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•  Background and Aims  Ant–plant associations are widely diverse and distributed throughout the world, leading 
to complex ecological networks. Regarding ant–plant mutualism, ant pollination is a very rare interaction and few 
studies have shown the role of ants as pollinators. Therefore, we aimed to evaluate the role of ants as effective 
pollinators of Paepalanthus lundii (Eriocaulaceae) in a Brazilian savanna.
•  Methods  Fieldwork with experimental manipulation was conducted to evaluate the fitness of P. lundii, consid-
ering potential pollinators. For this, we mainly observed the number of seeds produced in different conditions: 
control, ant exclusion, exclusion of flying insects, and exclusion (entomophily test) of both ants and flying insects. 
Furthermore, we evaluated all floral visitors throughout the day, stigma receptivity, the numbers of male and fe-
male flowers, and patterns of species co-occurrence, which can indicate the presence of different pollinators in the 
plants at the same time.
•  Key Results  We observed a relation between seed production and ant visits; Camponotus crassus was the most 
frequent floral visitor and the most effective pollinator. Also, we observed a statistical difference between the num-
bers of male and female flowers produced, with a greater number of male flowers. Furthermore, P. lundii presented 
flowering asynchrony, with 12 different types of maturation sequence, which indicates a cross-pollination system. 
Lastly, we observed an overlap of the greatest abundance of C. crassus and the time of plant stigmatic receptivity, 
and a pattern of non co-occurrence of ants, which shows the pollinator role of this ant.
•  Conclusions  Our data provide evidence that previous generalizations neglecting the importance of ants as pol-
linators are wrong. Brazilian savanna can reveal a lot about the ant-pollination syndrome, since this environment 
presents peculiar characteristics related to this association. Thus, this study has great significance for the under-
standing of the ant-pollination syndrome, and for the understanding of the complex ecological networks present 
in these dry arid systems.

Key words: Entomophily, cerrado, Brazil, ant-pollination syndrome, ant–plant interaction, Camponotus crassus, 
mutualism, pollen, vereda, myrmecophily.

INTRODUCTION

Ants are omnipresent creatures in almost all terrestrial ecosys-
tems. In the tropics, for example, they can represent >85 % of 
the arthropod biomass (Tobin, 1995). They have interacted with 
plants, possibly since the Cretaceous, in a continuum from an-
tagonism to mutualism (Rico-Gray and Oliveira, 2007), and 
ant–plant systems form structurally complex ecological net-
works (Del-Claro et al., 2018). These systems are mostly based 
on the biotic defence that ants can offer to plants, mainly in 
exchange for housing and/or food provided by plants via extra-
floral nectaries (Heil, 2015; Del-Claro et  al., 2016; Calixto 
et al., 2018). Nectar is a food source that increases ant colony 
size and survivorship (Byk and Del-Claro, 2011). Extrafloral 
nectaries may be present in almost all above-ground plant parts, 
including inflorescences, where ants also make use of floral 
nectar. However, interactions between ants and flowers are gen-
erally assumed to be antagonistic.

Although nectar is an important floral resource to attract pol-
linators, ant pollination is assumed to be rare and restricted to 
a few species within angiosperms (Peakall and Beattie, 1991; 
Domingos-Melo et al., 2017; Kuriakose et al., 2018). The rea-
sons why ants are considered poor agents of cross-pollination 
are related to three peculiar characteristics of these insects: (1) 
their small size, generally smaller than the floral reproductive 
structures; (2) grooming or self-cleaning behaviour, removing 
pollen before transport; and (3) limited displacement, as forag-
ers cannot fly and thus only visit resources near the nest (Faegri 
and Pijl, 1979; de Vega et  al., 2014; Domingos-Melo et  al., 
2017). Other important additional factors are the interference 
in pollen viability caused by substances acting antibiotically 
against fungal and bacterial attack, produced by the meta-
pleural glands and spread over the surface of the ant’s body (the 
‘antibiotic hypothesis’; Beattie, 1985; Peakall et al., 1991) and 
the consumption of pollen by some ants (Byk and Del-Claro, 
2010). They can also repel other floral visitors, mainly due to 
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their aggressive behaviour (Assunção et al., 2014; Cembrowski 
et al., 2014; Li et al., 2014; Sinu et al., 2017).

On the other hand, ant pollination may be an advantageous 
system with a low energetic cost, and could be favoured in habi-
tats where ant frequency is high and plants are short, with near-
ground-level inflorescences, small, sessile flowers that produce 
low amounts of pollen amount to avoid ant self-grooming be-
haviour, and nectar is the main reward; these features together 
characterize the ‘ant-pollination syndrome’ (Hickman, 1974). 
In fact, in recent years we have seen an increase in the recog-
nition of ants as possible or effective pollinators, and they have 
been implicated as the main pollinator in at least 57 plant spe-
cies (de Vega et al., 2009). Ants generally use volatile organic 
compounds as cues to find food sources and host plants (Blatrix 
and Mayer, 2010). Surprisingly, de Vega et al. (2014) suggested 
that an ant-pollinated plant can attract its ant pollinators also 
by producing floral scents, as commonly occurs in entomoph-
ilous pollination. Thus, recent studies (e.g. de Vega et al., 2014; 
Ibarra-Isassi and Sendoya, 2016; Domingos-Melo et al., 2017) 
highlight the need to reassess the ecological significance of ant 
pollination.

The Brazilian cerrado savanna is shaped by a set of distinct 
landscapes and vegetal physiognomies growing over a poor-
quality soil, very exposed to sun incidence, a biome dominated 
by small trees and shrubs, marked by a rainy season (September 
to March) and a very strong dry season (April to August), with 
frequent fires (Oliveira and Marquis, 2002). We have been 
working in these savannas for the last 27 years and observing 
intense ant visitation to the inflorescences of some plant spe-
cies, particularly Eriocaulaceae shrubs, possessing several of 
the main features of the ant-pollination syndrome (Hickman, 
1974). Thus, we suspect that ant pollination in the Brazilian sa-
vanna could be an underestimated ecological interaction. In this 
study, we evaluated the role of ants as the effective pollinators 
of Paepalanthus lundii (Eriocaulaceae) in a cerrado from Minas 
Gerais state, Brazil. We assessed all plant floral visitors and 
performed field experimental manipulations to achieve our aim. 
Also we asked the following questions: (1) Are ants the most 
abundant floral visitors of P. lundii? (2) Do plants visited exclu-
sively by ants have a significantly higher fruit set than plants 
visited by other animals or restricted to self-pollination? (3) If 
P. lundii is ant-pollinated, is there some specific ant or group 
of ant species that are the most effective pollinators? If results 
support our hypothesis, they will be a further evidence of an 
underestimation of ant-pollination syndrome in the Brazilian 
savanna.

MATERIALS AND METHODS

Study area and plant species

Fieldwork was carried out from October to December 2014 in 
the Ecological Reserve of the Clube Caça e Pesca Itororó de 
Uberlândia (CCPIU; 18°59′00″ S, 48°17′45″ W), Minas Gerais, 
Brazil. In this area the dominant vegetation is savanna, cerrado 
sensu stricto (Oliveira and Marquis, 2002), with trees 2–8 m tall 
and an understorey of shrubs and grasses. Furthermore, palm 
swamp communities extend throughout the reserve, the vere-
das. This is an environment associated with freshwater bodies 
that naturally occur throughout most of the South American 

cerrado (Araújo et al., 2002). These swamps are characterized 
by the occurrence of the palm tree Mauritia flexuosa (Arecales: 
Arecaceae) (Araújo et al., 2002; Oliveira and Marquis, 2002). 
Between the veredas and the cerrado there is a strip that acts as 
a transition or boundary between these two vegetal physiogno-
mies, a line of open field, 5–15 m wide, with grasses and shrubs 
<1 m tall (Fig. 1A). Plants of Asteraceae, Melastomataceae, 
Poaceae and Eriocaulaceae, such as Paepalanthus lundii, the 
object of the present study (Figs 1B, C and 2A), are common 
in this area. This sand soil strip receives intense solar radiation 
year-round. The climate in the reserve is humid and rainy from 
September to March and dry from April to August (for more 
details of the study area see Ferreira and Torezan-Silingardi, 
2013; Velasque and Del-Claro, 2016).

Paepalanthus lundii is an endemic species of southeast Brazil 
that was described by Koernicke (1863) and is considered syn-
onymous with Paepalanthus macrotrichus (A. Loefgren 1485). 
The species is herbaceous (20–30 cm tall), perennial, grows in 
groups, and is characterized by the presence of hirsute linear 
leaves, long basal trichomes and linear floral bracts (Trovó and 
Sano, 2010). The inflorescences (15–20 cm tall) are arranged in 
racemous capitula of tiny unisexual white flowers (Figs 1C and 
2A). Paepalanthus (‘everlasting flowers’) is the largest genus 
of Eriocaulaceae, with ~550 species mainly distributed in the 
Neotropics on rocky outcrops in the Brazilian savanna. Several 
species are endemic to the cerrado, usually being restricted to one 
locality (Stützel, 1998; Trovó and Sano, 2010). The Brazilian cer-
rado savanna is frequently disturbed by fire (Oliveira and Marquis, 
2002) and P.  lundii flourishes abundantly only after fire events 
(K.D.C., pers. obs) (Fig. 1B, C). In September of 2014 a fire oc-
curred in the study area and 2 weeks later the rainy season began. 
Following these events between the last week of September and 
the second week of October, P. lundii flowered abundantly at the 
study site (Fig. 1B, C). At this time we initiated the fieldwork.

Flower composition and maturation

To determine whether there was a difference between the 
numbers of male and female flowers on each plant, 20 capitula 

A
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Fig. 1.  View of a vereda (A), the humid area with palm trees on the left, sep-
arated from the cerrado (right) by a line of open field 5–15 m wide, with a 
domain of grasses and shrubs <1 m tall. (B) In this open field P.  lundii (C) 

flourishes abundantly, mainly after fire occurrence.
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were marked, one capitulum per plant, and we counted all types 
of flowers in each capitulum. All plants had a similar pheno-
logical state, i.e. size and number of inflorescences (with a 
developed bud, but still without opened flowers), and were at 
least 5 m apart. Furthermore, to evaluate whether there were 
different types of flower maturation sequence and subsequently 
to observe flowering synchrony, we selected six flowers in an-
other 16 capitula, one capitulum per plant, and observed the 
sequence of flower opening. These analyses are important be-
cause if P.  lundii is in fact pollinated by ants, we expect that 
plants will produce a higher quantity of male flowers and will 
present flowering asynchrony, which can increase the prob-
ability of cross-pollination.

Stigma receptivity

We randomly selected and bagged with voile 23 capitula in 
different individuals (one per plant) until the time of analysis 
to evaluate stigma receptivity (n = 23). Stigmas were evaluated 
every 30 min, starting at 0700 h (when flowers start to open) 
and ending at 1800  h, using the hydrogen peroxide method 
(Dafni and Maués, 1998). The stigma was carefully inserted 
into a clear tube with 3 % hydrogen peroxide, and if there was 
blistering the stigma was considered receptive.

Floral visitors

Flower visitors and possible pollinators of P. lundii were ob-
served in 35 different plants from 0800 to 1700 h with 30 min 
of observation per plant and one observer, ad libitum (Altmann, 
1974). Each plant was observed twice, once before and once 
after 1200  h. We collected one voucher specimen from each 
floral visitor for further identification.

Plant fitness

To evaluate the plant fitness, we selected 40 individuals of 
P.  lundii with similar phenological state, as described above 
(see Flower composition and maturation section). The plants 
were divided by the flip of a coin into four groups of ten plants, 
and one capitulum was randomly tagged in each individual. 
Thus, the groups were as follows: (1) Control, in which no 
treatment was done and all floral visitors had free access to the 
capitulum and flowers (Fig. 2A); (2) Exclusion (anemophily 
test), in which we isolated the capitulum with a voile bag and 
no floral visitor had access to the capitulum (Fig. 2B); (3) Ants, 
in which we built pyramidal shacks that prevented access by 
flying visitors and allowed only access by ground visitors, es-
pecially ants (Fig. 2C); (4) No ants, in which a band of sticky 
Tanglefoot® resin (Grand Rapids, MI, USA) was applied to a 
plastic ring (10 cm) that was buried around the plant, prevent-
ing ant access to the plant, and all aerial bridges were clipped, 
allowing only flying visitors to access the capitulum (Fig. 2D). 
To show the similarity between individuals, for each P. lundii 
individual of all experimental groups we measured capitulum 
height, base and canopy diameter and numbers of flowers and 

buds produced, and inspected the individuals weekly to collect 
and count the number of total seeds produced.

Climatic variables

Climatic variables, such as temperature and humidity, were 
evaluated at hourly intervals, starting at 0800 h and ending at 
1700 h, using a digital thermo-hygrometer (Equitherm; max-
imum/minimum, internal/external). This device cannot measure 
relative humidity values <10 % and therefore we used this value 
(10 %) as the minimum value.

Data analysis

To determine whether there was a difference between the 
numbers of male and female flowers produced in each plant, 
we used a paired t-test. We used six flowers from one capit-
ulum from each plant to observe the variation in maturation 
sequence.

In order to analyse whether stigmatic receptivity is dependent 
on ant abundance (our main hypothesis) we used simple logistic 
regression in which stigmatic receptivity was considered the 
binary dependent variable and Camponotus crassus (the main 
potential pollinator; see Results section) abundance the inde-
pendent variable. We determined the total abundance of this ant 
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Fig. 2.  Experimental groups of P.  lundii in open-field cerrado. (A) Control. 
No treatment was done and all floral visitors had free access to the capitulum 
and flowers. (B) Exclusion (anemophily test). We isolated the capitulum with a 
voile bag so no floral visitor could access the capitulum. (C) Ants. We built pyr-
amidal shacks that prevented access by flying visitors and allowed only access 
to ground visitors, especially ants. (D) No ants. A band of sticky Tanglefoot® 
resin (Grand Rapids, MI, USA) was applied to a plastic ring (10 cm) that was 
buried around the plant, preventing ant access to the plant, and all aerial bridges 

were clipped, allowing only flying visitors to reach the capitulum.
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species on plants at intervals of 30 min, the same time schedule 
as that used for stigmatic receptivity analysis.

To verify whether there was a difference in the total abun-
dance of individuals per plant among the floral visitor groups, 
we used a generalized linear model (GLM) with negative bino-
mial distribution error using the MASS package (Venables and 
Ripley, 2002). We also performed a Tukey test as a multiple 
comparison test using the multcomp package (Hothorn et al., 
2008). In this analysis, we separated the ant species C. crassus 
from other ants to show that this species is the most abundant 
ant and the main floral visitor to P.  lundii flowers. Also, we 
clustered all other floral visitors into three groups: (1) other 
ants (all ants, except C. crassus); (2) bees; and (3) flies. We did 
not use other visitors because they were not frequent on plants 
and did not represent a potential pollinator. To verify whether 
C. crassus is a dominant ant and consequently the main pol-
linator, we used a co-occurrence analysis using the C-score 
index with the EcoSimR package (Gotelli et al., 2015). We ob-
served non-random patterns of species co-occurrence in a pres-
ence/absence matrix and created a specific number of random 
matrices (5000) by randomizing the original matrix (for more 
details of co-occurrence analysis see Gotelli, 2000; Ribas and 
Schoereder, 2002; Sanders et al., 2007).

To analyse whether there was a difference in plant fitness 
among treatments, we used a GLM with negative binomial dis-
tribution error followed by a Tukey test. In this case, the total 
number of seeds was the response variable and treatment group 
was the fixed factor. To show whether capitulum height, base 
and canopy diameters and the numbers of flowers and buds in-
fluenced the number of seeds produced in the different treat-
ments, we used an ANOVA for each of those factors.

All analyses and graphs were made using the software R 
Studio 3.5.1 and Graphpad Prism 7.0 at a 5 % significance 
level, respectively.

RESULTS

Flower composition and maturation

We found a significant difference between the numbers of 
male and female flowers produced (paired t-test  =  10.86, 
d.f. = 19, P < 0.001), where capitula produced more male flow-
ers (25.35 ± 8.48; mean ± s.d.) than females (7.1 ± 2.71). We 
observed 12 types of flower maturation sequence (Table 1), 
indicating flowering asynchrony. This asynchrony occurred 
because there were capitula presenting male and female flow-
ers in anthesis simultaneously, and also there was no pattern of 
opening flowers within the capitulum.

Stigma receptivity

Stigmatic receptivity occurred at 0900 h, the same time that 
C. crassus began to visit the plant, and ended at 1530 h (Fig. 
3). There was a clear overlap between C.  crassus abundance 
on plants and the time of plant stigmatic receptivity (z = 2.481, 
P < 0.05, n = 23). The odds ratio was 1.67, which indicates that 
the probability of the stigma being receptive was 1.67 times 
higher when there was greater abundance of C. crassus.

Floral visitors

The field observations also showed that the ant C. crassus 
was the main floral visitor of P. lundii, with relative abundance 
43.56 % (Table 2), followed by Melipona sp.1 with relative 
abundance 10.61 % and Muscidae sp.1 with 9.47 % (for other 
species see Table 2). Also, the groups of floral visitors pre-
sented a statistically significant difference among their abun-
dances per plant (GLM: χ2 = 19.652, d.f. = 3, P < 0.001; Fig. 
4). In sum, these results suggest that the ant C. crassus is the 
most effective pollinator of P.  lundii in the studied savanna. 
This ant species was the floral visitor group with the highest 
average number of individuals per plant (3.28 ± 0.47, mean ± 
s.e.), followed by flies (1.34 ± 0.22), other ants (1.28 ± 0.34) 
and bees (1.25 ± 0.29) (Fig. 4). Field observations showed that 
the same individual of C. crassus could climb on to distinct 
capitula of the same or a different plant of P. lundii in <30 min, 
contacting several flowers (Fig. 5A), and that pollen grains 
attached to the head, ventral thorax and antennae of the ants 
abundantly (Fig. 5A).

The results of co-occurrence analysis showed that ant species 
co-occurrence was higher than expected by chance (simulated 
C-score average 23.065, observed C-score 33.619, P < 0.001). 
Therefore, we nullify the existence of ant species co-occurrence 
and we can state that the community is competitively structured 
and there is a predominance of C. crassus in P. lundii.

Plant fitness

The results showed that ants improved seed production in 
P. lundii shrubs. Indeed, the plants that had free ant access (Control 
and Ants groups) did not differ from each other, but differed and 
produced significantly more seeds than the ant-excluded groups 
(No ants and Exclusion groups) (GLM: χ2 = 18.654, d.f. = 3, 
P  <  0.001; Fig. 6). The Control group produced the highest 
number of seeds (11.17 ± 12.35, mean ± s.d.), followed by the 
Ants group (8.32 ± 7.9), the No ants group (2.96 ± 3.80) and 
the Exclusion group (2.52  ± 3.90). Considering plant charac-
teristics, there was no significant difference among plants in the 
different treatments for all factors analysed (capitulum height, 

Table 1.  Types of flower maturation sequence in P. lundii (n = 16)

Sequence type Opening flower sequence Number of  
capitula

1st 2nd 3rd 4th 5th 6th

A f f m m m m 1
B m m m f f f 1
C m f f m m +++m 3
D m f m m m f 1
E m m f f m m 2
F m m f m m m 1
G m m m f m m 1
H f m m m m f 1
I f m m m f m 2
J m m m m f m 1
K m f m m m m 1
L m m f m m f 1
Total       16

m, male flowers; f, female flowers.
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F3,39 = 0.756, P = 0.526; capitulum base diameter, F3,39 = 1.130, 
P = 0.349; capitulum canopy diameter, F3,39 = 1.985, P = 0.133; 
number of flowers, F3,39  =  1.512, P  =  0.229; and number of 
flower buds, F3,39 = 1.819, P = 0.161), which shows that none of 
these factors influenced seed productivity.

Lastly, our results showed that the highest temperature values 
occurred between 1200 and 1400 h, corresponding to the period 

of lower abundance of C. crassus. Between 0800 and 1100 h we 
observed a strong decrease in humidity, which remained at its 
minimum value until the end of the daily period of data collec-
tion (Fig. 3).

DISCUSSION

The everlasting flower P. lundii is ant-pollinated in the Brazilian 
tropical savanna, and the most effective pollinator in the study 
site is the Formicinae C.  crassus. The P.  lundii–C.  crassus 
system fits all the main classical assumptions of ant-pollination 
syndrome (sensu Hickman, 1974). The interaction occurs in 
an arid habitat, which is as expected in this syndrome (Gómez 
et al., 1996; de Vega et al., 2014). The plants are short, with 
near-ground-level inflorescences, and occur in groups; nectar 
is the main reward and blooming occurs over a short period (a 
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Fig. 3.  Stigmatic receptivity of P. lundii (grey area), which started at 0900 h and ended by 1530 h, total abundance of C. crassus in individuals of P. lundii (col-
umns), and temperature and relative humidity by observation time.

Table 2.  Absolute and relative abundance of floral visitors 
observed on P. lundii in a Brazilian savanna

Visitor Absolute abundance Relative abundance (%)

Hymenoptera
  Ants   
    Camponotus crassus 115 43.56
    Crematogaster erecta 11 4.17
    Ectatomma sp.1 1 0.38
    Pseudomyrmex gracilis 15 5.68
    Dorymyrmex sp.1 13 4.92
    Pseudomyrmex pallidus 4 1.52
    Pseudomyrmex flavidulus 1 0.38
  Bees  0.00
    Augochloropsis sp.1 16 6.06
    Melipona sp.1 28 10.61
Diptera   
  Drosophila sp.1 3 1.14
  Muscidae sp.1 25 9.47
  Muscidae sp.2 7 2.65
  Syrphidae sp.1 3 1.14
  Syrphidae sp.2 9 3.41
Hemiptera   
  Coreidae sp.1 8 3.03
Lepidoptera   
  Sp.1 2 0.76
Coleoptera   
  Scarabaeidae sp.1 1 0.38
  Scarabaeidae sp.2 2 0.76
Total 264 100
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Fig. 4.  Number of floral visitors per group per plant of P. lundii. Bars represent 
mean and s.e.m. ***χ2 = 19.652, d.f. = 3, P < 0.001 (GLM). Different letters 

represent differences by Tukey’s test at 5 % probability.
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few weeks) (Hickman, 1974; de Vega et al., 2014). Ants are ex-
tremely abundant in their habitat and their size enables contact 
with all floral structures (Hickman, 1974; Gómez et al., 1996; 
Ibarra-Isassi and Sendoya, 2016). An important characteristic 
in this case is that C. crassus does not have metapleural glands, 
so the antibiotic hypothesis (Beattie et al., 1984) is not applic-
able. The Camponotus genus is also commonly associated with 
effective or possible ant pollination in other tropical shrubs and 
herbs with white flowers (de Vega et al., 2014).

Some natural history and behavioural observations reinforce our 
hypothesis. Beyond the fact that this member of the Eriocaulaceae 
flourishes abundantly and in a synchronous manner, each capit-
ulum presents asynchrony in the production of male and female 
flowers. The ants visiting several capitula of the same and neigh-
bouring plants before returning to the nest. Thus, the ants will con-
tact stamens and receptive stigmas of different plants in a single 
foraging event, favouring cross-pollination (Faegri and Pijl, 1979; 
Real, 1983). Pollen remains attached to the ant’s ventral body, 
face and antennae when the worker returns to the nest, showing 
that self-grooming is not enough in this case to prevent pollen 
transference among flowers. Finally, C. crassus has its peak of 
abundance in plants exactly when most stigmas are receptive.

Despite the fact that C. crassus is indeed the main and most 
abundant visitor of P. lundii flowers, as statistically proved, it is 
also true that ants are not the exclusive pollinators. The experi-
mental pollination tests showed that other insects can comple-
ment ant services. The data showed that plants where any floral 
visitor had free access to the capitulum and flowers produced a 
few more seeds than plants exclusively visited by ants, though 
the difference was not statistically significant. On the other 
hand, in the absence of ant visits, plants with other visitors were 
able to produce a very small fruit set, with great statistical dif-
ference. Complementary pollination services may be provided 
by secondary visitors in most pollination syndromes (e.g. Real, 
1983; Torezan-Silingardi, 2012; Rosas-Guerrero et al., 2014). 
While pollination syndromes are expected to reflect adapta-
tion to primary pollinators, syndrome traits may not preclude 
visits by less efficient floral visitors, which could correspond 
to ancestral pollinators (Rosas-Guerrero et  al., 2014). Thus, 
P. lundii is clearly an ant-pollinated plant that receives visits of 
secondary pollinators that can complement ant services.

If the ant-pollination syndrome is favoured by dry, arid envir-
onments where ants like Camponotus are abundant and where 
there are many herbs and shrubs growing in groups and presenting 
near-ground-level inflorescences formed by small whitish flowers 

having nectar as the main reward (Hickman, 1974; Gómez et al., 
1996; de Vega et al., 2014), then the Brazilian cerrados and moun-
tain rupestre fields can reveal a lot about the ant-pollination syn-
drome. Ant–plant interactions are extremely common and have 
been studied extensively in the South American savannas, and a 
few have been explored in other dry and very seasonal habitats, like 
rupestre fields and caatinga (Rico-Gray and Oliveira, 2007; Del-
Claro et al., 2016). Only just Minas Gerais alone >700 species of 
Eriocaulaceae occur, all of them with characteristics very similar 
to those of P. lundii (Ferreira et al., 2011), including those related 
to the ant-pollination syndrome. These species have been particu-
larly well studied with regard to their taxonomic aspects (e.g. Trovó 
and Sano, 2010), but in the last 10 years there have been a few pa-
pers related to pollination that have begun to evidence entomophily 
instead of anemophily in the group (Ramos et al., 2005). Indeed, 
there is a scarcity of experimental evidence of the importance of 
ants like pollinators in a country that hosts most of the world’s bio-
diversity (e.g. Ibarra-Isassi and Sendoya, 2016; Domingos-Melo 
et al., 2017) and we suspect that we could be surprised. We agree 
with colleagues who recently pointed out that ‘our understanding 
of ant–flower systems is still in its infancy’ (de Vega et al., 2014).
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