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Assessing ant seed predation in threatened plants: a case study
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Abstract

Erodium paularense is a threatened plant species that is subject to seed predation by the granivorous ant Messor capitatus. In this paper we
assessed the intensity and pattern of ant seed predation and looked for possible adaptive strategies at the seed and plant levels to cope with this
predation. Seed predation was estimated in 1997 and 1998 at the population level by comparing total seed production and ant consumption,
assessed by counting seed hulls in refuse piles. According to this method, ant seed predation ranged between 18% and 28%. A more detailed
and direct assessment conducted in 1997 raised this estimate to 43%. In this assessment spatial and temporal patterns of seed predation by ants
were studied by mapping all nest entrances in the studied area and marking the mature fruits of 109 reproductive plants with a specific colour
code throughout the seed dispersal period. Intact fruit coats were later recovered from the refuse piles, and their mother plants and time of
dispersal were identified. Seeds dispersed at the end of the dispersal period had a greater probability of escaping from ant seed predation.
Similarly, in plants with late dispersal a greater percentage of seeds escaped from ant predation. Optimum dispersal time coincided with the
maximum activity of granivorous ants because, at this time, ants focused their harvest on other plant species of the community. It was also
observed that within-individual seed dispersal asynchrony minimised seed predation. From a conservation perspective, results show that the
granivorous ant–plant interaction cannot be assessed in isolation and that the intensity of its effects basically depends on the seed dispersal
pattern of the other members of the plant community. Furthermore, this threat must be assessed by considering the overall situation of the
target population. Thus, in E. paularense, the strong limitation of safe-sites for seedling establishment reduces the importance of seed preda-
tion.
© 2005 Elsevier SAS. All rights reserved.
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1. Introduction

Seed predation by ants has rarely been considered in assess-
ing the conservation status of endangered plant populations.
However, the impact of seed predation on population dynam-
ics has been intensively studied (Harper et al., 1970; Janzen,
1971; Brown and Human, 1997; Howe and Brown, 2000,
2001; MacMahon et al., 2000), and consequently recognised
as an important factor in shaping the structure and composi-
tion of plant communities (Brown et al., 1979; Louda, 1982;
Heske et al., 1993; Hulme, 1997, 1998).

Among seed predators, harvester ants are considered pri-
mary seed consumers in low nutrient or dry environments
(Morton, 1985; Beattie and Hughes, 2002), and their forag-

ing behaviour is known as a major determinant of both com-
munity and population attributes (Kunin, 1994; Hulme and
Benkman, 2002). In fact, ant foraging can influence the rela-
tive recruitment rates of preferred and rejected species (Reich-
man, 1979; Crist and MacMahon, 1992; Kunin, 1994).

Seed predation by harvester ants becomes an especially
relevant matter for endangered plant populations when rela-
tively high predation rates have been previously reported
(Crawley, 1992). Ant granivory may exert selective pressure
on small plant populations and condition their viability. Some
authors have hypothesised that seed aggregation may increase
the removal rate by ants (Hughes and Westoby, 1990; Gorb
and Gorb, 2000). According to this, high within-population
dispersal synchrony, resulting in high seed densities, could
become detrimental. We hypothesised that natural selection
may have shaped dispersal phenology in two different ways:
1) Maximising the probability of a seed escaping from ant
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predation (seed perspective). Those genotypes whose time of
seed dispersal does not coincide with the peak activity of seed
predators may have a greater chance of escaping from preda-
tion. This implies that the new seed genotypes exert certain
control in the ripening process that complement plant mater-
nal effects (Roach and Wulff, 1987). 2) Maximising the num-
ber of seeds per plant that escape from ant predation, both in
absolute and relative terms (plant perspective) (Moore, 1978;
De Steven, 1983).

In the course of a long-term study on the reproductive biol-
ogy and demographic dynamics of the rare plant Erodium
paularense Fern. Gonz and Izco (Geraniaceae) (González-
Benito et al., 1995; Albert et al., 2001a; Albert et al., 2001b;
Albert et al., 2004), we observed significant seed predation
rates by Messor capitatus ants, the only harvester ant found
in the populations (X. Espadaler and C. Gómez, personal com-
munication). However, population viability analyses based
on more than 10 years of monitoring suggest that local popu-
lations are relatively stable (Albert et al., 2004) in spite of the
intense and constant removal of viable seeds. We considered
that these populations might have evolved mechanisms to cope
with this constant recruitment limitation. Therefore, we built
models to determine the factors that affect the probability of
a seed escaping from predation, and the number and the per-
centage of non-predated seeds per plant.

Thus, our specific questions were: a) What is the level of
ant seed predation in E. paularense? b) What is the spatial
and temporal pattern of this ant seed predation? c) Have seeds
and plants adopted any strategies to escape from ant seed pre-
dation? and d) What implications can be derived for the con-
servation of this plant species?

2. Materials and methods

2.1. Study species

E. paularense Fern. Gonz. and Izco is an endangered
woody rosulate that grows in the Sistema Central in Spain on
dolomitic and andesitic rock outcrops and in nearby shallow
soils. It is listed in Annex II and Annex IV of the European
Community Habitats and Species Directive (European Com-
munity, 1992) and has been classified as “Endangered” (EN)
(Albert et al., 2003) according to IUCN categories (IUCN,
2001). Plants produce very few viable seeds due to the opera-
tion of a partial self-incompatibility system and other limit-
ing factors such as relatively low levels of flowering syn-
chrony and resource limitation (González-Benito et al., 1995;
Albert et al., 2001a). Fruits (schizocarps) are composed of
five one-seeded mericarps. Mericarp dispersal occurs by a
hygroscopic mechanism by which they fall to the ground
within a 2-m range from the mother plant (M.J. Albert, per-
sonal observation). Further limiting factors for the viability
of its populations include adequate microsite limitation and
low seedling survival (Albert et al., 2004).

The study was conducted in Valle de Lozoya, Madrid,
Spain (Population II of González-Benito et al., 1995).

2.2. Estimation of total seed production

In 1997 and 1998 all individuals of the population were
censused. Each year plant size was measured through the
maximum diameter of rosette cluster in a sample of 300 plants.
Individuals were then ascribed to one of eight size classes
used to structure the population (Table 1). Total number of
individuals in each class was calculated from this population
structure and the total number of individuals censused. When
the mericarps are dispersed, the axial column of schizocarps
remains on the plant. Based on this knowledge, total number
of fruits was measured at the end of each fruiting period in a
random sample of 200 plants.

A GLM model with Poisson distribution and a logarith-
mic link-function was built in order to estimate fruit produc-
tion per plant as a function of plant size (Nicholls, 1989;
Guisan and Zimmerman, 2000). Consequently, fruit produc-
tion for an average individual of each size class was esti-
mated. Total fruit production in the population was calcu-
lated by multiplying the total number of plants in each size
class by its corresponding fruit production, and adding the
results from all size classes. Each year the number of viable
seeds per fruit was estimated from a sample of 110 fruits ran-
domly collected from the different size classes throughout
the whole population. Fruits were opened at the laboratory
and the number of brownish coloured and turgid seeds were
counted. The viability of these seeds had been previously
assessed (Pérez-García et al., 1995). Finally, total seed pro-
duction was obtained by multiplying total fruit production by
the average number of seeds per fruit for each year.

2.3. Estimation of seed predation by ants

Seed predation by M. capitatus at the whole population
was estimated by counting E. paularense mericarps in the
waste from all ant nests within the geographical range of the
plant population, and those found up to 10 m away. Waste
was accumulated on piles of discarded materials removed by
ants from their nests (Traniello, 1989). All M. capitatus nests
(n = 21) were recorded and waste accumulated on the refuse
piles was collected at 20-day intervals from the beginning of
seed dispersal in early May until the end of September. Exist-
ing accumulated waste was eliminated before the beginning

Table 1
Estimated number of fruits per plant within each size class (mean ± S.D.)
using GLM Poisson regressions

Size class (cm) Number of fruits 1997 a Number of fruits 1998 b

<6 4.24 ± 0.45 1.98 ± 0.29
6–10 6.97 ± 1.03 3.58 ± 0.65
11–15 11.99 ± 1.82 6.62 ± 1.17
16–20 20.31 ± 3.11 11.78 ± 2.30
21–25 36.99 ± 6.21 23.01 ± 4.29
26–30 62.30 ± 10.81 38.28 ± 6.70
31–35 107.09 ± 20.18 88.79 ± 20.33
>35 261.57 ± 109.52 133.08 ± 0.00

a Ln (fruits) = 0.8728 + 0.0980 × size. N = 300.
b Ln (fruits) = 0.2063 + 0.1099 × size. N = 300.
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of seed dispersal, in order to avoid counts for seeds stored in
the previous season. Although harvester ants may reject plant
material out of the nest after September, we had previously
observed that this fraction is negligible (A. Escudero, per-
sonal observation) and the period studied was representative
to estimate seeds collected by ants. All E. paularense meri-
carp coats were manually separated from each refuse pile and
counted. Mericarp coats and the rest of nest waste were dried
at 60 °C for 48 h and then weighed separately in order to
estimate the relative importance of E. paularense seeds as
ant food resource. The foraging behaviour of M. capitatus
was observed at the nest entrance at the peak of ant daily
activity for a total of 9 h during 7 consecutive days.

2.4. Seedling recruitment and soil seed bank

In the autumn of the two studied years, seedling emer-
gence was surveyed in the whole population. Seedlings were
tagged and growth was measured as the number of developed
leaves. Growth and survival were regularly surveyed at 15–30-
day intervals throughout the following year. Twenty soil
samples (7 × 5 × 3 cm) were randomly taken at the end of the
winter to evaluate the existence and size of a permanent soil
seed bank. Seed germination had been previously studied in
the laboratory, obtaining rates of 100% at alternating tem-
peratures of 15/25 °C (Pérez-García et al., 1995).

2.5. Spatial and temporal predation patterns

In the first year of study, a more accurate method was used
in order to determine which factors affect seed predation. The
21 M. capitatus nest entrances found in the population were
mapped. One hundred and nine reproductive plants (over 4-cm
diameter, which is the minimum size for flowering, Albert et
al., 2001a) were randomly selected, tagged and mapped.
Plants were monitored every 2–5 days throughout the seed
dispersal period, for a total of eight dates (T1–T8). At each
census, all mature mericarps that were brownish coloured,
turgid and ready for dispersal were carefully marked with
nail polish using the tip of a needle, following a three-colour
code. The first two markings were used to identify the mother
plant, and the third was used to register the dispersal date. We
had previously observed that this polish had no impact on
seed dispersal and seed predation rates (M.J. Albert, personal
observation). Nest refuse piles were collected at 20-day inter-
vals and all E. paularense mericarps in each pile were counted.
Marked mericarps were identified and their mother plant, dis-
persal date and the ant nest where they had been found were
registered. At the end of the experiment, a total of 924 meri-
carps had been marked. Obviously, this technique allows a
much more real and detailed estimation of seed predation of
the target plants.

In order to know how long the seeds were stored in the
nests before consumption, we calculated the time lag between
the dispersal of a mericarp and the appearance of the meri-
carp coat in the refuse pile. Time lags were grouped in 20-day

periods (interval of refuse pile collection) and total number
of seeds within each time lag was calculated.

2.6. Numerical analyses

2.6.1. Seed perspective
In order to model the probability of a seed escaping from

ant predation, we considered a group of factors that may affect
this variable: (a) total seed production of each mother plant
as the sum of seeds marked on each plant throughout the moni-
toring period, (b) total seed production in the neighbourhood
as the sum of total seed production from all marked plants in
the neighbourhood, (c) dispersal date as eight complemen-
tary dummy variables (i.e. a 0, 1 variable), and (d) total num-
ber of dispersed seeds at each dispersal date in the neighbour-
hood. Considering the estimated seed dispersal range of this
species, neighbourhood was defined to include all plants
present within a 1.5 m radius of the target mother plant.

2.6.2. Plant perspective
In this case the modelled variables were the number and

percentage of non-predated seeds per plant. The independent
variables included were: (a) total seed production of the
mother plant, (b) total seed production in the neighbourhood,
(c) dispersal time, as the time at which the highest number of
seeds was dispersed by the mother plant, and (d) dispersal
synchrony. This last variable is a measurement of the degree
of dispersal overlapping of the mother plant with the rest of
plants in the neighbourhood. The following function, applied
by Albert et al. (2001a) for flowering synchrony was used:

Si =
1

n − 1 �
j=1

n−1 aij

bij

where n is the number of plants, aij is the number of days on
which j and i individuals simultaneously disperse seeds, and
bij is the number of days on which at least one of them (j
and/or i) disperses seeds. This index ranges from 0, when
there is no synchrony, to 1 when dispersal synchrony is com-
plete.

Plant size and duration of dispersal period were also con-
sidered but were not included in the models due to multicol-
linearity problems (Variance Inflation Factor over 10). Spear-
man correlations (due to lack of normality for the data) were
obtained instead for these variables to assess their effect on
the number of non-predated seeds.

2.6.3. Generalised linear models
Generalised linear models (GLM, McCullagh and Nelder,

1999) were built using S-PLUS 2000 (MathSoft, 1999). We
chose GLMs rather than linear regressions because they can
use a greater number of distribution classes for the response
variable and non-constant variance functions. Based on devi-
ance reduction criteria (McCullagh and Nelder, 1999; Guisan
and Zimmerman, 2000), a binomial response with a logit link-
function was selected for the seed perspective, whereas a
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Gaussian response with an identity link-function was selected
for the plant perspective. Significant terms were identified
using a stepwise addition of terms to the null model based on
the magnitude of the Cp statistic (Spector, 1994) until no addi-
tional terms improved the model. Regression coefficients were
tested for significance by t-tests and randomisation due to the
possible lack of independence of data. v2 tests were also con-
ducted to determine if selected predictors explained a signifi-
cant fraction of the deviance (Guisan et al., 2002).

Reduced models were compared to the saturated model.
Change in deviance between each pair of models was assessed
using an F-test because all preliminary models were nested.
Adjusted D2, which is equivalent to adjusted r2 in LS mod-
els, followed Guisan and Zimmerman (2000).

3. Results

3.1. Seed production in the population

The total number of individuals in the population was
3574 in 1997 and 3002 in 1998. In both years, fruit produc-
tion increased with plant size (Table 1). Plant size was a good
predictor of per plant fruit production for both years (1997
D2 = 0.55, 1998 D2 = 0.37; P < 0.001). Mean number of
fruits per plant for each size class was higher in 1997 than in
1998 (Table 1). Thus, total estimated number of fruits pro-
duced in the population were 100,785 and 31,016 in 1997 and
1998, respectively.

Number of viable seeds per fruit was 0.27 ± 0.64 (range
0.00–4.00, n = 110) in 1997 and 0.49 ± 1.09 (range 0.00–
5.00, n = 110) in 1998. Thus, estimated seed production in
the whole population was 27,212 and 15,198 seeds per year,
respectively.

3.2. Seed predation by ants, seedling recruitment and soil
seed bank

Observations on foraging behaviour showed that M. capi-
tatus individuals only harvested mericarps with fully-
developed viable seeds, whereas mericarps with aborted seeds
and seedless mericarps were rejected.All intact mericarp coats
found at the refuse piles were then assumed to have con-
tained one viable seed. Only three unopened mericarps with
the corresponding seed inside were found on the refuse piles
in 1997, whereas in 1998 all mericarps lacked their seeds.

The number of mericarp coats found on the refuse piles
indicated that M. capitatus harvested at least 7554 seeds in
1997 (27.76% of total seed production) and at least 2680 seeds
in 1998 (17.63% of total seed production). However, consid-
ering only the mericarps that were marked with nail polish in
1997, 401 mericarp coats out of 924 marked mericarps were
recovered from the waste dumps (Fig. 1). This direct and more
accurate estimation shows a higher seed predation incidence
(43.40%).

Most predated mericarps (86.10%) appeared in the refuse
piles within 2 months after dispersal (Fig. 2), indicating that
ants consumed most E. paularense seeds within this period.

Marked seeds moved from the source plant an average dis-
tance of 2.50 ± 3.24 m (range 0.30–18.00, n = 178 randomly
sampled measurements).

On the other hand, 186 and 84 seedlings were found in
1997 and 1998, respectively. Thus, only a very reduced frac-
tion of seeds became seedlings (0.68% and 0.55% of total
seed production, respectively). No seeds were found in the
soil samples, suggesting the lack of a permanent soil seed
bank. Ant seed predation, seedling emergence and seed bank
holdings accounted for less than 50% of total seed produc-
tion. The fate of the remaining seeds is unknown.

E. paularense mericarps found at M. capitatus nests
weighed 28.37 g in 1997 and 11.91 g in 1998. This repre-
sented 3.35% and 2.67% of total refuse piles in 1997 and
1998, respectively (Fig. 3).

3.3. Seed perspective modelling

The binomial GLM model for the probability of a seed
escaping from predation that included all variables was highly
significant (v2 = 102.16, d.f. = 10, P < 0.001). The reduced
model (Forward Wald stepwise selection) only selected three

Fig. 1. Number of dispersed and non-predated seeds, and percentage suc-

cess of E. paularense seeds (non-predated seeds
predated seeds ×100) on different seed

dispersal dates (T1–T8) throughout the reproductive season. T1 = 30-April,
T2 = 8-May, T3 = 12-May, T4 = 14-May, T5 = 20-May, T6 = 24-May,
T7 = 27-May, T8 = 30-May-1997.

Fig. 2. Number of days elapsed between dispersal and predation (appea-
rance in refuse piles) in the marked-seed experiment. Line represents poten-
tial tendency.

216 M. Albert et al. / Acta Oecologica 28 (2005) 213–220



of the 11 variables considered in the saturated model. These
variables were dummies corresponding to the last three dis-
persal events (24, 27 and 30-May-1997). Positive coeffi-
cients were obtained for the three variables (Table 2). This
reduced model was also highly significant (v2 = 93.10, d.f.
= 2, P < 0.001). Comparison of the two nested models
(reduced versus saturated) showed that the reduced model
was a good substitute for the saturated model (v2 = 9.06, d.f.
= 7, P < 0.248). A complete set of reduced models was also
tested and compared by changes in the deviance but none of
them improved the final reduced model.

3.4. Plant perspective modelling

The model for the number of seeds per plant escaping from
ant predation (log transformed) was highly significant
(r2 = 0.714, F = 49.9, P < 0.001) when the four predictor
variables were simultaneously included. Forward selection
based on the magnitude of the Cp statistic at each step only
selected two variables, total seed production per plant and
dispersal time, and provided a highly significant reduced
model (r2 = 0.712, F = 101.33, P < 0.001). Coefficients of
both variables in the reduced model were positive and signifi-
cantly different from 0. Comparison of the two models showed
that the reduced model was a good substitute for the satu-
rated model (v2 = 0.14, d.f. = 2, P < 0.936). A simpler model
including only total seed production, which was the first
selected variable, was also a good substitute for the model
with two predictor variables (v2 = 0.14, d.f. = 1, P < 0.293).

The coefficient of the predictor in this last model was posi-
tive and significantly different from 0 (0.0723 ± 0.005,
t = 13.81, P < 0.001).

The model for the percentage of seeds per plant escaping
from ant predation with the four predictor variables was not
significant (r2 = 0.082, F = 1.79, P < 0.138). A reduced model
including only dispersal time (coefficient 0.045 ± 0.020,
t = 2.272, P = 0.026) was significant at P < 0.05 (r2 = 0.059,
F = 5.160, P < 0.026). This last model was a good substitute
for the saturated model (v2 = 0.178, d.f. = 3, P < 0.98).

Number of non-predated seeds and plant size were posi-
tively correlated (Spearman r = 0.243, P = 0.025, n = 85).
Number of non-predated seeds was also correlated with dura-
tion of dispersal period (Spearman r = 0.625, P < 0.001,
n = 85).

4. Discussion

4.1. Seed predation

Observations indicate that M. capitatus only harvested
mericarps with fully-developed seeds and rejected those with
aborted seeds or with no seeds. The comparison between the
weight of mericarp coats and the weight of fruit remains of
other species on the refuse piles, as an estimate of foraging
activity, suggests that the fraction of E. paularense mericarps
was only important at the early stage of the ant foraging period
(Fig. 3). Seed predation by ants was estimated to be 27.8%
and 17.6%, in 1997 and 1998, respectively. However, more
accurate estimations from our experiments with marked meri-
carps indicate that predation actually reached significantly
higher values (43.4% in 1997).

Since the time lag between dispersed seeds and deposition
of mericarp coats in the refuse piles is lower than 2 months in
most cases, both approaches used to estimate seed predation
are valid, although somewhat conservative. The method that
counts all mericarp coats in all the refuse piles of the popu-
lation is sound because it covers the whole population. How-
ever, the estimation of seed production introduces further
uncertainty in the estimation. The use of marked seeds for
estimating seed predation provides a better controlled ap-
proach. However, this approach only used data of a sample of
the population.

The higher estimates for seed predation in 1997 might be
linked to the fact that in this year total seed production almost
doubled that of 1998. This would suggest that the relative
interest of M. capitatus towards E. paularense seeds with
respect to other food sources may depend on existing avail-
ability (Gordon, 1993). Similar results have been found in
other ant-species of this genus: Messor andrei appears to har-
vest on preferred species until these seeds are rare (Hobbs,
1985; Brown and Human, 1997).

Under some circumstances seed removal by ants can lead
to secondary seed dispersal mechanism after accidental aban-
donment (Hughes, 1991; Dean and Yeaton, 1992). This is

Fig. 3. Weight of E. paularense fruit coats in relation to the weight of other
species’ fruit remains in the refuse piles of M. capitatus nests throughout the
dispersal period.

Table 2
Forward Wald selected variables for the probability of a seed escaping from
ant predation. Data from 1997

Selected variables Coefficients ± 1 S.E. Wald statistic P value
Dispersal date T6 1.38 ± 0.21 42.02 <0.0001
Dispersal date T7 1.70 ± 0.27 37.40 <0.0001
Dispersal date T8 1.40 ± 0.38 13.36 <0.0001

T6 = 24-May, T7 = 27-May, T8 = 30-May-1997.
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especially true in the case of plants that produce fruits with
many seeds. Thus, when fruit coats are deposited in the refuse
piles, they may accidentally contain one or more seeds.
E. paularense mericarps can only contain one seed. The very
small number of unopened mericarps found in the refuse piles
in 1997 and their absence in 1998, indicate that almost all
seeds transported to the nests were consumed or rarely stored
for later consumption. Furthermore, direct observation of ant
transport behaviour from harvested plants to their nests led
us to reject the possibility of dyszoochory (Wolff and De-
bussche, 1999), as it has been reported in other Messor spe-
cies transporting morphologically similar diaspores (Schön-
ing et al., 2004).

Emergence in autumn immediately after dispersal, the lack
of seeds in soil samples and an almost 100% germination
percentage under laboratory conditions (Pérez-García et al.,
1995), clearly suggest the absence of a permanent soil seed
bank in E. paularense. Under such circumstances, seed pre-
dation by ants can notably reduce the number of available
seeds for germination and the establishment of new individu-
als.

There is no detailed information on other sources of seed
predation that might be at least partly responsible for the sub-
stantial percentage of seeds with an unknown fate. We sus-
pect that small mammals whose tracks have been observed in
the population, may be implicated (Hoffmann et al., 1995;
Gutiérrez et al., 1997). Seedlings that died in the first few
days after emergence, which were missed by our autumn seed-
ling surveys, would also contribute to the percentage of seeds
with an unknown fate.

4.2. Escaping from ant predation: seed perspective

Seeds dispersed at the end of the dispersal period had the
best chances of escaping from ant seed predation. Time pat-
tern in predation (see Fig. 1) suggests that dispersal at the
beginning of the period might also be advantageous (positive
coefficient in the global model). However, this was rejected
in the reduced model possibly due to the low number of seeds
dispersed at that moment. Anyway, ants did not select seeds
following a density-dependence strategy at this scale (Kunin,
1994) as shown by the rejection of the variables total seed
production by each mother plant and total seed production in
the neighbourhood in the final model. Rather than taking
advantage of high densities of E. paularense seeds, it seems
that ants only responded to food resources available at each
moment in the whole community. At the end of the E. paula-
rense dispersal period there is a highly diverse offer of seeds
dispersed from other plants in the community (M.J. Albert,
J.M. Iriondo and A. Escudero, personal observation). As sug-
gested from the study of the weight of nest refuse piles
(Fig. 3), food availability for M. capitatus depends on E.
paularense at the beginning of foraging activity, but this
dependence gradually decreases as the season progresses, sug-
gesting a non-specific foraging behaviour. According to Gor-
don (1993), seeds collected by ants are an expression of pref-
erences and availability with both factors interacting.

As predicted by our model, the unspecific behaviour of
ants in their search for food might allow some seeds to escape
from predation when other plants in the community disperse
their seeds. Synchronisation of dispersal with the rest of the
community seems to be an efficient trait to guarantee the
escape of a higher number of seeds. Thus, a delay in the time
of dispersal would probably provide a higher number of non-
predated seeds, and consequently could have important demo-
graphic implications.

4.3. Escaping from ant predation: plant perspective

From a whole plant perspective, delayed dispersal time
minimised seed predation, thereby maximising the number
of escaping seeds both in absolute and relative terms (num-
ber and percentage of non-predated seeds, respectively). The
positive correlation found between duration of dispersal
period and number of non-predated seeds supports the hypoth-
esis that an extended dispersal period favours plant success
as it allows a plant to minimise losses from seed predation.
Thus, within-individual asynchronous dispersal becomes a
favourable trait for minimising seed predation.

Moreover, the model suggested that producing more seeds
would be a good strategy for a plant to counteract seed pre-
dation pressure. The corresponding Spearman correlation also
showed that larger plants, which produced more seeds (Albert
et al., 2001a), had a greater number of non-predated seeds.

4.4. Balance between flowering and dispersal phenology

It is widely accepted that adequate timing of flowering and
fruiting benefits plant fitness by favouring pollination and seed
dispersal (Fenner, 1985; Rathcke and Lacey, 1985; Oberrath
and Böhning-Gaese, 2002). Thus, high flowering synchrony
within a population increases a plant’s ability to attract pol-
linators when pollinator availability is limited (Faegri and Van
der Pijl, 1966). It has also been shown that ant-dispersed plants
are in some cases phenologically adapted to their seed dis-
persers (Turnbull and Culver, 1983; Oberrath and Böhning-
Gaese, 2002).

In E. paularense, we observed the relevance of flowering
synchrony on successful pollination (Albert et al., 2001a).
Peak seed dispersal does not coincide with the period of peak
activity of M. capitatus, suggesting an additional adaptation
to avoid seed predation. However, our models show that seed
predation in E. paularense was lower at the end of the dis-
persal period, when ant activity was at its highest. As flower-
ing and fruiting in E. paularense take place earlier than in
most other plants in the community, E. paularense seeds were
predated until other plant species began to disperse their seeds
(see Figs. 1 and 3). Thus, despite the coincidence with the
peak activity of M. capitatus, E. paularense plants with late
dispersal escaped from seed predation more successfully than
plants with early dispersal.

Since ant seed predation intensity on E. paularense greatly
depends on the temporal seed dispersal patterns of the whole
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plant community, our results suggest that the timing and popu-
lation synchrony of flowering and fruiting of E. paularense
plants have not been significantly affected by seed predation
mediated selection pressures.

In theory, E. paularense plants are also confronted with
weighing the benefits of increasing flowering intensity to
attract pollinators, against the benefits of increasing flower-
ing duration to reduce seed predation. Albert et al. (2001a)
showed that flower intensity did not affect fruit set in E. paula-
rense suggesting that the populations were not significantly
affected by pollinator limitation. However, in the present
work, the positive correlation between duration of dispersal
and number of non-predated seeds showed benefits in increas-
ing flowering duration. Further studies are needed to explain
the combined effect of pollination and seed predation on flow-
ering and fruiting duration in E. paularense.

4.5. Implications for species conservation

Population recruitment after dispersal is limited by post-
dispersal seed predation, availability of safe-sites, and fac-
tors affecting seedling survival (Harper, 1977; Fenner, 1985;
Andersen, 1989). Such interacting factors will determine the
number of viable seeds to be incorporated into the popula-
tion and their location. Current levels of seed predation by
ants observed in E. paularense populations decrease the num-
ber of available seeds for germination and establishment of
new plants by nearly 40%. However, the effect of harvester
ants on perennial plant populations is not well understood,
contrary to their impact on the abundance and distribution of
annual and ephemeral plants (Beattie and Hughes, 2002).
High predation levels and low recruitment may have not the
same implications for a short-living plant as for a long-living
chamaephyte such as E. paularense.

The availability of safe-sites often seems to be a major
factor limiting recruitment in stable populations of long-
lived perennials (Andersen, 1989; Yates et al., 1995). E. paula-
rense requires crevices on rocky surfaces or shallow soils for
germination and establishment but such microhabitats are very
scarce. In some populations, carrying capacity may be lower
than the number of individuals that would be established if
all potentially available seeds germinated, as derived from
population viability analyses of this species (Albert et al.,
2004). Therefore, seed predation effects in naturally rare popu-
lations must be considered in relation to other factors, such
as the availability of safe-sites.

Another factor that should be taken into account is that E.
paularense seeds account for a small fraction of the food
obtained by M. capitatus each season. Thus, M. capitatus
may be imposing parallel pressure on other members of the
plant community that are relevant competitors of E. paula-
rense. Further research in the study of the effect of ant seed
predation on endangered plants should focus on the whole
plant community if one wished to model the effects of abun-
dance of granivorous ants on the population dynamics of
threatened species.

Conservation actions operate in complex systems and must
consider all factors that condition target population dynam-
ics. Thus, seed predation by ants is just one factor among
many others that affect vital rates. In contrast with results
from desert systems (Brown et al., 1979; Davidson et al.,
1985), seed harvesting by ants may have not a significant
effect on this plant community, although ants harvest large
numbers of seeds (Brown and Human, 1997).
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