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Introduction

Agricultural production is intrinsically dependent upon 
the ecosystem services that the insects provide absolutely free 
of charge (Zhang et al., 2007). Above 70% of the world’s 
principal crops, enjoy the benefits of getting pollinated by the 
animals that visit the flowers (Klein et al., 2007). Globally, 
the value of biotic pollination-dependent crops was estimated 
to be US$ 235-577 billion annually (Intergovernmental 
Science-Policy Platform on Biodiversity and Ecosystem 
Services [IPBES], 2016). In Brazil, in 2018, this value was 
estimated at roughly US$ 43 billion for the biotic pollination-
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dependent crops (Plataforma Brasileira de Biodiversidade e 
Serviços Ecossistêmicos [BPBES], 2019). Bees (Hymenoptera, 
Apoidea) play a vital role in the pollination process, because 
they are completely dependent upon floral resources (Klein et 
al., 2007; Potts et al., 2016). However, over the last 50 years 
there has been a general global reduction in these insects in 
agricultural landscapes (Potts et al., 2010; Cameron et al., 
2011). This drop in the number of pollinators may be directly 
linked to the considerable decline in the natural habitats, in 
terms of quality and quantity (Benton et al., 2003; Lindgren et 
al., 2018), which is due to the conversion of native vegetation 
to specific crops  (Potts et al., 2010; Cameron et al., 2011).
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Keeping this scenario, research has been developed 
with a focus on the conservation of natural habitats close to 
the cultivated areas as a good alternative for the sustenance of 
bees, as well as maintenance of the ecosystem by pollination of 
the crops (Ricketts et al., 2008; Carvalheiro et al., 2010; Lindgren 
et al., 2018). This concept, which several researchers still 
largely consider a challenge, is constructed on the principle 
that most of the pollinators that visit crops, particularly the 
bees, use natural remnants near the culture to nest and explore 
floral resources (Ricketts et al., 2008).

The bees in these habitats were collected using simple 
and replicable sampling methods that can be easily adapted 
to a wide range of research works (Gotelli & Colwell, 2001; 
Roulston et al., 2007). The common methods used most often 
for insect sampling are active and passive collection, termed 
complementary methods (Moreira et al., 2016). As pollinator 
diversity may be related to floristic heterogeneity in a specific 
region (Roulston & Goodell, 2011), it is anticipated that more 
diverse habitats will offer better pollinator service in adjacent 
agricultural areas (Garibaldi et al., 2011).

In this context, possibly the Brazilian Cerrado in the 
surroundings of agricultural areas is a habitat favorable to 
the bees and to the service of pollination of cultures. This 
biome is composed of a mosaic of vegetation types, from the 
wide-open fields to the savannas and forests; besides, it also 
has a high floral diversity (Oliveira-Filho & Ratter, 2002; 
Silva et al., 2015). Its physiognomic features may promote 
the presence of several species because of their propensity 
for interchange among the vegetation types (Almeida & 
Louzada, 2009; Gries et al., 2012). Despite the importance 
of native areas, our knowledge about the contribution of bees 
that live in these areas for crop pollination is still limited and, 
as far as we know, no study has been carried out to investigate 
the importance of Cerrado as a pollinator reservoir in the state 
of Mato Grosso, the largest sunflower producer in Brazil. 
Sunflower ranks prominently among the pollinator-dependent 
crops. It is a plant naturally possessing self-incompatibility and 
depends upon bees as the predominant pollinators (Free, 1993; 
Hevia et al., 2016). The bees forage the sunflower chapters 
and help by transferring the pollen from one plant to another, 
thus boosting the seed production. But, over time, sunflower 
hybrids have been selected to minimize this pollinator-
dependence (Greenleaf & Kremen, 2006; Sun et al., 2012). 
However, this percentage of pollinator dependence on seed 
production varies between the hybrids or sunflower varieties 
(Mallinger & Prasifka, 2017). In Brazil, and specifically in the 
state of Mato Grosso, the country’s largest sunflower producer, 
many farmers believe that some sunflower varieties, such as 
Helio250, have a low dependence on pollinators.

Thus, our work aimed to evaluate determined to assess 
the part played by the Cerrado as a natural habitat for the 
bees, which offers the ecosystem the service of sunflower 
pollination and the contribution of the pollinators towards the 
production of linoleic sunflower seeds.

This study can help to answer some significant questions, 
such as - whether the richness and abundance of bees declines 
with the distance from the natural habitat (closed); whether the 
distance of the natural habitat influences the sunflower yield; 
whether the visit of the bees to the linoleic sunflower chapters 
boosts the seed weight and whether the canopy richness and 
abundance vary with the sampling technique.

Material and Methods

Study area

The study was conducted at the Aparecida da Serra 
farm (14°18’36.64”S, 57°44’47.00”W), in the municipality 
of Tangará da Serra, Mato Grosso state, Brazil. The climate 
in that region is classified as rainy tropical (Aw), according 
to the Köppen Geiger classification, with an annual average 
rainfall of ~ 1,860 mm and annual temperature of around 24º 
C. The region experiences a rainy (October to May) and a dry 
season (June to September) (Dallacort et al., 2011). The study 
area has 4,450 ha of Cerrado sensu stricto, with expressive 
floristic diversity, that is maintained as Legal Reserve - RL. 
The RL represents approximately 56% of the total area of the 
farm and is bordered by 151.66 ha of sunflower. The Hélio: 
H250 (linoleic) variety of sunflower used is the one normally 
recommended for crop in Brazil, Bolivia and Paraguay. In 
Brazil, the Helio: H250 crop is cultivated under conditions 
of a second crop, in the production system that adopts the 
soybean-sunflower succession. The sunflower was cultivated 
following the conventional method, and included the addition 
of herbicides, fungicides and insecticides.

Sampling of bees

The bees were sampled from May 2017, at the height 
of the sunflower bloom (10 days) in eight plots (20 x 150 
m), four in the Cerrado and four in the cultivated sunflower 
crop. The plots were any one of these distances (50, 150, 300 
and 600 m) from the Cerrado border and were demarcated 
in the direction of the interior border of the Cerrado and the 
interior border of the crop. Five traps were set up, 30 m from 
each other. These traps were composed of two plastic trays 
(30 cm long x 23 cm wide), one blue and one yellow painted 
with UV-reflecting paint (SPRL, Spray-color) (Moreira et 
al., 2016), fixed to a wooden stake to 1.90 m above the soil 
level, being the identical height of the  sunflower chapters. 
This methodology was adapted, following the methodology 
advocated by Hevia et al. (2016). A similar pattern of traps 
was followed in the Cerrado (Fig 1). Each tray contained the 
following ingredients: water 1L, liquid soap 1 teaspoon, and 
salt (NaCl) 1 teaspoon, to trap the insects. The traps were left 
open for 24 hours during the peak of the sunflower flowering 
season. According to Westphal et al. (2008) this methodology 
is popular in studies which compare the pollinator communities 
in different places or environments. The bees trapped in these 
pans were collected daily and placed in 70% alcohol, in containers.
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Active collections, using the entomological nets, were 
also performed in all eight plots (20 x 150 m), four in the 
Cerrado and four in the sunflower crop, in transects installed 
100 m distance from pan traps. Sampling was done in the 
plots corresponding to one of these distances (50, 150, 300 
and 600 m) using the traps directed towards the interior 
border of the Cerrado and interior edge of the crop in both the 
environments (Cerrado and crop). Collection was performed 
between 7 am and 2 pm, alternately, one day in the Cerrado 
and one day in the crop. This time was selected as it marked 
the interval of the most intense floral visitation by the bees in 
the sunflower crop (Free 1993). To implement this technique, 
three collectors spent 10 minutes in each plot to collect 

the bees. The collection time was timed to ensure that the 
sampling effort was done in approximately equal lengths of 
time. The bees were trapped using the net, beginning at the 50 
m plot and ending at the 600 m plot in about 40 minutes. After 
a 20-minute interval, the same route was once again traversed 
(in the reverse direction).

The specimens collected were identified to the 
lowest possible taxonomic level (genus and species) by 
the bee taxonomy specialists. Some of the specimens were 
deposited in the INPA invertebrate collection, Manaus-
AM, in the didactic collection of the Mato Grosso State 
University-CPEDA Research Center, Tangará da Serra, 
Mato Grosso, Brazil.

Fig 1. Schematic representation of bee sampling using blue and yellow pan traps, set up at 50, 150, 300 and 600m 
from the border to the interior of the Cerrado and from the edge to the interior of the sunflower crops.

Exclusion Experiment

An exclusion experiment was done to study the 
contribution made by the flower visitors to self-sustain the 
sunflower pollination. First, 20 plants were selected at 4 points 
viz., 50, 150, 300 and 600 m away from the Cerrado border. 
At each point, 20 flower buds were isolated using white voile 
tissue (1 mm mesh) during the reproductive phase (R) of the 
sunflower, in the pre-flowering (R3-R4) stage. When the 
flowering ended (Phase: R6-R7) the bags were removed to 
facilitate full seed development (Ball et al., 1992). At about 
40 days after flowering, when the seeds achieved full maturity 
(Phase: R9), the sunflower chapters were collected and 
manually processed. Next, in order to remove the moisture, 
the seeds were placed in a greenhouse at 60º C for 48 hours. 
The seeds of each chapter were then weighed in a precision 
analytical balance, to four decimal places.

Data analysis

The normality of the data was tested, after which 
different statistical tests were applied. Rarefaction analysis 
based on individuals was done to compare the patterns of 
species richness and sample effort in the Cerrado and the 
crop. The two environments were compared based on a visual 
evaluation of the 95% CI (confidence interval) overlap of the 
rarefaction curves, implemented in EstimateS 7.5 (Colwell, 
2009). The Student’s t test was used to compare (i) total 
species richness and (ii) total abundance of the individuals of 
the Cerrado and that of the crop. The species composition of 
each environment was evaluated using the Principal Component 
Analysis (PCoA), and the Bray-Curtis similarity index. The 
difference in species composition between the Cerrado and that of 
the sunflower crop was tested using the permutative multivariate 
variance analysis (PERMANOVA) (Anderson, 2001).
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The Generalized Linear Model-GLM (with Poisson error 
distribution) was used to estimate the effect exerted by 
distance and habitat type (explanatory variables) on the 
richness and abundance of the bees (response variables) using 
the vegan package (Oksanen et al., 2019). Subsequently, the 
analysis of variance (ANOVA) followed by Tukey’s post-
hoc test were done to compare the differences in richness 
and abundance between the points (distance) of each habitat 
using the agricolae package (Mendiburu, 2019). The ANOVA 
followed by the Tukey post hoc test were also performed 
to compare the seed weight of the chapters under the open 
and closed conditions for the pollinators. To evaluate the 
relationship between weight and distance, linear regression 
(lm), followed by ANOVA were used. The efficiency of the 
collection methods was assessed with the Kruskal-Wallis (KW) 
test, since the data failed to meet the normality assumptions. 
The analyses were performed using the R 3.2.4 package (The 
Development Core Team, 2017).

Results

In this study, 901 individuals belonging to 31 
genera and 54 species of bees were collected (Table 1). 
Among these, 680 individuals belonging to 25 genera and 
46 species were collected from the sunflower crop and 221 
individuals belonging to 28 genera and 50 species from 
the Cerrado. Species such as Nannotrigona melanocera 
(Schwarz), Oxytrigona flaveola (Friese), Pseudaugochlora 
flammula (Almeida), were recorded for the first time in the 
Cerrado Matogrossense. Apis mellifera L. was abundant 
in the sunflower crop and Cerrado (331 and 63 individuals, 
respectively) and represented more than 40% of the total 
number of bees collected. Among the wild bees collected 
in the crop, Melipona quinquefasciata (Lepeletier) (n = 54) 
was the species with the highest abundance, followed by 

Fig 2. Accumulation curves of the species based on the individuals 
for the bee community in the Cerrado and sunflower crop. The dotted 
lines are 95% CI, which indicate no significant difference between 
the two environments.

Geotrigona gr.mombuca (Smith) (n = 36). Of the 54 species 
collected in the area under study, 37 were found in both the 
sunflower crop and the Cerrado.

The species accumulation curve for the Cerrado 
revealed no inclination to stabilize, suggesting that more 
species could be collected in this area. For the sunflower crop, 
the curve appeared to stabilize from 500 individuals (Fig 2). 
The mean richness was significantly equivalent between both 
the environments (t = -1.148; p = 0.09; Fig 3A) however, the 
number of individuals differed, with greater abundance being 
observed in the sunflower crop (t = -4.87; p = 0.0001; Fig 3B). 
The results of the PERMANOVA test showed a significant 
difference in the species composition identified in the Cerrado 
habitat from that found in the sunflower crop (F = 3.96; p = 
0.001), as shown by PCoA (Fig 4).

Fig 3. Average and standard deviation of the wealth (A) and abundance 
(B) of bees in the Cerrado and sunflower crop. Means followed by 
different letters indicate significant difference (Test t; p <0.05).
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                                                                      Cerrado Habitat Sunflower Culture
                                                                  Distance (m)

Species -600 -300 -150 -50 50 150 300 600 Total
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Apis mellifera (Linnaeus, 1758) 8 4 20 31 102 89 45 95 394
Augochlora sp.1 2 1 1 4
Augochlora sp. 2 2 1 3
Augochloropsis sp. 1 3 2 2 7
Augochloropsis sp. 2 1 3 4
Augochloropsis sp. 3 2 2
Augochloropsis sp. 4 1 3 4
Eulaema cingulata (Fabricius, 1804) 1 3 4 8
Eulaema nigrita (Lepeletier, 1841) 1 6 4 11
Exomalopsis sp. 1 3 4
Exomalopsis analis Spinola, 1853 2    7 9
Exomalopsis fulvofasciata Smith, 1879 2 2 2 12 18
Geotrigona gr.mombuca (Smith, 1863) 2 2 5 5 15 21 50
Lasioglossum (Dialictus) sp. 1 1 1 4 6
Lasioglossum (Dialictus) sp. 2 5 1 2 5 1 14
Lasioglossum (Dialictus) sp. 3 1 3 4
Lasioglossum (Dialictus) sp. 4 1 1
Megachile sp. 1 2 7 3 1 13
Megachile sp. 2 1 2 3
Megachile sp. 3 3 5 8
Megachile sp. 4 2 2
Melipona quinquefasciata Lepeletier, 1836 3 3 3 25 29 63
Melissodes nigroaenea (Smith, 1854) 1 4 4 6 15
Melissoptila sp. 2 2
Nannotrigona melanocera (Schwarz,1938) 1 1 1 9 12
Oxaea sp. 1 1 1 7 9
Oxaea sp. 2 4 2 2 8
Oxytrigona flaveola (Friese, 1900) 2 1 9 12
Pereirapis sp.   1  1
Paratrigona lineata (Lepeletier, 1836) 2 4 2 1 15 3 27
Plebeia sp.  1 4  5
Pseudaugochlora flammula Almeida, 2008 1 1
Thectochlora alaris (Vachal, 1904) 1 1 1 3
Trigona guianae Cockerell, 1910 1 7 6 17 31
Trigonisca sp.   2 4 1 1 8
Xylocopa sp. 1 2   3 8 1 13 28
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Centris aenea Lepeletier, 1841 2 5 1 8
Centris cf. fuscata Lepeletier, 1841 1 3 4
Centris cf. spilopoda Moure, 1969 1 2 3 9 2 17
Centris flavifrons (Fabricius, 1775) 1 2 1 4
Centris lutea Friese,1899 2 2
Centris nitens Lepeletier, 1841 2 2
Centris scopipes Friese, 1899 1 6 1 2 10
Centris tarsata Smith, 1874 1 2 4 5 12
Epicharis cf. analis  Lepeletier, 1841 1 7 4 12
Epicharis cockerelli Friese, 1900 1 2 3 5 11
Epicharis inhering  Friese, 1899 1 1 1 1 4
Epicharis cf. analis  Lepeletier, 1841 1 7 4 12
Abundance of Individuals 17 42 73 90 214 283 66 116 901
Species Richness 8 21 26 31 23 33 8 5 54

Table 1. Richness and abundance of bees found at distances of 50, 150, 300 and 600m from the Cerrado habitats and sunflower crops in 
Tangará da Serra-MT.
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The factor distance from the border was seen to 
influence the richness and abundance of the bees in the 
Cerrado (R2 = 0.53; p = 0.0001) and sunflower crop (R2 
= 0.40; p = 0.0013). In the sunflower crop, the number of 
species was significantly higher at 150 m (Tukey: p = 0.0012; 
Fig 5A) and abundance was greater at 50 and 150 m (Tukey: 
p = 0.0018; Fig 5B). The points located at the extremes (300 
and 600m) revealed a lower degree of richness and abundance 
of individuals in both the Cerrado and sunflower crop (Fig 5).

Methods of Bee Sampling

The number of bees captured by the passive method 
was notably more than the number of species captured by the 
active method (F = 12.23; p = 0.0012; Fig 6A). For abundance, 
the passive method was revealed to be more effective than the 
active one, in bee sampling (F = 14.26; p = 0.0016; Fig 6B). 

Fig 4. Principal Component Coordination Order (PCoA) of the 
bees sampled in the Cerrado (closed symbols) and sunflower (open 
symbols) at different distances, based on the Bray-Curtis similarity.

Fig 5. Average and standard deviations of the wealth (A) and abundance of bees (B) in the Cerrado and sunflower crops at different distances 
from the border. Means followed by different letters in the same habitat indicate significant difference by the Tukey test (p <0.05).

Fig 6. Number of species (A) and individuals (B) sampled using the active collection method (entomological net) and passive traps (pan traps). 
Means followed by different letters show significant difference (KW p < 0.05).
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However, while the specimens belonging to family Megachilidae 
were captured solely by the passive method, the species Centris 
cf. fuscata (Lepeletier) were captured only by the active method. 
The active collection involved 210 hours of sampling effort.

Exclusion Experiment

The lack of pollinators in the sunflower chapters directly 
affected the crop yield. The exclusion experiment revealed 
that the total mass of the seeds was significantly higher in 
49% of the open chapters for floral visitors, compared to the 
isolated chapters (Tukey: F = 30.77; p = 0.0019; Fig 7A). The 
distance from the sunflower crop to the Cerrado border also 
affected the seed weight of this crop (R2 = 0.25; p = 0.001), 
which was significantly higher at the point installed at 150 
m from the Cerrado (Tukey: F = 4.999, p = 0.0007; Fig 7B).

Discussion

In this study, the intense richness of the wild bee species 
observed reiterates that the Cerrado bordering the agricultural 
tracts acts as a vital habitat for insects, because this ecosystem 
contains great structural diversity and supports one of the 
richest flora in the world (Mendonça et al., 2008). To survive 
and forage in the agricultural terrains, wild bees must be able 
to occupy supportive habitats that provide suitable nesting 
areas and adequate food sources (Westrich, 1996) the whole 
year through. The Cerrado, being composed of a vegetation 
mosaic (Oliveira-Filho & Ratter, 2002; Silva et al., 2015) meets 
these requirements that according to Ricketts et al. (2008) and 
Garibaldi et al. (2016) are essential for maintaining bees and 
pollinating ecosystem service in adjacent crops. 

This study shows a higher abundance of bees in 
the sunflower crop, which offers additional support for 
the hypothesis that crops having mass flowering, (like the 
sunflower), may temporarily decrease the number of bees 
in the adjacent forests (Montero-Castaño et al., 2016). The 
reason for this is likely due to the abundance of pollen and 
nectar the sunflower crop offers which attracts several bee 
species, inducing them to leave their natural habitat and forage 
in the cultivated areas. It is noteworthy that sunflower is a 
monoculture of temporary resource, which does not provide all 
the nutritional requirements of the bees (Naug, 2009); therefore, 
the maintenance of these bees in the cultivated environment is 
conditioned by the quality and quantity of the natural habitats 
that surround the crop (Montero-Castaño et al., 2016).

Results found in this search followed the pattern revealed 
in other studies on the sunflower pollinators, indicating that the 
exotic bee A. mellifera was the most abundant floral visitor 
(Carvalheiro et al., 2011; Pisanty et al., 2014; Sardiñas & 
Kremen, 2015; Hevia et al., 2016). Besides mass flowering, 
colony size and food demand are some other factors that 
could explain the predominance of these insects in the crop. 
A. mellifera requires large quantities of stored food to meet 
the needs of its extensive colonies (Rollin et al., 2013).

In consonance with previous studies (Ricketts et al., 
2008; Carvalheiro et al., 2010, 2011) the distance negatively 
affected the richness and abundance of bees in the Cerrado, but 
in sunflower crop effect was not negative. Probably this result 
is associated with the irregular development of sunflower plants 
in the first 50 m of the crop. At this distance, many chapters 
were destroyed due to herbivory and, according to Jacobsen 
and Raguso (2018) flowers destroyed by the herbivores reduces 
the floral display, which the pollinating insects ignore, as they 
represent poor food resources. As they received fewer floral 
visitors, the seed weight of the sunflower chapters was also 
affected and unexpectedly larger in the point installed at 150 
m distance from the Cerrado. In this point, the plants displayed 
uniformity in the developmental pattern and the sunflower 
chapters were morphologically more attractive; this resulted in 
a higher visitation rate and, therefore, greater seed yield.

Fig 7. Weight of the sunflower seeds with and without the bee 
visitors (A) at the different distances of 50, 150, 300 and 600 m 
(B) from the Cerrado border. Means followed by different letters 
indicate significant difference by the Tukey test (p <0.05).
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In the Cerrado, as well as in the sunflower crops, the 
points found at the extremes revealed lower levels of both 
richness and abundance of bees. Native bees prefer to forage 
plants near their nests, and in this study we found nests of 
these bees on the edge of the Cerrado, justifying the greater 
richness and abundance at the points closest to it. Le Feon et 
al. (2013) report that the borders of native areas may offer one 
or more vital habitats for a variety of wild bee species in the 
agricultural terrains, mostly when related to a mass flowering 
crop, such as sunflower.

More numbers of bees could be collected in the Cerrado 
and in the sunflower crops using the passive trapping method 
with pan traps than with the active entomological net. This 
could be due to the attraction (Toler et al., 2005; Wilson et 
al., 2008) and bee preference for particular colors (Gumbert 
& Kunze, 2001; Heneberg & Bogusch, 2014). In melitophilia, 
the colors yellow and blue (Chittka & Thomson, 2004) 
indicate the presence and quality of the resources, like nectar 
and pollen, for the bees (Chittka & Thomson, 2004). This 
is the plausible reason for the findings in this study for the 
effective use of pan traps. The active collection, including 
the sampling of less numbers of species even, must be done 
alongside the passive method, as species like C. fuscata could 
be trapped using the entomological net alone.

The experiments conducted including and lacking 
the involvement of the floral visitors demonstrated that the 
high productivity of the mass of linoleic sunflower seeds is 
pollinator-dependent. In this study the 49% increase in the 
weight of the chapters open to pollinators compared to that of 
the closed ones, highlights the dependence of the sunflower by 
the pollinators. Mallinger et al. (2018) documented a similar 
result revealing a 45% increase in the seed produced from the 
chapters open to the bee visitors. Both results may encourage 
greater endeavor in wild bee conservation, especially of 
those species recognized for enhancing crop quality and the 
commercial value (Klatt et al., 2013).

From this study, it is evident that the conservation of 
the Cerrado abutting onto a sunflower crop enhanced the crop 
productivity by the action of the pollinating bees. As these 
bees collected the pollen and nectar, they promoted cross-
pollination and thus boosted the yield of the linoleic cultivar 
H250. This proves that the maintenance of the Brazilian 
Cerrado directly contributes to bee conservation, as these 
insects are critical to the sunflower production, including that 
of the linoleic cultivar.

Acknowledgments

The authors express their gratitude to José Victor 
Alves Ferreira for valuable assistance during the collections, 
to Camila Volff for planning the experimental design, and 
to the Franciosi group for making the area available and 
supporting the research. They also thank REDE-BioAgro 
Project for funding the research and the Coordination for the 
Improvement of Higher Education Personnel (CAPES) for 

granting the scholarship and providing financial assistance 
through - PROAP.

MLS ALMEIDA; GS CARVALHO; JR NOVAIS; D 
STORCK-TONON; ML OLIVEIRA; T MAHLMANN; DS 
NOGUEIRA; MJB PEREIRA. 

Author Contributions

Design of the Work: MLS ALMEIDA, GS 
CARVALHO, MJB PEREIRA; Drafting the Work: MLS 
ALMEIDA, GS CARVALHO, JR NOVAIS, D STORCK-
TONON, ML OLIVEIRA, T MAHLMANN, DS NOGUEIR, 
MJB PEREIRA; Data Collect: MLS ALMEIDA, GS 
CARVALHO, JR NOVAIS; Analysis / Interpretation of 
Data: MLS ALMEIDA; GS CARVALHO, D STORCK-
TONON; Oversight and Leadership Responsibility for the 
Research: MLS ALMEIDA; GS CARVALHO, D STORCK-
TONON,; Taxonomy: ML OLIVEIRA, T MAHLMANN, DS 
NOGUEIRA; Final Approval of the Version to be Published: 
MLS ALMEIDA, GS CARVALHO, JR NOVAIS, D 
STORCK-TONON, ML OLIVEIRA, T MAHLMANN, DS 
NOGUEIR, MJB PEREIRA. 

References

Almeida SSP, Louzada JNC (2009). Estrutura da comunidade 
de Scarabaeinae (Scarabaeidae: Coleoptera) em fitofisionomias 
do Cerrado e sua importância para a conservação. Neotropical 
Entomology, 38: 32-43.

Anderson MJ (2001). A new method for non parametric 
multivariate analysis of variance. Austral Ecology, 26: 32-46. 
doi: 10.1111/j.1442-9993.2001.01070.pp.x 

Ball ST, Campbell GS, Konzak CF (1992). Pollination bags 
affect wheat spike temperature. Crop Science, 32: 1155-1159.

Benton TG, Vickery JA, Wilson JD (2003). Farmland biodiversity: 
is habitat heterogeneity the key? Trends in Ecology and 
Evolution, 18: 182-88. doi: 10.1016/S0169-5347(03)00011-9

Brittain C, Kremen C, Klein AM (2013). Biodiversity buffers 
pollination from changes in environmental conditions. Global 
Change Biology, 19: 540-547. doi: 10.1111/gcb.12043

Cameron SA, Lozier JD, Strange JP, Koch JB, Cordes N, 
Solter LF, Griswold TL (2011). Patterns of widespread decline 
in North American bumble bees. PNAS USA, 108: 662-667. 
doi: 10.1073/pnas.1014743108

Carvalheiro LG, Seymour CL, Veldtman RN, Susan W (2010). 
Pollination services decline with distance from natural habitat 
even in biodiversity rich areas. Journal of Applied Ecology,  47: 
810-820. doi: 10.1111/j.1365-2664.2010.01829.x

Carvalheiro LG, Veldtman R, Shenkute AG, Tesfay GB, Pirk 
CWW, Donaldson JS, Nicolson SW (2011). Natural and within-
farmland biodiversity enhances crop productivity Ecology 
Letters, 14: 251-259. doi: 10.1111/j.1461-0248.2010.01579.x   



Sociobiology 67(2): 281-291 (June, 2020) 289

Chittka L, Thomson JD (2004). Cognitive ecology of pollination: 
animal behavior and floral evolution. (360 p). Cambridge: 
Cambridge University Press. 

Colwell RK (2009). Estimate S—statistical estimation of 
species richness and shared species from samples. Version 
8.2. University of Connecticut, Storrs.

Dallacort R, Martins JA, Inoue MH, Freitas PSL, Colett AJ 
(2011). Distribuição das chuvas no município de Tangará 
da Serra, médio norte do Estado de Mato Grosso, Brasil. 
Acta Scientiarum. Agronomy, 33: 193-200. doi: 10.4025/
actasciagron.v33i2.5838

Free JB (1993). Insect Pollination of Crops.  Academic Press, 
London,  684p.

Garibaldi LA, Carvalheiro LG, Vaissière BE, Gemmill-
Herren B, Hipólito J, Freitas BM, Ngo HT, Azzu N, Sáez A, 
Åström J, An J, Blochtein B, Buchori D, García FJC, Silva 

FO, Devkota K, Ribeiro MF, Freitas L, Gaglianone MC, 
Goss M, Irshad M, Kasina M, Pacheco Filho AJS, Kiill LHP, 
Kwapong P, Parra GN, Pires C, Pires V, Rawal RS, Rizali 

A, Saraiva AM, Veldtman R, Viana BF, Witter S, Zhang H 
(2016). Mutually beneficial pollinator diversity and crop yield 
outcomes in small and large farms. Science, 351: 388-391. 
doi: 10.1126/science.aac7287. 

Garibaldi LA, Steffan-Dewenter I, Kremen C, Morales JM, 
Bommarco R, Cunningham SA, Carvalheiro LG, Chacoff 
NP, Dudenhöffer JH, Greenleaf SS, Holzschuh A, Isaacs R, 
Krewenka K, Mandelik Y, Mayfield MM, Morandin LA, Potts 
SG, Ricketts TH, Szentgyörgyi H, Viana BF, Westphal C, 
Winfree R, Klein AM (2011). Stability of pollination services 
decreases with isolation from natural areas despite honey bee 
visits.  Ecology Letters, 14: 1062-1072. doi: 10.1111/j.1461-
0248.2011.01669.x

Gotelli NJ, Colwell RK (2001). Quantifying biodiversity: 
procedures and pitfalls in the measurement and comparison 
of species richness. Ecology Letters, 4: 379-391. doi: 10.1046 
/j.1461-0248.2001.00230.x

Greenleaf SS, Kremen C (2006). Wild bees enhance honey 
bees pollination of hybrid sunflower. PNAS USA, 103: 
13890-13895. doi: 10.1073/pnas.0600929103

Gries R, Louzada J, Almeida S, Macedo R, Barlow J (2012). 
Evaluating the impacts and conservation value of exotic and 
native tree afforestation in Cerrado grasslands using dung 
beetles. Insect Conservation and Diversity, 5: 175-185. doi: 
10.1111/j.1752 4598.2011.00145.x

Gumbert A, Kunze J (2001). Colour similarity to rewarding 
model plants affects pollination in a food deceptive orchid, 
Orchis boryi. Biological Journal of the Linnean Society, 72: 
419-433. doi: 10.1006/bijl.2000.0510

Heneberg P, Bogusch P (2014). To Enrich Or Not To Enrich? 
Are There Any Benefits Of Using Multiple Colors Of Pan 

Traps When Sampling Aculeate Hymenoptera?  Journal of Insect 
Conservation, 18: 1123-1136. doi: 10.1007/s10841-014-9723-8

Hevia V, Bosch J, Azcárate FM, Fernández E, Rodrigo 
A, Barril-Graellsb H, González JA (2016). Bee diversity 
and abundance in a livestock drove road and its impact 
on pollination and seed set in adjacent sunflower fields. 
Agriculture, Ecosystems and Environment, 232: 336-344. 
doi: 10.1016/j.agee.2016.08.021

Holzschuh A, Dormann CF, Tscharntke T, Steffan-Dewenter 
I (2011). Expansion of mass-flowering crops leads to transient 
pollinator dilution and reduced wild plant pollination. The 
Proceedings of the Royal Society B: Biological Sciences, 
278: 3444-3451.  doi: 10.1098/rspb.2011.0268.

Intergovernmental Science-Policy Platform on Biodiversity 
and Ecosystem Services (IPBES) (2016). In: Potts SG, 
Imperatriz-Fonseca VL, Ngo HT, Biesmeijer JC, Breeze TD, 
Dicks LV, Garibaldi LA, Hill R, Settele J, Vanbergen AJ, 
Aizen MA, Cunningham SA, Eardley C, Freitas BM, Gallai 
N, Kevan PG, Kovács- Hostyánszki A, Kwapong PK, Li J, 
Li X, Martins DJ, Nates-Parra G, Pettis JS, Rader R, Viana 
BF. (eds.) Summary for Policymakers of the Assessment 
Report of the Intergovernmental Science-Policy Platform 
on Biodiversity and Ecosystem Services on Pollinators, 
Pollination and Food Production. IPBES. Available at http://
www.ipbes.net/article/press-release-pollinatorsvital-our-
food-supply-under-threat. (Accessed in 02 march 2016).

Jacobsen, DJ, Raguso RA (2018). Lingering effects of 
herbivory and plant defenses on pollinators. Current Biology, 
28: 1164-1169.  doi: 10.1016/j.cub.2018.08.010

Klatt BK, Holzschuh A, Westphal C, Clough Y, Smit I, 
Pawelzik E, Tscharntke T (2013). Bee pollination improves 
crop quality, shelf life and commercial value. The Proceedings 
of the Royal Society B:  Biological Sciences, 28: 24-40. doi: 
10.1016/j.cub.2018.08.010

Klein AM, Vaissiere BE, Cane JH (2007). Importance of 
pollinators in changing landscape for world crops. The 
Proceedings of the Royal Society B:  Biological Sciences, 
274: 303-313. doi: 10.1098/rspb.2006.3721

Le Feon V, Burel F, Chifflet R, Henry M, Ricroch A, Vaissière 
BE, Baudry J (2013). Solitary bee abundance and species 
richness in dynamic agricultural landscapes. Agriculture, 
Ecosystems and Environment, 166: 94-101. doi: 10.1038/
s41598-018-30126-0

Lindgren J, Lindborg R, Cousins SAO (2018). Local 
conditions in small habitats and surrounding landscape are 
important for pollination services, biological pest control and 
seed predation. Agriculture, Ecosystems and Environment , 
251: 107-113. doi: 10.1016/j.agee.2017.09.025

Mallinger R,  Prasifka J (2017). Benefits of Insect Pollination to 
Confection Sunflowers Differ Across Plant Genotypes. Crop 



MLS Almeida et al. – Cerrado as Habitat for Sunflower Pollinating Bees290

Science, 57: 3264-3272. doi: 10.2135/culturasci2017.03.0148

Mallinger RE, Bradshaw J, Varenhorst AJ, Prasifka JR (2018). 
Native Solitary Bees Provide Economically Significant 
Pollination Services to Confection Sunflowers (Helianthus 
annuus L.) (Asterales: Asteraceae) Grown Across the Northern 
Great Plains. Journal of Economic Entomology, 20: 1-9. doi: 
10.1093/jee/toy322

Mendiburu FD (2017). agricolae: Statistical Procedures for 
Agricultural Research. R Package Version 1,3-1. http://CRAN.R-
project.org/package=agricolae (Accessed: 01 May 2019)

Mendonça RC, Felfili JM, Walter BMT, Silva-Jr MC, Rezende 
AV, Filgueiras T, Nogueira PE, Fagg CW (2008). Flora 
vascular do cerrado: Checklist com 12.356 espécies, (p. 417-
1279). In Sano SM, Almeida SP, Ribeiro JF (eds) Cerrado: 
ecologia e flora. EMBRAPA-CPAC, Planaltina, 1279p.

Montero-Castaño A, Ortiz-Sánchez FJ, Vilà M (2016). Mass 
flowering crops in a patchy agricultural landscape can 
reduce bee abundance in adjacent shrublands. Agriculture, 
Ecosystems and Environment, 223: 22-30. doi: 10.1016/j.
agee.2016.02.019

Moreira EF, Santos RLS, Penna UL, Angel-Coca C, Oliveira 
FF, Viana BF (2016). Are pan traps colors complementary to 
sample community of potential pollinator insects? Journal 
of Insect Conservation, 20: 583-596. doi: 10.1007/s10841-
016-9890-x 

Naug D (2009). Nutritional stress due to habitat loss may explain 
recent honeybee colony collapses. Biological Conservation, 
142: 2369-2372. doi: 10.1016/j.biocon.2009.04.007

Oksanen J, Blanchet FG, Friendly M, Kindt  R, Legendre  P, 
Mcglinn  D, Minchin PR, O’hara  RB, Simpson GL, Solymos 
P, Stevens MH, Szoecs E, Wagner H .Vegan: Community 
Ecology Package. R package version 2.5-5. https:// CRAN.R-
project.org/package=vegan. (Accessed 05 May 2019).

Oliveira-Filho T, Ratter JA (2002). Vegetation physiognomies 
and woody flora of the Cerrado biome, p. 91-120. In: Oliveira 
PS, Marquis RJ (eds) The Cerrado of Brazil–ecology and 
natural history of a neotropical Savanna. Columbia University 
Press, New York, 373p.

Pisanty G, Klein AM, Mandelik Y (2014). Do wild bees 
complement honeybee pollination of confection sunflowers in 
Israel? Apidologie, 45: 235-247. doi: 10.1007/s13592-013-
0242-5

Potts SG, Imperatriz-Fonseca V, Ngo HT, Aizen MA, Biesmeijer 
JC, Breeze TD, Dicks LV, Hill L, Settele J, Vanbergen AJ 
(2016). Safeguarding pollinators and their values to human 
well-being. Nature, 40: 220-229. doi: 10.1038/nature20588. 

Potts SG, Roberts SPM, Dean R, Marris G, Brown MA, Jones 
R, Neumann P, Settele J (2010). Global pollinator declines: 
trends, impacts and drivers. Trends in Ecology and Evolution, 
25: 345-353. doi: 10.1016/j.tree.2010.01.007

Ricketts TH, Regetz J, Steffan-Dewenter I, Cunningham SA, 
Kremen C, Bogdanski A, Gemmill-Herren B, Greenleaf SS, 
Klein AM, Mayfield MM, Morandin LA, Ochieng A, Viana 
BF (2008). Landscape effects on crop pollination services: 
are there general patterns? Ecology Letters, 11: 499-515. doi: 
10.1111/j.1461-0248.2008.01157.x

Rollin O, Bretagnolle V, Decourtye A, Aptel J, Michel N, 
Vaissière BE, Henry M (2013). Differences Of floral resource 
use between honey bees and wild bees in an intensive farming 
system. Agriculture, Ecosystems and Environment, 179: 78-
86. doi: 10.1016/j.agee.2013.07.007

Roulston TH, Goodell K (2011). The role of resources and 
risks in regulating wild bee populations. Annual Review 
of Entomology, 56: 293-312. doi: 10.1146/annurev-ento-120 
709-144802.

Roulston TH, Smith SA, Brewster AL (2007). A comparison 
of pan trap and intensive net sampling techniques for 
documenting a bee (Hymenoptera: Apiformes.   Journal of 
the Kansas Entomological Society, 80: 179-181. doi 10.2317/ 
0022-8567 

Sardiñas H, Kremen C (2015). Pollination services from field-
scale agricultural diversification may be context-dependent. 
Agriculture, Ecosystems and Environment, 207: 17-25. doi: 
10.1016/j.agee.2015.03.020

Silva RBM, Francelino MR, Moura PA, Moura TA, Pereira 
MG, Oliveira CP (2015). Soil-Vegetation  Relation in Cerrado 
Enviroment Under Influence of the Group Urucuia. Ciência 
Florestal, 25: 363-373. doi: 10.5902/1980509818455

Sun Y, Godwin ID, Arief VN, Delacy IH, Jackway PT, 
Lambrides CJ (2012). Factors controlling self-fertility in 
sunflower: The role of GCA/SCA effects, alleles, and floret 
characteristics.  Crop Science, 52: 128-135. doi: 10.2135/
culturasci2011.04.0188

Tamburini G, Lami F, Marini L (2017). Pollination benefits 
are maximized at intermediate nutrient levels. The Proceedings 
of the Royal Society B: Biological Sciences, 284: 20170729. 
doi: 10.1098/rspb.2017.0729

The Development Core Team (2017). R: A language and 
environment for statistical computing. R foundation for 
statistical computing, Vienna, Austria. Available at https://
www.R-project.org/.

Toler T, Evans EW, Tepedino VJ (2005). Pan-trapping for 
bees (Hymenoptera: Apiformes) in Utah’s west desert: the 
importance of color diversity.  The Pan-Pacific Entomologist,  
81: 103-113

Tschoeke PH, Oliveira EE, Dalcin MS, Silveira-Tschoeke 
MCAC, Santos GR (2015). Diversity and flower-visiting rates 
of bee species as potential pollinators of melon (Cucumis 
melo L.) in the Brazilian Cerrado. Scientia Horticulturae, 186: 
207-216. doi: 10.1016/j.scienta.2015.02.027 



Sociobiology 67(2): 281-291 (June, 2020) 291

Weiss EA (1983). Oilseed Crops. Longman, London, New 
York, 389p.

Westphal C, Bommarco R, Carré G, Lamborn E, Morison 
N, Petanidou T, Potts SG, Roberts SPM, Szentgyörgyi H, 
Tscheulin T, Vaissière BE, Woyciechowski M, Biesmeijer JC, 
Kunin WE, Settele J, Steffan-Dewenter I (2008). Measuring bee 
diversity in different european habitats and biogeographical 
regions. Ecological Monographs, 78: 653-671. doi: 10.1890/ 
07-1292.1

Westphal C, Steffan-Dewenter I, Tscharntke T (2003). Mass 
flowering crops enhance pollinator densities at a landscape 
scale. Ecology Letters , 6: 961-965. doi: 10.1111/ele.12657

Westrich P (1996). Habitat requirements of central European 
bees and the problems of partial habitats, p. 1-16. In: Matheson 
A, Buchmann SL, O’Toole C, Westrich P, Williams H, (eds). The 
conservation of bees. Linnean Society of London and the 
International Bee Research Association by Academic Press; 
London, UK, 254p. 

Wilson JS, Griswold T, Messinger OJ (2008). Sampling bee 
communities (Hymenoptera: Apiformes) in a desert landscape: 
are pan traps sufficient? J Journal of the Kansas Entomological 
Society, 81: 288-300. doi: 10.2317/JKES-802.06.1

Winfree R, Williams NM, Dushoff J, Kremen C (2007). 
Native bees provide insurance against ongoing honey bee 
losses. Ecology Letters , 10: 1105-1113. doi: 10.1111 / j.1461-
0248.2007.01110.x

Wolowski M, Agostini K, Rech AR, Varassin IG, Maués M, 
Freitas F, Carneiro LT,  Bueno RO,  Consolaro  H,  Carvalheiro 
L,  Saraiva AM, Silva CI (2019). Plataforma Brasileira de 
Biodiversidade e Serviços Ecossistêmicos (BPBES). https://
www.bpbes.net.br/wpcontent/uploads/2019/03/BPBES_SPM 
Polinizacao  (Accessed 02 May 2019).

Zhang W, Ricketts TH, Kremen C, Carney K, Swinton SM 
(2007). Ecosystem services and dis-services to agriculture. 
Ecolgical Economics, 64: 253-260. doi: 10.1016/j.ecolecon. 
2007.02.024 


