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The local extinction of large-bodied frugivores, especially
tapirs, peccaries, and large primates, has cascading conse-
quences for plant recruitment and overall plant diversity (DIRZO

et al. 2007, DIRZO & MIRANDA 1991, MULLER-LANDAU 2007, TERBORGH

et al. 2008). The intensity of poaching in each mammal com-
munity and the intrinsic characteristics of these species deter-
mine the resilient species that will thrive in the area (PERES 2000).
However, to what extent the resilient seed dispersers, which
usually comprise small species, can inherit the major role of
seed dispersal in defaunated sites is poorly understood (DONATTI

et al. 2009).
Small and medium-sized rodents are the major candidates

to compensate the lack of large seed dispersers because they are
less negatively affected by hunting or fragmentation (WRIGHT

2003). Several species of Neotropical rodents hoard fruits from
locally abundant fruiting trees for future consumption, which
in turn will also promote seed dispersal if some of the cached
seeds are left intact (VANDER WALL 1990). In the Neotropics, large
caviomorph rodents, such agoutis (Dasyprocta spp.) and
acouchies (Myoprocta spp.) are considered the most important
scatter hoarders, especially of large seeds (ASQUITH et al. 1999,
FORGET 1991, FORGET et al. 1999, GALETTI et al. 2006, PERES & BAIDER

1997). In fact, it is assumed that the extinction of several large-
bodied frugivorous mammals (megafauna) during the late Pleis-

tocene has left agoutis as the inheritors of dispersal of several
large fleshy-fruited species (GUIMARAES et al. 2008, HALLWACHS 1986).
Agoutis are rarely extirpated by hunting in the Amazon (PERES

2000), have been observed in highly fragmented landscapes
(JORGE 2008) and, consequently, can be one of the last seed dis-
persers of large-seeded species in fragmented or defaunated ar-
eas (ASQUITH et al. 1999, PIMENTEL & TABARELLI 2004). It is estimated
that one third of all palm species are dispersed by scatter-hoard-
ing rodents, especially agoutis in the Brazilian Atlantic forest
(GALETTI et al. 2006). Therefore, it is crucial to understand the
decision behavior of agoutis when they find a seed.

The probability of seed dispersal by agoutis is affected by
both seed availability and seed traits, such as seed mass and the
presence of secondary compounds in the seeds (FORGET et al. 2002,
JANSEN et al. 2004, GUIMARÃES et al. 2003). However, most experi-
ments on seed dispersal by caviomorph rodents have been done
with large seeds and focused on seed mass variation within spe-
cies (JANSEN et al. 2004, but see FORGET et al. 1998). In addition,
most of studies were carried out in areas with several sympatric
scatter-hoarding species, such as squirrels (Sciurus spp.), spiny
rats (Proechimys spp. and Trinomys spp.) and species of
Dasyproctidae (Myoprocta spp. and Dasyprocta spp.), making it
difficult to identify the disperser (FORGET 1990, FORGET et al. 1998).
Therefore, it is important to disentangle the caching behavior
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of each rodent species if we want to predict the potential conse-
quences of defaunation on plant regeneration (DIRZO et al. 2007).

In this study, we carried out field experiments to test the
selective pressure on seed dispersal or predation by red-rumped
agoutis – Dasyprocta leporina (Linnaeus, 1758) – and dispersal
distance on different plant species along a gradient of both
seed mass and density of agoutis. We quantified the fate (cached
or preyed upon) and dispersal distance of six plant species with
various seed mass offered to red-rumped agoutis.

This study was carried out at Ilha Anchieta (Anchieta here-
after; 45°02’-45°04’W, 23°27’-23°34’ S) in Ubatuba, the north-
eastern state of São Paulo, southeastern Brazil. Anchieta, an 826
ha land bridge island, separated from the continent by approxi-
mately 540 m, suffered from intense human occupation in the
past until it was transformed into a protected park in 1972. Cur-
rently, 70% of its area is covered by native secondary rainforest
(ALVAREZ et al. 2008, FADINI et al. 2009). In this area, agoutis (D.
leporina) reach a very high density and are the dominant scatter
hoarder (1.97 individuals/ha; BOVENDORP & GALETTI 2007).
Anchieta lacks squirrels (Sciurus spp.) and the abundance of spiny
rats – Trinomys iheringi Thomas, 1911 is exceptionally low (only
nine individuals in 9,125 trap nights, R. S. BOVENDORP AND C. L.
NEVES, unpublished data). Pacas (Cuniculus paca Linnaeus, 1766)
are also rare in Anchieta (0.06 individuals/ha, C. F. Esteves unpub.
data) and are mostly seed predators (BECK-KING et al. 1999). There-
fore, Anchieta provides an unique opportunity to understand
the caching behavior of agoutis.

We experimentally assessed the seed fate of six plant spe-
cies within a range of seed masses that vary from 0.3 g to 25.37
g (Tab. I). All of the studied plant species annually produce
fleshy fruits and do not present mast fruiting (GENINI et al. 2009,
MORELLATO et al. 2000).

Astrocaryum aculeatissimum (Schoot) Burret,1934 has
simple or multiple 4-8 m high stems, the fruits are light brown
ranging from 3.0-4.5 cm in length, 3.0-3.5 cm in diameter, with
a mean seed weight of 11.43 ± 2.40 (N = 130). At Anchieta, due
to the low density of spiny rats, agoutis are the main seed dis-
persers of this palm (GALETTI et al. 2006). GENINI et al. (2009) found
a fruit production of 1.6 kg/ha/year with fruits ripening from
March to December, on the Anchieta Island. Syagrus pseudococos

(Raddi) Glassman, 1970 has a simple 10-15 m high stem and
yellow colored fruits, which are 6-7 cm in length, 4 cm wide
with a mean seed weight of 19.09 ± 3.47 (N = 68), mainly dis-
persed by tapirs (Tapirus terrestris Linnaeus 1758) on pristine ar-
eas. At Anchieta, this is the most common palm, with a year
long fruit production of 50 kg/ha/year (GENINI et al. 2009). Syagrus
romanzoffiana (Cham.) Glassmanm, 1968 has a solitary 7-15 m
high and yellow-orange fruits, which are 2-3 cm in length, 1-2
cm in diameter with a mean seed weight of 1.67 ± 0.41 (N = 30).
The S. romanzoffiana fruits are dispersed by primates, ungulates,
carnivores, and squirrels on non-defaunated areas (GALETTI et al.
2001). At Anchieta, this palm produces 36.6 kg/ha/year of fruits
which ripen from March to July (GENINI et al. 2009). Euterpe edulis
Mart., 1823 has solitary 5-12 m high stems and black-purple
drupes which are 1-1.4 cm in length, and have a mean seed
weight of 0.81 ± 0.38 (N = 30). These fruits are dispersed by
medium and large frugivorous birds but also by carnivores and
tapirs in highly conserved areas (GALETTI et al. 1999). At Anchieta,
this palm produces 13.8 kg/ha/year of fruits which ripen from
March to April (GENINI et al. 2009). The Chinese fan-palm Livistona
chinensis (Jac.) R. Br. ex Mart. is an introduced species which, in
Anchieta, is locally common around old human settlements. Its
average fruit weight is 1.14 ± 0.90 g and has only one seed, pro-
ducing fruits all year round. The jackfruit, Artocarpus heterophyllus
(Moraceae) Lam., 1789, is a common semi-domesticated species
introduced in Anchieta. Its fruit weighs up to 12 kg and can bear
more than 200 ovoid seeds with a mean seed weight of 5.28 ±
1.36 (N = 315), which ripens from January to March. Tegu liz-
ards, coatis, and capuchin monkeys are the main seed dispersers
of jackfruits at Anchieta Island (Leslie Calderón, UNESP, unpub.
data).

Fruits from these six plant species were collected from
several individuals in Anchieta, the pulp was manually removed
and the seeds were visually inspected for insect infestations.
We discarded seeds that could be potentially infested by in-
sects. However, insect predation on palm seeds is extremely
low at Anchieta probably due to their high seed removal by
agoutis (DONATTI et al. 2009).

We assessed the fate of seeds by drilling them, attaching
threads to the seeds and following their fate through a modifi-

Table I. Characteristics of the seed species used in the experiments and proportion of seeds cached and preyed upon by red-rumped
agoutis, D. leporina, at Anchieta Island, Brazil.

Family Species Seed mass (g) Primary Disperser Study month % Cached % Preyed upon

Arecaceae Euterpe edulis 0.81 ± 0.38 Birds March  0  100

Arecaceae Syagrus romanzoffiana 1.67 ± 0.41 Foxes, monkeys, tapirs March  0  100

Arecaceae Syagrus pseudococos 19.09 ± 3.47 Tapirs January  41  59

Arecaceae Astrocaryum aculeatissimum 11.43 ± 2.40 Agoutis February  66  34

Arecaceae Livistona chinensis 1.14 ± 0.90 Birds June  4.4  95.6

Moraceae Artocarpus heterophylus 5.28 ± 1.36 Tegu, monkeys March  20  80



474 M. Galetti et al.

ZOOLOGIA 27 (3): 472–476, June, 2010

cation of the spool and line method (GALETTI et al. 2006). Each
seed was threaded with a line spool that was placed inside a
small box, allowing the line to easily unroll when the seed was
removed. Five of these boxes (each with one seed attached)
were fixed in one tree representing one experimental station.
Each experimental station was placed beneath a randomly se-
lected fruiting tree and located along one of the four trails of
the island. Agoutis are not able to visit more than one trail due
to their relatively small home range, especially in Anchieta
where the density of agoutis is very high (BOVENDORP & GALETTI

2007, ALIAGA-ROSSEL et al. 2008) and due to the long distance
between trails (one kilometer in average).

The experiments were carried out between 2005 and 2008.
We used 180 seeds of Euterpe edulis (in March 2007), 180 seeds
of Syagrus romanzoffiana (March, 2007), 81 seeds of Syagrus
pseudococos (January, 2006), 264 seeds of Artocarpus heterophyllus
(March, 2007), 109 seeds of Astrocaryum aculeatissimum, (Feb-
ruary, 2006), and 105 seeds of Livistona chinensis (October, 2007)
to run the experiments. All experiments were done in the peak
of overall fruiting season at Anchieta, from January to March
(GENINI et al. 2009), except for L. chinensis.

The adult palms or jackfruit trees used in the experiment
were at least 50 m from one another. From three to five seeds
were placed below a fruiting tree on the forest floor. When we
could not find enough fruiting trees, we placed the seeds at the
same 50 m intervals. We searched the area and followed the
threads to locate the seeds after five days (DONATTI et al. 2009).
To avoid the effects of the availability of other fruit species in
the seed removal of our marked seeds, we searched for other
fruit species four meters around each experimental station.
However, we did not find any correlation between the seed
removal rate of the marked seeds in our experimental stations
and the number of other zoochoric fruits around these plots,
probably due to the extremely low fruit productivity at Anchieta
(GENINI et al. 2009).

We chose a spool line method because previous studies
showed that rodents rarely carry seeds over long distances and
this method does not influence the behavior of agouti seed
removal (FORGET 1991, 1990). Removed seeds were categorized
as either preyed on or dispersed (cached). Seeds that were dis-
persed far from the experimental stations but not cached were
not considered in our analysis. Endocarps with damaged seeds
were easily recognized as being preyed on by agoutis, based on
teeth marks, whereas dispersed seeds were found intact cached
(buried). Agoutis are the only species able to scatter hoard seeds
in soil at Anchieta, as squirrels are locally extinct and spiny
rats, which are extremely rare in the island, cache seeds below
litter (FORGET 1991, DONATTI et al. 2009). Only five seeds (0.61%)
were dispersed by spiny rats (i.e. they were cached in the lit-
ter), and they were discarded from our analyses.

Agoutis were censused using standard line transect tech-
niques (BOVENDORP & GALETTI 2007). We walked 296 km along
four established trails (Sul, Leste, Pedra do Navio, and Saco

Grande) which vary in length from 1.5 to 3.5 km. We walked
123 km in the dry season (Winter) and 173 km in the wet sea-
son (Summer). The trails were walked slowly (approximately
1km/h) between 6:30 and 11:30, 17:30 and 18:00 h. The densi-
ties and encounter rates for each trail were analyzed using the
software Distance (4.1; http://www.ruwpa.st-and.ac.uk/dis-
tance) (BUCKLAND et al. 1993, 2001).

Given that our focus is to understand if seed mass can
influence the decision of agoutis towards caching or predation,
the seed fate of each seed was used in the logistic regression,
where seed species was considered a fixed factor. Seed fate in
each location (trails) was also analyzed using a Chi-square test.
All analyzes were done using R software (www.r-project.com).

We found a strong positive relationship between seed fate
and seed mass (Logistic regression, �2 = 541.03, p < 0.0001, Fig.
1), and the probability of being cached was positively related to
seed mass within species (Fig. 1). All seeds weighting less than
0.9 g were prey upon by agoutis. Therefore, seeds of S.
romanzoffiana and E. edulis were never cached and were preyed
upon due to their small sizes. These findings were also observed
on forest fragments where all E. edulis (FLEURY & GALETTI 2004)
and S. romanzoffiana removed seeds were destroyed (FLEURY &
GALETTI 2004, 2006). On the other hand, seeds for the other three
species (A. heterophyllus, A. aculeatissimum, and S. pseudococos)
were cached. FORGET et al. (1998) also suggest that seed mass is
related to proportion of cached seeds, but although they assumed
that all seeds were cached by agoutis (D. punctata), the densities
of squirrels and spiny rats on their study area, Barro Colorado
Island, is high (WRIGHT et al. 2000) and they could be overesti-
mating the agouti activity as scatter hoarders.

Figure 1. Logistic regression between seed mass and seed caching
probability in six different tree species manipulated by red-rumped
agoutis, D. leporina, at Anchieta Island, Atlantic forest, Brazil.
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The probability of a seed to be cached or preyed upon,
although differing spatially (�2 = 28.89, p < 0.0001), was not
related with the abundance of agoutis along the trails. However,
we could compare only four trails on the entire island. DONATTI

et al. (2009), comparing five areas in the Atlantic forest found
that areas with intermediate densities of agoutis had higher seed
dispersal of Astrocaryum aculeatissimum than areas with very low
(or even extinct) or very high densities of agouties.

We found an overall positive correlation between seed
mass and dispersal distance when we analyzed all the species
together (r2 = 0.21, p < 0.0001) however, within species this
correlation was significant only for A. aculeatissimum (r2 = 0.05,
p = 0.04) and A. heterophyllus (r2 = 0.17, p < 0.0001), but not for
S. pseudococos. JANSEN et al. (2004) found that seed mass and
masting fruiting were the major determinants of seed caching
by acouchies – Myoprocta acouchy Erxleben, 1777 of Carapa
procera DC., 1824 Meliaceae) in French Guiana. Our data does
not show that intra-specific masting was an important factor
to determine seed fate, since none of our studied species present
fruit masting, but overall fruit availability may have been im-
portant (FORGET et al. 2002, GENINI et al. 2009). Nevertheless, we
do not have information on seed fate on species that ripen
during the season of fruit scarcity. Secondary compounds are
also another important trait for seed caching by agoutis
(GUIMARÃES et al. 2003), but was not evaluated in our study.

In the Neotropics, large primates and tapirs are the ma-
jor seed dispersers of large- seeded fleshy fruits (GUIMARÃES et al.
2008) and these mammals are the first to become extinct in
areas with heavy hunting pressure (PERES 2000, GALETTI et al.
2009). Although caviomorph rodents and squirrels may be the
remaining dispersers of several large-seeded plants on anthro-
pogenic environments (PIMENTEL & TABARELLI 2004, GALETTI et al.
2006, DONATTI et al. 2009), our data indicate that only a
subsample of seed sizes will be effectively cached by agoutis.
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