
ited by ants, and (3) composition of EFN-attending ant species.
We hypothesize that the density of EFN-bearing plants will
increase with disturbance, but that rates of EFN visitation will
decline because of changes in the composition of EFN-attending
ant species.

METHODS

STUDY SITES.—Caatinga vegetation is a mosaic of xerophytic,
deciduous thorn scrubs, and seasonally dry forests covering
nearly 900,000 km² of northeastern Brazil (Pennington et al.
2009). Nearly, half of its area has been transformed to croplands,
pastures, and human settlements since European colonization
(MMA 2011), and almost all remaining Caatinga vegetation expe-
riences chronic disturbance associated with grazing and browsing
by goats and cattle, firewood harvesting, and hunting (Leal et al.
2005). Chronic disturbance is characterized by the removal of
small amounts of natural resources over time (Singh 1998). It
does not dramatically alter overall vegetation structure, but can
have ecological consequences that seriously threaten Caatinga
conservation (Singh 1998).

The study took place in a continuous area of Caatinga vegeta-
tion near Parnamirim city (8°50S; 39°340W and 393 m a.s.l.) in Per-
nambuco state, northeastern Brazil. The climate is semi-arid, with
most of the 550 mm mean annual rainfall arriving between January
and May (IBGE - Instituto Nacional de Geografia e Estatística
1985). However, the length of wet season is highly variable, with
dry seasons commonly lasting >7 months (Nimer 1972, Prado
2003). Soils are predominantly non-calcic brown soils (clay soil),
regosols and planosols (sandy soils) (IBGE - Instituto Nacional de
Geografia e Estatística 1985). We established 24 study sites (each
50 m 9 20 m; separated by at least 2 km) over an area of approxi-
mately 152 km2, with 13 on regosols and 11 on non-calcic brown
soils.

The natural habitat structure of Caatinga vegetation (espe-
cially the lack of a well-developed ground layer) combined with
the chronic rather than acute nature of disturbance prevented the

quantification of level of disturbance based on habitat characteris-
tics. Instead, we characterized different levels of chronic
disturbance using surrogates of intensity of human activity and
resource use (adapted from Martorel & Peters 2005, for more
details see Leal et al. 2014). A range of studies have used this
method to assess levels of chronic disturbance (see Martorel &
Peters 2005 and references therein). Areas experiencing acute
(such as slash and burn agriculture) rather than chronic distur-
bance in the last 50 years were not included.

Grazing by stock (goats and cattle), firewood collection, and
hunting are the main sources of disturbance in our study area,
and their intensity is inversely related to proximity to rural proper-
ties and to the city of Parnamirim (Ribeiro et al. 2015). We classi-
fied our 24 sites according to four disturbance levels based on
five metrics: distance to Parnamirim, distance to nearest farm, dis-
tance to nearest road, number of stock (goats and cattles com-
bined) managed by farms within 2 km, and number of people
living in farms within 2 km, as outlined in Leal et al. (2014). For
each of the five metrics, we classified sites into four categories,
each with six sites. For the three distance metrics (measured using
satellite imagery), categories ranged from 1 (highest distance val-
ues) to 4 (lowest distance values). For numbers of stock and peo-
ple, categories ranged from 1 (lowest) to 4 (highest). We summed
the values of each metric to obtain an overall disturbance score
for each site, with a higher score indicating higher levels of distur-
bance. We did not ascribe differential weight to any particular dis-
turbance surrogate as there was no basis for doing so. The
frequency distribution of disturbance scores showed four clear
categories of level of anthropogenic disturbance, rather than con-
tinuous variation (Fig. S1), and these categories were used to clas-
sify our sites as experiencing low (five sites), moderate (six sites),
high (six sites), and very high (seven sites) disturbance.

SAMPLING.—We conducted our field observations during the wet
season (February and May of 2012), when the EFNs were most
active. In each of the 24 study sites, we counted all woody plant
species with basal diameter >3 cm. To determine which species
bear EFNs, we checked all plants for the presence of visible
non-floral nectar glands or nectar accumulation. We used avail-
able taxonomic lists and previous reports for EFN-bearing plants
in Caatinga (Melo et al. 2010a,b) to confirm our field observa-
tions and to ensure that we included EFN-bearing plants for
which we did not observe EFNs in the field.

We selected the 20 study sites with the highest abundances
of EFN-bearing plants to examine ant visitation. In each site, we
inspected one branch on each EFN-bearing plant for up to
5 min, and considered the plant to be attended by ants when we
observed ants feeding on at least one extrafloral nectary gland
during that period. A 5-min observation per plant gave us only a
snapshot of EFN attendance by ants, but our aim was to obtain
comparative data across sites rather than to document compre-
hensively all ants attending any particular plant. We made all
observations between 0700 and 1700 h, avoiding the hottest per-
iod of the day (1100–1300 h) when ant activity and EFN atten-
dance is reduced (Oliveira et al. 1999 and pers. obs.). Our
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sampling protocol did not cover nocturnal activity. We collected
ants that could not be readily identified in the field for identifica-
tion in the laboratory.

DATA ANALYSIS.—We used one-way ANOVA to evaluate differ-
ences in relation to level of disturbance in the density (number
per plot) and relative abundance (percentage of total plants) of
EFN-bearing plants, the density of non EFN-bearing plants, the
percentage of EFN-bearing plants attended by ants, and the rich-
ness of EFN-attending ants. We arcsine-square root-transformed
percentage data and verified the normality of the residuals and
homogeneity of variances through Shapiro–Wilk and Levene
tests, respectively. We log-transformed data that did not meet
homoscedasticity criteria. We constructed Bray–Curtis similarity
matrices based on the frequency of EFN-attending ant species,
and used pair-wise ANOSIM to test for the effects of distur-
bance (nested under soil type) on species composition. We used
similarities of percentage (SIMPER) to determine which ant spe-
cies contributed most to any similarities among disturbance levels.
We conducted all ANOVAs with STATISTICA 8.0 (Statsoft, Inc,
Tulsa, U.S.A.) and multivariate analysis using PRIMER.

Interpretations of ANOVA results are potentially con-
strained by the fact that some disturbance categories were repre-
sented by sites from only one soil type (all the ‘low’ sites used
to observe ant visitation were located on non-calcic brown soils,
whereas all ‘high’ sites were on regosols), and so there is poten-
tial confounding of disturbance with soil type. However, there is
no systematic bias in soil type along the disturbance gradient
(Table 1). To account for the effects of soil type, whenever we
found a statistically significant effect of disturbance we re-ana-
lyzed the data using residuals from an analysis of the effect of
soil type. In all cases, the effects of disturbance still proved to
be statistically significant, and we present results only from the
original analyses.

RESULTS

In total, we observed 5396 plants (mean of 224.8 per
50 m 9 20 m site) belonging to 13 EFN-bearing species across
all sites (Table 2). Croton sonderianus (Euphorbiaceae) was the most
abundant species, with 3267 individuals (61% of total) across all
plots. The Fabaceae had the highest number of EFN-bearing spe-
cies (nine) followed by the Euphorbiaceae (four). The overall den-
sities of EFN-bearing plants (F(3,21) = 0.86; P = 0.46; Fig. 1) and
non-EFN plants (F(3,21) = 1. 51; P = 0.25; Fig. 1) were not
affected by disturbance level, similar to the dominant C. sonderi-

anus (Table 2). However, other species showed contrasting
responses. Densities of Bauhinia cheilantha, Poincianella pyramidalis,
and Senna macranthera (all Fabaceae) decreased with increasing dis-
turbance (and are hereafter referred to as loser species), whereas
Anadenanthera colubrina and Mimosa tenuiflora (both Fabaceae) were
most common at intermediate levels of disturbance (Table 2 win-
ner species). Poincianella pyramidalys showed a bimodal density pat-
tern in relation to disturbance (Table 2), but we consider it a loser
species because it was substantially less abundant under moderate
and high disturbance compared with low.

We observed a total of 14 ant species attending EFN-bear-
ing plants (Table 3). Camponotus crassus was the most frequent
ant species attending EFNs, representing 81 percent of all ant-
attendance observations. The richness of EFN-attending ant
species was not affected by disturbance (F(3,16) = 0.655;
P = 0.60). However, ant species composition varied with distur-
bance level (ANOSIM, Global R = 0.7, P = 0.04). Camponotus
crassus and Camponotus sp. 2 together contributed 31 percent
(very high vs. high disturbance) to 54 percent (very high vs.
low) of dissimilarities between disturbance classes. The propor-
tion of plants attended by particular ant species was not affected
by disturbance (C. crassus: F(3,16) = 1.26; df = 3; P = 0.32; Camp-
onotus sp. 2: F(3,16) = 1.26; df = 3; P = 0.33; Cephalotes sp.1:
F(3,16) = 1.72; df = 3; P = 0.21; other species combined:
F(3,16) = 0.43; df = 3; P = 0.74). Ants visiting Croton sonderianus
nectaries represented 47 percent of all interactions and 77 per-
cent of the interactions observed in plant species that did not
respond to disturbance. We separately analyzed changes in com-
position of ant species visiting Croton sonderianus and found it
was not affected by disturbance (ANOSIM; Global R = 0.07;
P = 0.22).

We observed 1220 EFN-bearing plants attended by ants,
representing 22.6 percent of the total EFN-bearing plants
(Table 2). The rate of ant attendance per 5-min period varied
markedly between EFN-bearing plants, ranging from 9 percent
in Croton sonderianus to 90 percent in Croton adamantinus
(Table 2). The total proportion of plants attended by ants was
not affected by disturbance (F(3,16) = 0.572, df = 3, P = 0.641;
Table 2). However, this varied among plant species according
to their functional responses to disturbance (Fig. 2). For loser
species, the rate of ant attendance also decreased with distur-
bance, from about 50 percent with low and moderate distur-
bance, to half that with very high disturbance (F(3,16) = 4.03;
df = 3; P = 0.026; Fig. 2). By contrast, there was no variation
in rate of ant attendance for the other plant functional types
(Fig. 2). The variation in ant attendance was not related to
variation in total density of EFN-bearing plants (Pearson’s cor-
relation index = �0.28). We also separately analyzed the pro-
portion of attended individuals, and it was not affected by
disturbance (ANOVA; F(3,14) = 0.28; P = 0.60).

DISCUSSION

Contrary to our hypothesis, EFN-bearing plants as a whole
did not behave as disturbance winners by showing increased

TABLE 1. Distribution of study sites according to disturbance level and soil type in

Caatinga vegetation near Parnamirim city, Northeast Brazil.

Low Moderate High Very high

Regosols 1 4 6 4

Non-calcic brown 4 2 0 3
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abundance at disturbed sites. The density of some species did
indeed appear to be promoted by moderate disturbance, given
that it was highest at intermediate levels of disturbance. How-

ever, the abundance of other EFN-bearing species declined
with increasing disturbance, and so can be considered as
disturbance losers. Such variable responses might be
expected because of the very high phylogenetic diversity
(and consequently independent evolutionary histories) of
EFN-bearing plants (Barrera & Nobel 2004, Nogueira et al.
2012).

The species composition of ant attendants varied between
low/moderately disturbed sites on the one hand, and high/very
highly disturbed sites on the other, mainly due to differences
in the frequency of occurrence of the two primary attendant
species, Camponotus crassus and Camponotus sp. 2. The quality of
antiherbivore services provided by EFN-attending ants varies
markedly between species (Ness et al. 2009), and changes in
the composition of ant attendants can have important conse-
quences for EFN-bearing plants. The species composition of
ants attending EFNs varied with disturbance, but the relative
quality of services offered by these species is unknown, so we
cannot assess the direct implications of such compositional
change. However, the services provided by attendant ants are
clearly influenced by rates of visitation, and we can assume
that any reductions in rates of attendance by ants represent
reductions in the services provided.

The overall proportion of EFN-bearing plants attended by
ants was not affected by disturbance, but this varied between
plant species. In particular, rates of ant attendance declined
with increasing disturbance for loser species. This response
was shown only by loser species, and so cannot be explained
by a general influence of disturbance on attendant ants. Rather,
it indicates that disturbance reduced the ability of loser plant

TABLE 2. Relative abundance, mean density, and disturbance response of EFN-bearing plants in habitats under different levels of chronic anthropogenic disturbance in Caatinga

vegetation near Parnamirim city, Northeast Brazil. Values in parentheses represent percentage of each species attended by ants at sites under different disturbance level.

Disturbance responses reflect changes in abundance in relation to disturbance; winner-highest relative abundance at intermediate levels of disturbance; loser-relative abundance

declining with increasing level of disturbance. P values are from ANOVA; NS = not significantly affected by disturbance.

EFN-bearing species

Relative

(%)

abundance

Density (%)

Disturbance

response

P

valueLow Moderate High Very high

Anadenanthera

colubrina

1.9 13.5 (50) 65.4 (29) 16.3 (0) 4.8 (0) Winner 0.031

Bauhinia cheilantha 1.4 87.3 (2) 5.1 (75) 0.0 (0) 8.9 (0) Loser 0.003

Croton sonderianus 60.5 24.2 (4) 18.9 (31.6) 19.7 (10.2) 33.1 (19) NS 0.753

Croton adamantinus 8.4 13.2 (31.4) 22.8 (13.5) 43.0 (42) 19.5 (17) NS 0.513

Piptadenia stipulacea 3.0 44.0 (25) 96.0 (13.5) 12.0 (33) 12.0 (25) NS 0.068

Poincianella pyramidalis 9.8 46.2 (41.6) 0.7 (46) 13.8 (37) 32.6 (25) Loser 0.004

Poincianella microphylla 1.6 47.7 (0) 9.1 (0) 29.5 (5) 13.6 (50) NS 0.538

Senegalia pollyphyla 2.1 1.9 (0) 31.9 (16.2) 17.9 (0) 50.0 (8) NS 0.463

Senna macranthera 1.6 71.4 (50) 19.0 (18.7) 7.1 (5) 2.3 (0) Loser <0.001

Sapium glandulosum 1.9 2.8 (0) 11.6 (4.2) 23.6 (37.5) 50.9 (11) NS 0.573

Cnidoscolus quercifolius 4.0 18.7 (65) 14.6 (22) 26.5 (50) 33.3 (44.4) NS 0.356

Mimosa tenuiflora 1.7 16.0 (16.7) 70.2 (3) 1.3 (0) 12.8 (0) Winner 0.02

Other species 1.6

TABLE 3. Number of EFN-bearing plant species visited and percentage of total

observed EFN-ant interactions for each ant species observed attending

EFNs in Caatinga vegetation near Parnamirim city, Northeast Brazil.

Ant Species

Number of plant

species

Percent total

interactions

Myrmicinae

Cephalotes clypeatus 1 0.08

Cephalotes pusillus 5 0.82

Cephalotes sp. 11 3.37

Crematogaster sp.1 4 0.68

Crematogaster sp.2 1 0.08

Pheidole fallax 2 0.16

Formicinae

Camponotus crassus 13 80.95

Camponotus (Taenomyrmex)

sp.1

1 0.08

Camponotus sp.2 12 9.35

Camponotus sp.3 4 1.44

Ectatomminae

Gnamptogenys sp.1 4 0.49

Pseudomyrmicinae

Pseudomyrmex sp.1 8 1.93

Pseudomyrmex sp.2 6 0.49

Dolichoderinae

Dorymyrmex spurius 1 0.08
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species to attract ants. This could be due to a range of fac-
tors, such as reduction in the number or change in location of
EFNs, or, more likely, to a change in the quantity or quality
of nectar produced by them. Although EFN production is

considered to be physiologically ‘cheap’ for plants, it still
requires resources that could be allocated to other plant func-
tions, and plants consequently regulate nectar production
according to environmental conditions (Simms 1992, Heil et al.
2000, Strauss et al. 2002). In particular, extrafloral nectar secre-
tion can be negatively affected when plants experience low
water supply or high temperatures; both conditions commonly
observed in disturbed habitats (see Murcia 1995). Plants under
water stress close their stomata to avoid water loss, and, given
that EFN glands are often modified stomata (Heil 2011), any
factor affecting stomatal function will also affect EFN secre-
tion. Furthermore, under stressful conditions plants produce
respiration-reducing hormones that also reduce the biosynthesis
of nectar sugars and nectar secretion (Nichol & Hall 1988).
Therefore, the decline in ant attendance of loser plants could
be related to a reduction in EFN secretions at disturbed sites
due to physiological stress.

In conclusion, we hypothesize that disturbed sites are more
stressful for the loser species compared with other EFN-bearing
plants, with physiological stress resulting in lower production of
EFN secretions and therefore reduced attraction of ants. In other
words, reduced physiological performance at disturbed sites may
result in a reduction in antiherbivore services for loser plant spe-
cies. Thus, abiotic stress at disturbed sites would affect loser spe-
cies not only directly but also indirectly through disrupting their
mutualism with ants.

FIGURE 2. Variation in percentage of EFN-bearing plants attended by ants in relation to disturbance, with plant species classified into three groups: losers (black

bars); most abundant at intermediate disturbance (empty bars), and species unaffected by disturbance (shaded bars) in Caatinga vegetation near Parnamirim city,

Northeast Brazil. Bars represent standard errors. Lowercase, uppercase, and Greek letters indicate significant differences among disturbance categories.

FIGURE 1. Total abundance of non-EFN and EFN-bearing woody plants in

relation to disturbance in Caatinga vegetation near Parnamirim city, Northeast

Brazil. Bars represent standard errors. No significant differences in relation to

disturbance were found.
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ologia do Estado de Pernambuco (FACEPE, project 0140-2.05/
08). Conservac�~ao International do Brasil (CI-Brasil) and Centro
de Estudos Ambientais do Nordeste (CEPAN) provided logistical
support during the fieldwork. We are grateful to CNPq for post-
graduate support to LCL and research grants to IRL and to
Fundac�~ao Coordenac�~ao de Aperfeic�oamento de Pessoal de N�ıvel
Superior (CAPES) for a sandwich fellowship to LCL.

SUPPORTING INFORMATION

Additional Supporting Information may be found with online
material:

FIGURE S1. Frequency distribution of human disturbance
scores of the 26 study plots, obtained through surrogates of
intensity of human activity and resource use.

LITERATURE CITED

AGUIAR, A. V., AND M. TABARELLI. 2010. Edge effects and seedling bank
depletion: The role played by early successional palm Attalea oleifera
(Arecaceae) in the Atlantic forest. Biotropica 42: 158–166.

AGUILAR, R. L., L. ASHWORTH, L. GALLETO, AND M. A. AIZEN. 2006. Plant
reproductive susceptibility to habitat fragmentation: A review and syn-
thesis through a meta-analysis. Ecol. Lett. 9: 968–980.

BARRERA, E., AND O. S. NOBEL. 2004. Nectar: Properties, floral aspects, and
speculation on origin. Trends Plant Sci. 9: 65–69.

BLUTHGEN, N., AND K. REINFERATH. 2003. Extrafloral nectaries in an Austra-
lian Rainforest: Structure and distribution. Aust. J. Bot. 51: 515–527.

GIR~AO, L. C., A. V. LOPES, M. TABARELLI, AND E. M. BRUNA. 2007. Change in
tree reproductive traits reduce functional diversity in fragmented
Atlantic forest landscape. PLoS One 2: e908.

HEIL, M. 2011. Nectar: Generation, regulation and ecological functions.
Trends Plant Sci. 16: 191–200.

HEIL, M., B. FIALA, B. BAUMANN, AND K. E. LINSENMAIR. 2000. Temporal, spa-
tial and biotic variations in extrafloral nectar secretion by Macaranga
tanarius. Funct. Ecol. 14: 749–757.

HERNÁNDEZ-RUEDAS, M. A., V. ARROYO-RODRÍGUEZ, J. A. MEAVE, M. MARTÍ-

NEZ-RAMOS, G. IBARRA-MANRÍQUEZ, G. JAMAGANPÉ, F. P. L. MELO, AND

B. A. SANTOS. 2014. Conserving tropical tree diversity and forest struc-
ture: The value of small rainforest patches in moderately-managed
landscapes. PLoS ONE 9: e98931.

IBGE - Instituto Nacional de Geografia e Estatística. 1985. Censo Econôm-
ico Agropecuário. Available at http://www.metadados.ibge.gov.br.

LAURANCE, W. F., H. E. M. NASCIMENTO, S. G. LAURANCE, A. G. ANDRADE, P. M.
FEARNSIDE, J. E. L. RIBEIRO, AND R. L. CAPRETZ. 2006. Rain forest fragmenta-
tion and the proliferation of successional trees. Ecology 84: 469–482.

LEAL, L. C., A. N. ANDERSEN, AND I. R. LEAL. 2014. Anthropogenic distur-
bance reduces seed-dispersal services for myrmecochorous plants in
the Brazilian Caatinga. Oecologia 174: 173–181.

LEAL, I. R., J. M. C. SILVA, M. TABARELLI, AND T. E. LACHER. 2005. Changing
the course of biodiversity conservation in the Caatinga of Northeast-
ern Brazil. Conserv. Biol. 19: 701–706.

LEWIS, S. L., J. LOYD, S. SITCH, E. T. A. MITCHARD, AND W. F. LAURANCE.
2009. Changing ecology of tropical forests: Evidence and drivers.
Annu. Rev. Ecol. Syst. 40: 529–549.

LOBO, D., T. LE~AO, F. L. MELO, A. M. M. SANTOS, AND M. TABARELLI. 2011.
Forest fragmentation drives Atlantic Forest of northeastern Brazil to
biotic homogenization. Divers. Distrib. 17: 287–296.

LUQUE, G. M., M. E. HOCHBERG, M. HOLYOAK, M. HOSSAERT, F. GAILL, AND

F. COURCHAMP. 2013. Ecological effects of environmental changes.
Ecol. Lett. 16: 1–3.

MARAZZI, B., J. L. BRONSTEIN, AND S. KOPTUR. 2013. The diversity, ecology
and evolution of extrafloral nectaries: Current perspectives and future
challenges. Ann. Bot. 111: 1243–1250.

MARTOREL, C., AND E. M. PETERS. 2005. The measurement of chronic distur-
bance and its effects on the threatened cactus Mammillaria pectnifera.
Biol. Conserv. 124: 199–207.

MCKINNEY, M. L., AND J. L. LOCKWOOD. 1999. Biotic homogenization: A few
winners replacing many losers in the next mass extinction. Trends
Ecol. Evol. 14: 450–453.

MELO, Y., E. C�ORDULA, S. R. MACHADO, AND M. ALVES. 2010a. Morfologia de
nect�arios de Leguminosae senso lato em �areas de Caatinga no Brasil.
Acta Bot. Bras. 24: 1034–1045.

MELO, F. P. L., R. DIRZO, AND M. TABARELLI. 2006. Biased seed rain in forest
edges: Evidence from the Brazilian Atlantic forest. Biol. Conserv. 132:
50–60.

MELO, Y., S. R. MACHADO, AND M. ALVES. 2010b. Anatomy of extrafloral nec-
taries in Fabaceae from dry-seasonal Forest in Brazil. Bot. J. Linn.
Soc. 163: 87–98.

MMA (Minist�erio do Meio Ambiente) (2011) Caatinga. Minist�erio do Meio
Ambiente do Brazil website. http://www.mma.gov.br/biomas/caatinga
Acessed 27 December 2011.

MURCIA, C. 1995. Edge effects in fragmented forests: Implications for conser-
vation. Trends Ecol. Evol. 10: 58–62.

NESS, J. W., W. F. MORRIS, AND J. BRONSTEIN. 2009. For ant-protected plants,
the best defense is a hungry offense. Ecology 90: 2823–2831.

NICHOL, P., AND J. L. HALL. 1988. Characteristics of nectar secretion by ex-
trafloral nectaries of Ricinus communis. J. Exp. Bot. 39: 573–586.

NIMER, E. 1972. Climatologia da regi~ao sudeste do Brasil. Rev. Bras. Geol. 34:
3–48.

NOGUEIRA, A. P., P. J. REY, AND L. G. LOHMANN. 2012. Evolution of extrafl-
oral nectaries: Adaptative process and selective regime changes from
forest to savanna. J. Evol. Biol. 25: 2325–2340.

OLIVEIRA, P. S., V. RICO-GRAY, C. D�IAZ-CASTELAZO, AND C. CASTILLO-GUEVARA.
1999. Interaction between ants, extrafloral nectaries and insect herbi-
vores in Neotropical coastal sand dunes: Herbivore deterrence by vis-
iting ant increases fruit set in Opuntia stricta (Cactaceae). Func. Ecol.
13: 623–631.

PENNINGTON, R. T., M. LAVIN, AND A. OLIVEIRA-FILHO. 2009. Woody plant
diversity, evolution and ecology in the tropics: Perspectives from sea-
sonally dry tropical forest. Annu. Rev. Ecol. Syst. 40: 437–457.

PRADO, D. E. 2003. As Caatingas das Américas do Sul. In I. R. Leal, M.
Tabarelli and J. M. C. Silva (Eds). Ecologia e Conservac�ão da Caa-
tinga, pp. 3–73. Editora Universitária da UFPE, Recife, Pernambuco.

RIBEIRO, E. M. S., V. ARROYO-RODR�IGUEZ, B. A. SANTOS, M. TABARELLI, AND I.
R. LEAL. 2015. Chronic anthropogenic disturbances and the biological
impoverishment of the Brazilian Caatinga vegetation. J. Appl. Ecol.
56: 611–620.

RICO-GRAY, V., AND P. S. OLIVEIRA. 2007. Antagonism and mutualism: Direct
interactions. In V. Rico-Gray, and P. S. Oliveira (Eds.). The ecology
and evolution of ant-plant interactions, pp. 99–141. Chicago Press,
Chicago, Illinois.

SALA, O. E., F. S. CHAPIN III, J. J. ARMESTO, E. BERLOW, J. BLOOMFIELD, R. DIRZO,
E. HUBER-SANWALD, L. F. HUENNEKE, R. B. JACKSON, A. KINZING, R.
LEEMANS, D. M. LODGE, H. A. MOONEY, M. OESTERHELD, N. L. POFF, M.
T. SYKES, B. H. WALKER, M. WALKER, AND D. H. WALL. 2000. Global
biodiversity scenarios for the year 2100. Science 287: 1770–1774.

SANTOS, B. A., V. ARROYO-RODRIGUEZ, C. E. MORENO, AND M. TABARELLI.
2010. Edge-related loss of tree phylogenetic diversity in the severely
fragmented Brazilian Atlantic forest. PLoS One 5: e12625.

EFN-bearing Plants as Winners or Losers 473

http://www.metadados.ibge.gov.br
http://www.mma.gov.br/biomas/caatinga


SANTOS, B. A., C. A. PERES, AND M. A. OLIVEIRA. 2008. Drastic erosion in
functional attributes of tree assemblages in Atlantic forest fragments
of northeastern Brazil. Biol. Conserv. 141: 249–260.

SCHUPP, E. W., AND D. H. FEENER. 1991. Phylogeny, life-form, and habitat
dependence of ant-defended plants in Panamanian forest. In C. R.
Huxley, and D. F. Cutler (Eds.). Ant-plant interaction, pp. 175–197.
Oxford University Press, Oxford, UK.

SIMMS, E. L. 1992. Costs of plant resistance to herbivory. In S. Fritz, and E.
L. Simms (Eds.). Plant resistance to herbivores and pathogens, pp.
363–391. Chicago University Press, Chicago, Illinois.

SINGH, S. P. 1998. Chronic anthropogenic disturbance: A principal cause of
environmental degradation in developing countries. Environ. Conserv.
25: 1–2.

STRAUSS, S. Y., J. A. RUDGERS, J. A. LAU, AND R. E. IRWIN. 2002. Direct and
ecological costs of resistance to herbivory. Trends Ecol. Syst. 17:
279–285.

TABARELLI, M., A. V. AGUIAR, L. C. GIR~AO, A. V. LOPES, AND C. A. PERES.
2010a. Effects of pioneer trees species hyperabundance on forest frag-
ments in Northeastern Brazil. Conserv. Biol. 24: 1654–1663.

TABARELLI, M., A. V. AGUIAR, M. C. RIBEIRO, J. P. METZER, AND C. A. PERES.
2010b. Prospects for biodiversity conservation in the Atlantic Forest:
Lessons from aging human-modified landscapes. Biol. Conserv. 143:
2328–2340.

TABARELLI, M., A. V. LOPES, AND C. A. PERES. 2008. Edge effects drive forest
fragments towards an early succesional system. Biotropica 40: 657–
661.

TABARELLI, M., C. A. PERES, AND F. P. L. MELO. 2012. The ‘few winners and
many losers’ paradigm revisited: Emerging prospects for tropical for-
est biodiversity. Biol. Conserv. 155: 136–140.

ZELIKOVA, T. J., AND M. D. BREED. 2008. Effects of habitat disturbance on ant
community composition and seed dispersal by ants in a tropical dry
forest in Costa Rica. J. Trop. Ecol. 24: 309–316.

474 Leal, Andersen, and Leal


