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The effect of abandoned leaf-cutting ant nests on
plant assemblage composition in a tropical
rainforest of Costa Rica!
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Abstract: Leaf-cutting ant nests represent a potential source of disturbance within Neotropical forests that might favour
selective establishment of some plant species. To test this hypothesis, I counted the number and determined the composition
of plant species and individuals established in 10 abandoned Atta cephalotes nests and adjacent understory plots in an
old-growth forest of Costa Rica. Specifically, I evaluated whether abandoned leaf-cutting ant nests differentially affect
plant assemblages according to their 1) regeneration status, 2) seed size, and 3) dispersal mode. No differences were
found in the relative abundance of species (and individuals) with different regeneration status, seed size, and dispersal
mode between understory plots and abandoned Atta nests. Moreover, entire sites (abandoned ant nests and their nearby
understory plots) were frequently grouped together according to those characteristics, suggesting that local effects were
stronger than the effect of nests. Four non-mutually exclusive factors are discussed to explain the lack of a consistent
effect of abandoned ant nests on plant assemblage composition: refuse dump location, spatial heterogeneity, dispersal
limitation, and the local species pool. Chance events in the dynamics of both ant and plant species populations apparently
restrict the effect of abandoned nests to an ecological time. Abandoned ant nests, however, might favour selective
establishment of some plant assemblages if their refuse piles are located on the soil surface and if the potentially

Keywords: Atta cephalotes, disturbances, recruitment limitation, regeneration niches, spatial heterogeneity, understory gaps.

Résumé : Les nids de fourmis coupeuses de feuilles représentent une source potentielle de perturbations dans les foréts
tropicales des Amériques qui pourrait favoriser 1'établissement sélectif de certaines espéces végétales. Pour tester cette
hypothése, j'ai compté le nombre et déterminé la composition des espéces de plantes et des individus établis dans 10
nids abandonnés de Atta cephalotes ainsi que dans des parcelles situées dans le sous-bois adjacent. L'étude s’est déroulée
dans une vieille forét du Costa Rica. J’ai voulu savoir si les nids abandonnés de fourmis affectent de facon différencielle
les assemblages de plantes, et ce, en fonction de i) leur état de régénération, i) la taille des graines et iii) leur mode de
dissémination. Aucune différence n’a été trouvée au niveau de 1’abondance relative des espéces et des individus entre
les parcelles du sous-bois et les nids de fourmis abandonnés, malgré des différences dans 1'état de régénération, la taille
des graines et le mode de dissémination. De plus, des sites entiers, incluant des nids de fourmis abandonnés et des
parcelles de sous-bois adjacentes, ont fréquemment été regroupés en fonction de ces caractéristiques, ce qui suggére que
les caractéristiques locales des sites ont plus d’impacts sur les plantes que les nids de fourmis. Quatre hypothéses non
mutuellement exclusives sont discutées pour expliquer I’absence d’un effet uniforme des nids de fourmis abandonnés sur
I’emplacement des déchets des fourmis, 1"hétérogénéité spatiale, les limites
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a la dissémination et le bassin local d’espéces. Ce serait le hasard de la dynamique des populations de fourmis et des
espéces de plantes qui minimiserait 1’effet des nids abandonnés. Les nids de fourmis abandonnés peuvent toutefois favoriser
un établissement sélectif de certains assemblages végétaux lorsque leurs amas de déchets sont situés sur la surface du sol
et lorsque les espéces de plantes qui pourraient en bénéficier sont localement disponibles.

Mots-clés : Atta cephalotes, hétérogénéité spatiale, limites au recrutement, niches de régénération, perturbations, trouées
dans le sous-bois.

Nomenclature: Please provide reference(s) for nomenclature.

Introduction

Natural disturbances have long been accepted as one of
the main factors maintaining high plant diversity in tropical
rain forests (Clark, 1990). By increasing the spatial and
temporal heterogeneity of limiting resources, disturbances
provide conditions different from those of the surround-
ings that offer opportunities for regeneration and establish-
ment of species that differ in resource use, thus enhancing
niche separation. In tropical rain forests, treefall gaps are

1Rec. 2004-01-11; acc. 2005-04-20.
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dominant examples of natural disturbances that promote
the increase of species diversity (Denslow, 1987; Brokaw
& Busing, 2000). When a tree falls there is an increase in
light availability, providing opportunities for recruitment of
species adapted to different light regimes (Denslow, 1980;
Brokaw, 1985; Kobe; 1999; but see Hubbell er al., 1999).
However, apart from treefall gaps, there are other small-
scale disturbances that also might be important for the
maintenance of plant diversity in these systems.

Leaf-cutting ant nests (mainly Atfta spp.) are consid-
ered to be understory, small-scale disturbances that affect
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plant species composition and dynamics in tropical rain
forests (Farji-Brener & Medina, 2000; Farji-Brener &
Illes, 2000; Hull-Sanders & Howard, 2003; Wirth et al.,
2003). When the colony is active, most leaf-cutting ant
species maintain the nest area free of plants. However,
once a colony dies or abandons a nest site, this area rep-
resents a set of opportunities for plant regeneration very
different than either undisturbed understory or treefall
gaps. A recently abandoned Affa nest is a space free of
understory vegetation and litter, with higher nutrient con-
centrations and higher light availability than the adjacent
forest understory (Farji-Brener & Illes, 2000; Wirth et
al., 2003). The new environmental conditions created by
an abandoned Atfa nest may be more important for some
species assemblages than others. Specifically, it has been
proposed that abandoned Atta nests may affect the estab-
lishment of plants according to their regeneration status,
seed size, and dispersal mode. First, the higher light inten-
sity at ground level in abandoned ant nests is expected to
favour light-demanding species for establishment and ini-
tial growth, such as gap-dependent species or small-seed-
ed plants with few energy reserves (Farji-Brener & Illes,
2000; Hull-Sanders & Howard, 2003; Wirth er al., 2003).
Second, the litter layer may act as an inhibitory light filter
(Vazquez-Yanes et al., 1990). Species with small seeds do
not have the resources to emerge from underneath the leaf
litter and often require litter-free sites for successful estab-
lishment (Guzmdin-Grajales & Walker, 1991; Metcalfe &
Turner, 1998). Indeed, many seeds from tropical plant
species are capable of germinating when the litter layer is
disrupted and the soil surrounding the seed is disturbed
without simultaneous opening of the canopy (Metcalfe &
Turner, 1998). Therefore, the lack of a leaf litter barrier
on abandoned nests could favour species that need cleared
soil for germination and/or establishment. Third, there
may be limited dispersal of biotically dispersed species
to an abandoned Arfa nest because the absence of vegeta-
tion in the nest area reduces the availability of perch (e.g.,
for birds) and refuge sites (e.g., for mammals). Finally,
the modified structure of the soil and the higher level of
nutrients in the nest area may also affect which species
assemblages are capable of germinating and becoming
established. These factors, together with the high abun-
dance and turnover rate of nest sites in several tropical
rain forests (Perfecto & Vandermer, 1993; Farji-Brener
& TIlles, 2000; Wirth er al., 2003) suggest that recently
abandoned ant nests may serve as regeneration islands for
shade-intolerant, nutrient-limited, small-seeded litter-gap
demanders and/or abiotically dispersed species.

Although several authors (Farji-Brener & Illes, 2000;
Farji-Brener & Medina, 2000; Hull-Sanders & Howard,
2003; Moutinho, Nepstad & Davidson, 2003; Wirth et
al., 2003) have proposed that the presence of abandoned
leaf-cutting ant nests may favour the establishment of
some plant species assemblages, this hypothesis has not
been tested. The goal of this study was to evaluate the
role of abandoned leaf-cutting ant nests on plant species
with respect to their regeneration status, seed size, and
dispersal mode in a tropical rain forest of Costa Rica. To
test this idea, I measured the number of plant species and
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individuals established in abandoned Atta cephalotes nests
and adjacent understory plots. If the environmental condi-
tions of abandoned ant nests favoured the establishment of
some species assemblages, I expected to find a consistent
group of species assemblages on abandoned nests different
from those in understory sites.

Methods

I conducted this study at La Selva Biological Station,
operated by the Organization for Tropical Studies (10°
26' N, 83° 59' w) in the Atlantic lowlands of Costa Rica,
in February 1999. The area is a wet premontane forest
and receives a mean annual rainfall of 4,000 mm. La
Selva Biological Station includes old-growth forest and
patches of forest in different successional stages (McDade
et al., 1994). Colonies of leaf-cutting ants, mainly Atta
cephalotes, are common within La Selva (Farji-Brener,
2001). To determine the effect of abandoned leaf-cutting
ant nests on plant assemblages, I located 10 abandoned
Atta cephalotes nests in the old-growth forest along the
“Camino circular lejano” (CCL), “Camino experimental
sur” (CES), “Sendero suroeste” (SSO), and “Camino
circular lejano” (CCC) trails. The leaf-cutting ant nests
located had been abandoned for 6 -12 months (O. Vargas,
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pers. comm.), and the mean * SD size of the nests was :

60 = 15 m?. The number of abandoned ant nests sampled
(n = 10) was limited by their availability. However, this
sample effort is similar to or larger than others made in
similar studies (Garretson er al., 1998; Farji-Brener &
Illes, 2000; Hull-Sanders & Howard, 2003; Moutinho,
Nepstad & Davidson, 2003; Wirth er al., 2003).

At each abandoned nest 1 established three plots of
1 m? around the centre of the area of disturbed soil to
sample plant species richness and abundance. Since local
characteristics of a site (i.e., plant species availability)
can affect plant community composition and structure, I
also randomly established three plots of 1 m? at the forest
understory 10-15 m away from colony centres as a site-con-
trol effect. The adjacent plots did not show tracks of the
foraging trails leaving the nest when it was still active. In
each case (abandoned nests and adjacent understory) data
from the three plots were pooled for the analysis. Thus,
each leaf-cutting ant nest and its adjacent understory (i.e.,
a site) was considered to be a replicate (n = 10 sites). Each
site was located at least 100 m away from the next site to
avoid cross-influence among nests and adjacent plots.

All plants (< 1.5 m height) found in abandoned
leaf-cutting ant nests and adjacent plots were identified
to species and categorized according to their regenera-
tion status (gap-dependent or shade-tolerant), seed size
(< 2 mm, 2-10 mm, > 10 mm diameter), dispersal mode
(biotic or abiotic), and life form when possible. Although
tropical trees vary continuously in the light conditions
they require for establishment (Lieberman er al., 1995),
two broad regeneration categories are generally recog-
nized and widely used (Coley, 1983; 1987; Brokaw, 1985;
Whitmore, 1989; Clark & Clark, 1992; Wright er al.,
2003; Uriarte et al., 2004). Gap-dependent or pioneer
species, also referred to as light-demanding or shade-intol-
erant, generally need high light environments to establish
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and grow, such as those found in treefall gaps. In contrast,
shade-tolerant species, also called mature forest species,
survive and grow in deep shade. I was able to assign 46 of
a total of 60 species compiled (77%) to one of these two
categories based on existing literature and on opinions of
plant ecologists with extensive experience in Neotropical
rainforest areas (Farji-Brener, 2001). The remaining 14
plant species did not fit readily into these categories: the
opinions of experts were not in agreement and/or the plant
was unidentified at the species level. Orlando Vargas and
Bette Loiselle, two ecologists with extensive experience in
the study area, assigned the seed size and dispersal mode
categories of each species.

To evaluate whether abandoned leaf-cutting ant nests
affect plant assemblage composition I used two differ-
ent approaches. First, I used paired r-tests and contin-
gency tables to compare the number of species between
abandoned Atta cephalotes nests and adjacent understory
according to their regeneration status, seed size, and dis-
persal mode. Second, I employed the k-means clustering
method (Hartigan, 1975; Hartigan & Wong, 1978) to group
sites according to their regeneration status, seed size, and
dispersal mode. This procedure classifies objects into a
user-specified number of clusters, and it is used when there
is an a priori hypothesis concerning the number of clusters
(as in the present study). To evaluate the appropriateness
of the classification, within-cluster variability (small if the
classification is good) and between-cluster variability (large
if the classification is good) are compared; that is, a stan-
dard between-groups analysis of variance for each dimen-
sion is performed. Computationally, this analysis is similar
to an analysis of variance “in reverse”. The program starts
with £ random clusters, and then moves objects between
clusters with the goal to minimize variability within clus-
ters and maximize variability between clusters. Finally, the
means of each cluster on each dimension is examined to
assess how distinct the & clusters are. The magnitude of F
values from the ANOVA performed on each dimension is
an indication of how well the respective dimension (i.e.,
variable) discriminates between clusters. Because in tropi-
cal rain forests the absolute number of plant species or
individuals may be highly variable among sites (Denslow,
1987; Clark & Clark, 1992), 1 performed this analysis
using relative frequencies.

If the presence of abandoned ant nests affects plant
assemblages in a consistent way, species assemblages
found in abandoned leaf-cutting ant nests should be simi-
lar to each other but different from those located in the
undisturbed forest understory. Therefore, I analyzed the
data by forming two clusters as distinct as possible
from each other, expecting that one cluster would group
plots mainly from abandoned ant nests and the other clus-
ter would group plots mainly from the understory forest.
I carried out this analysis to separately evaluate the effect
of abandoned leaf-cutting ant nests on plant assemblages
according to 1) regeneration status, 2) seed size, and
3) dispersal mode. I performed the analysis twice: first
considering the number of species in each category (in %)
and second considering the number of individual plants in
each category (in %).
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Results

A total of 341 individuals from 60 plant species were
recorded in this study. The most frequent species were
Geonoma spp., Hampea appendiculata, Philodendron
Spp., Prestoea decurrens, and Welfia regia (Table 1). The
total number of species (41, Table I) and the mean number
of species in abandoned Atfa cephalotes nests were similar
to those found in the forest understory (8.2 + 1.0 versus
7.6 £ 0.8, respectively, mean + SE, r = 0.47, P = 0.65,
paired ¢-test).

The regeneration status, seed size, and dispersal mode
of the plant species sampled were similar between aban-
doned nests and the forest understory. The mean numbers
of gap-dependent, small-seeded, and abiotically dispersed
plants were similar between abandoned ant nests and forest
understory sites, considering both the number of species
and the number of individuals (Table II). Furthermore, the
relative abundance of species according to their regenera-
tion status, seed size, and dispersal mode was independent
of the presence of an abandoned ant nest (2 = 0.45, 0.10,
and 1.62, respectively, all P > 0.45, Figure 1).

Likewise, the k-clustering method often grouped entire
sites in different clusters rather than separating abandoned
ant nests and understory plots into different clusters.
Abandoned A. cephalotes nests did not show consistent
differences with understory plots in their relative abun-
dance of plant species (and individuals) with different
regeneration status, seed size, or dispersal mode (Table
IIT). In contrast, abandoned ant nests and their nearby
understory (i.e., the components of individual sites) were
commonly grouped together according to those charac-
teristics. For example, sites 5, 8, and 10 showed a high
relative abundance of shade-tolerant species compared
with sites 1, 2, 3, 4, and 9. Sites 8 and 10 also had a high
number of species with seeds > 10 mm when compared to
the rest of the sites, and site 5 had a large number of indi-
viduals with seeds between 2-10 mm. Finally, sites 5, 8§,
and 10 had more species with biotic dispersion than sites
1, 2, 3, and 4.

Discussion

The relative abundance of species (and individuals)
of different regeneration status, seed size, and dispersal
mode were more similar within sites than between differ-
ent abandoned Arta cephalotes nests. This suggests that
abandoned ant nests do not influence species composition
in a consistent way, raising questions about their impor-
tance as a selective force on the establishment of plant
species assemblages (Farji-Brener & Illes, 2000). This
absence of a strong effect may be attributable to the
short period of time since nest abandonment in this
study. It is possible that 6-12 months is not a long enough
time for significant seed dispersion and seedling establish-
ment for many tree species. Thus, the lack of difference
between abandoned ant nests and adjacent understory may
be the result of samples that are not old enough to detect
an impact of leaf-cutter nest abandonment on the seedling
community. However, most tropical tree species produce
seeds annually (Hartshorn, 1978; McDade er al., 1994;
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TaBLE 1. Relative frequency (%) of plant species and their regene-
ration status (RS), seed size (SS), dispersal mode (DM), and life
form (LF) in 10 abandoned Arta cephalotes nests (Nest) and 10
understory forest plots (Forest). P = Pioneer, gap-dependent, ST
= shade-tolerant; S = small (< 2mm), M = medium (2-10 mm),
L = large (> 10 mm); B = biotic, A = abiotic; H = herbs, L =
lianas and vines, EP = epiphytes, S = shrubs, P = palms, T =
trees, and CT = canopy trees.

Relative abundance

Species Nest Forest RS SS DM LF
Alchornea costaricensis 10 P M B T

Anaxagorea crassipetala 10 10 ST M B T

Anthurium spp. 10 ST M B EP
Aphelandra storkii 10 ST M B T

Ardisia nigropunctata 20 20 P M B T

Aristolochia constricta 10 P M A L

Asplundia spp. 10 ST M B EP
Byrsonima crispa 10 P M B CT
Calathea micans 20 10 M B H

Calathea spp. 10 30 M B H

Casearia arborea 10 P M A T

Casearia corymbosa 20 P M B CT
Cedrela odorata 30 P L A CT
Cissus spp. 10 P M B L

Costus spp. 10 P M B H

Dendropanax arboreus 10 P M B T

Dichorisandra hexandra 10 P M B H

Dycranostiles ampla 10 20 ST L B L

Euterpe precatoria 10 M B T

Faramea spp. 10 ST M B

Ficus spp. 10 S B T

Geonoma spp. 70 80 ST M B P

Geophila spp. 10 P S B H

Guarea bullata 20 10 ST L B T

Guarea spp. 30 ST L B T

Hampea appendiculata 50 10 P M B P

Heliconia irasa 10 ST M B H

Inga spp. 20 L B T

Inga thibaudina 10 P L B CT
Inga umbelifera 10 ST L B CT
Jubelina wilburii 10 ST L A L

Mabea occidentalis 10 M S

Machaerium seenmanii 10 P L A L

Mendoncia tonduzii 10 P L B L

Mendoncia spp. 10 L B L

Miconia multispicata 10 P S B T

Miconia spp. 20 P S B T

Monstera spp. 10 M B EP
Myrcia splendens 10 P M B T

Otoba novogranatensis 10 ST L B CT
Paullinia spp. 10 M B L

Pentaclethra macroloba 20 20 ST L A CT
Perebea hispidula 20 ST M B T

Philodendron spp. 80 80 M B EP
Piper spp. 10 10 S B S

Piper trigonum 10 10 ST S B S

Piper urostachyum 20 10 ST S B S

Prestoea decurrens 20 30 ST S B P

Protium pittieri 10 P L B T

Protium spp. 10 10 L B T

Psychotria spp. 20 20 M B T

Rinorea deflexiflora 20 ST M T

Siparuna tonduziana 10 ST M B S

Smilax spp. 20 20 P M B L

Swartzia simplex 10 ST L B T

Virola sebifera 20 20 ST L B CT
Welfia regia 30 20 ST L B P

Unknown sppl 50 60

Unknown spp2 10 30

Unknown spp3 10 10

TOTAL NUMBER OF SPECIES 41 41
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TaBLE II. Mean number + SE of gap-dependent, small-seeded
(seeds < 2 mm), and abiotically dispersed species and individuals
in abandoned Arta cephalotes nests and adjacent forest understory
(n = 10). Data were analyzed with paired r-tests. Mean number
of species and individuals are given per 3 m2 (see text for metho-
dological details).

Variables Abandoned ant nests ~ Forest understory t P
A) SPECIES
Gap-dependent 2.0£0.5 1.1+0.4 1.20 0.26
Seeds <2 mm 0.7+0.4 0.5+0.3 0.54  0.59
Abiotic dispersal ~ 0.7+0.2 04=+0.1 091 036
B) INDIVIDUALS
Gap-dependent 40=+1.9 1.8£0.6 1.20 0.26
Seeds <2 mm 1.7+£0.9 1.2+£0.9 .60 0.56
Abiotic dispersal ~ 0.7+0.2 0.7+£0.3 0 1

Loiselle, Ribbens & Vargas, 1996), and 6-12 months is
considered long enough to allow the establishment of most
tropical plant species from the seed bank (Dalling, Swaine
& Garwood, 1994; Loiselle, Ribbens & Vargas, 1996;
Farji-Brener & Medina, 2000). Therefore, I believe that
the lack of a consistent effect of abandoned ant nests on
plant assemblage composition is not only a matter of lack
of time. Abandoned nests continue to be monitored in
order to better understand this aspect. There are at least
four other non-mutually exclusive factors that may explain
why local effects were stronger than the nest effect on
plant assemblage composition: refuse dump location and
nest soil characteristics, spatial heterogeneity, dispersal
limitation, and the local species pool.

Leaf-cutting ants concentrate large quantities of freshly
cut vegetation from a large area into nest chambers where
it is decomposed by a mutualistic fungus. The remains of
the exhausted fungal material are deposited either on the
soil surface outside the nest or in refuse chambers below
the fungus chambers. Given that in Neotropical forests soil
nutrients can limit plant growth (Vitousek, 1984; Sollins,
1998), the location of this nutrient-rich refuse should have
an important effect on determining which plant species
will establish in an abandoned ant nest site. The leaf-cut-
ting ant species studied in this study (Atta cephalotes)
deposits its organic refuse in underground chambers, which
may be accessible only by roots of adult trees (Moutinho,
Nepstad & Davidson, 2003), not by establishing seedlings
(Farji-Brener & Medina, 2000). In addition, soil resis-
tance to penetration could affect plant species composition.
For example, soil-nest of Atta cephalotes in Amazonia is
generally flat and shows a high resistance to penetration,
resulting in additional limits for the establishment of some
species’ seedlings (Moutinho, Nepstad & Davidson, 2003).
However, abandoned nests of other leaf-cutter species (e.g.,
Atta sexdens) are usually a mound of soft soil. Thus, soil
effects on plants probably depend on the leaf-cutting ant
species studied. In summary, the lack of an effect of aban-
doned A. cephalotes nests on the establishment of nutrient-
limited plant species in this study may be due to soil com-
pactness and the absence of an external refuse pile in the
ant nest sites, but the internal refuse heap may affect larger
plants (Moutinho, Nepstad & Davidson, 2003).
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Should Legend for seed size be < 2mm (grey), 2-10 mm (white) and > 10 mm (black) ?
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FIGURE 1. Relative abundance (in %) of species according to their
dispersal mode, seed size, and regeneration status in abandoned ant nests
and adjacent understory plots (x2 = 0.45, 0.10, 1.62, respectively, all
P > 0.45).

It is known that the establishment of several plant
species or species assemblages is affected by the char-
acteristics of the microenvironment, such as soil type,
topography, and light availability (Clark er al., 1995;
Clark, Clark & Read, 1998; Nicotra, Chazdon & Iriarte,
1999; Svenning, 1999). Several studies have demonstrated
that many tropical plant species are distributed non-ran-
domly with respect to microenvironmental variation, and
the consensus is that these patterns reflect species-spe-
cific habitat preferences or life history variation (Gentry,
1988; Tuomisto & Ruokolainen, 1994; Clark et al., 1995;
Clark, Clark & Read, 1998; Terborgh & Mathews, 1999).
Although this study was carried out in a relatively small
area in the same type of forest, the differences between
sites were stronger than the differences between aban-
doned nests and their adjacent forest understory. This
means that, for the plant species found, the environmental
modifications made by ant nests were less important than
the environmental differences existing between sites.

Dispersal limitation also potentially explains the lack
of association between species composition and abandoned
nest sites. Since gap-dependent, small-seeded trees are
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TaBLE III. Members of clusters, explanatory variables, and ANO-
VA results of the k-means clustering method, considering a) spe-
cies and b) number of individual plants. The values belonging to
the explanatory variables are means = SD of species (a) or indivi-
duals (b) per 3-m2. Statistically significant variables are in bold
(see text for details).

Cluster 1 Cluster 2 F P

HyYPOTHESIS 1. REGENERATION STATUS
a) Variables

Shade-tolerant 51+13 21+1.0 30.8 <0.001
Gap-dependent 1.5+1.5 1.5+1.2 <0.01 1
Cluster members
Nest plots 5,7,8,10 1-4,6,9
Understory plots 5,6, 8, 10 1-4,7,9
b) Variables
Shade-tolerant  41.0+ 7.1 49+32 183.9 <0.001
Gap-dependent 25+£35 3.0£47 0.02 0.87
Cluster members
Nest plots 5 1-4, 6-10
Understory plots 5 1-4, 6-10
HYPOTHESIS 2. SEED SIZE
a) Variables
<2mm 09+1.5 0.5+0.9 0.5 0.47
2-10 mm 51+1.6 42+1.0 2.5 0.13
>10 mm 3.7+0.9 0.9+0.9 445 <0.001
Cluster members
Nest plots 3,5,7.8,10 1,2,4,6,9
Understory plots 8,10 1-7,9
b) Variables
<2 mm 7.7+21 03+1.0 100 <0.001
2-10 mm 36.0+ 16 8.0+3.0 56.2 <0.001
> 10 mm 1.7+ 0.6 23+23 0.23 0.63
Cluster members
Nest plots 5,9 1-4, 6-8,10
Understory plots 5 1-4, 6-10
HYPOTHESIS 3. DISPERSION MODE
a) Variables
Biotic dispersion 4.4+0.9 82+1.2 65.4 <0.001
Abiotic dispersion 0.4 +0.5 0.7+0.7 0.6 0.45
Cluster members
Nest plots 1-4 5-10
Understory plots  1-4,6-7,9 5,8, 10
b) Variables
Biotic dispersion 45.0+ 15 9.5+3.2 93.4 <0.001
Abiotic dispersion 0.7+ 1.1 0.7+0.8 0.05 0.94
Cluster members
Nest plots 5,9 1-4, 6-8,10
Understory 5 1-4, 6-10

relatively scarce in old-growth forest, and abandoned
ant nests provide differential conditions during a limited
period of time (Perfecto & Vandermeer, 1993; Wirth et
al., 2003), the availability of propagules from nearby trees
is likely to be central in controlling colonization. Several
studies in tropical forests have shown the importance of
dispersal limitation in controlling local composition of
plant communities. In field work carried out in the same
tropical forest studied here, Loiselle, Ribbens, and Vargas
(1996) found that site was a better explanatory factor of
composition than differences in seed rain between gap
and understory. Another extensive study based on a 50-ha
permanent plot in a tropical forest of Panama found that



species composition in treefall gaps was not predictable
from descriptors of treefall regime even for gap-dependent
species, suggesting the potential importance of recruit-
ment limitation, in which species fail to recruit in all sites
favourable for germination, growth, and survival (Hubbell
et al., 1999; Brokaw & Busing, 2000; Dalling et al.,
2002). In support of this hypothesis, Grau (2002) found
that aggregations of treefalls at scales of 1,000-2,500 m?
in subtropical forests in northwestern Argentina increased
species richness, probably by reducing the dispersal limi-
tation of gap-dependent trees into newly formed treefall
gaps. Given the dispersal limitation into abandoned ant
nests and the reduced abundance of leaf-cutting ant nests
in old-growth forests (Farji-Brener, 2001), the chance of
nest-site recolonization by plant species that potentially
could benefit from these understory disturbances may be
low. This effect could explain both the low similarity of
species assemblages between different abandoned Atra
cephalotes nests and the high similarity within sites (e.g.,
Loiselle, Ribbens & Vargas, 1996).

The composition of plant species at a particular site
is often influenced by the pool of species in the sur-
rounding area (“mass effect” or “vicinity”, Shmida &
Wilson, 1985; Van der Maarel, 1994; Grau, 2002; 2004).
Therefore, the colonization of an abandoned nest may be
strongly influenced by the composition of the surround-
ing forests. Recent studies in tropical (Dalling et al.,
2002), subtropical (Grau, 2002; 2004), and non-tropical
environments (Tilman, 1997; Butaye er al., 2002; Tofts
& Silvertown, 2002) have shown the importance of the
available species pool in regulating the capacity of gap-
dependent species to colonize treefall gaps. For example,
distance to secondary forests may be an important factor
controlling the presence of gap-dependent trees in treefall
gaps (Grau, 2004). Likewise, distance to secondary for-
ests or disturbed areas (where the potential colonizers are
more common) could control the composition of species
in abandoned ant nests.

Although the results of this study suggest that aban-
doned Atta cephalotes nests are not acting as selective
forces on the establishment of species assemblages, aban-
doned Arta nests may still affect vegetation patterns. As
several authors have pointed out, abandoned nest areas of
Atta spp. may represent an important regeneration site for
plants, affecting seed bank abundance and composition
(Farji-Brener & Medina, 2000) and plant density and rich-
ness (Garretson et al., 1998; Farji-Brener & Illes, 2000).
However, chance events in the dynamics of both ant and
plant species populations apparently restrict the effect
of abandoned nests to an ecological time. Nevertheless,
abandoned ant nests may favour selective establishment
of some plant groups if their refuse is located on the soil
surface and if the potentially favoured plant assemblage
is locally available. Therefore, the next step to elucidate
the effect of abandoned nests on the composition of plant
assemblages should focus on leaf-cutting ant species that
have external refuse piles and are located in secondary
forests or near disturbed areas in which both ant nests and
the plant species that are likely to benefit most are more
common (Farji-Brener, 2001).

ECOSCIENCE, voL. 12 (4), 2005

Acknowledgements

N. Velazquez-Rosas and E. Toral assisted during fieldwork.
I greatly appreciate the assistance of O. Vargas, who identified
the plant species, and B. Loiselle, M. Aide, N. Brokaw, and two
anonymous reviewers for constructive criticisms of this manuscript.
I also thank La Selva Biological Station and the Organization for
Tropical Studies (OTS) for their logistical support.

Literature cited

Brokaw, N., 1985. Treefalls, regrowth, and community struc-
ture in tropical forests. Pages 53-69 in T. S. Picket & T. A.
White (eds.). The Ecology of Natural Disturbance and Patch
Dynamics. Academic Press, San Diego, California.

Brokaw, N. & R. Busing, 2000. Niche versus chance and tree
diversity in forest gaps. Trends in Ecology and Evolution, 15:
183-188.

Butaye, J., H. Jacquemyn, O. Honnay & M. Hermy, 2002. The
species pool concept applied to forests in a fragmented land-
scape: Dispersal limitation versus habitat limitation. Journal
of Vegetation Science, 13: 27-34.

Clark, D. A., 1990. The role of disturbance in the regeneration
of Neotropical moist forests. Pages 291-315 in K. Bawa &
M. Hadley (eds.). Reproductive Ecology of Tropical Forest
Plants. Man and the Biosphere Series, Vol. 7, Unesco, Paris.

Clark, D. A. & D. B. Clark, 1992. Life history diversity of
canopy and emergent trees in a neotropical rain forest.
Ecological Monographs, 62: 315-344.

Clark, D. B., D. A. Clark, M. Sandoval & C. Castro, 1995.
Edaphic and human effects on landscape-scale distributions
of tropical rain forest palms. Ecology, 76: 2581-2594.

Clark, D. B., D. A. Clark & J. Read, 1998. Edaphic variations
and the mesoscale distribution of tree species in a Neotropical
rain forest. Journal of Ecology, 86: 101-112.

Coley, P., 1983. Herbivory and defensive characteristics of tree
species in a lowland tropical forest. Ecological Monographs,
53: 209-233.

Coley, P., 1987. Interspecific variation in plant anti-herbivore
properties: The role of habitat quality and rate of disturbance.
New Phytologist, 106 (Suppl.): 251-263.

Dalling, J. W., M. D. Swaine & N. C. Garwood, 1994. Effect
of soil depth on seedling emergence in tropical soil seed-bank
investigations. Functional Ecology, 9: 119-121.

Dalling, J., H. Muller-Landau, J. Wright & S. Hubbell, 2002.
Role of dispersal in the recruitment limitation of Neotropical
pioneer species. Journal of Ecology, 90: 714-727.

Denslow, J. S., 1980. Gap partitioning among tropical rainforest
trees. Biotropica, 12: 47-55.

Denslow, J. S., 1987. Tropical rainforest gaps and tree species
diversity. Annual Review of Ecology and Systematics, 18:
431-451.

Farji-Brener, A. G., 2001. Why are leaf-cutting ants more com-
mon in early secondary forests than in old-growth tropical
forests? An evaluation of the palatable forage hypothesis.
Oikos, 92: 169-177.

Farji-Brener, A. G. & A. Illes, 2000. Do leaf-cutting ant nests
make “bottom-up” gaps in Neotropical rain forests? A critical
review of the evidence. Ecology Letters, 3: 219-227.

Farji-Brener, A. G. & C. Medina, 2000. The importance of
where to dump the refuse: Seed banks and fine roots in nests

of the leaf-cutting ants Atta cephalotes and Arta colombica.
Biotropica, 32: 120-126.

559



FARII-BRENER: ABANDONED LEAF-CUTTING ANT NESTS AND PLANT ASSEMBLAGE COMPOSITION

Garrettson, M., J. Stetzel, B. Halpern, J. Hearn, B. Lucey &
M. McKone, 1998. Diversity and abundance of understory
plants on active and abandoned nests of leaf-cutting ants (Arta
cephalotes) in a Costa Rican rain forest. Journal of Tropical
Ecology, 14: 17-26.

Gentry, A., 1988. Changes in plant community diversity and
floristic composition on environmental and geographical gra-
dients. Annals of the Missouri Botanical Garden, 75: 1-34.

Grau, H. R., 2002. Scale-dependent relationships between treet-
alls and species richness in a Neotropical montane forest.
Ecology, 83: 2591-2601.

Grau, H. R., 2004. Landscape context and local-scale environ-
ment influence regeneration of pioneer tree species in treefall
gaps. Biotropica, 36: 52-59.

Guzman-Grajales, S. M. & L. R. Walker, 1991. Diftferential
seedling responses to litter after Hurricane Hugo in the
Luquillo Experimental Forest, Puerto Rico. Biotropica, 23:
407-413.

Hartigan, J. A., 1975. Clustering Algorithms. Wiley, New York,
New York.

Hartigan, J. A. & M. A. Wong, 1978. Algorithm 136. A &-
means clustering algorithm. Applied Statistics, 28: 100-108.
Hartshorn, G., 1978. Tree falls and tropical forest dynamics.
Pages 617-655 in P. B. Tomlinson & M. Zimmerman (eds.).
Tropical Trees as Living Systems. Cambridge University

Press, Cambridge.

Hubbell, S., R. Foster, S. O'Brien, K. Harms, R. Condit,
B. Wechler, S. Wright & S. Loo de Lao, 1999. Light-gap
disturbances, recruitment limitation, and tree diversity in a
Neotropical forest. Science, 283: 554-557.

Hull-Sanders, H. & J. J. Howard, 2003. Impact of Ara colom-
bica colonies on understory vegetation and light availability in
a Neotropical forest. Biotropica, 35: 441-445.

Kobe, R. L., 1999. Light gradient partitioning among tropi-
cal tree species through differential seedling mortality and
growth. Ecology, 80: 187-201.

Lieberman, M., D. Lieberman, R. Peralta & G. Hartshorn,
1995. Canopy closure and the distribution of tropical for-
est tree species at La Selva, Costa Rica. Journal of Tropical
Ecology, 11: 161-178.

Loiselle, B., A. Ribbens & O. Vargas, 1996. Spatial and tem-
poral variation of seed rain in a tropical lowland wet forest.
Biotropica, 28: 82-95.

McDade, L., K. Bawa, H. Hespenheide & G. Hartshorn
(eds.), 1994. La Selva: Ecology and Natural History of a
Neotropical Rain Forest. The University of Chicago Press,
Chicago, Illinois.

Metcalfe, D. & I. Turner, 1998. Soil seed bank from lowland
rain forest in Singapore: Canopy-gap and litter-gap demand-
ers. Journal of Tropical Ecology, 14: 103-108.

560

Moutinho, P., D. Nepstad & E. Davidson, 2003. Influence of
leat-cutting ant nests on secondary forest growth and soil
properties in Amazonia. Ecology, 84: 1265-1276.

Nicotra, A., L. Chazdon & S. Iriarte, 1999. Spatial heterogene-
ity of light and woody seedling regeneration in tropical wet
forests. Ecology, 80: 1908-1926.

Perfecto, I. & J. Vandermeer, 1993. Distribution and turnover
rate of a population of Arta cephalotes in a tropical rain forest
in Costa Rica. Biotropica, 25: 316-321.

Shmida, A. & M. Wilson, 1985. Biological determinants of spe-
cies diversity. Journal of Biogeography, 12: 1-20.

Sollins, P., 1998. Factors influencing species composition in
tropical lowland rain forest: Does soil matter? Ecology, 79:
23-30.

Svenning, J. C., 1999. Microhabitat specialization in a spe-
cies-rich palm community in Amazonian Ecuador. Journal of
Ecology, 87: 55-65.

Terborgh, J. & J. Mathews, 1999. Partitioning of the understo-
rey light environment by two Amazonian treelets. Journal of
Tropical Ecology, 15: 751-763.

Tilman, D., 1997. Community invasibility, recruitment limita-
tion, and grassland biodiversity. Ecology, 78: 81-92.

Tofts, R. & J. Silvertown, 2002. Community assembly from the
local species pool: An experimental study using congeneric
pairs. Journal of Ecology, 90: 385-393.

Tuomisto, H. & K. Ruokolainen, 1994. Distribution of
Pteridophyta and Melastomataceae along an edaphic gradient
in an Amazonian rain forest. Journal of Vegetation Science,
5: 25-34.

Uriarte, M., R. Condit, C. Canham & S. Hubbell, 2004. A
spatially explicit model of sapling growth in a tropical forest:
Does the identity of neighbors matter? Journal of Ecology,
92: 348-360.

Van Der Maarel, E., 1994. Mass effect and vicinity revisited.
Journal of Vegetation Science, 6: 1-13.

Vazquez-Yanes, C., A. Orozco-Segovia, E. Rincén, M. Sanchez-
Coronado, P. Huarte, J. Toledo & V. Barradas, 1990. Light
beneath the litter in a tropical forest: Effect on seed germina-
tion. Ecology, 71: 1952-1958.

Vitousek, P., 1984. Litterfall, nutrient cycling and nutrient limi-
tation in tropical forests. Ecology, 65: 285-298.

Whitmore, T., 1989. Canopy gaps and the two major groups of
trees. Ecology, 70: 536-538.

Wirth, R., H. Herz, R. Ryel, W. Beyschlag & B. Hdlldobler,
2003. Herbivory of Leaf-Cutting Ants. A Case Study on Anra
colombica in the Tropical Rainforest of Panama. Ecological
Studies 164, Springer Verlag, Berlin.

Wright, S., H. Muller-Landau, R. Condit & S. Hubbell, 2003.
Pioneer recruitment, realized vital rates, and size distributions
of tropical trees. Ecology, 84: 3174-3185.



I~
4 \f\ﬁi‘/fﬁ_fﬁr\[ CE Avis de facturation et commande de tirés a part
Univeri Linal, Ste-Foy Invoicing note and reprints order form
Tel.: (418) 656—31’88, Fax: (418) 656-2346
ecoscience @ecoscience.ulaval.ca
http://www.ecoscience.ulaval.ca

Ce formulaire ne constitue pas une facture officielle, mais plutét un avis de facturation et un formulaire de commande de tirés a part a
signer et a retourner en guise d’acceptation des frais présentés ci-dessous.

This form is not the official invoice but an invoicing note and a reprints order form to sign and return in acceptance of the charges
detailed below.

Numéro du manuscrit :

Manuscript number - Eco- 2824 Numéro de commande :

Purchase order number:

Auteur (s) / Author (s); Alejandro  Gustavo Farji-Brener

Titre / Title: The effect  of abandoned leaf-cutting ant nests on plant assemblage composition in a
tropical rainforest of Costa Rica

Tel qu’ indiqué dans les directives aux auteurs, des frais de publication de 60$CAD par page sont facturés aux auteurs a
la suite de la publication de leur manuscrit dans Ecoscience. A ces frais, s’ajoutent ceux qui correspondent a la publica-
tion de plus de trois tableaux et plus de trois figures par article, a raison de 60$CAD par tableau et figure excédentaire.

As indicated in the Guide to authors, publication fees of CAD$60 per page will be charged to authors following the
publication of their article in Ecoscience. These fees are in addition to those for tables and figures in excess of three per

Frais de publication / Publication fees

Nombre deFr:)Jages / Number of pages 7 x 60 =420 $
Frais pour les tableaux / Fees for tables % 60 =

Nombre de tableaux excédant 3 / Number of tables in excess of 3 -

Frais pour les figures / Fees for figures % 60 =

Nombre de figures excédant 3 / Number of figures in excess of 3 -

Frais d’infographie sur les figures /
Fees for graphical composition on figures

Frais pour les figures couleur / Fees for color figures

Sous-total / Sub-total (CAD$) 420 $

Frais pour les tirés a part / Fees for reprints Nombre de tirés & part commandés +
Voir la page suivant pour les prix / See following page for costs Number of reprints ordered
Note : Les taxes applicables et les frais postaux seront ajoutées lors de la facturation officielle.

Applicable taxes and shipping costs will be added on the official invoice. TOtaI (CAD$)

Offre spéciale / Special offer
D Jachete 100 tirés a part, s.v.p. m'envoyer le PDF de mon article avec droits de reproduction (haute résolution), gratuitement.

I’'m buying 100 reprints, please send me the PDF of my article with reproduction rights (high resolution), free of charge.

D PDF J’achéte le pdf seul (avec droits de reproduction a haute résolution). / I’'m buying the PDF alone (with high resolution reproduction rights).

Adresse de facturation / Send invoice fo: Adresse d’expédition / Sent reprints to:

Date : Signature : N© de téléphone / Phone No. :

A retourner immédiatement a:
Please return immediately to:

Ecoscience, Pavillon Marchand, Université Laval, Sainte-Foy, Québec, G1K 7P4, Canada.


kimdamboise
Text Box
2824

kimdamboise
Text Box
Alejandro Gustavo Farji-Brener

kimdamboise
Text Box
The effect of abandoned leaf-cutting ant nests on plant assemblage composition in a 
tropical rainforest of Costa Rica

kimdamboise
Text Box
7

kimdamboise
Text Box
420 $

kimdamboise
Text Box
420 $


/é‘\
o N T T A -
A @E_OSCIENCE

Pavillon Marchand
Université Laval, Ste-Foy
Québec G1K 7P4, Canada

Tel.: (418) 656-3188, Fax: (418) 656-2346

ecoscience @ecoscience. ulaval.ca

En vigueur en janvier 2005 / Effective in January 2005

Prix des tirés a part

Prices of reprints

Nombre de pages / Quantité commandée / Quantity ordered PDE
Number of pages 50 100 200 300 alone / seul

1-4 138 $ 177 % 206 $ 233 % 160 $

5-8 244 % 281% 316 % 352 % 253 %

9-12 338 % 376 % 434 $ 529 % 338 %

13-16 416 $ 462 $ 561 % 575 % 416 $

17-20 503 $ 591 % 689 $ 850 $ 532 %

21-24 581 % 637 % 817 % 1009 $ 573 %

25-28 660 $ 744 % 944 $ 1170 % 670 %

29-32 738 % 844 % 1072 $ 1331% 760 $

33-36 817 % 892 % 1199 $ 1488 $ 802 $

Offre spéciale aux auteurs / Special offer to authors

A l'achat de 100 tirés a part ou plus, Ecoscience vous offre le PDF de votre article (avec

droits de reproduction et haute résolution d'impression), d’'une valeur
équivalente a 100 tirés a part.
Cocher la case sur l'avis de facturation.

Ecoscience offers you the PDF of your article (with reproduction rights and high
printing resolution) when you buy 100 or more reprints. This pdf is usually
worth the price of 100 reprints.

Check the box on the Invoicing note.

A noter

Les tirés a part sont tous brochés a
plat; ils sont fournis dans le méme
format que celui de la revue ; ils ne
comprennent pas de couverture.

Ces prix sont sujets a changements si
la commande est recue aprés la date
limite indiquée au verso.

Les frais de poste et les taxes appli-
cables s’ajoutent aux prix mention-
nés.

Le délai accordé pour le paiement est
de 30 jours.

Les prix sont indiqués en dollars can-
adiens.

Please note

Reprints are all side-wire stappling; they
are in the same size and format than the
journal; all are without cover.

Prices are subject to changes when
order is received after the deadline indi-
cated on reverse side.

Postage charges and applicable taxes
will be added to prices quoted above.

Payment term is 30 days.

Prices are given in Canadian dollars.




/\E\‘\
u W, . ]
ABACOSCIENCE

Attribution des droits de publication

Pavillon Marchand
Université Laval, Ste-Foy
Québec G1K 7P4, Canada
Tel.: (418) 656-3188, Fax: (418) 656-2346
ecoscience @ecoscience.ulaval.ca
http://www.ecoscience.ulaval .ca

Ce formulaire doit étre lu et signé par I'auteur (les
auteurs) de l'article ci-mentionné avant que celui-ci ne
puisse étre publié dans la revue Ecoscience.

Je, sousigné(e), accepte que Ecoscience obtienne
les droits de publication papier et électronique pour mon
article intitulé :

Titre: The effect of abandoned leaf-cutting ant
nests on plant assemblage composition in
a tropical rainforest of Costa Rica

Je certifie que ce texte est une oeuvre originale qu’elle n’a
jamais été publiée avant et qu’elle n'est pas en révision pour
étre publiée ailleurs en format papier ou électronique.

Je m’engage a ne pas publier cette oeuvre ailleurs sans la
permission d’Ecoscience. (Cette permission est habituellement
attribuée a condition que l'auteur s’engage a citer la référence
originale de I'oeuvre, publiée dans Ecoscience).

Jassigne les droits de publication et de distribution en
format papier ou électronique a Ecoscience pour l'article
mentionné ci-haut. Je garde toutefois tous les droits sur les
brevets, les marques de commerce ou les autres propriétés
intellectuelles pouvant découler de cette oeuvre.

Cette entente est révocable seulement si les deux parties
sont consentantes.

Si vous étes un employé du gouvernement britannique ou
des Etats-Unis et que l'article a été préparé dans le cours de
vos fonctions gouvernementales, les droits de publications
s'appliquent seulement jusqu'au degré permis par la loi. Votre
employeur accord a Ecoscience une licence non-exclusive
de publication de l'article sur papier et via les médias élec-
troniques. Veuillez avertir Ecoscience si vous étes dans cette
situation.

Nom de l'auteur :

Adresse :

Date :

Signature:
Dans le cas d'un article multi-auteur, un seul auteur peut signer pour tous les
auteurs.

A retourner immédiatement a:

Copyright assignment form

This form must be read and signed by the author
(authors) of the mentioned article before the latter can
be published by Ecoscience.

| hereby agree that Ecoscience shall obtain the right
of publication, printed and electronic, for my article
entitled:

Title: The effect of abandoned leaf-cutting ant
nests on plant assemblage composition in
a tropical rainforest of Costa Rica

| hereby warrant that this article is an original work, that it
has never been published and that it is not being considered
by another journal for publication.

I will not publish this work elsewhere without permission
from Ecoscience. (This permission is usually given as long as
the original work published in Ecoscience is cited).

| assign publication and distribution rights, in paper and
electronic format to Ecoscience for the article aforementioned.
| retain all patent rights, trademark rights or intellectual prop-
erty rights, other than copyrights, attributable to this work.

This agreement is revocable only if both parties are con-
senting.

If you are a British or US Government employee and the
article was prepared in the course of your employment, the
copyright assignment applies only to the extent allowable by
the law. Your employer hereby grants Ecoscience a non-exclu-
sive licence to publish the article on paper and via electronic
media. Please notify Ecoscience if you are in this situation.

Auhtor’s name :

Address :

Date :

Signature:
In the case of a multi-author article, one author can sign on behalf of all of the
authors.

Please return immediately to: Ecoscience, Pavillon Marchand, Université Laval, Sainte-Foy, Québec, G1K 7P4, Canada.


kimdamboise
Text Box
The effect of abandoned leaf-cutting ant 
nests on plant assemblage composition in 
a tropical rainforest of Costa Rica

kimdamboise
Text Box
The effect of abandoned leaf-cutting ant 
nests on plant assemblage composition in 
a tropical rainforest of Costa Rica




