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Abstract Anthropogenic disturbance can have impor-
tant indirect effects on ecosystems by disrupting species
interactions. Here we examine the effects of anthropogenic
disturbance on distance dispersal by ants for the diaspores
of myrmecochorous Euphorbiaceae in Brazilian Caatinga.
Rates of diaspore removal and distances removed of Cro-
ton sonderianus and Jatropha mollissima were observed
at 24 sites ranging from low to very high disturbance (pri-
marily grazing by livestock, hunting and firewood collec-
tion). Despite a large number of seed-disperser ant spe-
cies, there were only two species providing high-quality
distance-dispersal services, Dinoponera quadriceps (40 %
of all observed seed removals) and Ectatomma muticum
(33 %). D. quadriceps was responsible for 97 % of all
removals >2 m, and 100 % of all removals >5 m. Removal
rates did not vary with disturbance for C. sonderianus
(small elaiosome), but declined with increasing distur-
bance for J. mollissima (large elaiosome). The number of
removals by Ectatomma was highest at intermediate levels
of disturbance, whereas those by Dinoponera decreased
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systematically with increasing levels of disturbance. Mean
dispersal distance was four times higher at sites experienc-
ing low disturbance, where removals >5 m represented
a third of all removal events, compared with very highly
disturbed sites, where no removals >5 m were observed.
Despite high overall diversity there is very limited func-
tional redundancy in disperser ant species, resulting in low
disperser resilience in relation to disturbance. This is likely
to have important implications for recruitment by myrme-
cochorous plants, and therefore on vegetation composi-
tion and structure, at sites subject to high anthropogenic
disturbance.

Keywords Ants - Croton sonderianus - Ecological
services - Jatropha mollissima - Mutualisms

Introduction

Anthropogenic disturbance is a ubiquitous driver of biodi-
versity decline, with few ecosystems remaining unaffected
by people (Hanna et al. 1995; Murcia 1995). Most research
on the effects of anthropogenic disturbance on biodiversity
has focused on direct species losses or changes in commu-
nity structure (e.g. Fahrig 2003; Martorrel and Peters 2005;
Santos et al. 2010; Laliberté et al. 2009). However, distur-
bance can also have important indirect effects through its
impact on ecological processes. For example, disturbance-
related changes in the richness and abundance of the litter
decomposer fauna can reduce nutrient cycling and primary
productivity (Riutta et al. 2012).

Many ecological processes are mediated by interactions
between species (Bond 1995; Kremen et al. 2007; Marini
et al. 2012), and such interactions play a key role in main-
taining biodiversity and ecosystem functioning (Hooper
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et al. 2005; Bascompte and Jordano 2007). Human distur-
bance can affect these interactions by changing the abun-
dance of one or more partners (Restrepo and Gomez 1998;
Palmer et al. 2008), and/or by changing their behaviour
(Bossard 1991; Farwig and Berens 2012). Interactions are
increasingly susceptible to human disturbance with increas-
ing specialization of partner species, as responses to envi-
ronmental change are limited with low flexibility (Swith-
art et al. 2003; Colles et al. 2009; Aizen et al. 2012). Such
disruptions may have cascading ecological effects that lead
to further degradation of disturbed habitats (Kearns et al.
1998).

Seed dispersal establishes the initial template for plant
distribution (Brunn et al. 2008; Markl et al. 2012), and so is
a key biotic interaction that can be affected by human dis-
turbance (Farwig and Berens 2012). Effective seed dispersal
is especially at risk when interactions between diaspores and
dispersal agents are highly specialized. Myrmecochory (seed
dispersal by ants) is generally considered to be a diffuse
mutualism because seeds are transported by a wide variety of
generalised ant species (Beattie 1985; Lengyel et al. 2010).
Myrmecochory is therefore expected to be highly resilient in
relation to human disturbance, because ants are so ubiquitous
even with relatively high levels of disturbance (Hoffmann
and Andersen 2003; Woodcock et al. 2011). However, recent
studies have shown that ants vary markedly in the quality
of seed-dispersal services they provide (Giladi 2006; Gove
et al. 2007; Ness et al. 2009). In particular, ant body size is
strongly related to the distance that seeds are dispersed (Ness
et al. 2004), an important component of seed-disperser qual-
ity (e.g. Andersen 1988; Gomez and Espadaler 1998; Ness
et al. 2004). Changes in ant species composition with dis-
turbance may therefore have important implications for the
effectiveness of seed dispersal, especially if large-bodied
species are particularly affected. Large-bodied invertebrates
are known to be especially sensitive to human disturbance
(Tscharntke et al. 2002; Filgueiras et al. 2011). Myrmeco-
chory might therefore be more sensitive to anthropogenic
disturbance than expected.

In this study we examine the effect of anthropogenic dis-
turbance on seed dispersal by ants in Caatinga, a semi-arid
ecosystem of north-eastern Brazil. Myrmecochory is one of
the most important seed-dispersal types in Caatinga, with
more than 100 plant species having seeds that are special-
ized for dispersal by ants (I. R. Leal, unpublished data).
Caatinga ants vary markedly in the dispersal services they
provide, and include a limited range of high-quality dis-
persers (species of Dinoponera, Extatomma and Campono-
tus) that regularly transport diaspores significant distances
(Leal 2010). Other species typically feed on the ant-attract-
ing appendage (elaiosome) in situ without transporting the
diaspore, and therefore can be considered as mutualism
cheaters (Leal 2010).
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Our study specifically addresses the following series of
hypotheses. First, anthropogenic disturbance changes ant
disperser species composition. Second, high-quality dis-
perser ant species are particularly sensitive to anthropo-
genic disturbance. Third, there is therefore a lower quality
seed-dispersal service, as measured by dispersal distance,
with increasing disturbance.

Materials and methods
Study area

The Caatinga is a mosaic of xerophytic, deciduous, semi-
arid thorn scrubs and seasonally dry forests occupying
884,453 km? of north-eastern Brazil (Pennington et al.
2000; Prado 2003), and is one of the world’s most diverse
dry ecosystems (MMA 2011). It was first colonized by
European settlers in the mid sixteenth century, and 45 % of
its area has since been transformed to croplands, pastures
and human settlements (MMA 2011). Almost all remaining
Caatinga vegetation experiences chronic human disturbance
associated with relatively low-intensity resource extraction
(MMA 2011), such as grazing and browsing by goats and
cattle, firewood harvesting, and hunting (Leal et al. 2005).
Although such disturbance does not markedly change vege-
tation physiognomy (Toledo et al. 1994), it can have impor-
tant ecological impacts (Singh 1998; Gunderson 2000) and
therefore seriously threatens Caatinga conservation.

Our study was conducted in a continuous patch of Caat-
inga vegetation near Parnamirim city (8°5'S; 39°34'W;
393 m a. s. 1.) in Pernambuco state. The climate is semi-
arid with most of the 550 mm mean annual rainfall falling
between January and May (IBGE 1985). The wet season
is highly variable in its length, with the dry season lasting
for 7-11 months (Nimer 1972; Prado 2003). Soils are pre-
dominantly non-calcic brown soils, regosols and planosols
(IBGE 1985).

We established 24 study sites (each 50 x 20 m; sepa-
rated by at least 2 km) over an area of approximately
150 km?, with 13 sites on regosols and 11 on non-calcic
brown soils. The study sites were selected to represent a
range of intensity of anthropogenic pressure, as indicated
by proximity to human settlements. Areas that had experi-
enced acute rather than chronic disturbance, such as slash
and burn agriculture, were not included.

Myrmecochorous species

Euphorbiaceae is a dominant plant family in Caatinga vege-
tation and represents the largest group of myrmecochorous
plants in this ecosystem. In other ecosystems around the
world, myrmecochory is a syndrome commonly associated
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with short plants (Giladi 2006). However, approximately
60 % of all Caatinga euphorbs are diplochorous tall shrubs
or small trees (I. R. Leal, unpublished data), with ballistic
discharge of seeds from explosive dehiscent capsules fol-
lowed by myrmecochory (Leal et al. 2007). The seeds of all
these myrmecochores have a caruncle-type elaiosome that
attracts ant dispersers (Gorb and Gorb 2003). The diaspores
are differentially attractive to high-quality disperser ants,
which preferentially remove diaspores with a high propor-
tional biomass of the elaiosome (Leal 2010). We thus used
two contrasting diaspores: those of Croton sonderianus
Miill. Arg. (hereafter referred to as ‘Croton’), with a tiny
elaiosome (3 % of total diaspore mass), and Jatropha mol-
lissima (Pohl.) Baill. (hereafter referred to as ‘Jatropha’),
with a large elaiosome (20 % of total diaspore mass).
Both species are tall shrubs, up to 4 and 3 m in height,
respectively.

Measurement of anthropogenic disturbance

The habitat structure of Caatinga vegetation (especially the
lack of a well-developed ground layer) combined with the
chronic rather than acute nature of disturbance (see below),
meant that reliable quantification of the level of disturbance
based on habitat characteristics was not possible. Instead,
we used surrogates of intensity of resource use, based on
34 semi-structured interviews with local people, to char-
acterise levels of anthropogenic disturbance at each of our
24 study sites. The major disturbances were identified as
grazing by stock (goats and cattle), firewood collection,
and hunting (K. F. Rito, unpublished data). All these dis-
turbances affect ants indirectly, through changes in habitat
structure. Their intensity was inversely related to proxim-
ity to rural properties or to the city of Parnamirim (L. C.
Leal, unpublished data). Through the interviews, we col-
lected information on the number of people living in, and
the number of stock managed by, each property.

We used five metrics to characterize the level of anthro-
pogenic disturbance in each study area: distance to Par-
namirim, distance to nearest farm, distance to nearest road,
number of stock (goats and cattle combined) managed by
farms within 2 km, and number of people living in farms
within 2 km. All spatial analyses were conducted using sat-
ellite imagery and ARCGIS software, with distances meas-
ured from the centres of sites. For each of the five metrics,
we classified sites into four categories, each with six sites.
For the three distance metrics, categories ranged from one
(highest distances values) to four (lowest distance values),
and, for numbers of stock and people, from one (lowest)
to four (highest). We summed the values of each metric to
obtain an overall disturbance score for each site, with the
higher the score, the higher the disturbance. We used break-
points in the frequency distribution of disturbance scores to

classify sites into four categories of level of anthropogenic
disturbance: low (four sites), moderate (nine sites), high
(six sites), and very high (seven sites).

Seed dispersal

At each site, we established two 40-m transects (one for
each diaspore species) separated by 20 m for diaspore-
removal experiments. Five observation stations with 10-m
spacing were established along each transect. At each
observation station, ten seeds were placed on white filter
paper cards (6 cm x 6 cm). The use of such cards facili-
tates observations, and does not affect ant dispersal behav-
iour (Byrne and Levey 1993). We placed seeds at stations at
0700 hours, and monitored them at 30-min intervals from
0800 hours to 1800 hours to make observations on dis-
perser ant species. Removed diaspores were not replaced.
This was done for 1 day for each site, between March and
June 2011.

We recorded the number of diaspores removed at each
site at the end of our observation period (1800 hours). We
acknowledge that diaspore removal from a single obser-
vation station may not be an independent event due to the
recruitment behaviour of many ant species. However, only
12 % of our diaspores were removed by ants with recruit-
ment behaviour, and, in the few cases that all ten diaspores
were removed from a station, removal was done by the
non-recruiting species Dinoponera quadriceps. For statisti-
cal purposes we therefore treat each removal event as inde-
pendent, and use the mean percentage of diaspore removed
per site as a measure of rate of diaspore removal. We also
recorded, collected and identified all ant species interacting
with diaspores, and recorded the distance (displacement) of
removal for all removals >1 cm.

Our observations on ant morphological and behavioural
traits revealed that all species interacting with seeds could
be readily classified into either of two disperser guilds. One
consisted of medium- to large-bodied (>5 mm total length),
solitary foraging ants that readily collected diaspores and
transported them to their nests, which were sometimes
many metres away. We classified these as high-quality
dispersers. The other consisted of small-bodied (<5 mm),
recruit-foraging ants, which often fed on elaiosomes in situ,
and typically removed seeds short distances. We classified
these as low-quality dispersers.

Data analysis

We used two-way ANOVA to analyse variation in ant dis-
perser richness in relation to level of anthropogenic dis-
turbance and soil type, and three-way ANOVA (with dis-
turbance, soil and plant species as factors) to examine
variation in mean rates of diaspore removal, mean removal
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distance, and fate (nest or dropped en route) of diaspores
removed by high-quality dispersers. We then used ¥ *-tests
to examine the effects of disturbance on the frequency of
long-distance (>2 and >5 m) dispersal events. We selected
thresholds of 2 and 5 m because the former will result in
transport of diaspores beyond the parent canopy of our
study species (Leal et al. 2007), and the latter has been
considered to be important for distance dispersal by ants
(Andersen 1988; Gomez and Espadaler 1998). Analysis
of long-distance removal was conducted on two datasets,
one with sites classified into the four disturbance catego-
ries, and the other using just two categories: low and all
higher levels (moderate, high and very highly disturbed
sites) combined in order to provide a stronger contrast. In
all cases, disturbance was nested under soil type, and, when
required, we used a posteriori Tukey tests for comparisons
among disturbance categories and plant species. Normal-
ity of the residuals and homogeneity of variances verified
through Shapiro—Wilk and Levene tests, respectively. Data
that did not meet homoscedastic criteria were log;, trans-
formed or arcsine-square root transformed in the case of
percentage data.

We performed a partial canonical correspondence anal-
ysis (CCA) to analyse the effects of disturbance on the
composition of ant disperser species, controlling for pos-
sible effects of soil type. This analysis was conducted on
ant abundance data, as measured by the number of inter-
actions with diaspores (combining results from both tran-
sects for each site). Finally, we used two-way ANOVA to
test the effect of disturbance on the number of removals
by high-quality disperser ant species. All ANOVA and 2
analyses were conducted with STATISTICA 8.0 (Statsoft,
Tulsa, OK), and multivariate analysis was conducted using
PRIMER.

Results

Of the 1,200 diaspores from each plant species offered
across the sites, 44.7 % of Jatropha and 34.4 % of Croton
diaspores were removed. There was a significant interac-
tion between disturbance and diaspore species for rates of
removal (F, 35 = 2.75; df = 5; p = 0.03). Removal rates
did not vary with disturbance for Croton, but declined with
increasing disturbance for Jatropha, where it was twice
as high at low compared with more highly disturbed sites
(Fig. 1).

In total, we observed 1,168 ant-diaspore interactions,
involving 22 ant species. Diaspores were removed in 72 %
of these interactions, involving 11 ant species (Table 1);
in the remaining cases ants were observed consuming the
elaiosome in situ, without diaspore removal. We were able
to observe and identify ant disperser species in almost
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Fig.1 Overall percentage of diaspores from two euphorb species
(n = 50 per species) removed by ants in habitats under different lev-
els of chronic anthropogenic disturbance (n = 24). Bars represent
SEs. Different capital letters indicate significant differences among
disturbance categories and different lower-case letters indicate signif-
icant differences among plant species, according to two-way ANOVA

60 % of all removals. Two ant species, Dinoponera quadri-
ceps and Ectatomma muticum, were responsible for 72 %
of all observed removals (Table 1). D quadriceps was a
particularly dominant remover of Jatropha diaspores, being
responsible for 56 % of removals for this species, com-
pared with only 2 % for Croton. On four occasions, the
dung beetle Canthon carbonarius was observed removing
diaspores for 2, 4, 27 and 65 cm, respectively, in three dif-
ferent sites (see Iannuzzi et al. 2013). Crickets were also
observed consuming Croton sonderianus elaiosomes in situ
in two of our sites.

Three ant species were classified as high-quality dispers-
ers: D. quadriceps, E. muticum and Camponotus crassus,
which together accounted for 75 % of all observed diaspore
removals (Table 1). Mean body size of these species ranged
from approximately 4 mm in C. crassus to 22 mm in D.
quadriceps. C. crassus contributed only 4 % of all ant-dia-
spore interactions and less than 1 % of all diaspore remov-
als; we therefore consider only D. quadriceps and E. muti-
cum as high-quality dispersers for statistical analysis, and
refer to them simply as ‘Dinoponera’ and ‘Ectatomma’,
respectively. Low-quality dispersers comprised species
of Pheidole, Solenopsis, Acromyrmex and Crematogaster
(Table 1), all with body size <4 mm and in almost all cases
<2 mm.

The number of ant disperser species ranged from one
to eight per site, and did not vary with level of disturbance
(Fy17 = 2.25; df = 4; p = 0.11; Fig. 2a). However, overall
ant disperser composition varied significantly with distur-
bance (CCA, F = 2.5; df = 1; p < 0.001; Fig. 3). A range
of low-quality disperser species were positively associated
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Table 1 Number of removals and mean removal distance (£SD) per ant species removing myrmecochorous diaspores from two Euphorbiaceae
species at sites experiencing different levels of chronic anthropogenic disturbance

Chronic disturbance level

Total of removed seeds Mean removal

distance (cm)

Low Moderate High Very high
High-quality dispersers
Dinoponera quadriceps (Din) 71 62 32 21 186 563.97 +444.22
Ectatomma muticum (Ect) 4 34 93 16 148 26.82 £ 57.52
Camponotus crassus (Cal) 6 0 4 0 10 16.70 £ 21.90
Low-quality dispersers
Pheidole sp.1 (Phl) 12 0 9 28 49 19.03 &+ 32.05
Pheidole sp.2 (Ph2) 0 0 2 7 10.50 + 6.76
Pheidole sp.3 (Ph3) 0 0 9 0 17.86 +2.45
Acromyrmex rugosus (Ac) 0 0 7 0 55.00 £ 3.45
Crematogaster sp. (Cr) 0 0 2 0 2.50 £ 1.00
Solenopsis sp.1 (Sol) 14 4 0 3 21 94.11 £257.44
Solenopsis sp.2 (So2) 16 1 0 0 17 179.45 + 62.45
Solenopsis sp.3 (So3) 0 0 3 0 3 3.00 £ 0.00

Codes for each ant species are given in parentheses

with disturbance, whereas several other species, notably
Dinoponera, were negatively associated with disturbance
(Fig. 3).

The numbers of interactions by high-quality ant dis-
perser species were significantly affected by distur-
bance. In particular, the number of diaspore interactions
with Dinoponera declined systematically with increas-
ing disturbance (Fy s = 9.02; df = 4; p < 0.001), and
was more than tenfold higher in low compared with very
highly disturbed sites (Fig. 2b). The number of diaspores
interactions with Ectatomma was highest at intermedi-
ate levels of disturbance (Fy16 = 7.20; df = 4; p < 0.01;
Fig. 2b).

Diaspores were removed up to 18 m, with a mean
removal distance of 118.2 £ 286.7 cm (£SD). Jatropha
diaspores were removed on average 175.41 £+ 154.8 cm,
more than fivefold farther than Croton diaspores
[12.7 & 187 (F4, = 10.46; df = 1; p < 0.001)].
Mean removal distance by high-quality dispersers was
319.52 £ 285.2 cm, more than 20-fold further than by low-
quality dispersers (F 4, = 16.1; df = 1, p < 0.001). The
high mean removal distance by high-quality dispersers was
due primarily to Dinoponera (563.97 &+ 444.2, compared
with 26.82 + 57.52 cm for Ectatomma, Fi9 = 29.019;
df = 1; p < 0.001). Dinoponera was also responsible for
94 % of removals >2 m, and all removals >5 m. Mean
removal distance for Ectatomma was not affected by dis-
turbance, but decreased with disturbance for Dinoponera
(F330 = 2.83; df = 3; p = 0,04; Fig. 4a). Comparing the
fate of diaspores removed by Dinoponera and Ectatomma,
76 and 8 % of diaspores removed by them reached the nest,
respectively. However, the proportion of diaspores removed

by both species that reached the nest was not affected by
disturbance (F3 54 = 0.95; df = 3; p = 0.34).

There was a significant interaction between diaspore
species and disturbance for removal distance (F; 35 = 5.88;
df = 1; p = 0.02). Removal distances of Croton diaspores
were uniformly short across all disturbance levels, whereas
mean removal distance declined systematically with
increasing disturbance for Jatropha, being fourfold higher
in low compared with very highly disturbed sites (Fig. 4b).
Disturbance had a marked effect on the shape of the dis-
persal curve, increasing the incidence of very short removal
distances and decreasing the incidence of long-distance
removals (Fig. 5). At sites with low disturbance, 87 % of all
removals were >2 m, compared with only 8-18 % at more
highly disturbed sites (x> = 39.65; df = 3; p < 0.001). Sim-
ilarly, 34 % of all seed removal events were >5 m at sites
with low disturbance, compared with only 1.20, 4.4 and
0 % respectively at sites with medium, high and very high
disturbance (x* = 37.63; df = 3; p < 0.001; Fig. 5).

Discussion

The species richness of diaspore-remover ants was not sig-
nificantly affected by chronic anthropogenic disturbance in
our study system. However, overall ant disperser composi-
tion and notably the number of removals by both our key
high-quality disperser ants varied markedly with distur-
bance. Removals by Dinoponera declined systematically
with disturbance, while those by Ectatomma were highest
at intermediate disturbance levels. Ant abundance was not
measured directly, but we attribute these responses to the
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Fig. 2 Mean richness of ant disperser species (a) and frequency of
interaction of two high-quality disperser ant species (HQ) with dia-
spores (n = 100) (b) from two euphorb species in habitats under dif-
ferent levels of chronic anthropogenic disturbance (n = 24). Bars
represent SEs. Different capital letters indicate significant differences
among disturbance categories and different lower-case letters indicate
significant differences among plant species, according to two-way
ANOVA
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Fig. 4 Mean removal distance of diaspores from two euphorb species
by two high-quality disperser ant species (a) and by all ant species
combined (b) in habitats under different levels of chronic anthropo-
genic disturbance (n = 24). Bars represent SEs. Different capital let-
ters indicate significant differences among disturbance categories and
different lower-case letters indicate significant differences among
plant species, according to two-way ANOVA

effects of disturbance on species’ abundances. The responses
of ant species to disturbance are highly variable among eco-
systems and are strongly dependent on species’ functional
traits (Hoffmann and Andersen 2003; Phillpott et al. 2010).
The unavailability of direct measurements of habitat distur-
bance means that a mechanistic analysis of how disturbance
affected our ant species is not possible. However, according
to ant functional-group classification based on global-scale
responses to environmental stress and disturbance (Andersen
1995), most Caatinga disperser ants are either Opportunists
or Generalised Myrmicinae, which tend to have high toler-
ances of habitat disturbance (Hoffmann and Andersen 2003).
In particular, Ectatomma is functionally very similar to the
fellow ectatommine and Opportunist Rhytidoponera, which
is the dominant disperser ant genus in Australia (Andersen
and Morrison 1998; Gove et al. 2007) and likewise is
favoured by moderate disturbance (Hoffmann and Andersen
2003 and references therein).
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In contrast to Ectatomma, Dinoponera was highly sen-
sitive to disturbance. The frequent removal of myrmeco-
chorous diaspores by Dinoponera is highly unusual for a
ponerine ant genus (however see Pizo and Oliveira 1998,
2000; Passos and Oliveira 2002, 2003), as most ponerine
species are specialist predators. Our study species (Dino-
ponera quadriceps) is primarily carnivorous (Aradjo and
Rodrigues 2006), as appears to be typical for the genus
(Fourcassié and Oliveira 2002). Specialist predators are
typically among the ants most sensitive to disturbance
(Hoffmann and Andersen 2003; Leal et al. 2012; Senior
et al. 2013), and Dinoponera showed such a response in our
study. Dinoponera was the dominant disperser ant in that it
was responsible for a substantial proportion (37 %) of all
seed removals, and 97 % of all removals >2 m. Its response
to disturbance therefore had important implications for the
effects of disturbance on seed dispersal.

Disturbance also affected the composition of low-quality
disperser ants, with several such species being positively
associated with disturbance. These species typically feed
on elaiosomes in situ, without effective dispersal, and so
can be considered mutualism cheaters. Disturbance there-
fore not only reduces removal by the highest-quality seed
disperser (Dinoponera), but favours cheater species.

Removal rates of Jatropha diaspores at more highly
disturbed sites were about half that at sites with low dis-
turbance, whereas removal rates of Croton diaspores were
not affected by disturbance. Jatropha diaspores are known
to be more attractive to, and dependent on, high-quality
seed-disperser ants than are those of Croton (Leal 2010). In
our study, high-quality disperser ants were responsible for
almost 90 % of all observed Jatropha diaspore removals,

compared with only 31 % for Croton. Dinoponera was
responsible for 92 % of all removals of Jatropha diaspores,
and so the lower removal rates at more highly disturbed
sites can be directly attributed to reduced removals by
Dinoponera.

Given the dominant role played by Dinoponera in long-
distance removals, its reduced removal rates with increas-
ing disturbance would be expected to have a major impact
on patterns of distance dispersal. Indeed, mean removal
distance of Jatropha diaspores was fourfold higher in low
compared with very high disturbance, and no removals fur-
ther than 5 m were observed in highly disturbed sites. In
general, myrmecochory generates short dispersal distances
when compared with dispersal by other animal species.
However, some diaspores can reach relatively long dis-
tances when they are removed by large-bodied ants with
large foraging ranges (Gomez and Espadaler 1998). Myr-
mecochorous plants are often of very small stature, and so
relatively short dispersal distances are enough to remove
diaspores away from parental influence and provide escape
from parental competition (Leal et al. 2007). However,
myrmecochorous Euphorbiaceae in Caatinga are taller than
most other myrmecochorous plants around the world (I. R.
Leal, unpublished data), and diaspores therefore need to be
removed further for effective distance dispersal. Our find-
ings show that the incidence of removals >2 m is dramati-
cally reduced by disturbance in Caatinga, suggesting that
dispersal services are severely compromised at highly dis-
turbed sites. Given that myrmecochorous Euphorbiaceae
species are a dominant component of the Caatinga flora
(Rodal and Nascimento 2006), this may significantly limit
vegetation recovery after disturbance.

In conclusion, despite a high diversity of seed-dispers-
ing ant species, our Caatinga system has only a very lim-
ited number of high-quality seed dispersers, and these are
functionally very different in terms of distance dispersal
and response to chronic anthropogenic disturbance. In par-
ticular, the species responsible for most long-distance dis-
persals is highly sensitive to disturbance, and so distance
dispersal decreases markedly with increasing disturbance.
Despite high overall diversity there is therefore very lim-
ited functional redundancy in disperser ant species, result-
ing in low disperser resilience in relation to disturbance.
This is likely to have important longer-term implications
for recruitment by myrmecochorous plants, and therefore
on vegetation composition and structure, at sites subject to
high anthropogenic disturbance.
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