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Myrmecochory sensu stricto is uncommon in Neotropical forests. In these ecosystems the role of ants as
secondary dispersers of non-myrmecochorous seeds is well known, however, the primary dispersal of
this type of seed by ants has been poorly documented. Only a few anecdotal observations scattered
throughout the literature report the removal of these seeds from fruit on the plant by ants. We show
experimentally that ants are able to remove more pulp and seeds from fruit on the branches than do

flying vertebrates in Pilosocereus leucocephalus, a columnar cactus bearing typically ornithochorous fruit.
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In addition, experiments emulating seed cleaning revealed that cleaned seeds germinate earlier. These
results suggest a possible role of ants as primary cactus dispersers; one that requires more extensive
research on seed fate and seedling establishment success.

© 2008 Elsevier Ltd. All rights reserved.

Myrmecochory sensu stricto is uncommon in Neotropical
forests (Rico-Gray and Oliveira, 2007) where 90% of the plants bear
fleshy fruits and presumably rely on vertebrates for seed dispersal
(Frankie et al., 1974). However, the lack of elaiosomes on the seeds
does not preclude ant-seed interactions. Seeds primarily dispersed
by vertebrates eventually reach the forest floor where ants collect
them and carry them to their nest (Pizo et al., 2005). After feeding
their larvae with the pulp, ants put the seeds, undamaged, in refuse
piles where seedlings find suitable growing conditions (Horvitz,
1981; Beattie, 1985; Pizo and Oliveira, 2001). Ants also prevent
pathogen infestation by removing the fleshy coat from the seed
(Ohkawara and Akino, 2005; Christianini et al., 2007). Although the
role of ants as secondary dispersers of non-myrmecochorous seeds
is widely recognized at present, the primary dispersal of these
seeds by ants has received scant attention. The few anecdotal
reports available only describe ants removing seeds from fruit on
the plants without any quantification (Wheelwright, 1985; Silvius,
1995; Montiel and Montaiia, 2000).

During spring and summer 2006 and 2007, in addition to birds
we observed ants climbing and taking seeds from fruit on the
branches of the Pilosocereus leucocephalus columnar cactus. We
found this behaviour interesting for several reasons: the seeds do
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not have any elaiosomes, the fruit morphology of this cactus species
suggests bird dispersal, and all previous studies done on columnar
cacti report primary seed dispersal by flying vertebrates (Silva,
1988; Wendelken and Martin, 1988; Silvius, 1995; Sosa, 1997; Sor-
iano et al, 1999; Godinez-Alvarez and Valiente-Banuet, 2000;
Godinez-Alvarez et al., 2002; Soriano and Ruiz, 2002). From our
field observations three main questions arose: (1) how important
are ants in the removal of seeds from fleshy fruit on these plants,
relative to other dispersers? (2) Is fruit pulp an important factor in
ant attraction, and (3) does manipulation by ants (specifically seed
cleaning) enhance seed germination?

The study area is located at Loma de Rogel, Veracruz, Mexico
(19°34'N, 96°47'W). The natural vegetation is a moderately
disturbed tropical dry forest with a discontinuous canopy. The soil
is scarce and its distribution heterogeneous: it is absent from
canopy gaps, and moderately developed in rocky cavities and
beneath trees. Both of these microhabitats are suitable for P. leu-
cocephalus establishment (Munguia-Rosas and Sosa, 2008). P. leu-
cocephalus has three fruiting pulses from April to September. Fruits
are spheroid (6 x 5 cm diameters and 60-100 g), split open when
ripe and have red fleshy pulp in which an average of 830 small
seeds (2.5 x 1.5 mm, 1.4 mg) is embedded. We quantified the lipid
concentration of seed and pulp using the extraction, purification
and quantification protocols of Christie (1993), Folch et al. (1957),
and Ahlgren and Merino (1991), respectively. The lipid concentra-
tion in seeds was 123 mgg~! and 21.8 mgg~! in pulp.
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To identify the guild of frugivorous vertebrates, we sampled
volant vertebrates during spring and summer 2007 in the study
area and its surroundings. Birds and bats were captured with four
mist nets (9 x 2 m) from 06.00 to 10.00 and from 20.00 to 24.00,
respectively. Total sampling effort was 180 net-h m~2 for birds and
270 net-h m~2 for bats. We identified ten birds belonging to nine
species and 18 bats belonging to four species. Seven of the bird
species and two of the most abundant bat species feed on fruit (see
Appendix). There was no previous record of the species composi-
tion of the ant community, so we documented the identity of ants
visiting fruits and seeds when carrying out the experiments
described below.

We compared fruit mass depletion by different fruit visitors in
a field exclusion experiment. During early summer 2007 we
collected 34 ripe fruits from 15 different cacti. When ripe, the fruit
split open and expose their pulp to dispersers, so to simulate
natural conditions collected fruits were split into two or three
pieces of similar volume and fixed on cactus branches. Three
pieces, placed 20 cm apart and 150-210 cm above ground, were
assigned to only one external branch per individual. Each branch
with three pieces of fruit represented a statistical block. Each piece
in a block was randomly assigned to one of three treatments:
(I) removal by ants, excluding vertebrates and other animals with
a wire cage (mesh opening =5 mm); (II) removal by vertebrates,
excluding ants with Tanglefoot, a natural and odourless resin,
spread around the fruit; and (III) control, no removal, protecting
the fruit with a plastic net (opening < 0.5 mm). We have used
these exclusion devices in other experiments and they do not
deter birds or ants from visiting the experimental plants. The
number of replicates, 24, was given by the number of blocks (one
branch with three pieces of fruit). Each piece of fruit was weighed
at the beginning and then every 12 h over the 72 h of the exper-
iment. The decrease in fruit mass was considered to be a measure
of seed removal (fruit mass explains 61.72% of variance in seed
number; n =33 fruit portions, P < 0.001). Mass lost in the control
treatment was attributed to manipulation, rainfall, wind or evap-
oration. When weighing the fruit, we recorded vertebrate visits on
a focal block for 1h with a Sony Handycam video camcorder
model DCR-TRV280, using infrared light at night. We filmed six
different blocks for a total of 6 h: 3 h in the morning and 3 h at
night. The exclusion experiment was conducted during a fruiting
peak in the dry season. Naturally attached fruits were removed in
order to maintain a constant fruit number among the experi-
mental plants. Fruit number on the experimental cacti and on the
neighbouring cacti was similar (mean number of fruit on non-
experimental plants is five). Our experiment lasted three days,
similar to the period that ripe fruit remains on the cactus under
natural conditions before being completely eaten. We statistically
compared fruit mass depletion among treatments by fitting
a linear mixed-effects model (LME). Treatments were specified as
the fixed effect, and the blocks and repeated measures as the
random effects of the model (Pinheiro and Bates, 2000). To detect
any differences among treatments we performed a posteriori
contrasts (Crawley, 2002).

To assess whether fruit pulp stimulates interest by ants in seeds,
we placed 20 cleaned seeds in each of 25 Petri dishes (stations), and
a variable number of seeds with pulp in each of another 25 Petri
dishes, all on the forest floor (2 treatments, 25 replicates). Seed
number was not fixed in the second treatment because we used
seeds embedded in fresh pulp; however we did count the initial
number of seeds in each station by spreading the pulp out in the
dish. This initial seed number was used in the statistical analyses.
The stations were placed at least 5 m apart and protected from
vertebrates with plastic cages (opening: 8 mm). Instantaneous
counts of the number of ants feeding at the stations were done

during the morning (09.00-10.00) 24 h after the start of the
experiment. The seeds remaining in the dishes after 96 h were
counted. We realize that a more realistic experimental setup would
have used the cactus branches as the seed location, but it was
virtually impossible to place seeds without pulp on the almost-
vertical branches of the cactus. The number of ants visiting the
stations and the proportion of seeds removed were compared
between treatments using deviance analyses (generalized linear
models). A Poisson error distribution was used for the number of
visiting ants, and a binomial error distribution for the proportion of
removed seeds.

The effect of seed cleaning on germination was tested using two
treatments: cleaned seeds and seeds embedded in pulp. Five fruits
were cut in two: one half was used to obtain cleaned seed (washed
with tap water and dried at room temperature for 2 d) and the
other as a source of seeds with pulp. Groups of 30 cleaned seeds
and approximately the same number of seeds with pulp (mean
number per dish was 34) were put into 60 randomly placed Petri
dishes (30 per treatment) lined with moist filter paper under
greenhouse conditions. We calculated the proportion of germi-
nated seeds every three days over 15 d and compared it between
treatments by fitting a LME, after an arcsine-square root-trans-
formation of the data. The treatment was the fixed factor; the fruit
and the repeated measures, the random factors. All the statistical
analyses described in this and the previous sections were done
using S-Plus 2000.

Fruit mass depletion differed statistically among treatments
(F1, 334=5.44, P<0.01). A posteriori comparison revealed differ-
ences between ant removal and the control and vertebrate removal
treatments; the latter two treatments did not differ. Removal by
ants was always greater than removal in the other two treatments;
however, the magnitude of the differences varied over time (Fig. 1).
Filming recorded six visits of the hummingbird Amazilia tzacatl
sipping juice from six different pieces of fruit. The Varied Bunting,
Passerina versicolor, visited one fruit twice. Even though the camera
did not have high enough resolution to record ants, we directly
observed Solenopsis aurea and two species of Pheidole ants climbing
the cactus branches and taking seeds with pulp (a colour photo is
available as Supplementary material). Although we saw the ants
taking and transporting the seeds, we were unable to identify the
final destiny or how far the seeds are transported by ants because
ants carrying seeds disappeared in small crevices or beneath spiny
vegetation.

Our estimates of fruit mass removal by ants are highly
conservative because the exclusion mesh was an obstacle that
reduced the rate of removal. Even so, the evidence suggests that
ants are able to remove more fruit mass than vertebrates can. As
we have both caught frugivorous flying vertebrates and seen birds
feeding on fruits in this and other cactus populations, it is too
risky to conclude that this situation can be generalized in space
and time. During our study the fleshy fruit of two other columnar
cactus species (Neobuxbaumia euphorbioides and Stenocereus gri-
seus) was available; it is likely that competition for dispersers may
have influenced the visiting rate of flying vertebrates to experi-
mental fruits. As no research has been done in the study area, we
do not know the population status of birds and bats. The impor-
tant point is that at certain locations and times ants are able to use
resources which were previously thought to be almost exclusively
consumed by vertebrates. Other authors have also observed ants
climbing and taking the seeds from cactus fruit in other places
(e.g. Opuntia rastera in the Chihuahuan Desert; Montiel and
Montafia, 2000). In fact, Silvius (1995) realized that the fruit of
S. griseus can be depleted by ants if vertebrates are absent.
However, in these studies the authors only reported direct seed
removal from fruit on plants by ants without any quantification.
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