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ABSTRACT Alternative pollinators can ensure pollination services if the availability of the managed or
most common pollinator is compromised. In this study, the behavior and pollination efficiency of Apis
mellifera L. and two species of stingless bees, Plebeia emerina Friese and Tetragonisca fiebrigi Schwarz,
were evaluated and compared in flowers of Brassica napus L. ‘Hyola 61’. A. mellifera was an efficient
pollinator when collecting nectar because it effectively touched the reproductive organs of the flower.
In contrast, stingless bees were efficient pollinators only when collecting pollen. The number of pollen
grains deposited on the stigma after a single visit by worker bees of the three species was greater than
the number of grains resulting from pollination without the bee visits. On average, the three species
deposited enough pollen grains to fertilize all of the flower ovules. A. mellifera and P. emerina had similar
pollination efficiency because no significant differences were observed in the characteristics of the
siliques produced. Although T. fiebrigi is also an effective pollinator, the seed mass produced by their
pollination was lower. Native bees promoted similar rates of fruit set compared with A. mellifera. Thus,
P. emerina has potential to be used for pollination in canola crops.
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Pollination ecosystem services are important for both
ecosystems (Constanza et al. 1997) and agriculture
(Ricketts et al. 2008). While the nature of this service
ensures the reproduction and maintenance of angio-
sperm populations (Ollerton et al. 2011). In agroecosys-
tems, pollination is responsible for the production and
quality of 35% of the volume of the global production
of fruits and seeds (Klein et al. 2007). The level of polli-
nation dependence varies between crops, and 33% of
crops rely to some degree on that service (Klein et al.
2007). In agriculture, bees are the most important pol-
linators, and among them, A. mellifera L. is the primary
species managed for pollination (Delaplane and Mayer
2000, Ricketts et al. 2008). The decline of wild and
managed populations of this species (Moritz et al.
2007, Van Engelsdorp et al. 2008, Potts et al. 2010) has
generated concern for the stability of pollination ser-
vices and its consequences on global food production
(Natural Research Council 2006).

Despite the recognized efficiency of A. mellifera as a
pollinator of various crops, a recent worldwide analysis

determined that wild bees are generally more effective
than A. mellifera and are an important source of polli-
nation (Garibaldi et al. 2013). The identification and
management of alternative pollinators aims to ensure
continuity of pollination services if the main pollinator
becomes unavailable (Slaa et al. 2006). In addition, the
use of native pollinators encourages the conservation of
these species (Freitas et al. 2009).

Non-Apis pollinators have been identified for some
crops, such as strawberry (Malagodi-Braga and Kleinert
2004, Witter et al. 2012), tomato (Cauich et al. 2004;
Del Sarto et al. 2005; Hogendoorn et al. 2000, 2006;
Palma et al. 2008; dos Santos et al. 2009), and eggplant
(Nunes-Silva et al. 2013; but also see Klein et al. 2007
for more information). These studies used different
approaches to evaluate the pollination efficacy of bee
species. Generally, researchers tend to evaluate the pol-
lination efficiency of a particular pollinator species
based on the quantity and quality of fruits and seeds
produced by comparing the bee-pollinated flowers with
a control group that was not visited by bees. Another
possible approach is to evaluate the behavior of the pol-
linator and assess its ability to transfer enough pollen to
fertilize the flower ovules (Kremen et al. 2009, Rader
et al. 2009, Ne’eman et al. 2010, Nunes-Silva et al.
2013).

Canola (Brassica napus L.) is an oilseed crop pro-
duced in several countries around the world, and Apis
mellifera L. is considered to be an important pollinator
of this crop (Sabbahi et al. 2005, Duran et al. 2010,
Bommarco et al. 2012, Stanley et al. 2013, Woodcock
et al. 2013). In addition to the honey bees, wild bees
from the crop growing regions have also been identi-
fied as pollinators (Ali et al. 2011, Jauker et al. 2012).
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In Brazil, there is no management of pollinators associ-
ated with canola crops; however, studies have shown
that insect pollination has a positive impact on canola
crop production (Rosa et al. 2010, 2011; Blochtein
et al. 2013; Witter et al. 2014). Additionally, given the
environmental impact generated by agriculture, these
areas have a low abundance of native bees (Féon et al.
2010).

Thus, the identification of pollinators that can be
managed in canola plantations is important both to cre-
ate an alternative to A. mellifera and to raise awareness
of the importance of native bees in the region for the
pollination of crops and native vegetation. One group
of insects with great potential as pollinators is the
stingless bees (Meliponini) because beekeeping
(“meliponiculture”) has already been established for
these species (Cortopassi-Laurino et al. 2006).

In the present study, the efficiency of pollination by
A. mellifera, Plebeia emerina Friese, and Tetragonisca
fiebrigi Schwarz in the canola crop was compared to as-
sess the potential of these native bees for use in crop
pollination services. To this end, the following pollina-
tion efficiency parameters were analyzed: 1) the behav-
ior (residence time of the bee on the flower, floral
resource collected, presence of pollen in the pollen
basket, contact with anthers and stigmas, and specific
location of resource collection) of the three bee species
during visits to flower; 2) the number of pollen grains
deposited on the stigma of flowers during a visit; and 3)
the rate of fruit set and the production of seeds and
siliques after a single visit.

Materials and Methods

Study area. The study was conducted in October
and November 2012 at the Research Center of the
State Foundation for Agricultural Research (“Centro
de Pesquisa da Fundação Estadual de Pesquisa Agro-
pecuária”) in the municipality of Viamão, state of Rio
Grande do Sul (30� 0201100 S, 51� 0102300 W), Brazil.
According to the Brazilian classification system, the soil
is Red-Yellow Argisol (Ultisol; Embrapa 2006), and the
climate is subtropical with a humid hot summer (i.e.,
Cfa type according to the Köeppen classification; Brasil
1969).

Shade House and Plant Management. To avoid
external insects interfering with pollination, as well as
the escape of the bees being tested, the experiments
were conducted in a shade house covered with
white polyethylene fabric (12% shade) with a 2 by
2 mm2 mesh. The shade house was 5 by 18 m2 with an
internal height of 2.5 m. This was divided into six
compartments of 15 m2 using polyethylene fabric. The
soil fertility was corrected after soil chemical analysis,
according to the recommendation for the canola
crop (Comissão de Quı́mica e Fertilidade do Solo
[CQFSRS/SC] 2004). Before sowing, supplementation
of phosphorus, nitrogen, and sulfur was made using
300 kg of triple superphosphate and 75 kg of ammo-
nium sulphate per hectare. Forty days after germina-
tion, 225 kg of ammonium sulfate per hectare was
applied.

In each subunit of the shade house, 2 by 4 m2 plots
were established in July 2012, with a lateral distance of
0.5 m between the plot of one subunit and the next, in
which canola ‘Hyola 61’ was sown in rows spaced at
0.4 m. This resulted in a final density of �35 plants per
square meter, which is similar to the 40 plants per
square meter found in commercial fields.

Introduction of Bee Colonies. Three species of
social bees were used: A. mellifera, P. emerina, and
T. fiebrigi. P. emerina (“mirim”) and T. fiebrigi (“jataı́”)
colonies were established in standard hives (31 by 15
by 7 cm3), and the honey bees in standard Langstroth
hives with five frames each. When the crop displayed
�10% flowering, only one bee colony was placed per
compartment of the shade house, resulting in the use
of two subunits per species. Hives were on 1-m-tall
wooden stands on the side of each plot.

A. mellifera was chosen because this species has
been widely referred to in the literature as an effective
pollinator of canola. The choice of P. emerina and
T. fiebrigi was based on the presence of wild nests
located in canola growing areas in southern Brazil
(Coleção de Abelhas, MCP 2013). Additionally, these
species are hardy and easy to manage.

P. emerina is distributed in Brazil, in the States of
Paraná, Rio Grande do Sul, Santa Catarina, and São
Paulo, and in Paraguai, in the Cordillera and Misiones
regions (Moure et al. 2007). These bees are gentle and
they build their nests in tree hollows and spaces in
walls (Nogueira-Neto 1997).

T. fiebrigi is distributed in Argentina (Misiones and
Tucumam regions), Bolivia (Santa Cruz region), and
Brazil, in the States of Mato Grosso, Mato Grosso do
Sul, Paraná, Rio Grande do Sul, and São Paulo (Moure
et al. 2007). This is one of the most common species of
Meliponini, which nests in tree hollows, spaces in walls,
and other types of human construction (Nogueira-Neto
1997). Colonies have from 2,000 to 5,000 individuals
(Nogueira-Neto 1997).

Bee Foraging Behavior. The behavior of the
workers was analyzed using direct observations of the
bees during their visits to flowers throughout the day
beginning at 0830 hours. We observed 65 visits of A.
mellifera, 69 of P. emerina, and 60 of T. fiebrigi. For
each visit (observation unit), the following aspects of
bee behavior were recorded: residence time of the bee
on the flower; floral resource collected (nectar or pol-
len); the presence of pollen in the pollen basket;
whether there was contact with anthers and stigmas;
and specific location of resource collection (anther
position, lateral, or median nectaries).

Pollination Efficiency of Bee Species. The effi-
ciency of pollination by A. mellifera, T. fiebrigi, and
P. emerina was compared by the number of pollen
grains deposited on stigmas, the rate of fruit set, the
number of seeds or silique, and the silique and seed
mass after one visit. To assess the deposition of pollen
grains on the stigma for each species of bee, flower
buds in pre-anthesis (n¼ 30) were marked and covered
with bags (5� 6 cm) made of fine mesh white fabric,
which did not allow insects to contact the flowers.
Immediately after flower bud opening, a bee was
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allowed to visit and the flower was covered again after
the bee left. Other flower buds (n¼ 30) were covered
to assess the number of pollen grains deposited on the
stigma that had no visiting insects (control).

The pistils of the flowers were collected 24 h after
the treatments and fixed for 1 h in a solution of 45%
glacial acetic acid and 70% ethanol (3:1), after which
they were transferred to 70% ethanol (Dafni et al.
2005). In the laboratory, each pistil was placed on a his-
tological slide with glycerinated gelatin stained with
fuchsin. The slide was heated on a hotplate to melt the
gelatin. After melting, a cover slip was placed on the
material by applying light pressure to crush the pistil.
The number of pollen grains deposited on the stigma
and the number of ovules present in the ovaries were
counted manually using a light microscope.

To analyze parameters related to fruiting, flower
buds in pre-anthesis were covered with fine mesh fab-
ric (A. mellifera: n¼ 56; P. emerina: n¼ 45; T. fiebrigi:
n¼ 45) and a forager’s visit was allowed at 3 or 24 h
after the flower opening. The flower was then covered
until senescence. Buds in pre-anthesis were also cov-
ered to assess production without insect pollination
(control; n¼ 24). The resulting siliques were collected
when mature, and the number of siliques formed in
each treatment group was recorded. The collected sili-
ques were evaluated for weight, length, seed number,
and seed mass.

Data Analysis. The behavior of the bees during
flower visits was compared by evaluating the number
of anthers touched and the duration of visits by forag-
ers. Because the data were not normally distributed
(Shapiro–Wilk, P< 0.001), differences between species
were compared using the Kruskal–Wallis analysis of
variance (ANOVA; a¼ 0.05) with comparison by
Dunn’s post hoc test (a¼ 0.05). The number of forag-
ers that contacted the stigma was compared among
species using the chi-square test (a¼ 0.05).

The number of pollen grains deposited on the stigma
of canola flowers by the three bee species and in con-
trols was compared using the Kruskal–Wallis ANOVA
(a¼ 0.05) with comparison by Dunn’s post hoc test
(a¼ 0.05) because these data were also not normally
distributed (Shapiro–Wilk, P< 0.001). Two extreme
outliers were removed from the A. mellifera data set
because the number of pollen grains on these stigmas
was 2.8 (500) and 4.8 (900) times greater than the max-
imum amount of pollen grains found in the stigma
(186). We suspected that there was deposition of pollen
grains on stigmas by another source during handling.

To examine the correlation between the duration of
the visits by bees and 1) the number of pollen grains
deposited on the stigma of flowers and 2) the number
and 3) mass of the seeds, the Spearman’s correlation
test (a¼ 0.05) was used because, except for the num-
ber of seeds, the variables were not normally distrib-
uted (Shapiro–Wilk, P< 0.001). The data for the three
species were pooled for this analysis.

The fruit rate set in the treatments with visits of
A. mellifera, P. emerina, and T. fiebrigi, and also without
interference from insects was compared using the chi-
square test (a¼ 0.05). To compare the characteristics

of the siliques formed after visits by A. mellifera,
P. emerina, and T. fiebrigi, and also without interfer-
ence from insects, the silique mass and length, the
number of seeds per silique, and the total seed mass
were analyzed using an ANOVA (a¼ 0.05) because the
variables were normally distributed (Shapiro–Wilk,
P> 0.05). The differences between groups were eval-
uated using Tukey’s test (a¼ 0.05). The data presented
refer to the combination of the three and 24-h-old
flowers. Differences were not detected for the silique
mass and length, number of seeds per silique, or total
seed mass between the flowers of different ages
(Mann–Whitney, P> 0.05).

Statistical analyses were performed using the soft-
ware BioEstat and Statistica. For the chi-square tests
the chisq.test function in “stats” package for R program
(R Core Team, 2014, Vienna, Austria) was used.

Results

Bee Foraging Behavior. A. mellifera collected
nectar from the nectaries located at the base of the
short stamens by accessing them through the corolla
opening. The foragers were never observed collecting
pollen, even though they do it (Nedić et al. 2013). Both
the P. emerina and T. fiebrigi workers used the opening
between the sepals to reach the nectaries located at the
base of the long stamens without contacting the repro-
ductive organs of the flowers (Fig. 1). However, both
P. emerina and T. fiebrigi were frequently observed
actively collecting pollen. During pollen collection, the
bees landed on the corolla, walked on the flower, and
touched the reproductive organs. The data to evaluate
pollination efficiency were recorded by analyzing the
behavior during nectar-gathering visits for A. mellifera
and pollen-gathering visits for both P. emerina and
T. fiebrigi.

During the visits, most A. mellifera (63.1%) and
P. emerina (55.1%) foragers made contact with the
stigma, but fewer than half of T. fiebrigi contacted the
stigma (46.7%); however, it was not significant different
(v2¼ 3.4, df¼ 2, P> 0.05; Table 1). There was a differ-
ence in the number of anthers contacted by the forag-
ers of different species during a visit (H¼ 37.2, df¼ 2,
P< 0.001, Table 1). A. mellifera made contact with a
greater number of anthers than P. emerina and T. fie-
brigi (P< 0.05; Table 1), while the number of anthers
contacted by the latter species were similar (P> 0.05;
Table 1).

The visit duration of the three bee species studied
also differed (H¼ 110.8, df¼ 2, P< 0.0010; Table 1).
The visits from A. mellifera were shorter than those
from P. emerina and T. fiebrigi (P< 0.05; Table 1),
with the latter two not differing in duration (P> 0.05;
Table 1).

Pollination Efficiency.
Deposition of Pollen on Stigmas. There was a signifi-

cant difference in the number of grains deposited on
the stigma of canola flowers by the three bee species
and by self-pollination (H¼ 23.3, df¼ 3, P< 0.0001;
Fig. 2). The deposition of pollen grains in the absence
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of insect pollination (self-pollination) was lower
than that by visits from bees of the three species
(P< 0.05; Fig. 2). However, there was no significant
difference in the number of pollen grains deposited
by A. mellifera, P. emerina, or T. fiebrigi (P> 0.05;
Fig. 2).

The average number of ovules present in the ovaries
of flowers of canola was 28 6 4 (n¼ 118). All three bee
species deposited a sufficient number of grains to fertil-
ize all ovules (A. mellifera: 38 6 45, n¼ 40; P. emerina:
30 6 24, n¼ 29; T. fiebrigi: 38 6 39, n¼ 30); however,
self-pollination was insufficient (5 6 6, n¼ 17, Fig. 2).
There was no correlation between the duration of the
visits by the three bee species and the number of pol-
len grains deposited on the stigma of flowers
(r¼�0.09; P> 0.05).

Production of Siliques and Seeds. Pollination by
P. emerina, A. mellifera or T. fiebrigi resulted in a
higher rate of fruit set compared with by self-pollina-
tion (v2¼ 8.2, df¼ 3, P< 0.05; Table 2). There was an
increase of 20.8, 32.1, and 29.8% in the rate of fruit set
from pollination by A. mellifera, P. emerina, and T. fie-
brigi, respectively, compared with the rate of fruit set
resulting from self-pollination (Table 2).

There was a significant difference in silique mass
(F¼ 6.05; df¼ 3; P< 0.001) and length (F¼ 3.66;
df¼ 3; P< 0.05), number of seeds per silique
(F¼ 3.93; df¼ 3; P< 0.05), and total seed mass
(F¼ 6.85; df¼ 3; P< 0.05) produced by the different
pollination treatments (Table 2). Flowers without bee
pollination generated siliques with lower mass, size,
number of seeds, and seed mass than those pollinated
by A. mellifera and P. emerina (P< 0.05, Table 2). Polli-
nation by T. fiebrigi increased silique length compared
with silique length in the control treatment (P< 0.05;
Table 2).

The siliques resulting from visits by A. mellifera and
P. emerina were similar in mass, size, number of seeds,
and total seed mass (P> 0.05; Table 2). The siliques
and seeds produced from flowers pollinated by A. mel-
lifera were heavier than those produced by T. fiebrigi
(P< 0.05; Table 2); however, the size and number of

Fig. 1. Flower of B. napus and the behavior of bees during nectar collection. (A) The location on the flower of the lateral
and median nectaries. (B) A. mellifera visit through the corolla opening for nectar collection in the lateral nectaries located at
the base of the short stamens. (C) Visit through the outside of the flower by P. emerina to collect nectar in median nectaries
located at the base of the long stamens, exposed between the sepals. Illustration by Flávia Tirelli.

Table 1. Number of anthers contacted during canola flower vis-
its by A. mellifera, P. emerina, and T. fiebrigi (B. napus Hyola
61), the duration of the visits and the percentage (%) of foragers
that made contact with the stigma

Treatment No. of
touched
anthers

Visit
duration (s)

Percentage
of foragers
contacting
the stigma

N

A. mellifera 5.6 6 1.1a 14.4 6 9.2a 63.1%ns 65
P. emerina 4.6 6 1.3b 65.7 6 41.7b 55.1%ns 69
T. fiebrigi 4.4 6 1.5b 88.0 6 53.0b 46.7%ns 60

Number of touched anthers and visit duration: different letters (a
and b) indicate significant differences by Kruskal–Wallis test with post
hoc comparison by Dunn’s method (P< 0.05). Percentage of foragers
contacting the stigma: not significant (ns) at a¼ 0.05 by the chi-square
test.

Fig. 2. Number of pollen grains deposited on the stigma
of canola flowers (B. napus Hyola 61) by A. mellifera (AM), P.
emerina (PE), and T. fiebrigi (TF) during a visit, and by self-
pollination (SP). Boxplot: boxes indicate the distribution of
50% of values, solid horizontal line indicates the median,
dashed horizontal line indicates the mean, whisker indicates
the SE (>90% and <10%), and filled circles indicate outliers.
Different letters (a and b) indicate significant differences by
Kruskal–Wallis test with post hoc comparison by Dunn’s
method (P< 0.05).
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seeds from the siliques were similar (P> 0.05; Table 2).
All quality parameters of the siliques produced by P.
emerina were similar to those resulting from the visits
by T. fiebrigi (P> 0.05; Table 2). There was no correla-
tion between the visit durations of the three bee spe-
cies (r¼ 0.004; P> 0.05) and the number and the mass
of the seeds produced by the siliques (r¼�0.18;
P> 0.05).

Discussion

B. napus flowers have two pairs of nectaries. Lateral
nectaries are located on the inner base of each filament
of the short stamens and the median nectaries arise
from the external junction of the bases of the long sta-
men filaments (Davis et al. 1986, 1994, 1996; Nedić
et al. 2013). The nectaries are visible and accessible
both from the flower top and side (Ali et al. 2011). In
the present study, the three bee species selected differ-
ent nectaries to obtain nectar, and this behavior influ-
ences the efficiency of flower pollination. A. mellifera
visited the canola flower from the top (through the cor-
olla opening) to collect nectar only from the lateral nec-
taries, thereby touching the reproductive organs. The
pollen grains stick to the insect during the flower visits
and are therefore obtained indirectly. The preference
of this species for using the lateral nectaries corrobo-
rates the finding from previous studies on other canola
cultivars (Adegas and Nogueira-Couto 1992, Rosa et al.
2010). P. emerina and T. fiebrigi workers collect nectar
in the median nectaries that are exposed between the
sepals. These nectar gatherers do not pollinate the crop
because they do not touch the reproductive organs dur-
ing their visits to the flowers. This side feeding on can-
ola flowers (i.e., this “illegitimate” nectar collection) has
also been observed in Apis florea F. and some Diptera
species (Eristalinus sp., Euphumosia sp., and Musca
sp.; Ali et al. 2011).

The lateral pair of canola nectaries yields more nec-
tar than the median pair, and the lateral pair secretes
95% of the carbohydrates produced by the flower
(Davis et al. 1994, Nedić et al. 2013). Additionally, nec-
tar from the lateral glands has higher glucose or fruc-
tose levels (Davis et al. 1986). The preference of
A. mellifera for B. napus varieties with a higher volume
of nectar and high sugar concentrations (Abrol 2007)
might explain the choice of lateral nectaries for nectar
collection by A. mellifera that was observed in the
present study.

The “illegitimate” collection of nectar (“robbing”) by
stingless bees could be attributed to the inability of P.
emerina and T. fiebrigi to reach the lateral nectaries. A.
mellifera workers also rob nectar from this crop (Dela-
plane and Mayer 2000). According to Ali et al. (2011),
side feeding by insects on canola flowers is a way to
obtain nectar with less effort. Nectar robbers may have
direct and indirect effects on plant reproductive suc-
cess, but their presence does always not have negative
effects on pollination (Irwin et al. 2010, Fumero-Caban
and Melendes-Ackermann 2012). Thus, despite acting
as nectar robbers, P. emerina and T. fiebrigi are effec-
tive pollinators when they collect pollen.

Another aspect of pollinator behavior related to plant
reproductive success is the duration of the flower visits.
In the present study, we determined that the duration
A. mellifera’s visit to flowers to collect only nectar was
shorter than that of native bees to collect pollen
(Table 1). Singh et al. (2006) and Adegas and
Nogueira-Couto (1992) observed that the duration of
visits of a pollinator of B. napus flowers depends on the
resource collected and that A. mellifera spends more
time per visit to collect nectar and pollen than when
collecting only nectar.

According to Ivey et al. (2003), the most effective
species at transferring pollen grains is the one that
spends more time visiting the flower, which also sug-
gests that slow foraging pollinators should increase the
pollination success of a plant. However, the present
study identified no increase in the number of pollen
grains deposited on the stigma of flowers with increas-
ing duration of visits. Furthermore, the number of pol-
len grains deposited on the stigma of the flower in a
visit was similar for all three bee species (Fig. 2),
despite differences in the duration of the visit (Table 1).
The absence of bee visits resulted in a deposition of
pollen grains that was insufficient to fertilize all ovules
(Fig. 2), thereby confirming the importance of insect
pollination to increase the productivity of B. napus
Hyola 61 crops.

The rate of fruit set in the absence of pollinators was
43.5%. This increased to 64.3% in the presence of
A. mellifera and to values >70% with the visit of the
native bees. These results are in agreement with
the findings of Garibaldi et al. (2013) that compared
the efficiency of A. mellifera and native insects on rates
of fruit set in 41 crops and found that native insects are
more efficient with regards to the rate of fruit set of
crops than A. mellifera.

Table 2. Characteristics of siliques and the rate of fruit set resulting from self-pollination (control: without visits) and visits by A. melli-
fera, P. emerina, and T. fiebrigi workers

Treatment No. of
siliques

Mean
silique

mass (mg)

Mean
silique

length (cm)

Mean number
of seeds

per silique

Mean total
seed mass

per silique (mg)

Fruit
set rate

A. mellifera 36 71.4 6 32.6a 4.7 6 1.1a 12 6 5a 38.3 6 19.1a 64.3%a
P. emerina 34 68.9 6 34.4ab 4.8 6 1.3a 12 6 6a 33.6 6 16.9ab 75.6%a
T. fiebrigi 33 51.1 6 25.9bc 4.4 6 1.1a 10 6 5ab 23.9 6 15.1bc 73.3%a
Self-pollination (control) 10 37.8 6 21.7c 3.5 6 1.0b 6 6 4b 16.9 6 1.2c 43.5%b

All variables, except fruit set rate: different letters (a, b, and c) indicate significant differences by ANOVA with post hoc comparison using
Tukey’s test (P< 0.05). Fruit set rate: different letters (a, b, and c) indicate significant differences by the chi-square test (P< 0.05).
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Managed colonies of A. mellifera have become the
largest source of pollinators on the planet, and can
increase productivity by up to 50% for the canola crop
(Sabbahi et al. 2005, Duran et al. 2010). However, the
losses of colonies of this species recorded in the past 20
years increases the concern for the conservation of
native bee populations (Watanabe 1994). There is also
evidence that the management of A. mellifera supple-
ments, but does not replace, the pollination services
provided by native insects (Garibaldi et al. 2013).

The present study revealed that P. emerina, a species
of social native bee from canola-growing regions in
southern Brazil, has the potential to be used and man-
aged for canola pollination because pollination by this
species improved the rate of fruit set rate comparing to
the other two species and self-pollination and produced
siliques with the same characteristics of the ones pro-
duced by A. mellifera. This finding was true despite the
small body size (�4 mm; Friese 1900). T. fiebrigi,
despite its role as a pollinator, was not as efficient as A.
mellifera, as the former produced lighter seeds (Table
2). The use of native bee species for the pollination of
canola is not only beneficial to the crop yield but can
also promote the conservation of native pollinators.
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