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Abstract 
This work evaluated the effect of seasonality on ant-plant interaction in a Seasonally Dry Tropical Forests, using as an 
ecological model the species Ipomoea carnea subs. fistulosa (Convolvulaceae). We performed systematic collection of 
ants, herbivores and leaves in marked plants, evaluated the efficiency of herbivorous capture by ants, and the effects of 
ant presence over the pollinator behavior and plant fitness in dry and rainy seasons. The presence of ants in the plants 
reduced the number of herbivores (dry season: F2.27=4.7617, p=0.0166; rainy season: F2.27=5.8655, p=0.0078). However, 
the capture efficiency was negatively affected by the presence of myrmecophilous larvae, so that the average of ants 
recruited on termite leaves was 2.06 ants per termite, the average recruitment of ants on larval leaves was 22.4 larva 
ants. In addition, the presence of ants reduced pollinator visits and promoted fruit reduction during the dry season 
(ANOVA: F = 3.44; p = 0.0653). In conclusion, the association with ants can result in a balance not always favorable 
to the host plant, and this result actually depends on abiotic (e.g. precipitation) and biotic factors (e.g. ant species 
composition and abundance, influence of other trophic levels and identity of associated herbivores).
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Custos e benefícios nas interações planta-formigas: variação sazonal

Resumo
Este trabalho avaliou o efeito da sazonalidade sobre a interação planta-formiga em uma Floresta Tropical Sazonal 
Seca, utilizando como modelo ecológico a espécie Ipomoea carnea subs. fistulosa (Convolvulaceae). Realizamos 
coleta sistemática de formigas, herbívoros e folhas em plantas marcadas, avaliamos a eficiência de captura de 
herbívoros pelas formigas, e efeitos da presença de formigas sobre o comportamento dos polinizadores e fitness da 
planta nas estações seca e chuvosa. A presença de formigas nas plantas reduziu número de herbívoros (estação seca: 
F2.27 = 4.7617, p = 0.0166; estação chuvosa: F2.27 = 5.8655, p = 0.0078). No entanto, a eficiência de captura foi afetada 
negativamente pela presença de mirmecófilos larvas, enquanto a média de formigas recrutadas em folhas com cupins 
foi de 2,06 formigas por cupim, a média de recrutamento de formigas nas folhas com larvas foi de 22,4 formigas de 
larva. Além disso, a presença de formigas reduziu as visitas aos polinizadores e promoveu a redução de frutos durante 
a estação seca (F = 3.44, p = 0.0653). Em conclusão, a associação com formigas pode resultar em um balanço nem 
sempre favorável à planta hospedeira, e este resultado depende de fato de fatores abióticos (e. g. precipitação) e fatores 
bióticos (e.g. composição e abundância de espécies de formigas, influência de outros níveis tróficos, e identidade dos 
herbívoros associados).

Palavras-chave: custo-benefício, defesa biótica, herbivoria, polinizador, sazonalidade.

1. Introduction

The interspecific interactions are considered important 
processes that influences patterns of morphological 
adaptation as both physiological and consequent variation 
of species (Thompson, 2013), in addition to the standards 
organization and community stability (Mougi and 
Kondoh, 2012). Such interactions are often the result of 
coevolution, generating spatial, temporal and number of 
species differences (Thompson, 2013).

When it comes to interactions between insects and plants, 
the ecological success of ants stands out when compared to 
other animal groups, being evident, among other factors, by 
the expressive abundance of hymenopterans in terrestrial 
habitats (Hölldobler and Wilson, 1990). Futhermore, 
interactions involving ants attract big attention because 
they cover a wide variety of adaptations (Rico-Gray and 
Oliveira, 2007), showing strong evidence to consider 
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interactions between ants and plants as ‘cornerstone’ in 
many communities, especially in the tropics (Blüthgen et al., 
2000; Rosumek et al., 2009).

Finding predictable and renewable food resources by 
ants in vegetation favors their use as a foraging substrate 
and explains the frequency of mutualistic relationships 
observed in these systems (Byk and Del-Claro, 2011). 
The plants resources, provided directly to the ants may be 
different and associated. For example, in myrmecophytes, 
which are nesting sites, are plants permanently inhabited 
by ant colonies specialize in providing plant protection 
(Rico-Gray and Oliveira, 2007)

Other resources are those found in myrmecophilous 
plants, which are not regularly occupied by ants, but 
frequently visited, due to: i) indirect associations with 
sugary exudate-producing hemiptera, known as honeydew, 
(Del-Claro et al., 2006) or presence of Lepidoptera larvae 
offering secretions (Kaminski et al., 2009); ii) the presence 
of extrafloral nectaries (Byk and Del-Claro, 2011). Thus, 
plants with EFN are very important for influencing the 
ant distribution.

Among the alternatives for understanding the patterns 
observed in ant-plant interactions, the hypothesis of 
“herbivorous protection” (sensu Bentley, 1977) has been 
intensively studied over the last three decades (Santos and 
Del-Claro, 2001; Vilhena-Potiguara et al., 2012; Martins et al., 
2019). In Brazil, the ant-excluding has been conducted 
in the tropics showing that ants can indeed benefit plants 
reducing the impacts of herbivory (Marazzi et al., 2013).

It is noteworthy that in some cases the benefit of the 
association was not evidenced (O’dowd and Catchpole, 
1983; Rashbrook et al., 1992), moreover the presence of 
myrmecophilous herbivores can completely change the 
role of ants in relation to plants, since these herbivores will 
have access to enemy-free space in the host plant because 
they benefit from the protection offered by the associated 
ants (Bächtold et al., 2016).

Moreover, beyond this classic predation view, where 
predators cause cascading effects when they consume their 
prey, other predator-transmitted effects would be non-lethal, 
when predator attributes elicit anti-predatory behavioral 
responses in their prey, affecting the entire network of 
trophic interactions interconnected by it (Terborgh and 
Estes, 2010).

This way the ants associated with extrafloral nectaries 
(EFN) can have bigger impact on abundance and visit rate 
of pollinator, causing behavioral changes in floral visitors 
(Martins  et  al., 2019), which may affect indirectly the 
reproductive fitness of some plant species.

However, the magnitude of costs and benefits may 
vary greatly due to temporal and spatial variations of some 
factors that influence interactions, such as abundance and 
richness of herbivorous insects, abundance and identity 
of ants, and even floral visitors (Cruz et al., 2018), which 
vary according to the availability and quality of plant 
resources. All of these factors are strongly influenced 
by climatic seasonality, with few studies evaluating the 
effects of seasonality on the cost and benefit variation 

of these interactions in Seasonally Dry Tropical Forests 
(Díaz‑Castelazo et al., 2013; Rico-Gray and Oliveira, 2007).

Therefore, this paper aims to test the hypotheses: 
H1) Plants with greater ant diversity are less visited by 
herbivorous insects; H2) Greater ant diversity leads to 
decrease in herbivory rate; H3) The patrolling of EFN-
associated ants negatively affects the reproductive fitness 
of the plant; H4) Myrmecophilous herbivores attract more 
ants to host plants. The species Ipomoea carnea subs. 
fistulosa (Convolvulaceae) was used as an ecological model.

2. Material and Methods
2.1. Study system and study site

Ipomoea carnea subsp. fistulosa (Martius and Choisy) 
belongs to the monophyletic family Convolvulaceae, widely 
distributed in the tropics (Junqueira and Simão-Bianchini, 
2006). This species is a perennial shrub, common in Brazil 
due to its cultivation as an ornamental plant, native to 
South America (Antoniassi et al., 2007). The plant has 
ephemeral flowers, diurnal and reproductive system with 
self-incompatibility strategy (Paz et al., 2013). This species 
attracts several ant species due to the presence of extrafloral 
nectaries (EFN), two located on the abaxial leaf surface, 
five in the floral receptacle, and are also present and active 
in the floral buds (Martins et al., 2019).

The field experiment was developed at Fazenda 
Tamanduá, Santa Terezinha, Paraíba (7° 2’20”south 
latitude and 37º26’43” west longitude), distant 18 km 
from the city of Patos and 320 km from the capital, 
João Pessoa (Andrade et al., 2008). The Köppen-Geiger 
climate classification is Bsh type. This region is inserted 
in the semiarid Northeast, and is marked by droughts and 
erratic rains irregularly distributed throughout the year. 
The highest precipitation rates occur between January 
and April, with an annual average of 600 mm. The dry 
season usually starts in June and extends to January with 
the predominance of Caatinga formation with hot and 
dry climate (Cabral et al., 2013). The entire experimental 
design took place in a secondary succession border area, 
in the dry season between July and September 2018 and 
during the rainy season between February and May 2019, 
in an area in secondary succession stage (see Figure 1).

2.2. Experiment 1: Seasonal variations of the influence 
of EFN-associated ant patrolling over herbivore 
abundance and herbivory index

2.2.1. Objective
To evaluate if whether increased ants richness and 

abundance reduce the number of herbivores and herbivorous 
leaf area.

2.2.2. Procedure
We marked thirty individuals of Ipomoea carnea 

subs. fistulosa and quantified the number of branches of 
each plant in order to obtain a measure of the structural 
complexity of the plants and to test if it causes variation in 
abundance and richness of ants and herbivores. Subsequently 
we actively collected ants and herbivores using a manual 
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entomological aspirator and tongs for manual collection 
for 20 minutes in each plant. For each of these plants, 
we selected a branch to avoid leaves at different stages 
of development, and then randomly selected 10 leaves 
to be removed, totaling 300 leaves that were scanned to 
analyze the herbivorous area using the Image J program 
(Rasband, 2011). We performed on each leaf the calculation 
consisting the summing the values of each herbivory mark 
over the value of the total area. Then we calculated the 
average proportion of the area that suffered herbivory in 
each plant (Adami-Rodrigues et al., 2004).

2.3. Experiment 2: Seasonal variation of ant efficiency 
in herbivore capture

Objective: To evaluate the ant efficiency in eliminating 
herbivores from plants patrolled by them and factors that 
may affect this efficiency.

Procedure: We performed tests using live termites of 
the Termitidae family as an ecological model of herbivores 
which were placed on a leaf that we randomly select, and 
later we measure the time of encounter, attack and removal 
of the termites by the ants. We performed 30 repetitions, 
and for each repetition we used a different plant (adapted 
from Vasconcelos, 1993).

Due to the occurrence of Lepidoptera mirmecophilous 
larvae of the Lycaenidae family during the rainy season, this 
experiment was repeated in 30 plants hosted by the larvae, 
following the same methodology previously described, 
with 30 replications, to evaluate the efficiency of ants in 
herbivore capture in detriment to the occurrence of these 
larvae. In addition, we evaluated the number of ants recruited 
for the elimination of each termite, just as we quantified the 
ants recruited when the leaves were exposed to the larvae. 
For this, we selected 60 plants without the occurrence of 
larvae to avoid influences. We used 30 plants for termite 
treatment and 30 for Lycaenidae larvae treatment, so we 
quantified the number of ants in exposed leaf to termites 
and larvae at time intervals of 2, 4, 6, 8 and 10 minutes. 
Subsequently, we randomly selected 30 plants hosted by 
the larvae and collected 10 leaves from each plant that 
were scanned and have the herbivorous leaf area evaluated 
using the Image J program (Rasband, 2011).

2.4. Experiment 3: Variation of the effect of EFN 
ant patrolling over pollinator visitation rate and 
reproductive fitness

Objective: To evaluate the effect of ants over flowers 
visitors and on plant reproductive success.

Procedure: We isolated 60 buds from 30 plants in papers 
bag the day before the experiment, of which we assigned 
30 buds to the control group and 30 plants to the treatment 
group, which we manually removed all ants and applied a 
resin Tangle Foot® at 15cm from the inflorescence. This 
resin is non-toxic and acts as a physical barrier preventing 
ant access to the plant.

The experiment had a randomized blocks design 
(n = 30), each block consisting of 2 experimental units 
(two flowers) each received the following treatments: 
(1) control (flower without ants –inflorescence treated with 
tangle foot); (2) flower with free access to ants - untreated 
inflorescence with tangle foot resin. All flowers in each 
block were at least 30 cm apart to minimize any effect 
of ants on visitation rate of other controlled flowers. 
We observed the experimental flowers at a distance of at 
least 2m, avoiding an observer influence on the behavior 
of the visiting insects.

To quantify the number of visits and refuse (when 
individuals evaluate and then avoid landing) on each flower 
of the trio, we performed the observations simultaneously, 
quantifying the number of visits in each block for 10 minutes, 
totaling 50 min of each hour. These observations occurred 
from 6 am to 1 pm with 10-minute intervals every hour. 
Subsequently, we isolated the flowers again for fruiting 
observation and distinguished the treatments by the use of 
ribbons of different colors (Martins et al., 2019).

3. Statistical Analysis

To test if ant richness and abundance caused herbivore 
reduction, we performed a multiple linear regression, and 
used the herbivore abundance as the dependent variable 
and ant abundance and richness as explanatory variables. 
Possible differences in richness and abundance of ant and 
herbivore between seasons were evaluated by the paired 
T-test. We evaluated if the structural complexity of the 
plants influenced the richness and abundance of ants and 

Figure 1. Rainfall in Santa Terezinha, Paraíba, Brazil.
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herbivores by performing a Simple Linear Regression for 
each season. In addition, we evaluated if the increasing 
ant richness and abundance reduced the herbivory with a 
Multiple Linear Regression, using the average proportion 
of herbivorous leaf area as a dependent variable and ant 
richness and abundance as an explanatory variables. 
We compared the encounter, attack, and removal times 
that ants performed to eliminate termites using Analysis of 
Variance (ANOVA) with one factor. We evaluated possible 
differences in the number of patrolled ants in plants with 
termite and in plants with Lycaenidae larvae using a 
non-parametric Kruskal-Wallis test. Finally, we tested the 
differences in the number of visits between treatments of 
ant patrolling experiments by a randomized block Analysis 
of Variance. Regarding the number of fruits formed in the 
flowers of each treatment, we compared using an Analysis 
of Variance (ANOVA) with one factor. However, before the 
analysis, we tested the variances through the Shapiro-Wilk 
test and when were needed, we transformed the data into 
square root to reduce the differences between variances. 
All data were analyzed at 0.05% significance through the 
STATISTICA 13.3 program (STATSOFT, 2017).

4. Results
4.1. Influence of EFN-associated ants on leaf herbivory, 
herbivore richness and abundance

We collected a total of 2.514 ant individuals, 
43  morphospecies, and 4 subfamilies. Of this total, 
642 occurred in the dry season with 27 morphospecies. 
For the rainy season, we recorded 1.872 individuals and 
24 morphospecies. The ant abundance was significantly 
higher during the rainy season (paired T-test: t=-2.9826, 
p= 0.0029) (see Figure 2).

Among the Formicidae, the subfamily Myrmicinae 
was the most abundant in both seasons, followed by 
Formicinae, but there was no significant difference in ant 
richness between the dry and rainy seasons (paired T-test: 
t=-0.8064, p=0.2133) (see Figure  2). The subfamilies 
Myrmicinae and Formicinae showed the highest richness 
in both seasons, followed by Pseudomyrmecinae and 
Dolichoderinae. We point out that for a total of 44 recorded 
species, only seven morphospecies occurred during both 

seasons (as shown in Table 1), while the other morphospecies 
occurred either during the dry season or during the rainy 
season. We collected 1.240 individuals from herbivorous 
insects. The most abundant order was Coleoptera with 
1.210 individuals, followed by Hemiptera with 21individuals, 
and Orthoptera with 9, besides collecting 35 larvae. 
Among the herbivores, there were 60 morphospecies, so 
the order with the highest richness was Coleoptera with 
48 morphospecies (as shown in Table 2).

During the dry season, we recorded 907 Coleoptera 
individuals, distributed in 6 families and 32 morphospecies. 
The Hemiptera showed only seven individuals from three 
families and four morphospecies. During the rainy season, 
we recorded 303 Coleoptera individuals, distributed in five 
families and 24 morphospecies. The order Hemiptera had 
only 14 individuals, distributed in five families and seven 
morphospecies, besides the Orthoptera order with only 
one morphospecies (as shown in Table Table 2). Thus, 
both richness (paired T-test: t = 2.6807, p = 0.006) and 
abundance (paired t-test: t = 2.5128, p = 0.0089) were 
higher during the dry season.

The proportion of herbivorous leaf area per plant was 
also higher during this season (Paired T-test = t = 4.2461, 
p  <0.0001) coinciding with the season of lower ant 
abundance and higher herbivore abundance and richness 
(see Figure 3).

Plant structural complexity, measured by the number 
of branches during the dry season, influenced ant richness 
(F = 5.5336, p = 0.0245, see Figure 4), but did not influence 
abundance (F = 1.4686, p = 0.234). It did not influence 
the richness (F = 0.5030, p = 0.509) and abundance 
(F = 1.3809, p = 0.2486) of herbivores for this season. 
During the rainy season the structural complexity of the 
plants did not influence the richness (F = 0.997, p = 0.6725) 
and abundance (F = 1.3812, p = 0.2485) of herbivores, 
nor did it influence the richness (F = 0.0014, p = 0.969).) 
and abundance (F = 1.578, p = 0.2172) of ants.

Increasing ant abundance and richness reduced herbivore 
abundance in the dry season (F2.27=4.7617, p=0.0166) 
and in the rainy season (F2.27=5.8655, p=0.0078), so that 
more abundant plants and ant richness presented a lower 
herbivore abundance (see Figure 5). Likewise, plants with 

Figure 2. Abundance and richness of ants associated with Ipomoea carnea subs. fistulosa EFNs during the dry and rainy 
season in Caatinga ecosystem.
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Table 1. Formicidae abundance associated with Ipomoea Carnea subs. fistulosa EFNs during the dry and rainy season in 
Caatinga ecosystem, separated according to their subfamilies.

FORMICIDAE ABUNDANCE
SUBFAMILY Morphospecies Dry season Rainy season
Myrmicinae Myrmicinae sp1 9 0

Myrmicinae sp2 1 0
Myrmicinae sp3 1 0
Myrmicinae sp4 259 0
Myrmicinae sp5 1 0
Myrmicinae sp6 0 0
Myrmicinae sp7 1 0
Myrmicinae sp8 22 0
Myrmicinae sp9 30 0
Myrmicinae sp10 7 0
Myrmicinae sp11 0 11
Myrmicinae sp12 0 2
Myrmicinae sp13 0 178
Myrmicinae sp14 0 7
Myrmicinae sp15 0 55
Myrmicinae sp16 0 689
Myrmicinae sp17 0 1
Myrmicinae sp18 0 15
Myrmicinae sp19 0 14

Formicinae Formicinae sp1 53 582
Formicinae sp2 6 62
Formicinae sp3 64 10
Formicinae sp4 7 0
Formicinae sp5 89 0
Formicinae sp6 6 0
Formicinae sp7 1 1
Formicinae sp8 24 0
Formicinae sp9 0 28
Formicinae sp10 0 171
Formicinae sp11 0 6
Formicinae sp12 0 4
Formicinae sp13 0 4
Formicinae sp14 0 1
Formicinae sp15 0 1

Dolichoderinae Dolichoderinae sp1 1 0
Dolichoderinae sp2 4 0
Dolichoderinae sp3 3 0
Dolichoderinae sp4 35 0
Dolichoderinae sp5 3 0

Pseudomyrmecinae Pseudomyrmecinae sp1 2 1
Pseudomyrmecinae sp2 8 23
Pseudomyrmecinae sp3 2 5
Pseudomyrmecinae sp4 3 0
Pseudomyrmecinae sp5 0 1

TOTAL 642 1872
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Table 2. Abundance of herbivores, Separated by Orders and Families.
ORDER/FAMILY ABUNDANCE

COLEOPTERA Morphospecies Dry season Rainy season
Chrysomelidae Galerucinae sp1 26 6

Galerucinae sp2 1 240
Galerucinae sp3 11 0

Alticinae sp1 2 6
Alticinae sp2 1 0
Alticinae sp3 4 0
Alticinae sp4 18 0
Alticinae sp5 4 0
Alticinae sp6 2 0
Alticinae sp7 2 0
Alticinae sp8 0 1
Alticinae sp9 0 7
Alticinae sp10 1 0
Alticinae sp11 2 0
Bruchinae sp1 4 1
Bruchinae sp2 4 0
Bruchinae sp3 1 1
Bruchinae sp4 10 0
Bruchinae sp5 1 1
Bruchinae sp6 2 0
Bruchinae sp7 1 1
Bruchinae sp8 1 0
Bruchinae sp9 2 0
Bruchinaesp10 0 1
Bruchinae sp11 0 2

Cryptocephalinae sp1 0 3
Criptocephalinae sp2 2 0
Cryptocephalinae sp3 0 1

Cassidinae sp1 0 3
Cassidinae sp2 0 1
Cassidinae sp3 0 1
Cassidinae sp4 786 4
Eumopinae sp1 0 2

Chrysomelidae sp1 2 0
Curculionidae Curculionidae sp1 1 0

Curculionidae sp2 1 0
Curculionidae sp3 0 0
Curculionidae sp4 1 0

Erotylidae Erotylidae sp1 8 1
Erotylidae sp2 2 0

Buprestidae Buprestidae sp1 0 1
Buprestidae sp2 0 3

Lampyridae Lampyridae sp1 2 0
Lampyridae sp2 0 1

Tenebrionidae Tenebrionidae sp1 0 14
Cerambycidae Cerambycidae sp1 0 1
Nitidulidae Conotelus sp 1 1 0
Anobiidae Anobiidae sp1 1 0
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higher ant abundance and richness had lower proportion of 
herbivorous leaf area during the dry season (F2.27=3.9925, 
p=0.0295), but not during the rainy season (F2.27=0.8072, 
p=0.5398).

4.2. Temporal variation of ant efficiency in termite capture
Most termite encounters, attacks, and removals occurred 

between zero and one minute in the dry and rainy seasons 
(see Figure 6). There was no significant difference in the 
time (F = 0.4656, p = 0.5047) taken by ants to find termites 
between year seasons (Dry season = 00min: 22s, n = 30; 
Rainy season = 00min: 13s, n = 30). However, the attack 
time (average dry period = 00min: 56s; rainy = 00min: 
05s) (F = 7.8315, p = 0.007) and removal (mean dry 
period = 1 minute: 48 seconds; rainy = 00min: 15s) 
(F = 17.7361, p = 0.0002) was lower during the rainy season.

The occurrence of Lepidoptera larvae of the Lycaenidae 
family on leaves of I. carnea subs. fistulosa during the 
rainy season negatively affected the efficiency of termite 
capture by ants.

Thus, of the 30 termites that were placed on leaves 
of larvae plants, only 3 of them were eliminated from the 
plants and all by a single ant. Ants recruitment was also 
different in termites and larvae plants, while the average 
of ants recruited on termite leaves was 2.06 ants per 
termite, the average recruitment of ants in larvae leaves 

ORDER/FAMILY ABUNDANCE
Hemiptera
Aphidoidea Aphidoidea sp1 0 1

Aphidoidea sp2 4 0
Cicadeliidae Cicadeliidae sp1 1 0

Cicadeliidae sp2 0 1
Cicadeliidae sp3 0 1
Cicadeliidae sp4 1 0

Pyrrhocoridae Pyrrhocoridae sp1 0 1
Pyrrhocoridae sp2 0 5

Geocoridae Geocoridae sp1 0 4
Geocoridae sp2 1 0

Rhopalidae Rhopalidae sp1 0 1

Orthoptera
Acrididae Acrididae sp1 0 9
TOTAL 914 326

Table 2. Continued...

Figure 3. Abundance and richness of herbivorous insects and proportion of herbivorous leaf area in Ipomoea carnea subs. 
fistulosa during the dry and rainy season in Caatinga ecosystem.

Figure 4. Linear regression between plant structural 
complexity and ant richness in the dry period.
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was 22.4 larva ants (non-parametric Kruskal-Wallis test: 
H = 89.78, p = <0.0001), showing variations at different 
time intervals (see Figure 7).

Furthermore, the average proportion of plant herbivorous 
leaf area with larval occurrence was 12.31 (n = 30 plants, 
300 leaves), while in plants without larvae it was 0.01 
(n = 30 plants, 300 leaves).

4.3. Variation of the effect of ant patrolling of EFNs on 
pollinator visitation rate and reproductive fitness

During the dry season, the flowers of I. carnea subs. 
fistulosa were visited by bees, wasps and flies during the 
experiment, totaling 957, 22 and 12 visits, respectively. 

We recorded a total of 76 visits in ant-patrolled flowers, 
while in ant free access flowers we recorded 915 visits, 
with a significant difference (block randomized ANOVA: 
F1.120= 43.88, p<0.001) in the number of visits to flower with 
and without ants, so visitors were negatively affected by 
ant patrolling. During the rainy season, there were a total 
of 446 bee visits, 46 fly visits and 9 wasp visits. Of this 
total, flowers patrolled by ants had a record of 152 visits, 
while isolated flowers of ants, there were a total of 349 
(ANOVA randomized blocks F1.120= 11.61, p= 0.0013) 
(see Figure 8).

The number of avoidances during the dry season for bees, 
wasps and flies was 125, 95 and 6 respectively. We recorded 

Figure 5. Effect of ant abundance and richness on herbivore abundance during the dry season and rainy season in Ipomoea 
carnea subs. fistulosa in Caatinga ecosystem.

Figure 6. Number of termites found, attacked and removed by ants associated with EFNs at different time intervals in the 
Caatinga ecosystem. (a) Dry season; (b) Rainy season.
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a total of 226 avoidances, of which 97 in branch flowers 
with ants and 129 avoidances in branch flowers without 
ants (randomized block ANOVA: F1.120= 1.24, p=0.0297).

It is noteworthy that all the droppings recorded in 
flowers without ants, was due to the previous presence of 
bees within the flowers at the time of some visits, so the bees 
avoided flowers that were already occupied by other bees. 
This occurred differently in flowers without ants, where 
visitors clearly avoided the flowers by the presence of ants 
that exhibited aggressive behavior, promptly advancing 
toward the pollinators, who in turn gave up completing 
the visit (see Figure 8).

During the rainy season, there was a greater 
number of avoidances in ant-patrolled flowers, 
with significant difference (randomized block 
ANOVA: F1.180= 55.75, p= 0.0001), occurring 148 bee 
avoidances, 29 wasp and 7  avoidances of flies on 

these flowers, totaling 184 avoidances. Regarding the 
flowers that were isolated from the presence of ants, 
there was a lower occurrence of this behavior, with 
22, 28 and 22 avoidances for bees, wasps and flies, 
respectively totaling 72 avoidances (see Figure 8).

The significant reduction in the number of visits to 
ant-patrolled flowers during the dry season was negatively 
reflected in reproductive fitness, so ant-patrolled flowers 
had reproductive success of only 26.66%, while flowers 
isolated from presence of ants had a reproductive success 
of 76.66% of fruiting, differing significantly (ANOVA: 
F = 14.781, p = 0.0015; TUKEY: p <0.01).

During the rainy season, there was also a lower 
fruiting rate in flowers patrolled by ants, with fruiting in 
46.66% of the flowers, while flowers isolated from the 
presence of ants showed a reproductive success of 70% of 

Figure 7. Mean and standard deviation of time spent by EFN-associated ants to find, to attack and to remove termites on 
leaves of Ipomoea carnea subs. fistulosa during the dry and rainy seasons in the Caatinga ecosystem.

Figure 8. Number of visits and avoidances by bees, wasps and flies on flowers of Ipomoea carnea subs. fistulosa, during the 
dry and rainy season in Caatinga ecosystem.
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fruiting. The difference was not significant for this season 
(ANOVA: F = 3.44, p = 0.0653).

5. Discussion

5.1. Seasonal variations of ant-plant interactions and 
their effects on herbivores

Many studies claim that the highest percentages of 
herbivory occur in the rainy season (Aide, 1992; Coley 
and Barone, 1996; Gobbo-Neto and Lopes, 2007, due to 
the increased abundance of herbivorous insects during 
this period. However, for the present work the highest 
proportions of herbivory occurred during the dry season. 
Several authors (Edwards and Wratten, 1981; Bezemer and 
Jones, 1998; Agrell et al., 2006) have shown that factors 
such as nutritional conditions and climate change can bring 
about sudden changes in plant quality, greatly affecting 
insects, so plants under water or nutritional stress are 
considered more susceptible to herbivore attack. Making 
ant protection even more effective during the dry season.

During the rainy season the increase in ant abundance 
and richness was not related to the herbivory reduction, 
however, the plants presented lower herbivory index and 
lower herbivore abundance and richness, lower herbivory 
occurrence and lower Herbivore abundance and richness 
may be more related to the chemical defenses of the plant. 
In addition, some studies have shown that these associations 
between plants and ants are fragile and susceptible to 
species “cheaters” which divert the benefits of interactions 
only to one side (Izzo and Vasconcelos, 2002; Izzo and 
Peneti-Benelli, 2011).

In the present work, during the rainy season the 
plants were being hosted by Lepidoptera larvae of the 
Lycaenidae family that recruited a large number of ants that 
foraged the plants. There are basically two consequences 
for herbivorous insects in ant-plant systems (1) the high 
frequency of ants on the foliage has a negative effect on 
herbivores and limits the existence of safe, free spaces from 
natural enemies (Floren et al., 2002); (2) myrmecophilous 
herbivorous species have access to enemy-free space in 
the host plant because they benefit from the protection 
afforded by the associated ants (Pierce et al., 2002). Thus, 
this work brings results that show the presence of an 
opportunistic relationship during the rainy season, since 
the ants benefited not only from the extrafloral nectar, but 
also from the secretions produced by the larvae, while 
plants were no longer protected from other herbivores, 
while they were being consumed by larvae that caused 
high proportions of herbivorous area.

Myrmecophilous larvae have the ability to mimic 
chemical signals, morphological, and / or behavioral 
used in ants’ intraspecific communication (Hölldobler and 
Wilson, 1990), being well documented for the Lycaenidae 
family and the nature of these interactions is considered 
mutualistic, since ants receive nutritious secretions produced 
by specialized glands (Newcomer, 1912; DeVries and 
Baker, 1989), and in return the larvae receive protection 
against predators and parasitoids (Pierce and Mead, 1981).

According to Pierce et al. (2002), myrmecophilous 
larvae can manipulate ant behavior in three ways: appeasing 
aggressive behavior, maintaining interest in symbiosis, 
and inducing defensive behavior. These ant behavioral 
responses are mediated by the myrmecophilic organs in 
three ways: (1) through nutritional rewards produced by 
glands (also called nectariferous organs); (2) by chemical 
communication; (3) by sound communication.

In addition, studies on the nutritional content of these 
secretions have shown a higher amino acid richness than 
that found in other available liquid food sources for ants 
in vegetation (DeVries and Baker, 1989), which justifies 
the large number of ants patrolled on plants hosted by 
larvae, allowing us to state that during the rainy season 
the efficiency of herbivore capture and plant fidelity by 
the ants was affected.

5.2. Seasonal variations of the effect of ant presence on 
pollinator visit and plant reproductive fitness

Mutualistic interactions are often studied focusing on 
pairs of species. However, species are naturally involved in 
multiple direct and indirect interactions, with varying results 
in space and time (Rudgers and Strauss, 2004; Kersch and 
Fonseca, 2005; Diaz-Castelazo et al., 2013). Nectar secretion 
can mediate mutualistic interactions by providing reward 
to pollinators and anti-herbivore advocates (Grasso et al., 
2015). However, climate seasonality, ant abundance and 
identity may cause variations of these results, showing that 
these are in fact conditional mutualisms, which demand 
a cost for the plant. Other works show the existence of 
“trade-offs” for plants patrolled by ants (Redman et al., 
2001; Cruz et al., 2019).

In the present study, ants caused a significant reduction 
in the number of pollinator visits, as observed by Cruz et al. 
(2019) and by Martins  et  al. (2019). According to 
D’Áttilo et al. (2009) only visual clues, that is, mimetic 
models that indicate the presence of ants are sufficient 
to produce such a reduction in visitors, especially bees.

The results showed a predominance of visits and 
avoidances by bees, and this is justified by the fact that the 
plant is an oligophilic melitophilous species, with promiscuous 
pollination, since more than one bee participates in the 
pollination process and have easy access to floral resources. 
(Faegri and Van Der Pijl, 2013). Thus, this higher behavioral 
response of bees to a potential predator is due to the strong 
pressure exerted by the predation itself (Ings and Chittka, 
2009), and the bees have great vision, the high ability to 
detect morphological characters (Gonçalves-Souza et al., 
2008), aggressive behavioral characters (Ings and Chittka, 
2009), and chemical odors (Dicke and Grostal, 2001) that 
can be emitted by the visiting ants of EFNs.

Ipomoea carnea subs. fistulosa is a self-incompatible 
species, and therefore relies on pollinators for reproduction 
more than other plant species (Schlindwein and Medeiros 
2006). Thus, the lower number of flower visits with free 
ant access to EFNs led to a significant reduction in fruit 
production during the dry season. This can be justified by 
considering abiotic and biotic factors.
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The scarcity of water leads the plant, even if perennial 
and with continuous fruiting, the lowest fruit production. 
This is because seasonality exposes plants to periodic 
changes, mainly through factors such as water, light and 
temperature, with plants having to physiologically adjust 
to these conditions (Williams and Allan, 2002) prioritizing 
the essential for survival in the face of water scarcity.

As for biotic factors, such as the presence of ants 
affecting plant-pollinator interaction, according to 
Bächtold  et  al. (2016) these interactions depend on a 
myriad of factors such as the identity and abundance of 
floral visitors, as well as the foraging and recruitment 
strategy of ants. Additionally, direct and indirect plant 
defenses require resources that limit energy investment in 
growth and reproduction (Redman et al., 2001). Here we 
see that the end result of the trade-off between breeding 
and protection, at least during the dry season for the host 
plant, so that in the presence of ants, the plants showed 
a significant reduction in herbivore numbers and a lower 
proportion of herbivores and herbivorous leaf area in both 
seasons (dry and rainy).

During the dry season the significant reduction in fruit 
production in ant-patrolled plants leads us to believe that 
the protection of photosynthetic tissue is more important 
to the plant than fruiting, other studies show this balance 
of cost and benefits in interactions between plants and ants 
(Cuautle and Rico‐Gray, 2003; Nascimento and Del-Claro, 
2010; Cruz et al., 2019).

Fruit reduction may also be at the expense of increased 
nectar production. Studies have shown that plants with 
EFN can increase nectar production when ants are present 
to optimize defensive behavior (D’Attilo  et  al., 2015; 
Grasso et al., 2015; Heil, 2015; Del-Claro et al., 2016). 
This would also justify the extremely aggressive behavior 
observed in ants visiting EFNs during the dry season, because 
although the species of ants associated with I. carnea vary 
temporally and in defensive capacity, they patrol plants 
(Cruz et al., 2019). Furthermore, due to their intensive 
patrolling, ants are likely to induce higher nectar production 
compared to other associated organisms, such as potential 
and enemy pollinators, who use nectar as their primary 
or alternative resource (Torres‑Hernandez  et  al., 2000; 
Rafael et al., 2012), thus affecting visitation and fruiting.

Finally, we can say that we partially corroborate 
hypotheses H1 and H4, while hypotheses H2 and H3 we 
corroborated only for the dry season. In conclusion, this 
study showed that association with ants may result in a 
balance not always favorable to the host plant, but that the 
result actually depends on abiotic factors (e.g. precipitation) 
and biotic factors (e.g. composition and abundance of ant 
species, influence of other trophic levels, and identity of 
associated herbivores). Future studies may investigate the 
modulation of the plant in the production of extrafloral 
nectar related to phenological stages that in Dry Seasonal 
Tropical Forests has strong influence of climatic seasonality. 
Our results help to understand the mechanisms involved 
in trophic interactions within the complex network of 

interactions involving ants and plants and how these results 
are not fixed and therefore highly conditional.
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