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the floristic composition of soil seed banks?
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ABSTRACT

Ants may play an important role on vegetation dynamics, especially in arid and semiarid environments, where
they can consume a high proportion of the produced seeds. Although some works have analysed the influence
of seed predation by ants on the density of vegetation in Mediterranean pastures, there are no studies on the
influence of ant activity upon the floristic composition of the vegetation and the soil seed banks in this kind of
ecosystem. We have studied the effect of ant exclusion on the floristic composition of the vegetation and the
soil seed bank in a Mediterranean pasture of central Spain. We sampled the floristic composition of the
pasture during 2002 and 2003 springs and also we collected soil seed bank samples in autumn 2002. Floristic
composition of soil seed banks was estimated by means of greenhouse germination. Cerastium
semidecandrum seeds were almost four times more abundant in the plots subjected to ant exclusion than in
those with ant activity. Due to the high spatial heterogeneity shown by soil seed banks, we have corrected the
differences found between the autumn soil seed banks subjected to different ant treatments by using the
floristic composition of the pasture community in the previous spring, as it was the primary source of the
seeds collected in autumn. We found significant differences between the floristic composition of the soil seed
banks subjected to ant exclusion and control treatments. However, no effects where found when the same
procedure was used to detect ant effects on the spring adult community, highlighting the necessity of longer
time spans for these pastures to manifest changes taking place at the soil seed bank stage.

Key words: annual pasture, ant exclusion, predation, soil seed bank, spatial heterogeneity.

RESUMEN

La mirmecofauna juega un papel fundamental sobre la dindmica de la vegetacion, especialmente en zonas de
caréacter arido o semiérido, donde puede llegar a consumir una elevada proporcién de las semillas producidas,
condicionando la composicién floristica de la vegetacion. Aunque algunos trabajos han analizado la influencia
de la depredacion de semillas por hormigas sobre la densidad de la vegetacion en ecosistemas de pastizal del
centro peninsular, hasta el momento no hay estudios sobre como afecta este factor a la composicién floristica
de los bancos de semillas. Se ha estudiado el efecto de la exclusion de hormigas sobre la composicion
floristica del banco de semillas de un pastizal mediterraneo de la provincia de Madrid. En las parcelas
sometidas a exclusion de hormigas, la densidad de semillas de Cerastium semidecandrum fue casi cuatro
veces mayor que en las parcelas con actividad de la mirmecofauna. Dada |a elevada heterogeneidad espacial,
las diferencias en composicion floristica encontradas en el banco se han corregido utilizando la composicién
de la comunidad de primavera, fuente directa del banco de semillas recogido en otofio. Los resultados ponen
de manifiesto un efecto significativo de la exclusion de hormigas sobre la composicion floristica del banco de
semillas del pastizal.

Palabras clave: pastizal anual, exclusion de hormigas, depredacion, bancos de semillas, heterogeneidad
espacial.
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INTRODUCTION

Ant activity constitutes a key factor in
vegetation dynamics. Mechanisms by which
ants influence vegetation are varied. One of the
most known is myrmecochory, consisting in the
dispersion of those seeds with elaiosomes that,
rich in carbohydrates, attract ants that consume
these tissues and afterwards leave the seeds
with their intact germinability (Howe &
Smallwood 1982, Handel & Beattie 1990, Gorb
& Gorb 1995, Gomez & Espadaler 1998, Gorb
et al. 2000). Seed predation is another
mechanism by which ants affect vegetation
dynamics, especially in deserts and arid
ecosystems where seeds constitute one of the
main food resources for the fauna (Brown et al.
1979). Many studies have pointed out that seed
predation by ants can modify the density and
spatial heterogeneity of seeds, as well as the
floristic composition of the vegetation (Inouye
et al. 1980, Andersen 1987, Mull & MacMahon
1996, Montiel & Montafia 2003). Besides, ant’s
nests are considered the most important small-
scale disturbance affecting vegetation (Loucks
et al. 1985, Woodell & King 1991, Farji-Brener
& Ghermandi 2000). Finally, some authors
have also described the role of ants in the
pollination of some plant species (Gomez et al.
1996).

Mediterranean pastures are species rich
plant communities that dominate wide areas of
the centre and south of the Iberian Peninsula,
which at present are expanding in abandoned
fields. A high spatio-temporal heterogeneity
has been found in this kind of pastures. This
can be explained by factors of different nature:
patch-like, vectorial or temporal (Gonzalez-
Berndldez & Pineda 1980, Peco et. al. 1998a).
Among the first factors, Gonzalez-Bernaldez et
al. (1969) described the changes imposed on
pasture floristic composition by the presence of
holm-oaks, due to modifications in the
nutrients cycle. More recently, Lopez-Pintor et
al. (2003) have studied the spatial
heterogeneity imposed on the soil seed bank of
Mediterranean pastures by other woody plants.
With regard to the vectorial factors, many
papers have described the outstanding influence
of topography on the changes in structure and
floristic composition of herbaceous
communities along slopes (Ruiz 1980, Ruiz et
al. 1980, De Pablo et al. 1982). On a different

scale, Sterling et al. (1984) have analysed the
changes in floristic composition generated by
the micro-topography of furrows after
ploughing, which produces a fine-grain pattern
in pasture community structure. Among the
temporal factors, changes in species
composition related to succession have been
widely studied (Pineda et al. 1981a, 1981b,
1987, Peco et al. 1983a, 1983b, Peco 1989). At
the same time, it has been demonstrated that
interannual fluctuations in meteorological
conditions also affect floristic composition of
this type of pastures (Figueroa & Davy 1991,
Espigares & Peco 1993, 1995). Annual species
with transient seed banks are dominant in these
communities, making their annual regeneration
heavily dependent on the soil seed bank
(Ortega et al. 1997, Peco et al. 1998b).

However, less attention has been paid to the
influence of ant activity on the dynamics of
annual Mediterranean pastures. Many authors
state that harvester ants are the main seed
predators in Mediterranean grasslands
(Azcarate & Peco 2003, Cerda & Retana 1994),
being the granivore Messor species the most
important (Lopez et al. 1993a, Hensen 2002).
Studies on floristic composition of Messor
species diet show that they consume seeds from
a wide variety of species, although it has been
observed that their foraging strategy tends to
reduce time costs by selecting preferably long
propagules, which are more accessible and
easily detectable (Reyes-Lopez & Fernandez-
Haeger 2001, Hensen 2002, Azcarate et al. in
press). This led some authors to the hypothesis
that Messor ants could favour small-seeded
species in plant communities (Detrain &
Pasteels 2000, Willott et al. 2000). In fact,
Azcarate et al. (2002) found that small-seeded
species are overrepresented in Mediterranean
grasslands.

In spite of the importance of seed predation
by ants in Mediterranean grasslands, few
studies have analysed the impact of ant activity
on the floristic composition of grassland
communities. Acosta et al. (1992) and L épez et
al. (1993b) concluded that seed predation by
ants hardly influenced the density of
herbaceous cover. In fact, the influence of ants
on the dynamics of soil seed banks has not been
studied yet although several authors attribute to
this process the great disparity between the
number of seeds produced in spring and the



SEED PREDATION BY ANTSIN A MEDITERRANEAN PASTURE 617

number that remain in autumn when the pasture
regenerates (King 1966, Espigares et al.
unpublished results).

The objective of this study isto determine if
seed predation by ants affects the floristic
composition of vegetation and soil seed banks
in annual Mediterranean pastures of central
Spain. We expect that ant activity will
influence both floristic composition of the
herbaceous community in spring and of the
autumn soil seed banks.

MATERIAL AND METHODS
Study area

The study area was located at “El Encin” estate,
near Alcala de Henares (central Spain). The
climate is continental Mediterranean, with a
mean annual precipitation of 472.7 mm and
13.5 °C of mean annual temperature. Soils have
alluvial origin and sandy-loam texture.
According to the Soil Taxonomy System
(USDA 1985) they are Xerochrept
calcixerollic. Vegetation consists of a
Mediterranean pasture dominated by annual
species established after the abandonment of
agricultural practices.

Experimental design

In February 2002, before ants initiated their
activity, eight 1x1m plots were randomly
established, with the proviso that they had a
similar distance to ant nest holes and avoiding
that any would fall within the plots. Half of
these plots were subjected to ant exclusion
treatment with a double fence of 40 cm high
aluminium planks placed 10 cm deep in soil.
Besides, an initial formicide dose was applied
to ensure the total elimination of ants. Control
plots lacked any fences and were only marked
with woody sticks at the corners.

In 2002 and 2003 springs, pasture floristic
composition was sampled in each plot by using
two squares of 40 x 40 cm, in which the
abundance of each species was recorded. 2002
sampling represented the floristic composition
of the pasture before applying ant exclusion,
while 2003 sampling showed the floristic
composition after one growing season of
applying ant treatments. To evaluate the impact

of ant exclusion on the soil seed bank, at the
beginning of 2002 autumn, before the arrival of
the rains that provoke germination, we
collected two soil samples (60 cm2 x 4 cm
depth) randomly established in each plot. Each
of these samples was subdivided into 7
subsamples that were placed in the upper part
of small pots, on a vermiculate substrate. The
floristic composition of the soil seed banks was
determined by means of germination under
controlled conditions in a greenhouse.

Data analysis

Differences in species richness and abundance
of each species between plots were analysed by
using ANOVA tests. We studied these
differences in two stages: soil seed bank and
spring floristic composition. At the same time,
differences in density of seeds in the soil seed
bank were explored by using the same test.

Non-metric multidimensional scaling
(NMDS) analyses were carried out with the
floristic composition data of the spring
community and the autumn soil seed banks.
The graphic representation of the samples in
the ordination space enabled us to measure the
differences in floristic composition between
plots subjected to different ant treatments.
These differences were estimated as the
Euclidean distances calculated from the
ordination graphs.

Our premise is that differences in floristic
composition between the autumn soil seed
banks respond to two principal components: (i)
initial differences due to pasture spatial
heterogeneity; and (ii) differences due to ant
activity. By measuring the floristic composition
of the grassland community at different stages
of its dynamics we could quantify the amount
of variation assigned to these two different
sources. We can express this premise through
this formula:

Dfina = Dants + Dinitia 1)

where: Dyng represents the final differences in
floristic composition, i.e. the differences
observed between the autumn soil seed banks
from plots subjected to different ant treatments.
Dants represents the differences in floristic
composition due to ant activity, to be
determined. Dj,itia represents the initial
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differencesin floristic composition due to spatial
heterogeneity of the herbaceous community,
which will be estimated from the differences in
floristic composition between plots in the
vegetation of the previous spring, as it was the
primary source of the seeds collected in autumn.

From formula (1), we can calculate the
differences in floristic composition due to ant
activity in this way:

Dants = Dfina - Dinitia 2

Thus, we will estimate the differences in
floristic composition due to ant activity
between each pair of plots by calculating the
difference between the Euclidean distances

obtained from the NMDS with the data of the
autumn seed banks and the same distances
calculated from the NMDS obtained with the
data of floristic composition in spring 2002
(initial spring), as Fig. 1 indicates. The
differences in floristic composition between
plots obtained in this way will be mainly due to
ant activity, since noise from initial spatial
heterogeneity was eliminated. In this way, if
our initial hypothesis is correct, we expect that
the distances in floristic composition between
pairs of samples subjected to the same ant
treatment will be different from those between
pairs of samples subjected to a different
treatment. To carry out this analysis we used a
Mann-Whitney U-test.
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Fig. 1: Representation of the sampling and methodology of calculation of ant effect on soil seed
banks. Ordination graphs represent the NMDS performed upon the floristic composition data of the
spring 2002 vegetation (left) and autumn soil seed banks (right). Black dots: control plots; white
dots: ant exclusion plots. Arrows indicate Euclidean distances between plots (d;: initial distance, d;:

final distance). Numbers represent plots.

Representacion esguematica del muestreo y de la metodologia de célculo utilizada para estimar el efecto de las hormigas
sobre los bancos de semillas del suelo. Los gréficos de ordenacion representan los NMDS realizados a partir de los datos de
composicion floristica de la vegetacién en la primavera de 2002 (izquierda) y de los bancos de semillas en otofio (derecha).
Circulos negros: parcelas control; circulos blancos: parcelas de exclusién de hormigas. Las flechas indican las distancias
euclideas entre las diferentes parcelas (d;: distanciainicial, d;: distanciafinal). Los nimeros representan las parcelas.
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All multivariate analysis were performed
with PC-ord package (McCune & Mefford
1997), and for the other statistical analysis we
used STATISTICA package (Statsoft Inc.
1996).

RESULTS

We found 38 different species in the sampling
of floristic composition of vegetation in spring
2002, and 30 different species in the autumn
soil seed banks. Forty-four species were found
in the sampling of vegetation during spring
2003.

The ANOVA tests performed to explore
differences in species richness and species
abundance between plots only found significant
differences in the case of Cerastium
semidecandrum L. abundance in the soil seed
banks, i.e., there were more Cerastium seeds in
the ant exclusion plots than in those with ant
activity (with a mean of 1,666.7 seeds m-2
versus 458,3 seeds m?, F; 4, = 4.23, P = 0.05).
Although without an acceptable significance
level, the tendency in the case of the other main
conspicuous species and of species richness
agreed with this result, as more abundance and
more species richness appeared in the exclusion
plots.

Figure 1 shows the NMDS ordinations with
the data of the floristic composition of
vegetation in spring 2002 and of the autumn
seed banks. After calculating the Euclidean
distances between pairs of plots in each
ordination, we applied formula (2) as described
in Material and methods section. Differences in
floristic composition due to ant activity
between pairs of plots subjected to the same ant
treatment (control-control, exclusion-
exclusion) had an average (+ SE) of 0.0140 +
0.0086 (n = 12). The same differences between
plots subjected to different ant treatments
(control-exclusion) showed an average (= SE)
of —0.0105 + 0.0052 (n = 16). The Mann-
Whitney U-test found significant differences
between these two groups of distances (U = 48,
P =0.02).

The same procedure was followed to detect
ant effect on the adult herbaceous community
of spring 2003, calculating the Euclidean
distances between spring 2002 and spring 2003
ordinations. Differences in floristic

composition due to ant activity between pairs
of plots subjected to the same ant treatment
(control-control, exclusion-exclusion) had an
average (x SE) of 0.00305 + 0.0103, (n = 12).
The same differences between plots subjected
to different ant treatments (control-exclusion)
showed an average (+ SE) of —0.00229 +
0.0708, (n = 16). In this case the Mann-
Whitney U-test was not able to find significant
differences between these two groups of
distances (U = 48, P = 0.458).

DISCUSSION

The analysis of the floristic composition of soil
seed banks subjected to different treatments of
ant control has shown that ant activity can
modify the floristic composition of soil seed
banks in the period between seed production in
spring and the time of pasture regeneration in
autumn, thus confirming our initial hypothesis.
Although this result seems to contradict
Acosta et al. (1992) and Lopez et al. (1993b,
2000), who concluded that seed predation by
ants barely influences the dynamics of
Mediterranean pastures, these authors analysed
the effect of ants on the density of pasture
cover. This can explain their results, since
granivorous ants do not act directly upon
density of pasture cover but predate on seeds.
In fact, it is more likely to find the influence of
seed predation by ants on the soil seed banks,
as many authors have described for different
arid and semiarid environments. For example,
Inouye et al. (1980) studied the influence of
seed predation by ants in the dynamics of
annual species in the Sonoran desert, and found
an increase of seedlings in the ant exclusion
plots. Also, Mull & MacMahon (1996)
analysed how seed predation by ants affected
seed density and its distribution in semiarid
areas of Wyoming. We have found that
Cerastium semidecandrum seeds are severely
affected by seed predation, as density of seeds
in the plots subjected to ant activity was almost
four times smaller than in the exclusion plots.
In the same vein, Azcarate et al. (in press) also
found that Messor ants consumed Cerastium
semidecandrum seeds in a similar system.
Density of pasture cover or plant species
cover are too coarse measures to reflect
changes induced at the individual level, at least
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in so short a time. As the comparison between
floristic composition of the herbaceous
community prior to and after ant exclusion
treatment shows, more than a year would be
needed for the changes in the soil seed banks to
be detectable at vegetation level. Many
processes lie between the initial soil seed bank
and the adult community, both biotic and
abiotic. Competition, facilitation and herbivory
can further modify the number of individuals
and their biomass distribution, and this in turn
can be directly affected by meteorological
conditions, local availability of water and
nutrients, or shading. It would be needed the
cumulative effects of several ant predation
episodes upon each species’ number of seeds to
produce a consistent and detectable shift in
their biomass proportion. The number of
episodes required would depend on the
particular characteristics of each community
(species assembly and interactions). This could
also explain the fact that we only found
significant differences in the species abundance
of the soil seed bank but not in the spring
floristic composition.

Spatial heterogeneity can play an important
role in the detectability of ant predation
effects. This factor is especially important in
Mediterranean pastures, where the annual
predominant strategy makes them highly
sensitive to factors operating at a microscale
level. As these communities rely on seed
germination for their regeneration,
microtopography (Sterling et al. 1984),
patchiness in light and nutrient distribution
(Karssen & Hilhorst 1992, Pons 1992), and
local dispersal of many species can strongly
affect the initial floristic composition. This
initial community is immediately subjected to
the above-mentioned processes, that will give
rise to the adult community in spring. In this
context, ant predation is just another process
operating at the microscale level at the
beginning of community regeneration. As
spatial heterogeneity changes the spatial
pattern of seed accumulation, ant predation
would probably be spatially modified through
ant foraging behaviour, becoming a
subordinate process. This could lead to the
masking-up of its effects, as other authors
have reported (Reichman 1984, Henderson et.
al. 1988, Guo et. al. 1998). Therefore, it is
essential to account for the spatial

heterogeneity of vegetation, especially to
detect the effects of microscale-operating
processes such as ant granivory in short time
spans.
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