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Abstract

Although seed dispersal by ants might reduce seed predation 
near the parent plants, predation on discarded seeds clustered on 
nest refuse piles may reduce any initial bene it provided by seed 
removal. Here we examine the fate of Croton sonderianus seeds that 
were discarded by Pheidole fallax Mayr ants on their nest refuses 
in caatinga vegetation of northeast Brazil. We collected all seeds 
discarded in refuse piles of 20 nests and within a radius of 50 cm 
from their borders, and examined them for evidence of predation. 
A total of 3,017 seeds were recorded either located in the P. fallax 
refuse piles (89.1%) or nest vicinity (10.9%). Predation was three 
fold higher in nest vicinity as compared to refuse piles. By removing 
seeds from beneath parent plants and relocating then to refuse 
piles, P. fallax is possibly providing double protection services for 
C. sonderianus seeds. Our indings represent the irst evidence for 
predator-avoidance as bene it for plants resulting from ant seed-
dispersal in the neotropics.

Introduc  on

Ants frequently operate as effective dispersers for over 
3,000 plant species with elaiosome-bearing seeds, from 
tropical to temperate habitats worldwide (Rico-Gray 
& Oliveira 2007). Ants carry the seeds to their nests, 
remove and consume the elaiosomes, and discard/
concentrate the intact seeds in refuse piles either within 
subterranean nest chambers or on the soil surface around 
nest entrances (Beattie 1985). The bene its to plants of 
this mutualism include: directed dispersal to nutrient-
enriched site, reduced competition between seedlings 
and adults, improved germination in response to seed 
cleaning, and protection of seeds against predation and 
ire (Manzaneda et al 2005, Giladi 2006, Rico-Gray & 

Oliveira 2007).
In a recent meta-analysis, Giladi (2006) concluded that 

seed protection is a frequent bene it for plants resulting 

from ant seed-dispersal — the author found support for 
the predator-avoidance hypothesis in 80% of the studies 
that examined this hypothesis. Predation can affect plant 
population dynamics, but also drives the evolution of 
many aspects of plant reproduction, particularly fruit and 
seed morphology (Manzaneda et al 2005). In this context, 
seed removal by ants has been proposed to reduce the 
chance of seeds being predated close to their parent plant 
(Rico-Gray & Oliveira 2007). However, the discarding of 
seeds clustered in external refuse piles (Beattie 1985), 
which may attract higher predator activity, may reduce 
or even eliminate any initial bene it provided by seed 
removal from the vicinity of parent plants (Manzaneda et 
al 2005). This is especially relevant given that the ultimate 
destination of most seeds dispersed by ants is a refuse 
pile (Beattie 1985, Leal et al 2007), although some have 
been reported to be further re-dispersed around nests 
(Lubertazzi et al 2010).
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Here we examine the fate of Croton sonderianus 
seeds that were discarded by Pheidole fallax Mayr 
ants on their nest refuse piles. The Croton-Pheidole 
relationship is one of a myriad of interactions involving 
seeds and ants in the caatinga vegetation – a mosaic 
of scrub vegetation and dry forest that has been 
considered a hotspot of myrmecochory in South 
America (Leal et al 2007). Over 80% of seeds removed 
by ants in caatinga are discarded onto refuse piles and 
apparently are not re-dispersed (Leal 2003a, Leal et 
al 2007), which represent an opportunity to address 
post seed-dispersal predation and the role played by 
nest-mediated seed protection. As argued by Del-Claro 
& Torezan-Silingardi (2009), insect-plant interactions 
may represent key mechanisms structuring the natural 
world.

Material and Methods

The study was carried out in a continuous patch 
of caatinga vegetation in the region of Parnamirim 
(8º5’26”S, 39º34’42”W), Pernambuco state, northeast 
Brazil. The climate is typically semi-arid with a marked 
annual dry season (< 60 mm per month) lasting 7-11 
months (IBGE 1985). Annual rainfall is around 500 mm, 
with the wettest period between April and August (IBGE 
1985), but long lasting (2-3 years) periods of severe 
drought are frequent (Sampaio 1995). Predominant 
soils are non-calcic brown soils, regosols and planosols 
(IBGE 1985). The vegetation is a mosaic of physiognomic 
types ranging from patches of seasonally tropical dry 
forests (sensu Pennington et al 2000) to scrub vegetation 
(Sampaio 1995, Prado 2003).

Croton sonderianus is a pioneer shrub species bearing 
capsules with small (4.7 ± 0.28 mm length; mean ± SD) 
elaiosome-bearing seeds. Such tiny seeds are ballistically 
dispersed beneath and around parents, but subsequently 
removed and piled by ants, particularly species of Pheidole 
(Leal 2003a, Leal et al 2007). Pheidole fallax is widespread 
in the neotropics from Costa Rica to Argentina, especially 
in dry forests (Wilson 2003). Workers are seed harvesters 
and form conspicuous trunk trails to seed sources 
(Zelikova & Breed 2008). In the caatinga, P. fallax is a 
very frequent species (Leal 2003b) and a legitimate 
myrmecochorous seed disperser, being responsible for 
up to 30% of all seeds removed by ants on the ground 
(Leal 2003a, Leal et al 2007). Additional information on 
Croton-Pheidole system is available in Passos & Ferreira 
(1996).

In the rainy season of 2009, we assessed 20 nests 
of P. fallax sizing up to 2100 cm2 (calculated as an 
ellipsoid). Each nest area consisted of a nest entrance, a 
nest mound and a spatially well-delimitated and dense 
seed pile created by ant deposition (Fig 1). We collected 

all ant-discarded seeds into associated nest refuse piles 
(treatment) and within a radius of 50 cm from the borders 
delimitating ant nests — i.e., the nest vicinity as a control 
site (as opposed to the area adjacent to the nest entrance, 
see Fig 1). Seeds in the nest vicinity were assumed to be 
released/lost by ants on their way to nests, or reached 
this location via other means (e.g. ballistic dispersal), but 
in all cases they consisted of single seeds already free of 
elaiosome (i.e. unattractive to ants). 

Focal nests were located at least 10 m from any other 
ant nest (25.7 ± 12.5 m apart), and not located beneath 
the canopy of any Croton sonderianus shrub to (1) 
eliminate overlapping among colony foraging areas, and 
(2) reduce potential contamination of seed piles by seeds 
dropped directly from parents via ballistic dispersal. 
Seeds were counted and examined for the presence of 
predation traces (holes or seeds missing parts), and 
such traceable predation was compared between refuse 
piles and controls via a paired t test and a contingency 
table (Zar 1999). Possible seed predation leaving no 
trace (e.g. potential seed ingestion by small rodents and 
granivorous birds) was not examined as such seeds could 
not be retrieved.

We adopted this spatial design because Pheidole 
foraging activities have been reported to achieve dozens 
of meters from colonies (Leal 2003a, Leal et al 2007, 
Zelikova & Breed 2008). However, ant presence and 
activity is spatially concentrated around nest entrance 
and mound because (1) ants present central place 
foraging and always return to the nest for feeding the 
nestmates and/or store preys, and (2) majors workers 
(i.e. soldiers) permanently defend the nest area to 
protect the colony (Itzkowitz & Haley 1983, Hölldobler 
& Wilson 1990). Although ants are not involved in active 
seed protection, seed predators (and other organisms as 

Fig 1 A Pheidole fallax nest area in the caatinga vegetation, northeast 
Brazil. A white circle highlights a well-delimited refuse pile with a 
concentration of Croton sonderianus seeds.
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well) are expected to be deterred by resident ants in case 
they get too close to the nest entrance (i.e. ownership 
behaviour sensu Way 1963). Such indirect nest defence is 
clearly most pronounced near the nest entrance but may 
also occasionally occur at other spots; i.e. a sort of nest-
dependent and permanent protection vs. an occasional 
protection conferred to other sites such as our control 
(personal observation).

Results

A total of 3,017 seeds C. sonderianus were recorded 
either located in the P. fallax refuse piles (89.1%) or 
nest vicinity (10.9%). Refuse piles contained between 
41 and 283 seeds, whereas seeds outside piles always 
occurred singly, but achieved 7 to 29 within controls. 
Refuse piles also contained: (1) other myrmecochorous 
seeds from species of Manihot, Jatropha, Cnidoscolos (all 
Euphorbiaceae), Tacinga (Cactaceae) and Commiphora 
(Burseraceae); (2) over 200 fragments of ant species 
from the genera Dinoponera, Camponotus, Cephalotes and 
other species of Pheidole, and (3) the remains of at least 
16 species of Coleoptera (i.e. remains of preys of Pheidole 
fallax). Among piles and controls, only a small fraction 
(5.6%) of seeds exhibited signs of predation, with holes 
from bruchid beetles being the most common. However, 
predation was three fold higher in nest vicinity (13.04 ± 
15.3%) as compared to refuse piles (4.5 ± 3.1%) (t = 2.44, 
df = 19, P = 0.012) (Fig 2). Precisely, seed predation varied 
from 2.1% to13.4% in piles, but reached up to 50% in a 
control spot; such chances however were not correlated 
to seed abundance. Consequently, the total number of 
predated seeds (pooling all the nests) was signi icantly 
higher in nest vicinity (11.8%) as compared to refuse 
piles (4.8%) (χ2 = 28.8, df = 1, P < 0.0001); a difference 
that resulted on the presence of 2,557 intact seeds stored 
across the 20 nests of P. fallax.

Discussion

Our results indicate that P. fallax relocates considerable 
numbers of Croton sonderianus seeds (up to 2,500 seeds 
ha-1 according to data on nest density), and by discarding 
them in nest refuse piles, seeds experience a higher 
per capita chance of escaping from predation (at least 
traceable predation), despite seed aggregation. 

Rodents, granivorous ants, but mainly bruchid 
beetles, have been recognized as effective predators of 
myrmecochorous seeds (Hughes & Westoby 1990, Ohara 
& Higashi 1987, Ohkawara et al 1996, 1997), including in 
the caatinga vegetation (personal observation). Pheidole 
fallax is an aggressive predator with nests protected 
by a specialized sub-cast of ants, the majors (Itzkowitz 
& Haley 1983). This sort of nest protective behaviour 
is likely to deter many types of organisms (including 
granivores) that could potentially destroy piled seeds 
(e.g. Coleoptera species as suggested by nest remains). 
In fact, it represents so far the most parsimonious 
mechanism to account for the differential predation we 
documented across 20 nest refuses although the role 
played by potential seed predators (e.g. small rodents and 
granivorous birds) remains not examined in the caatinga 
vegetation. This mechanism remains valid even if we 
assume that ants may occasionally deter seed predators 
across our control sites. 

The predator-avoidance hypothesis has already 
received some support, mostly in temperate forests 
(Heithaus 1981, Higashi et al 1989) and sclerophyll 
vegetation (Hughes & Westoby 1990), while our indings 
represent the irst evidence from the neotropics (but 
see Passos & Oliveira 2004 for seedling protection by 
a Neotropical ant species). Furthermore, the classical 
evidence of predator-avoidance refers to ant-mediated 
removal of those seeds that eventually drop around 
parents, which reduces the chance of seeds being detected 
by predators (Heithaus 1981, Higashi et al 1989, Smith et 
al 1989, Ohkawara & Higashi 1994, Ohkawara et al 1997), 
while P. fallax services include not only seed-removal 
from parental spots, but mainly seed discarding/piling 
plus nest-mediated protection.

How might the protection services provided by 
P. fallax ants affect C. sonderianus recruitment and 
demography? Croton sonderianus is a deciduous plant, 
with the start of leaf-fall synchronized with the onset of 
the dry season (Machado et al 1997). Flowering, fruiting 
and ballistic seed dispersal occurs over the rainy season 
(Griz & Machado 2001), with dispersed seeds, if not 
predated, remaining dormant up to the irst rains of the 
next rainy season. This means that seeds remain exposed 
to predation for 9-10 mo, a risk that can be reduced by P. 
fallax seed protection. This protective service (favouring 
thousands of seeds) add to others bene its provided for 
Pheidole ants in the caatinga vegetation (including C. 

Fig 2 Proportion of Croton sonderianus seeds predated in nest 
refuse piles of Pheidole fallax and within a radius of 50 cm from 
the borders of ant nests.
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sonderianus) such as the provision of nutrient-enriched 
nest soils, which support increased seed germination and 
seedling survival; i.e. directed-dispersal hypothesis (Leal 
et al 2007). In this context it is reasonable to propose that 
such combination of services improves Croton recruitment 
even if we accept that density-dependent mechanisms 
negatively impact seed/seedling survivorship across 
nest seed piles, what reinforce the overall role played by 
ants as key dispersers of myrmecochorous seeds in the 
caatinga vegetation.
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