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Abstract

Plants provide extrafloral nectar, which is a food resource taken by ants, especially aggressive species that may act as plant
guards. To our knowledge, no study has been conducted to concurrently investigate the fluctuation of plant fitness over its
whole reproductive season, recording and comparing both short periods (different samplings during the plant’s reproduc-
tive season) and the season/pooled data (all fruits produced during the reproductive season). Here, by assigning plants to
either ant-present or absent treatments, we investigated the influence of the protective foliage-dwelling ant, Camponotus
crassus, on the flower bud and fruit production of four extrafloral nectaried plants (Ancistrotropis firmula, Bionia coriacea,
Cochlospermum regium, and Peixotoa tomentosa) throughout their annual reproductive season. Periodic samples in the field
revealed a large variation in plant reproduction throughout the season; the increases in buds and fruits were not constantly
higher in plants with ants, and in fact, plants without ants had more reproductive structures sometimes. Nonetheless, the
examination of the pooled data, i.e., cumulative number of flower buds and fruits produced during the reproductive season,
revealed the plants with ants produced more flower buds and fruits (e.g., up to two-fold greater in A. firmula) compared to
ant-absent treatments. Our results indicate the effects of ants on plant reproduction are not constant over time, but the net
benefits to plants with ants are reflected in increased fruit production. Therefore, the investigations of the benefit of ants on
plants should consider the whole plant’s reproductive season rather than single samplings within plant reproduction period.
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Introduction

Thousands of plant species have evolved a mutualistic inter-
action with ants mediated by the presence of extrafloral nec-
taries (EFNs) (Weber et al. 2015). Despite being a faculta-
tive mutualism, the interaction between ants and plants must
provide net benefits to both parties to maintain its stability
(Bronstein 1998; Del-Claro et al. 2016). In this relationship,
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ants gain a carbohydrate-rich food resource responsible for
colony growth, while in turn, plants experience less herbi-
vore damage and increased reproductive output (Trager et al.
2010; Pereira et al. 2020).

In ant-plant studies, authors tend to examine plant repro-
duction only during specific periods and overlook the full
length of the plant’s reproductive season. In fact, most of
what we know about the effects of ants on plant reproduc-
tion comes from data either collected on a single occasion
or from results pooled (summing the values of reproductive
structures produced across the entire reproductive season)
(Del-Claro et al. 1996; Sobrinho et al. 2002; Leal et al. 2006;
Aranda-Rickert et al. 2017; Sanz-Veiga et al. 2017; Melati
and Leal 2018; Jiang et al. 2019). The reproductive season
of many plants in the neotropics lasts several weeks or even
months, and the production of flowers, buds, and fruits (and
the activity of EFNs) is constant and not restricted to a sin-
gle occasion (Vilela et al. 2014). Thus, conclusions about
the effects of ants on plant reproduction over short periods
may be either overestimated or underestimated; in contrast,
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examining the pooled fitness of plants may hide fluctuations
in the production of reproductive structures throughout the
reproductive season.

To the best of our knowledge, no study has been con-
ducted to concurrently investigate the fluctuation of plant
fitness over its whole reproductive season, recording both
short periods (different samplings during the plant’s repro-
ductive season) and the season/pooled data (all fruits pro-
duced during the reproductive season). Thus, there has never
been a discussion of which approach is the most appropriate
to investigate the effect of ants on plant reproduction. For
instance, when it comes to temporal effects of ants on leaf
herbivory, the results vary a lot; in some scenarios, plants
with ants regularly experience low levels of herbivory (Nas-
cimento and Del-Claro 2010), while in others, the herbivory
is either high or low depending on the time of sampling
(Kelly 1986; Fuente and Marquis 1999). For instance,
Nogueira et al. (2012) showed that ants had either a con-
stant positive or constant negative effect on the reproduc-
tion of two Bignoniaceae species over two sampling periods
(but the pooled effect was not examined). Kelly (1986) also
demonstrated that herbivory varied according to time and the
presence of ants. Ant-plant interactions are an established
field of study so it might be the time to provide advances
on the knowledge of these relationships by examining in
detail whether the effect of ants on plant’s reproduction is
constant over time (i.e., the fitness will always be higher in
plants with ants?) of if there are important variations that
will reflect in the net production of structures.

In this study, we investigated the influence of ants on the
reproductive output of four EFN-bearing plant species in a
Brazilian tropical savanna. Both the EFN and reproductive
season take place at the same period in all plants (Béchtold
et al. 2017; Anjos et al. 2017). This is common in several
tropical botanical families and has been considered an exam-
ple of the optimal defense theory (EFNs are expected to be
functional in periods when the plant is most susceptible to
herbivores; Calixto et al. 2021a, b). Thus, it is expected that
ants remain on plants as long as the reproductive period
(flowers until fructification) takes (Alves-Silva and Del-
Claro 2016).

Here we addressed two main questions: (i) Is the relation-
ship between ant presence and plant reproductive success
constant throughout the plants’ reproductive season, or does
it vary with time? (ii) What are the net benefits for plants in
this association with ants? We hypothesized that, just like
the herbivory, the effect of ants on plant reproduction varies
in time, depending on the sampling occasion (Kelly 1986);
however, the pooled data (sum of all plant structures pro-
duced per plants all over their reproductive season) could
show that plants with ants will have greater fitness than
plants where ants are excluded (Del-Claro et al. 1996). The
study was conducted with four extrafloral nectaried plants in
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a Brazilian savanna, namely, Ancistrotropis firmula (Mart.
Ex. Benth.) A. Delgado (Fabaceae), Bionia coriacea (Nees
& Mart.) Benth. (Fabaceae), Cochlospermum regium (Mart.
ex Schrank) Pilg. (Bixaceae), and Peixotoa tomentosa A.
Juss. (Malpighiaceae). Our working hypothesis is in line
with discussions about the stability of ant-plant mutual-
isms, in that plants may benefit from ant presence despite
variations in these benefits (Heil and McKey 2003; Bron-
stein et al. 2006; Thompson 2013). Overall, this study builds
toward a better understanding of how the ant-plant mutual-
istic relationship can vary over time.

Material and methods
Study area

The study was carried out from late April to early Octo-
ber 2018 in a sensu stricto Cerrado vegetation (14° 42’ 56"
S—52°21"36" W, 300 a.s.l.) (Brazilian tropical savanna, Cer-
rado biome) at the Bacaba city park (city of Nova Xavan-
tina), located at the eastern edge of the state of Mato Grosso,
Brazil. The park as a whole (~450 ha) lies in a Cerrado-
Amazonia continuum; the climate is characterized by two
well-defined periods, a hot-rainy (October to late April) and
a dry season (May to September); the annual precipitation is
up to 1500 mm, and the mean monthly temperature is 25 °C,
with daily peaks above 40 °C. The study plots covered 24 ha.

Study species

The main characteristics of the four study plants, A. firmula,
B. coriacea, C. tomentosa, and P. tomentosa, are summa-
rized in Table 1 (see also Fig. 1 and the Online Resource
1). In summary, all these plants species are shrubs, rarely
exceeding 1.5 m tall, and all possess EFNs, which are active
during blooming and not located on leaves, but rather along
the inflorescences (P. tomentosa does have EFNs on leaves,
but at the period of the study, the dry season, the EFNs are
inactive, and leaves are senescent). All shrubs have a single
stem, and their canopy seldom touches nearby plants. Their
reproductive season takes place in the dry period of Cerrado
(May to September), and by the end of September, the fruit-
ing season ends (personal observation). These species were
chosen because of their abundance in the study area and
their relationship with mutualistic ants (see below).

The reproductive season of all plant species is impaired
with the leaf flush period. During the dry period of the Cer-
rado, these plants undergo flowering, and by late Septem-
ber, all of them ceased the production of fruits; leaves, on
the other hand, are scarce, crispy, senescent, and are thus
ignored by ants that forage on the EFNs located on the
inflorescences. Leaves are produced at the onset of the rainy
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Table 1 Characteristics of four extrafloral nectaried plant species of a Brazilian savanna

Characteristics Plant species
Ancistrotropis firmula Bionia coriacea Cochlospermum regium Peixotoa tomentosa
Size <2m <1.5m <1l.5m <2m
EFN location At the base of flower buds At the base of flower buds  Stipules near flower buds Base of leaves and stipules near
flower buds
Reproduc. season May to September April to June May to July May to August
Infloresc. type Raceme Spike Simple cyme Panicle

Flower buds Hook-shaped, purple Red, fusiform Brownish, curvilinear triangle

Flowers Purple, zygomorphic, petals ~ Red, zygomorphic, tubular Yellow, actinomorphic, sepa-
fused rate petals
Fruits Lanceolate, green pods Flat brown pods Brown, cotton-like

Yellow, round

Yellow, actinomorphic, separate
petals

Red samara with three wings

Fig. 1 Extrafloral nectary
plants from a Brazilian tropi-
cal savanna. a Ancistrotropis
firmula, b Bionia coriacea, ¢
Cochlospermum regium, and d
Peixotoa tomentosa. The arrows
indicate the location of extraflo-
ral nectaries

season. The C. regium is the only plant to have some indi-
viduals producing leaves in the dry period, but even so, just
like the other species, the EFNs were not located on leaves.
For these reasons, the leaves were not a variable in our study.

The study plants sustained individuals of Camponotus
crassus Mayr, 1862 (Formicinae), and in fact, this was the
only ant species with sufficient frequency to be studied, as it
was recorded in most plants of each species. Other ant spe-
cies, such as Ectatomma, Cephalotes, and Crematogaster,
were seldom noted. Camponotus crassus is widespread
in the Cerrado biome and is found almost exclusively on
EFN-bearing plants (Anjos et al. 2017; Lange et al. 2019).
The frequency and abundance of C. crassus on EFN plants,
along with its aggressive behavior and high sensitivity to
herbivores (Alves-Silva et al. 2014; Lange et al. 2019), make
this ant an excellent study model to investigate the potential
benefits to plants (Calixto et al. 2021b). This ant species is
dominant on EFN plants, monopolizing the resources and
rarely allowing the presence of other subordinate or non-
dominant ant species (Fagundes et al. 2017). In this context,

by focusing only on C. crassus, we were able to isolate the
plant reproductive output from the presence of confounding
effects of other ants and concentrate the effort on this nearly
ubiquitous ant species.

Plant phenology and fitness

All study plants were located in the strictu sensu Cerrado,
and none was under the canopy of trees or in rocky soils,
thus minimizing possible confounding effects of environ-
ment on plant performance. In addition, the large extension
of the study area allowed us to tag plants at least 10 m distant
of each other.

To investigate the role of ants in plant reproduction,
we initially tagged 43 individuals of B. coriacea, 41 of C.
regium, 42 of P. tomentosa, and 47 of A. firmula, which
were (in terms of sample size, almost equally) randomly
assigned ant-present or ant-absent treatments. Before con-
ducting the experiment, plants were visited for 2 weeks in
order to ensure that all were indeed visited by ants, and that
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C. crassus was the only ant species on plants. To prevent
ants from accessing plant parts in the “ant-absent” treat-
ment, we surrounded the plant stem with a layer of atoxic
resin (Tanglefoot ®) at approximately 10 cm above the soil.
This procedure has been constantly used in studies that aim
to evaluate the role of ants as antiherbivore defense (Jones
et al. 2017). All study plants are single-stemmed shrubs, so
a band with Tanglefoot in the main stem was just enough to
isolate the plants from ants.

The foraging ants of the “ant-absent” treatment were
removed with the aid of a small paint brush. More resin was
applied whenever necessary to ensure that it was a barrier
against ants. In addition, we removed any surrounding veg-
etation that could act as an ant bridge (Nogueira et al. 2012).
The resin was also applied to a small portion of control
plants stems, in order to control for the effect of the resin.

During the study, some plants perished due to unknown
causes. By the end of the fieldwork, the actual sample size
was 39 (N=19 ant-present and 20 ant-absent) B. coria-
cea, 34 (N=15 ant-present and 19 ant-absent) C. regium,
27 (N=11 ant-present and 18 ant-absent) P. tomentosa,
and 22 (N=11 ant-present and 11 ant-absent) A. firmula
individuals.

Two weeks after applying the resin, we started to count
the plant structures. Flower buds and fruits were periodically
counted by visual estimation (see dates in Figs. 2 and 3)
from the beginning until the end of each plant’s reproductive

Fig.2 Production of flower
buds in four extrafloral nectar-

(a)

Ancistrotropis firmula

season. Flowers were not counted because they do not last
as long as flower buds, and sometimes, they lose the pet-
als rapidly, making them inconspicuous and hard to notice;
thus, we might have underestimated the number of flowers
in each sampling. The counting of flower buds and fruits was
therefore more reliable (Alves-Silva and Del-Claro 2016).
Regarding herbivores, we attempted to collect and iden-
tify insects throughout the study period, but surprisingly,
we noticed only a few resident florivorous caterpillars (n=3
lycaenids in ant-present Peixotoa and n =4 riodinids in ant-
present Cochlospermum), and sporadic beetles and orthop-
terans, that flew away as we approached the plants. Thus,
we decided to not sample and include herbivores into the
analyses as this might costs us time and resources, and we
might also disturb ants (C. crassus is very sensitive; Alves-
Silva and Del-Claro 2013) during the process of scanning
the plant to search herbivores. However, this does not mean
that herbivores were not there, because flowers and flower
buds still showed signs of chewing herbivores (some her-
bivores are active during the nighttime; Silva et al. 2017).

Statistical analyses

In this study, we do not aim to compare the reproductive
output among plants, but rather describe the pattern for each
plant species alone. All statistical analyses and figures were
performed using the R statistical software version 3.6.2 (R
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Fig. 3 Number of fruits in four
extrafloral nectaried plants — a
Ancistrotropis firmula, b Bionia
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Ancistrotropis firmula
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Team 2019), with the alpha (probability) set as 0.05. We
verified model fit by checking the distribution of residuals,
heteroskedasticity, and overdispersion.

To analyze the relation between the presence of ants
and the periodic production of flower buds and fruits, we
conducted a generalized mixed effect model (GLMM) fol-
lowed by Wald test using the packages “glmmTMB” and
“car,” respectively (Fox and Weisberg 2011; Brooks et al.
2017). Our models for flower buds and fruits were fitted
with either Poisson or negative binomial distribution errors
whenever appropriate, in order to decrease overdispersion
and AIC values. The interaction of plant groups (ant-present
or absent) and weekly censuses were fitted as fixed factors,
and censuses were also fitted as random factor to control for
temporal repeated measures.

To evaluate the net benefits of ants on the production of
flower buds and fruits, we estimated the Hedges’s g effect
size (standardized mean difference; difference between
means divided by the pooled standard deviation) (Nakagawa
and Cuthill 2007; Fritz et al. 2012) for each plant species.
We summed all the flower buds and fruits produced per spe-
cies and per treatment; then, we calculated the mean and
standard deviation values (Viechtbauer 2010). We assumed
values of g<0.49 as small; 0.5 < g <0.79 as medium and
g>0.8 as high (Cohen 1988). We then created a random
effects model to calculate the mean effect size and confi-
dence intervals for buds and fruits. For this, weighted data

of all species (mean, standard error, and sample size) were
examined simultaneously, and an estimate and 95% confi-
dence intervals were provided as an overall estimation of the
effect of ants on plants (Schwarzer et al. 2015). The mean
effect size is considered statistically significant if the confi-
dence interval does not cross zero.

Results

We found no effect of the interaction between treatment (ant
presence or absence) and weekly censuses on the number of
flower buds produced in any plant species (Table 2; Fig. 2).
Analyzing the simple main effects, we observed that the
presence of ants significantly increased the number of flower
buds in A. firmula only. In both B. coriacea and C. regium,
we noted (non-significant) variations in the number of flower
buds depending on sampling and ant-presence/absence (in
B. coriacea and C. regium); in P. tomentosa, the ant-present
treatments had more flower buds in all but the last sampling,
but results were also non-significant (Fig. 2). The number
of buds significantly decreased throughout the reproductive
season in all species (Table 2; Fig. 2), as expected from the
phenological process given that these plans bloom only in
specific periods.

We found no effect of the interaction between treat-
ment (ant presence or absence) and weekly censuses on the
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Table2 GLMM results for flowers buds influenced by treatment (ant
presence/absence) and time (sampling periods) in four extrafloral nec-
taried plant species in a neotropical savanna. Significant P-values are
in bold

Flower buds

Variables Wald’s chi-square D.F P-value
Ancistrotropis firmula
Treatment 10.71 1 0.0011
Time 117.27 7 <0.0001
Treatment X time 8.40 7 0.2984
Bionia coriacea
Treatment 0.21 0.6392
Time 52.41 2 <0.0001
Treatment X time 3.82 2 0.1480
Cochlospermum regium
Treatment 1.53 0.2160
Time 123.51 <0.0001
Treatment X time 1.76 0.6232
Peixotoa tomentosa
Treatment 1.67 0.1961
Time 36.22 4 <0.0001
Treatment X time 0.26 4 0.9919

number of fruits produced by all plant species, except for
P. tomentosa (Table 3; Fig. 3). In this species, the number
of fruits was higher or lower in plants with ants depending

Table3 GLMM results for fruits produced according to treatment
(ant presence or absence) and time (sampling periods) in four extra-
floral nectaried plant species in a neotropical savanna. Significant
P-values are in bold

Fruits
Variables Wald’s chi-square D.F P-value
Ancistrotropis firmula
Treatment 8.37 0.0038
Time 24.84 6 0.0003
Treatment X time 10.11 6 0.1197
Bionia coriacea
Treatment 0.43 1 0.5076
Time 15.20 2 0.0004
Treatment X time 0.72 2 0.6942
Cochlospermum regium
Treatment 3.61 0.0572
Time 3.53 2 0.1706
Treatment X time 0.61 2 0.7361
Peixotoa tomentosa
Treatment 4.52 1 0.0334
Time 15.95 0.0011
Treatment X time 12.24 0.0066

on the sampling time (Fig. 3). Evaluating the simple main
effects, the presence of ants was positively and significantly
related with the number of fruits in A. firmula and P. tomen-
tosa (Table 3; Fig. 3). In C. regium and B. coriacea, the
variation in fruits was not significantly influenced by ants
(Table 3; Fig. 3). There was a significant variation in fruit
production over the reproductive season of all species but
C. regium (Table 3; Fig. 3).

The cumulative mean number of buds produced through-
out the reproductive season was on average two-fold greater
in A. firmula with ants; in P. tomentosa plants with ants
produced on average roughly 30% more buds in comparison
to ant-excluded treatments. Nonetheless, in both B. coriacea
and C. regium, plants with ants had on average less buds
than treatments (the median was higher for B. coriacea with
ants, but the mean was the opposite) (Online Resource 2;
Fig. 2, miniature figures). Most effect sizes of flower buds
were low, except for A. firmula. Although plants with ants
generally showed increased bud production, as shown by
the positive mean effect size, results were not significant
(Table 4).

The mean cumulative number of fruits produced by each
species was higher in plants with ants (Fig. 3, miniature fig-
ures; Online Resource 2). In A. firmula, for instance, plants
with ants produced on average 150% more fruits than their
counterparts without ants. The effect size for fruits was sig-
nificant, indicating that plants with ants produced signifi-
cantly more fruits than plants without ants (Table 4).

Table 4 Effect size and mean effect size comparing the flower buds
and fruits of four extrafloral nectaried plants according to the pres-
ence or the absence of ants. CI=95% confidence interval. The mean
effect size is considered statistically significant if the CI interval does
not Cross zero

Plant species Effect size  Variance  Relative size

Flower buds
Ancistrotropis firmula 0.83 0.19 Large
Bionia coriacea -0.14 0.10 Small
Cochlospermum regium  —0.43 0.12 Small
Peixotoa tomentosa 0.42 0.10 Small

Mean effect size=0.12; CI= —0.41 to 0.65

Heterogeneity: 0=6.22, df=3; p=0.1014

Fruits
Ancistrotropis firmula 0.88 0.19 Large
Bionia coriacea 0.19 0.10 Small
Cochlospermum regium 0.44 0.12 Small
Peixotoa tomentosa 0.45 0.15 Small

Mean effect size =0.44; CI=0.08 to 0.80
Heterogeneity: Q=1.55, df=3; p=0.6709
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Discussion

To be considered as a mutualism, the interaction between
ants and EFN-bearing plants must provide net benefits
to both organisms (Bronstein 1998). For plants, the best
approach for evaluating these benefits is by quantifying the
structures related to the reproductive output, such as flower
buds, flowers, fruits, and seeds (Trager et al. 2010). None-
theless, researchers usually tend to evaluate plant repro-
duction during specific periods; thus, overestimating or
underestimating the conclusions about the net benefits that
ants provide to plants throughout the reproductive season.
In this context, it is paramount to understand the impact of
ant presence on plant fitness periodically over its reproduc-
tive season, as well as considering the pooled data.

In this study, we found that C. crassus was related to
increases in plant reproductive output, especially the num-
ber of fruits. This result was expected since the role of C.
crassus as plant-guard has been shown in studies of protec-
tive mutualisms (Oliveira et al. 1987; Calixto et al. 2021b).
Nonetheless, it was unknown how the effect of ants var-
ied in time. Periodic samples in the field revealed a large
variation in the production of buds and fruits throughout
the season; however, the cumulative number of fruits was
higher for each plant species with ants.

Herbivory itself might not be related to plant investment
in fruits (Trager et al. 2010), so the effect of ants on plant
reproduction (flowers, fruits, seeds) is a better predictor
of fitness (Sobrinho et al. 2002; Leal et al. 2006). Never-
theless, there is no pattern in the temporal investigation
of plant fitness, and most results range from pooled data
to specific periods within plant blooming (Oliveira et al.
1999; Sobrinho et al. 2002; Leal et al. 2006; Del-Claro
and Marquis 2015). More rarely, the fitness fluctuations
within a period are shown (Nogueira et al. 2012). This is
surprising, given the long time that ant-plant interactions
are being investigated (Heil and McKey 2003). There is
such an amount of data showing the temporal (and spa-
tial) fluctuation of herbivory, herbivores, and extrafloral
nectar (Heil et al. 2000; Wirth and Leal 2001; Nascimento
and Del-Claro 2010; Nogueira et al. 2020; Pereira et al.
2020), but temporal fluctuations of plant reproduction have
been overlooked. This could have shown that the effect
of ants on plant fitness varies as much as their effect on
herbivory. In fact, our investigation of plants in repeated
periods throughout their reproductive season indicated a
great variation in the production of buds and fruits.

Except for A. firmula, where control plants had
increased performance, the other plants had significant
variations in the number of flower buds and fruits. In C.
regium, the number of flower buds was higher in plants
without ants; however, these plants produced more fruits

in ant-present treatments. This shows that despite produc-
ing fewer flower buds, plants with ants produced substan-
tially more fruits than plants without ants. In P. fomentosa
and A. firmula, both the number of buds and fruits were
regularly higher in plants with ants. The importance of
such periodic assessment was to show that the effects of
ants on plant reproduction are not constant over time.

The number of flower buds and fruits in control plants
was not statistically higher throughout plant’s reproduc-
tive season. The only significant result for flower buds
was in A. firmula, as control plants had more flower buds.
This plant species sustained more ants in comparison to
the other species, and this might have directly influenced
the number of flower buds and fruits (Giusto et al. 2001;
Katayama and Suzuki 2004; Martins et al. 2020). Regard-
ing fruits, results were significant for A. firmula and P.
tomentosa, as both had more fruits in control plants in
most samples. The examination of the pooled data (aver-
age number structures produced per plant and per treat-
ment) yielded contrasting effect sizes; thus, the mean
effect size for buds was not significant. The number of
fruits was higher in all control plants (particularly in A.
firmula and P. tomentosa), where the effect sizes were all
positive and the mean effect size was significant.

Plant reproductive output varied a lot in our data, rais-
ing several questions: To what extent do EFN plants benefit
from associating with ants? How many fruits should an EFN
plant produce to balance the energetic cost of producing EF
nectar? EF nectar is assumed to require low inputs from
plants (O’Dowd 1979; Rutter and Rausher 2004), and in
general, the costs associated to antiherbivore deterrence are
not totally understood. In a meta-analysis, authors found no
concluding evidence that plant defenses incur fitness costs
(Koricheva 2002). Even if there are costs to maintaining
EFNs, they are compensated by the benefits plants gain from
ant presence in terms of increased fitness (Sugiura et al.
2006; Trager et al. 2010).

Unlike EF nectar production, sexual reproduction requires
a high investment in energy, nutrient allocation, and potential
trade-offs (Obeso 2002; Aragén et al. 2009). Therefore, we
may assume that the mutualism with ants is highly advanta-
geous for plants, as it requires low investment in exchange
for increased reproduction. But how high should the fitness
of EFN plants be when ants are present? Bionia coriacea,
for instance, produced 20% more fruits in plants with ants,
but the difference was not statistically significant. If we look
only at the raw data (and overlook statistical tests), we might
assume this is a relevant result for plants, because the low
investment in EFNs (which produce nectar regardless of ant
presence, as noted in plants where ants were excluded) and
the supporting effects of ants reflected in the production of
more fruits in comparison to ant-excluded treatments (Rudg-
ers and Gardener 2004; Rutter and Rausher 2004).
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In the neotropics, where ant-plant interactions are ubiqui-
tous, such a mutualistic system has been widely explored in
many scenarios, but still there are gaps to be filled. Here, we
showed that the effect of ants on plant reproduction can vary
in time, but despite this, the net benefits, such as the pro-
duction of fruits, tend to be higher in plants with ants. The
detailed investigation of the effect of EF nectar-drinking ants
throughout the season of plant reproduction might increase
our understanding of the spatiotemporal outcomes of fac-
ultative ant-plant interactions in the neotropics, where the
reproductive phenology of plants may last several months.
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tary material available at https://doi.org/10.1007/s00114-022-01805-w.
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