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ABSTRACT
Ants interact with seeds, and frequently remove their appendages. This work aimed to evaluate 
the effect of ants on the germination of Guarea guidonia (Meliaceae) seeds through removing the 
fleshy tissue of their integument (sarcotesta). The seeds were subjected to the following treatments: 
control (no sarcotesta removal), manual removal, and removal by ants. The results show that 
germination percentage and time varied among treatments, with removal by ants showing the 
highest percentage within the shortest possible time. The positive effect of sarcotesta removal 
by ants points to a possible action of anti-fungal substances. As germination is an essential step 
for recruitment, ant activity may be important to the regeneration of a deforested area. Further 
studies should consider germination experiments under natural conditions in order to increase 
the understanding on plant development.

Keywords: ant-plant interaction, recruitment, seed germination, Solenopsis, 
Atlantic Forest.

1. INTRODUCTION

In tropical environments, several plants are 
dispersed by animals (Schupp et al., 2010). Over 70% 
of the species in tropical forests are zoochoric, and this 
number may reach up to 90% in some places (Morellato 
& Leitão-Filho, 1992). However, the lack of dispersers 
in deforested regions hinder dispersal (Cole et al., 2010; 
Brudvig et  al., 2011). Ants are among the common 
tropical dispersers, especially in ecologically degraded 
environments (Henao-Gallego et al., 2012). They interact 
with a broad variety of fruits and seeds while foraging 
for pulp or aril and as a result promote seed dispersal 
(Christianini & Oliveira, 2010; Christianini  et  al., 

2012; Escobar-Ramírez et al., 2012; Bieber et al., 2013; 
Lima et al., 2013; Santana et al., 2013; Gallegos et al., 
2014).

The interaction of ants with fruits and seeds can 
result in their removal from the place where they were 
primarily deposited (Santana et al., 2013; Gallegos et al., 
2014). This removal can benefit seeds and promote their 
germination and development. Furthermore, ants can 
also clean fruits and seeds (Christianini et al., 2007; 
Christianini & Oliveira, 2010; Gallegos et al., 2014). 
Cleaning occurs when ants find fruits and seeds, usually 
close to the mother plant. On the one hand, cleaning by 
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ants may be negative for recruitment as diaspores may 
lose parts that could attract other potential dispersers 
(Christianini & Oliveira, 2010). In addition to that, the 
seed remains in an area of high propagule density and 
mortality (Janzen, 1970; Connell, 1971; Christianini 
& Oliveira, 2010). On the other hand, cleaning may 
be positive, as it frequently results in the protection 
against pathogens which favors seed germination and 
seedling recruitment (Oliveira et al., 1995; Ohkawara 
& Akino, 2005; Christianini et al., 2007; Santana et al., 
2013; Camargo et al., 2016).

Ants remove the aril, pulp or other existing 
appendages by cleaning the seeds or fruits. This cleaning 
reduces infection by pathogens due to antifungal 
chemicals applied by the ants (Ohkawara & Akino, 
2005). Secretions produced by the ants’ metapleural 
and mandibular glands have antibiotic and antifungal 
activity, and are probably responsible for greater seed 
germinability of several plant species (Ohkawara & 
Akino, 2005 and references). The germination velocity 
can also be increased in the seeds cleaned by ants 
(Camargo et al., 2016).

In the Atlantic Forest, Guarea guidonia (L.) Sleumer 
(locally known as carrapeta, Meliaceae) is a common 
tree species which occurs almost all over Brazil, South 
and Central Americas (Oliveira et al., 2013). This tree 
has dense foliage and rapid growth, and is considered an 
early secondary species (Oliveira et al., 2013). Its fruits 
are dehiscent capsules with seeds covered by a red 
sarcotesta. Flowers and fruits are available throughout 
the year (Pastore, 2003). Seeds are recalcitrant, i.e., 
they are extremely sensitive to water loss (Connor & 
Bonner, 1998). In the present study, we assessed the 
effect of seed cleaning by ants on the germination of 
Guarea guidonia. We expected sarcotesta removal 
performed by ants to result in higher germinability 
and shorter germination time in comparison with 
other treatments.

2. MATERIAL AND METHODS

2.1. Study site

This study was developed in a submontane 
Atlantic Forest site on Marambaia Island, Sepetiba 
Bay, state of Rio de Janeiro, southeastern Brazil, in 
March 2015. The island is located in the Tropical 
Atlantic Morphoclimatic Domain, with average 

monthly temperatures above 20 °C. March is one of 
the warmest months in this area, with a maximum 
temperature around 30 °C. The  average annual 
rainfall in this area surpasses 1,000 mm, being the 
period between November and March the wettest 
months (rainfall indexes higher than 100 mm; 
Mattos, 2005).

2.2. Pre-germination treatments

We collected about 500 seeds from fruits 
spontaneously opened on G. guidonia trees found 
in the study area. These seeds were mixed randomly 
and separated into three groups. They were then 
placed under three trees with high fruitification rates. 
The trees were at least 50 m apart, enough distance 
to ensure independence of ant colonies. The study 
treatments comprised: control (no sarcotesta removal), 
manual removal (sarcotesta manually removed), and 
sarcotesta removal by ants. In the last treatment, 
ants had access to seeds; in the other treatments, 
this access was blocked with trays surrounded by 
grease all around the perimeter period, but it was 
also internally covered with soil and leaf litter from 
the area. This procedure aimed to maintain the same 
soil conditions in all three treatments. The  seeds 
remained exposed for 40 h. After the exposure 
period in the field, the seeds were collected and 
placed in paper bags for each treatment. The ants 
found removing the sarcotesta were collected for 
identification, fixed in alcohol 70%, dry-mounted, 
and deposited in the Coleção Entomológica Angelo 
Moreira da Costa Lima (CECL) of the Institute of 
Biological Sciences and Health, Universidade Federal 
Rural do Rio de Janeiro.

2.3. Germination tests

The germination test was prepared in the laboratory 
approximately 24 h after the pre-germination 
treatment. Seeds with visual signs of predator attack 
were removed, such as seeds much smaller than the 
average. Seeds with no contact with ants were randomly 
divided, and half of them had the sarcotesta manually 
removed. Due  to fungus proliferation on seeds not 
cleaned by ants, disinfection had to be performed 
in all treatments to reduce losses. Thus, the seeds 
were immersed in sodium hypochlorite at 1% for 
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2 min and then washed with distilled water. After 
this procedure, five drops of neutral detergent were 
diluted in 100 ml of distilled water. The seeds were 
immersed in this solution for 5 min and then washed 
in distilled water again (Brasil, 2013). The disinfection 
process was used in order to maintain the analysis 
more conservative, as Castro et al. (1999) observed 
germination only on seeds of G. guidonia with 
anti-fungal treatment.

The three treatments – control, manual removal, 
and removal by ants – had four replications with 
25 seeds each, totalizing 100 seeds per treatment in 
vermiculite substrate. The experiment was conducted 
in a germination chamber with constant light at 25 °C, 
as the germination of G. guidonia seeds is increased by 
high light and constant temperature (Cardoso et al., 
1994; Baskin & Baskin, 2014). Seeds were monitored 
weekly to determine the percentage of germinated seeds 
(germinability), dead seeds, abnormal seedlings, and 
germination time. Observations continued until all 
seeds germinated or showed signs of decomposition. 
Dead seeds, normal, and abnormal seedlings were 
constantly removed from the experiment.

2.4. Statistical analysis

Data were analyzed in the R software. Germinability 
was calculated as the percentage of seeds that germinated 
and developed into a normal seedling. It  was also 
calculated the percentage of dead seeds and abnormal 
seedlings. The emergency speed index (ESI) was 
calculated as the sum of normal plants observed on a 
given day divided by the number of days elapsed until 
that day, so ESI = E1/N1 + E2/N2 + … En/Nn, where 
En is the number of normal seedlings in the n day 
of observation and Nn is the number of days of the 
experiment (Borghetti & Ferreira, 2004). ANOVA was 
used to test for differences in germinability between 
treatments, the percentage of dead seeds, the percentage 
of abnormal seedlings, and ESI. Previously, normality 
and homoscedasticity tests were made and, after the 
analyses, Tukey test was applied.

3. RESULTS

All ants found removing G. guidonia sarcotesta 
on the trays belonged to a single species of the 
genus Solenopsis. The seeds started germinating 

approximately one month after the pre-germination 
test. Observations lasted five months, a period when 
seeds kept germinating and developing into normal 
and abnormal seedlings.

The sarcotesta removal by ants influenced germination 
(Figure 1) and germination speed positively, and the 
percentage of dead seeds, negatively. The average 
germinability per treatment was 62% in control 
treatment, 78% in sarcotesta manual removal and 
90% in sarcotesta removal by ants. The germinability 
varied between treatments (F = 7.79, p = 0.01); only 
the removal by ants differed from the control treatment 
(Figure 2a). The average percentage of dead seeds per 
treatment was 22%, 9% and 6% for control, sarcotesta 
manual removal and sarcotesta removal by ants, 
respectively; the control differed from other treatments 
(F = 7.84, p = 0.01) (Figure 2b). The average percentage 
of abnormal seedlings per treatment was 15%, 13% 
and 4% for control, sarcotesta manual removal and 
sarcotesta removal by ants, respectively, with no 
significant difference between treatments (F = 3.59, 
p = 0.07) (Figure 2c). The average ESI per treatment 
was 0.1766, 0.2836 and 0.3012 for control, sarcotesta 
manual removal and sarcotesta removal by ants, 
respectively; the treatments removal by ants and control 
differed significantly (F = 5.84, p = 0.02) (Figure 2d). 
The accumulated number of normal seedlings during 
the germination test for each treatment are presented 
in Figure 3. The largest number of normal seedlings 
and the highest development speed occurred in the 
treatments including sarcotesta removal (manual or 
by ants).

Figure 1. Germinated Guarea guidonia seeds after 
removal of sarcotesta by ants.
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4. DISCUSSION

In the present study, it was showed that the 
cleaning by worker ants increases germinability and 
germination speed and decreases the percentage of dead 

seeds in G. guidonia. This positive effect of removal of 
the aril or other seed parts by ants had already been 
observed in previous studies with other plant species 
(Guimarães & Cogni, 2002; Passos & Oliveira, 2003; 
Passos & Oliveira, 2004; Christianini  et  al., 2007; 

Figure 2. Number of germinated seeds (a), number of dead seeds (b), number of abnormal seedlings (c) and 
emergence speed index (ESI) (d) for the treatments control, sarcotesta manual removal (manually), and sarcotesta 
removal by ants in seeds of Guarea guidonia (Meliaceae). Only the number of abnormal seedlings did not differ 
between treatments.

Figure 3. Number of normal seedlings accumulated during 20 weeks of observation for the treatments control, 
sarcotesta manual removal (manually), and sarcotesta removal by ants in seeds of Guarea guidonia (Meliaceae). 
The treatments sarcotesta removal (manual and by ants) produced a larger number of normal seedlings, which is 
faster than that of control.
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Leal et al., 2007). Such studies showed an increase of 
at least 30% in germinability compared to the control 
(Christianini et al., 2007; Leal et al., 2007).

Although these studies showed a positive effect of the 
removal of appendages from seeds, they discussed only 
differences in germination between the control (seeds 
with appendages) and seeds after manual removal of 
the appendages (Guimarães & Cogni, 2002; Passos & 
Oliveira, 2003; Passos & Oliveira, 2004; Christianini et al., 
2007; Leal et al., 2007). A few other studies analyzed the 
treatment appendage removal by ants (Oliveira et al., 
1995; Ohkawara & Akino, 2005; Camargo et al., 2016). 
The comparison in this study is necessary to determine 
whether an increase in germinability is explained by 
other factors than the physical removal of appendages 
(Ohkawara & Akino, 2005).

The behavior of cleaning seeds and fruits is 
common in most ant species that interact with fruits 
(Passos & Oliveira, 2003; Christianini & Oliveira, 2013; 
Santana  et  al., 2013; Camargo  et  al., 2016), mainly 
in the genera Camponotus, Pheidole, Solenopsis and 
Wasmannia (Christianini  et  al., 2007). Few species 
such as poneromorph ants perform seeds removal 
(Christianini et al., 2007; Leal et al., 2014). Solenopsis 
species are widely distributed; they are generalist and 
recruiters, and forage in the leaf litter, trunks, and low 
vegetation (Baccaro et al., 2015). Several species of this 
genus have already been recorded cleaning diaspores 
(Passos & Oliveira, 2003; Christianini  et  al., 2007; 
Santana et al., 2013). The genus Solenopsis dominates 
in such interactions (Christianini & Oliveira, 2013), 
probably due to the mass recruitment of worker ants 
(Baccaro et al., 2015). Those species are usually considered 
soil-dominant omnivores associated with anthropically 
disturbed environments (Baccaro et al., 2015).

Only ant-removed sarcotesta of G. guidonia 
seeds showed positive germination. Similarly, seeds 
of Erythroxylum ambiguum Pyr. also had a higher 
germinability and germination speed in the treatments 
with passage through the digestive tract of birds or 
cleaning by ants than in the treatment with manual 
removal of the pulp (Camargo et al., 2016). This result 
may indicate the action of antifungal substances secreted 
by ants (Ohkawara & Akino, 2005). Another possibility 
is that the removal of the sarcotesta by ants promotes 
either chemical or mechanical scarification. Such a 
process would favor germination by increasing seed 

coat permeability to water and gases (Traveset & Verdú, 
2002). However, Baskin & Baskin (2014) demonstrated 
that G. guidonia produce non-dormant seeds, which 
makes the scarification possibility unlikely.

The disinfection of the experimental seeds could 
lead to the rejection of the hypothesis of antifungal 
action by ants. However, Connor & Bonner (1998) 
observed the death of G. guidonia seeds by fungi, even 
after a 30 s-wash in a 10% solution of commercial 
bleach. In addition, Cardoso et al. (1994) state that 
the low germination of G. guidonia observed in their 
experiments is probably due to fungi contamination 
despite prior disinfection treatment. Therefore, it is 
possible that sodium hypochlorite was not sufficient 
to prevent fungal growth. The possible antifungal 
substances secreted by ants might have an action on 
seeds more effective than the hypoclorite sodium used 
in this work.

Results from this study show that manual removal 
of sarcotesta from G. guidonia seeds does not favor 
germination. Nevertheless, the number of dead seeds 
was lower than on the non-removal treatment, which 
suggests the importance of removing the sarcotesta of 
G. guidonia seeds in forest nurseries cultivating. Some 
studies conducted on other species showed improved 
germination on manually removed appendages 
compared to those not removed (Guimarães & Cogni, 
2002; Passos & Oliveira, 2003; Christianini et al., 2007; 
Leal et al., 2007; Lima et al., 2013; Souza et al., 2015). 
These differences may have resulted from disinhibition 
effect induced by the aril or pulp removal, which is 
frequently higher than seed scarification and occurs 
in several species (Robertson et al., 2006). The lack of 
physiological studies about the relationship between 
pulp or aril removal and seed germination prevents 
further statements.

Despite the results from our study, it is important to 
consider the natural conditions under which germination 
experiments occur, as emphasized by Traveset & Verdú 
(2002). Robertson et al. (2006) reported that laboratory 
conditions affect the germinability of intact fruits: 
in three species with fleshy fruits, the germinability 
on Petri dishes was zero under laboratory conditions, 
but it was high under field conditions in New Zealand. 
Considering the variation between laboratory and field 
conditions, future studies should be conducted in the 
field to get a better understanding of germinability and 
seedling development holistically.
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5. CONCLUSIONS

The behavior of cleaning seeds observed in ants 
promotes higher germinability and emergence speed. 
Thus, ants act as germination facilitators, helping plants 
even without dispersing their seeds. As germination is 
an essential stage of recruitment, ant activity may be 
important at early successional stages in a degraded area. 
This importance is even more evident considering that 
ants are even present since early succession, differently 
from birds and bats, which are considered the main 
disperser agents (Lindell et al., 2012). Therefore, studies 
involving ant behavior can be vital to understand forest 
restoration. However, we emphasize that the seeds are 
not dispersed by ants and might suffer high mortality 
close to the mother plant (Janzen, 1970; Connell, 1971). 
Thus, these results must be carefully analyzed. Future 
field studies might better elucidate the results of seed 
cleaning by ants under natural conditions.
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