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Abstract— Illegitimate flower visitors may reduce the reproductive success of their host plants. Eriocnema fulva , a
threatened Melastomataceae of the Atlantic Forest, Brazil, has pollen flowers with poricidal anthers that show
frequent damage of floral parts. We identified the flower-damaging bees and determined their impact on fruit set.
Bees of seven species visited their flowers, but only three species collected pollen by vibration. With only one visit to
a flower patch per 12 h, the frequency of effective buzz pollinating bees was negligible, while flower-damaging
workers of the stingless bee Trigona fulviventris (Apidae) accounted for 70% of the visits. During their lengthy
visits, they cut anthers to access pollen, and often styles as well. We conclude that the direct negative consequence of
flower damage by Trigona bees, as well as their indirect impact by making the flowers unattractive for effective
pollinators is a major reason for the low fruit set (6.9%) of E. fulva . Considering the rareness of the plant species,
these negative effects put the survival of E. fulva at risk.
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1. INTRODUCTION dividual plants, and reduction of pollinator abun-

dance due to the lower availability of floral resources

Plant species that are threatened with extinction
usually occur in small, sparse populations in
fragmented and specialized habitats under
negative anthropic impacts. Knowledge of
the reproductive biology of rare or threatened plants,
especially regarding factors that limit sexual repro-
duction, is fundamental for their conservation
(Kruckeberg and Rabinowitz 1985; Evans et al.
2003). Pollination limitation is expected to be more
accentuated in these species due to the scarcity of
reproductive partners, greater distances between in-
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(Potts et al. 2004; Roulston and Goodell 2011).

Factors that limit pollination in common and
rare species may be related to pollen loss to the
environment or to pollen consumers (Schlindwein
et al. 2005), florivory (Ferreira and Torezan-
Silingardi 2013), lack of pollinators, or poor effi-
ciency of floral visitors (Kearns et al. 1998;
Wilcock and Neiland 2002). Herbivores that feed
on flowers affect the reproductive success of
plants by reducing the availability of pollen,
ovules, and pistils (Krupnick et al. 1999; Canela
and Sazima 2003).

Among bees, workers of genus Trigona
(Apidae, Meliponini) are known to damage
flowers of several plant species when they
collect pollen or nectar (Renner 1983;
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Gottsberger and Silberbauer-Gottsberger 1988;
Tezuka and Maeta 1995). It has been demon-
strated that in some cases, this damage has
reduced the plants’ reproductive success
(Sazima and Sazima 1989; Milet-Pinheiro and
Schlindwein 2009; Schlindwein et al. 2014).
Worker bees of Trigona damage flowers be-
cause they cannot reach hidden nectar re-
sources due to their short mouthparts or be-
cause they cannot collect pollen legitimately in
flowers with poricidal anthers. In these an-
thers, pollen grains are hidden and released
by apical pores only after vibration of the
anthers by female bees (buzz pollination;
Buchmann 1983; Fracasso and Sazima 2004;
Nunes-Silva et al. 2010; De Luca and Vallejo-
Marin 2013; Burkart et al. 2014). This mech-
anism diminishes pollen loss to the environ-
ment and opportunistic consumers and favors
the effective pollinating buzz pollinators
(Endress 1994).

In species with poricidal anthers, such as
representatives of Melastomataceae and Cassiinae
(Fabaceae), workers of Trigona, who do not
vibrate flowers to collect pollen (Buchmann
1983; De Luca and Vallejo-Marin 2013;
Mesquita-Neto et al. 2017), harm anthers while
obtaining access to pollen (Wille-Trejos 1963;
Renner 1983; Gottsberger and Silberbauer-
Gottsberger 1988). However, the impact that this
damage has on the reproductive success of these
species has not been assessed even though it
would be particularly relevant for plant species
that are threatened with extinction.

Eriocnema fulva Naudin (Melastomataceae) is
a rare, threatened species with poricidal anthers,
classified as “Vulnerable” in the Brazilian list of
threatened species (MMA 2014). There are
records of only four populations, all with distribution
restricted to rocky cliffs close to small water bodies
in the Quadrilatero Ferrifero (Iron Quadrangle)
(Andrade 2009), a region in southeast Brazil under
heavy anthropogenic impact derived from iron ore
mining (Jacobi and do Carmo 2008; Jacobi et al.
2011). Studies on the floral biology of E. fitlva have
detected frequent damage to its flowers (Andrade
et al. 2007a).

Focusing on the effect of flower damage on
fruit development of this threatened species,
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we ask: who are the floral visitors of E. fulva
and who among them cause damage to floral
tissues? Which flower parts are damaged and
at what rate? What are the effects of floral
damage on fruit set?

2. MATERIALS AND METHODS
2.1. Study area

The study was conducted during three
flowering seasons of E. fulva (November to
February) between 2013 and 2016. Data collec-
tion was more intense in the flowering season of
2013/2014 and 2014/2015, with about seven
non-consecutive days per month. The studied
population was located within an environ-
mental protection area south of the Belo
Horizonte Metropolitan Region (APA-Sul
RMBH), at 20° 08’ 17.3" S, 43° 47" 34.6"
W, and 753 m altitude, in the state of Minas
Gerais, Brazil.

This protected area is situated within the
Quadrilatero Ferrifero (Iron Quadrangle) of
the southern Espinhaco Mountain Range,
which is one of the most diverse regions of
Brazil as well as a center of endemism for
several plant groups (Giulietti et al. 1997).
The Quadrilatero Ferrifero lies in the transition
zone between the Atlantic Forest and the
Cerrado, two global biodiversity hotspots
(Myers et al. 2000). Its rocky outcrops cover
important iron ore deposits and are thus direct-
ly exposed to irreversible interventions of
great magnitude in the form of opencast min-
ing, creating a situation that puts the associated
biota at immediate risk (Jacobi and do Carmo
2008; Jacobi et al. 2011). Due to the great
number of endemic plants and the constant
pressure from mining, urban expansion, and
wildfires, the Quadrilatero Ferrifero was in-
cluded among the Priorities for Biodiversity
Conservation of the state of Minas Gerais
(Drummond et al. 2005).

The climate of the region is characterized by
humid summers with heavy rainfalls (November
to February) and drier mild winters. Annual mean
temperature is 21 °C, and mean annual precipitation
is 1500 mm (Ramos et al. 2009).
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2.2. Study species

Eriocnema fulva is a perennial herb with
simple or bifurcated stems, opposite pilose leaves,
and red-pilose petioles. The flowers have a
diameter of 10 mm, five white petals and ten
stamens of 5 mm in length with poricidal anthers.
The pistil has a style somewhat longer than the
stamens with a small and poorly delimited stigma.
The species is self-compatible but does not
produce fruits by spontaneous self-pollination
(Andrade et al. 2007a). Fruit set after cross-
pollination was about 3-fold when compared
to geitonogamous pollination in that popula-
tion, and the plants suffered pollinator limita-
tion. We focused our study on the population
that occurs on steep, rocky, humid, and shadowy
slopes at the margins of the “Das Velhas” river
along an unpaved road. This population contains
about 50 individuals in an area of roughly 300 m*
and is surrounded by closed species-rich secondary
Atlantic Forest. The habitat of the river slopes is
composed of few species co-flowering with
Eriocnema fulva, such as shrubs and herbs of
Anetanthus gracilis Hiern (Gesneriaceae),
Manettia pubescens Cham. & Schltdl.
(Rubiaceae) Manihot sp. (Euphorbiaceae),
Pombalia setigera (A.St.-Hil.) Paula-Souza
(Violaceae), Psychotria sp. (Rubiaceae), and
Stemodia microphylla J.A.Schmidt
(Plantaginaceae).

2.3. Floral biology

The number of inflorescences, flowers/inflo-
rescence, and seeds/fruit were determined for 11
tagged plants. Anthesis duration, anther dehis-
cence, and floral longevity were determined in 20
flowers from different plants. We monitored 119
individually marked flowers from ca. 35 plants to
characterize color changes of the different floral
parts throughout anthesis.

To calculate the pollen/ovule ratio, the number
of pollen grains per flower was assessed with
a Neubauer chamber. For this, we fixed 20
pre-anthesis buds from different individuals in
ethanol 70%. The stamens of each bud were
placed in Eppendorf tubes containing a solution
of 0.5 mL lactic acid and glycerin at 3:1. They
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were then macerated and agitated for 2 min in a
vortex agitator. An aliquot was then transferred to
the Neubauer chamber, and the pollen grains were
counted to estimate the total number of pollen
grains per flower (Dafni et al. 2005). In the same
buds, we counted the ovules under a stereomicro-
scope and then calculated the pollen/ovule ratio.

Voucher specimens were deposited in the
herbaria of Universidade Federal de Minas Gerais
(BHCB 180801) and Jardim Botanico da
Fundacao Zoo-Botanica de Belo Horizonte (BHZB
10404).

2.4. Floral visitors

The frequency of floral visitors was determined
from a total of 63 h of continuous field observations
made between 0800 hours and 1700 hours during
non-consecutive days, between December and
January, in the flowering season of 2013/20014
(4 days) and 2014/2015 (3 days). Continuous
observations were done in focal patches (1-2 m?)
of the population where there were the most open
flowers each day (ca. 45-50) due to the scarcity of
floral visitors. We recorded the time and length of
visits and classified the pollen-gathering behavior
as follows: (1) bees that vibrate anthers, (2) bees
that gather pollen from the surface of petals and
stamens, and (3) bees that gather pollen by cutting
anthers. Floral visitors were collected and
deposited in the Entomological Collection of
UFMG (Centro de Colegdes Taxonomicas da
UFMG, Universidade Federal de Minas Gerais,
Belo Horizonte, Brazil).

2.5. Floral damage

We characterized the behavior of bees that
damaged flowers according to the duration of
visit, damage to style, and number of anthers
damaged. Bees were filmed and photographed.

To determine the degree of floral damage at
different stages of anthesis, we labeled flowers
individually in 2014 and 2015 and quantified:
(1) the percentage of anthers and styles damaged
(N =109, 2014; N =140, 2015); (2) the stage of
anthesis at which the damage occurred (N = 109,
2014); (3) the fruiting rate of damaged and intact
flowers (N =109, 2014; N = 140, 2015); and (4)



Flower damage in a threatened species caused by Trigona

the number of seeds per fruit formed. Fruits were
collected 2 months after anthesis. To determine
the stage of anthesis at which the flowers were
damaged we recorded the color of filaments,
styles, and the base of petals on a daily basis.

To evaluate the constancy of flower damage by
Trigona bees to the population, we counted the
number of damaged anthers and styles during
4 weeks in the season flowering peak, between
December 2014 and January 2015, in 70 flowers
per week.

2.6. Statistical analyses

We used a general linear model (GLM) with
quasipoisson distributed errors and a log link
function to compare the number of anthers
damaged in each of the four consecutive weeks,
and a GLM with binomial distributed errors and
a logit link function to compare the occurrence of
damage on styles. We compared the number of
seeds produced by style-damaged and style-
undamaged flowers using a GLM with binomial
negative distribution, and log function.

We used logistic regression (Agresti 2007) to
analyze the effects of anther and style damage on
fruit set. We calculated a logit link function with
fruit set as binary response variable (1 = fruit
production; 0 = no fruit production). The
independent variables were number of damaged
anthers (0—10 anthers) and damage to style (coded
as binary; 0 = damage; 1 = no damage). We
computed a complete model with both indepen-
dent variables and the interaction included. As the
interaction between damage to anther and style
had no significant effect on fruit set, we simplified
the model removing the interaction. All analyses
were computed with R package “Stats” version
3.3.1 (R Core Team 2015).

3. RESULTS
3.1. Floral biology

Eriocnema fulva bloomed from November to
January, and the fruits released seeds from February
to June. Individuals produced an average of 4.4
(SD = 3.3; range = 1-11; N = 11) inflorescences,
and each of these developed 2.9 (SD = 1.7;
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range = 1-7; N = 48) flowers. A total of 41 buds
(22.6%, N = 181) were aborted. Individuals
produced an average of 2.3 (SD = 2.8; range = 0—
8; N = 11) fruits (N =20) with 130.6 +46.2 seeds,
measuring approximately 2 mm in length.

Flowers opened throughout the day, between
0800 hours and 1700 hours. The style was already
erect when the petals spread. The stamens
remained folded with the apex of the anthers
hidden towards the base (Fig. 1a). About 30—
40 min after onset of anthesis, the stamens
unfolded to their final position, with the apical
pores already open (Fig. 1b).

Flowers lasted 4-5 days. At the start of anthesis,
the petals were white with yellow bases, and the
filaments and styles were yellow. On the second
and third days, the yellow petal bases, filaments,
and styles changed gradually to orange and
orange-red, and to completely red on the fourth
day (Fig. 1c). Stamens and petals began to fall
on the fourth day. Each flower (N = 20) produced
77,262 + 38,802 pollen grains and 248 + 53.5
ovules. The pollen/ovule ratio was 328:1.

3.2. Floral visitors

Females of six bee species visited the
flowers of E. fulva: three Augochlorini
(Halictidae), two stingless bees (Apidae,
Meliponini), and one Ceratina (Apidae,
Ceratinini), all small to minute in size
(Table I). Only females of Augochloropsis
collected pollen by vibration. They vibrated
the anthers individually and were the only
visitors that contacted the stigma. Workers of
the stingless bee Tetragonisca angustula and
females of Ceratina (Ceratinula) sp., both
with minute body sizes, gathered pollen
grains from the surface of petals, anthers,
and filaments after vibration-buzzing by the
other species. Workers of 7. fulviventris cut
the anthers to obtain pollen.

Floral visitors were extraordinarily rare:
throughout the entire 63 h of observation in focal
patches of 45-50 flowers only 46 bees were
recorded. Augochloropsis appeared exclusively
in the afternoon (1200 hours—1700 hours),
Tetragonisca angustula and Ceratina in the late
moming and in the afternoon (1100 hours—1500
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Figure 1. Flowers of Eriocnema fulva throughout anthesis (a—c). a Freshly opened flowers with anthers still
hidden, oriented towards the base of the flower; base of petals and entire styles yellow. b Flower at the end of the first
day of anthesis with the stamens unfolded; base of petals yellow, bases of filaments and styles orange; the flower to
the right just after flower opening with the unfolding stamens. ¢ Inflorescence with several open flowers, most at the
end of anthesis with petal bases, filaments and styles red. Pollen collection by a worker Trigona fulviventris in a
freshly opened flower and flower damage (d—g). d Insertion of mouth parts into an anther to collect pollen. e
Worker cutting an anther; most of the anthers of this flower have already been partially cut, style with stigma still
intact. f Flower with partially cut anthers; the cut slices fallen on the petals. g Flowers with cut anthers and style.

hours), and workers of 7. fulviventris, the most
frequent visitors, appeared throughout the entire
day.

3.3. Floral damage

To collect pollen, the worker bees of
T. fulviventris inserted their glossa and labial
palpi into the anther pore (Fig. 1d), withdrew
the mouthparts and removed the adhering pol-
len grains with their front legs and placed
them on the ventral part of the thorax. After
several transfers of pollen grains to the tho-
rax, they moved the accumulated pollen with
their mid-legs to the corbiculae on the hind
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tibia. They repeatedly made transverse cuts
with their mandibles (Fig. le) to reach the
pollen grains located deeper within the anther.
The cut anther slices frequently dropped and
accumulated at the petal bases (Fig. If, g).
After each cut, the bees reintroduced the
mouthparts into the cut anthers. The worker
bees collected pollen from the different anthers in
a uniform manner. In addition to anthers, they also
frequently cut filaments and styles (Fig. 1g).
When workers of T. fulviventris arrived at a
flower patch with an empty scopa, they usually
visited 3—4 flowers to collect pollen. They
remained on the flowers for an average of
185 s (SD = 145, range 20-635, N = 23),
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Table 1. Flower visitors of Eriocnema fulva during three flowering seasons (2013-2016)

Floral visitors Sex Pollen collection Body length (mm) Stigma contact
Apidae
Ceratinini
Ceratina (Ceratinula) sp. Q Gleaning 4.0-43 No
Meliponini
Tetragonisca angustula (Latreille, 1811) Q Gleaning 3.6-3.8 No
Trigona fulviventris Guérin 1844 Q Anther cutting 6.4-6.7 Occasionally
Halictidae
Augochlorini
Augochloropsis sp.1 Q Buzzing 6.0-6.3 Yes
Augochloropsis sp.2 Q Buzzing 6.1-6.3 Yes
Augochloropsis sp.3 Q Buzzing 7.0-7.3 Yes

and took 47 + 26 s to collect pollen from each
anther (range 28-103, N = 11). This period
corresponds to one, two, or three pollen gath-
erings separated by one or two cuts to the
same anther.

Flower damage by 7. fulviventris occurred
mainly on the first day of anthesis, when fila-
ments, petal bases, and styles were still yellow.
On the first day of anthesis, 81.5% of the anthers
and 61.1% of the styles were damaged (N = 109
flowers). At the end of anthesis, 98.3% of the
flowers showed anther damage and 76.9% style
damage in 2 years of observation (N = 280). Most
flowers had damage to all ten stamens by the end
of anthesis: 92.4% of flowers in 2015 (N = 109)
and 82.5% in 2016 (N = 280).

Flower damage occurred continuously during
the peak flowering of E. fulva. In the first 2 weeks
of monitoring, anther and style damage was more
intense (9.8 anthers damaged per flower) than in
the two subsequent weeks (8.9 anthers damaged)
(GLM with quasipoisson error F = 6.931; df

=276; P < 0.001; for style damage-GLM with
binomial error x % = 9.850; df = 276; P = 0.019).
The percentage of damaged styles varied between
53 and 76% during the period.

3.4. Effect of floral damage on fruit set

In the 2 years of observation fruit set was
6.5% (2013/2014; N = 92 flowers) and 7.1%

(2014/2015; N = 140 flowers). The logistic
regression model showed that damage on the
style significantly reduced the probability of
E. fulva setting fruit. The chances of a flower
setting fruit decreased 4-fold when the style
was damaged (3.9%, 7/176) and 16%
(9/= 56) in flowers without damage (Table II;
Fig. 2).

The average seed number in fruits resulting
from flowers with damaged anthers only
(145.7 £ 70.86, N = 6) did not differ significantly
from that with both style and anthers damaged
(131.4 £71.54, N = 6; GLM with binomial error
x2=0.142; df = 10; P = 0.706).

4. DISCUSSION

The individuals of Eriocnema fulva had a
constant, very low fruit set rate throughout two
reproductive seasons. Considering the rarity of
the plant species due to habitat loss
(Baumgratz et al. 2013), this low fruit set
caused by floral damages of Trigona
fulviventris is critical for the survival of the
species. Visits by this bee reduced fecundity
directly by removing anthers and stigma, and
indirectly by consuming pollen, which would
otherwise be available for effective pollinators.
This pollen loss also reduces the potential for
these flowers to serve as pollen donors, thereby
reducing the male component of fitness.
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Table II. Summary of logistic regression models explaining the effects of damage on anthers and styles on the
probability of Eriocnema fulva flowers to set fruit (N = 232)

Variables in the model AIC 5 +SE Z P Exp(3)
Fruit set
Model 1 114.9
Intercept —0.599 = 0912 —0.657 0.511 0.549
Anthers -0.129 + 0.107 —1.208 0.227 0.879
Style —2.653 + 4.586 -0.578 0.563 0.070
Anthers/style 0.136 = 0.467 0.291 0.771 1.145
Model 2 113
Intercept —0.6798 + 0.881 -0.771 0.441 0.506
Anthers =0.119+ 0.102 - 1.166 0.243 0.888
Style —1.341 £ 0.566 —2.368 0.018* 0.262

*Significant at 5%

4.1. Direct negative effect of 7rigona on
fruit production
of E. fulva

Workers of several species of Trigona, bees
widely distributed throughout Central and South
America, are known as detrimental floral visitors
because they destroy flowers, rob nectar, and/or
defend floral resources against other bee species.
During pollen larceny, they usually cut anthers
and styles with the mandibles, with direct negative
effects on the reproductive success and fitness of
the plants that provide pollen resources (Sazima
and Sazima 1989; Milet-Pinheiro and Schlindwein

2009; Schlindwein et al. 2014). Unable to access
pollen legitimately via vibration, workers of
T. fulviventris not only cut the anthers but also cut
the styles in 75% of the flowers of E. filva they
damage. In this way, they directly affect ovule
fecundity by precluding pollen germination in the
stigma or pollen-tube growth in the style. When
fruit set in styles with damaged stigmata occurred,
Trigona workers presumably cut the style after
pollen tubes had already reached the ovary. Usually,
this happens in less than 24 h after pollen deposition
in Melastomataceae (Santos et al. 2012). Fruit set
was low in flowers with cut styles as well as with
intact stigma but with cut anthers. This
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Figure 2. Predicted fruit set per flower of Eriocnema fulva, calculated from logistic regressions, after damage on

none to all anthers.
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demonstrates that workers of 7. fulviventris do not
even contribute to flower self-pollination in
E. fulva .

4.2. Indirect negative effect
of Trigona on fruit
production of E. fulva

Despite the slow and harmful pollen gather-
ing performed by workers of Trigona, they
could have efficiently removed almost all the
pollen resource produced by the population of
E. fulva, when taken into account damage rates
(98%) and the relative abundance of floral
visits (70%). This permanent low availability
of pollen in the flowers might have discouraged
floral visits by effective pollinators. During
12 h, on average, only one single pollinating/
vibrating bee (Augochloropsis sp.) was recorded
on flowers of E. fulva .

Removal of pollen that involves damage to
floral parts by workers of Trigona lasts
much longer (up to more than 10 min) than
visits of bees that handle flowers legitimately
(Renner 1983; De Luca and Vallejo-Marin
2013; Schlindwein et al. 2014), because the
worker bees must spend time chewing floral
tissues and making consecutive cuts associated
with removal of tiny amounts of floral re-
sources to get nourishment. Bees that vibrate
flowers take only one to few seconds to
remove pollen (De Luca et al. 2013) making
them effective pollinators that busily move
between conspecific plants.

Asynchronous flower opening makes it dif-
ficult for resource-seeking effective pollinators
to adjust their visits to the period when
E. fulva offers pollen. When a population is
large enough, asynchronous flowering within
individuals promotes outcrossing by forcing
pollinators to move between plants
(Stephenson 1982; Schmitt 1983; Rathcke
and Lacey 1985; Ims 1990). The opposite ef-
fect occurs when populations are very small
and undergo pollen theft like the studied pop-
ulation. In E. fulva, this could have also con-
tributed to the extraordinary scarcity of effec-
tive pollinators. In Gongora quinquenervis , an
orchid species with short non-synchronized
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flowering phases of individuals, reproductive
success was shown to be extraordinarily low in
a small population, even without thefts
(Martini et al. 2003).

Besides the negative effects of flower-
damaging Trigona bees on the fruit set, the
overall low pollen amount of the flowers of
E. fulva might have intensified the reduction
of attractiveness of E. fulva flowers to polli-
nators. The flowers of E. fulva carry few pol-
len grains (a mean of 77,262) when compared
to other Melastomataceae species (e.g., Tococa
nitens, 579,100; Comolia microphylla,
124,440; Tibouchina fraterna, 537,292)
(Hokche and Ramirez 2008), expressed in a
low pollen/ovule ratio, and thus might be less
attractive to pollen collecting buzz-pollinating
bees than the more pollen rich flowers.

Species of Melastomataceae usually pro-
duce fruits at much higher rates (35-91.5%)
(Fracasso and Sazima 2004; Fracasso 2008;
Santos et al. 2010) than what we found in
our study. The combination of scarce resources
and damaging negative effects may have dis-
couraged visits by effective pollinators, which
are those that can buzz pollinate.

Trigona bees are known to damage anthers
to collect pollen hidden in poricidal anthers of
Melastomataceae, Cassiinae and Solanum
(Renner 1983; Gottsberger and Silberbauer-
Gottsberger 1988; Bezerra and Machado
2003). Renner (1983) described in detail the
destructive behavior of pollen gathering by
workers of Trigona dallatorreana,
T. fulviventris, T. hyalinata, T. spinipes, and
T. williana to flowers of 34 species of
Melastomataceae. The different species of
Trigona show similar behavior, and our study
corroborates that of Renner (1983). Besides the
cuts in anthers cited in the works above,
workers of T. fulviventris also cut the styles in
the studied E. fulva population, intensifying the
negative effect on fruit set. In contrast to the
studies that show species of Trigona as floral
visitors that cause a negative impact on the
reproductive success, there are some cases in
which they may be effective pollinators (Slaa
et al. 20006; Silberbauer-Gottsberger et al. 2013;
Pinto and Schlindwein 2014, Giannini et al.
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2014) or secondary pollinators (Stein and
Hensen 2011). Recently, the label rescue polli-
nator was proposed for the very common
T. spinipes due to its capacity to colonize de-
graded habitats and its persistence in heavily
altered landscapes (Jaffé et al. 2016). However,
because of the numerous reports on the nega-
tive impacts on pollination and fruit set, which
bees of Trigona cause in many plant species
they visit, the term appears to be misapplied.

4.3. Self-compatibility does not save E. fulva

Failure of pollination due to lack of effective
pollinators or scarcity of floral visitors, for exam-
ple in regions with adverse climatic conditions,
may be compensated by self-pollination in self-
compatible species (Wilcock and Neiland 2002;
Vaughton and Ramsey 2010; Rodger et al. 2013).
This is not the case for the self-compatible
E. fulva because the pollen grains, hidden inside
the poricidal anthers, do not reach the stigma
without the mediation of bees that vibrate the
flowers.

Eriocnema fulva is a threatened species, with
only four small known populations in a region
with constant pressure of opencast mining activi-
ties (Jacobi and do Carmo 2008; Jacobi et al.
2011). The studied population was chosen be-
cause of the highest density of individuals and
easy access. The other three populations had
signs of flower damage and in one of them
Andrade et al. (2007a, b) also observed the de-
struction of stamens by Trigona sp.

We therefore conclude that direct and indirect
negative impacts of damage to anthers and styles
inflicted by Trigona fulviventris negatively affect
the reproductive success of Eriocnema fulva and
put its survival at risk. The conservation of this
threatened species, regarding its in situ reproduc-
tion, requires measures against general habitat
loss that will benefit both abundance of this plant
species and of its effective pollinators. Ex situ
conservation measures should also be implement-
ed, such as keeping specimens in botanical collec-
tions to enable its reproduction and reintroduction.
Measures against the flower-damaging native
stingless bees, however, are not an option due to
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the numerous biological interactions that these
bees show with the native flora and fauna.
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Les dégats continuels causés a la fleur par une espéce
commune d’abeille sans aiguillon compromettent la
survie d’une plante menacée pollinisée par vibration

dégat floral / visite de la fleur / Meliponini / voleur de
pollen / succeés reproductif/ Trigona

Kontinuierliche Schéidigungen von Bliiten durch eine
weitverbreitete stachellose Biene gefihrdet das
Uberleben einer vibrationsbestiubten bedrohten Art

destruktive Bliitenbesuche / Meliponini / Pollendiebe /
Reproduktionserfolg / Trigona
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