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Introduction

Honey bees may visit a flower based on the floral color, 
size, patterning and social cues, and then were encouraged by 
the rewards of nectar or pollens (Orban & Plowright, 2014). 
However, the choice of nectar or pollens heavily depends on 
the colony nutritional deficiencies (Hendriksma & Shafir, 
2016). Nectar is foraged as the major energy resource of adult 
bees and the pollens provide the protein, lipids, vitamins and 
minerals for both adult bees and larvae, while the realization 
of pollination by bees is mainly based on their foraging 
behavior (Brodschneider & Crailsheim, 2010). 

The variations of available pollen resources are 
important for the health of honey bees due to the differences 
in nutrient composition (Di Pasquale et al., 2016). As the 
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generalist pollinators, honey bees play a dominant role in 
pollination service due to the widely foraging spectrum of 
plant species and the plentiful foragers of a single nest (Koski 
& Ashman, 2015). 

The Eastern honeybee, Apis cerana Fabricius (A. 
cerana), is native to Asia and has been managed beekeeping 
at least 1700 years (Chen et al., 2017). There are more than 2 
million A. cerana colonies kept in China (Chen et al., 2017). 
Compared to Apis mellifera Linnaeus (A. mellifera), A. cerana 
is better in stress-tolerance, such as scattered floral resources, 
extreme weather conditions, long flight duration, effective 
hygienic behaviors and cooperative group-level defenses (Park 
et al., 2015). Therefore, A. cerana takes charge of an essential 
complement of A. mellifera on pollination service for both 
wild plants and intensive crops (Park et al., 2015).
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Large-scale single species plantation of sunflower 
(Helianthus annuus) or maize (Zea mays) destroys the 
habitats and results in decline of pollinators (Naug, 2009). 
Nowadays, the seed production of sunflower mainly depends 
on the pollination service of honey bees (Calderone, 2012), 
which are rewarded by both nectar and pollen (Greenleaf & 
Kremen, 2006). Meanwhile, the maize, as an anemophilous 
crop, flowers at the same period and can also provide pollen 
(Di Pasquale et al., 2016). Hence, the sunflower and the 
maize are main floral resources in July and August (Di 
Pasquale et al., 2016). However, the deficiency of histidine 
in maize pollens and phosphorus element in sunflower 
pollens, which are essential for honey bee health, results in 
dramatically reduced lifespan of workers (Di Pasquale et al., 
2016; Filipiak et al., 2017). Furthermore, the clarification of 
nutritional requirements of different bee species will conduct 
the restoration of floral resource which develops diverse and 
nutritionally balanced plant communities (Vaudo et al., 2015).

In this current study, the colonies of A. mellifera and 
A. cerana were surrounded by intensive agrarian landscape 
of sunflower in Bayannur of Inner Mongolia autonomous 
region of China, where the sunflowers occupied the largest 
plant area and the most extensive range. (http://www.bynr.
gov.cn/BynChina/AboutByn/Famousbrandhigh/). In order to 
demonstrate the bias pollen foraging behavior of these two honey 
bee species, the daily activity of pollen foraging and pollen 
preference have been observed during the flowering period.

Materials and methods

Fields, surrounding vegetation and colonies

This study was performed in an agrarian environment 
in Bayannur of Inner Mongolia autonomous region of China 
(E107.40′38″, N40.58′28″ with altitude 1030 meters) from 
July 26th to August 26th of 2017 and 2018, where there were 
sunflower (92.9%) and maize (7.1%) crops during that time. 
Besides, few Xanthium and Suaeda distributing as weeds at 
the edge of the sunflower and maize fields were flowering. 
Due to the phenological consistency of these four plant 
species in the same habitat type, all pairwise comparisons 
were performed simultaneously. The colonies of A. mellifera 
were equalized to six frames of workers with one frame 
honey, while the colonies of A. cerana were equalized to 
three frames of workers with one frame honey. All the queens 
were half-year-old. For each bee species, five colonies were 
observed for foraging behavior. All the colonies were housed 
in standard Langstroth hives and shipped to the location 
two weeks before the sunflower blooming. The apiary was 
surrounded by sunflowers.

Observation of foraging behavior

The number of bees returning with pollen pellets 
and the amount of pollen pellets were observed from 6:00 

to 20:00 during 3 continuous sunny days at the full-bloom 
stage of sunflower, respectively. To record the number of 
workers returning with pollens, a camera was fixed in front of 
the entrance of each hive. Subsequently, the bees with pollen 
pellets were counted by eyes from the videos recorded by 
cameras at the first ten minutes of each hour. To obtain the 
pollen pellets collected by bees, pollen traps were set at the 
entrance of each colony (Fig 1). The captured pollen pellets 
were collected at each hour. And then, the pollen pellets were 
dispersed sufficiently so as to be recorded as photos for further 
counting (Fig 1). Compared to the pollen pellets from the 
maize, xanthium and suaeda (M.X.S.), the pollen pellets from 
sunflower exhibited distinct color (Fig 1). Consequently, the 
photos were digitally analyzed via Image Pro Plus software 
(Version 6.0) for the distinguishing and counting the sunflower 
pollen pellets from the M.X.S.. Meanwhile, the ambient 
temperature and humidity were recorded simultaneously by 
automatic recording meter (Eliteck RH-4HC).

Fig 1.  Pollen foraging from sunflower (A), maize (B), xanthium (C) 
and suaeda (D) by honey bees. Pollen pellets collection via pollen 
trap (E) and recording via camera (F). 

Statistics

The data was analyzed using the software Prism 
(GraphPad Software, San Diego, CA), and all data was 
expressed as the mean ± SE (Standard error). The results were 
analyzed using a two-way analysis of variance (ANOVA), 
followed by a statistical significance determination using 
Student’s t-test.
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Results

Daily activity of honey bees

The daily activity of A. mellifera and A. cerana was 
detected firstly. The number of workers returning with pollen 
pellets displayed that two summits occurred in the morning 
and afternoon, respectively. The first pollen foraging summit 

and afternoon, respectively. The first pollen foraging summit 
of A. cerana happened between 8 and 10 o’clock, while it 
was one hour later in A. mellifera. And then, the foraging 
behavior decreased sharply until another summit occurred 
between 17 and 19 o’clock (Fig 2A). Meanwhile, the amount 
of pollen pellets collected by pollen traps exhibited the same 
tendency (Fig 2B). During the observation period, the lowest 
temperature (13 degree centigrade) and highest humidity (94%) 
records happened at 6 o’clock, while the highest temperature 
record (36 degree centigrade) emerged at 12 o’clock and the 
lowest humidity record (23%) occurred at 15 o’clock (Fig 3).

Bias of pollen foraging between A. mellifera and A. cerana

As to the source of pollens, the ratio of sunflower pollen 
pellets were less than that of M.X.S. pollen pellets in both bee 
species (Fig 4A). Nevertheless, the ratio of sunflower pollens 
in A. mellifera was no more than forty percent, and which was 
no more than twenty percent in A. cerana (Fig 4A). For each 
species, A. mellifera foraged more sunflower pollens before 9 
o’clock and post 15 o’clock, while they foraged more M.X.S. 
pollens between 9 o’clock to 15 o’clock (Fig 4B). In contrast, 
A. cerana foraged M.X.S. pollens more than that of sunflower 
during the entire observation period (Fig 4B).

Discussion

For bee species, the foraging of pollen and nectar is 
important for the colony development, while the behaviors are 
affected by floral resources and ambient temperature (Aleixo 
et al., 2017). In the current study, the distinct differences of 
A. mellifera and A. cerana in foraging behavior and bias of 
pollens have been exhibited during the period of sunflower 
blooming with M.X.S as minor pollen resources and distributing 
sporadically. 

Previously study shows that A. cerana starts foraging 
and reaches the peak of foraging activity earlier and at 
lower ambient temperatures than A. mellifera does, since A. 
mellifera demands higher thoracic temperature to forage than 

Fig 2.  The daily activity of honey bee foraging by worker counting 
(A) and pollen pellet counting (B). The ratio has been normalized 
to the maximum, respectively. Five colonies for three continuous 
sunny days for each bee species.

Fig 3.  The range of temperature and humidity of the apiary from sunrise to sunset for three continuous sunny days.
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A. cerana does (Tan et al., 2012). In this study, the increasing 
of foraging behavior was companied with the increasing of 
temperature, and the first summit in A. cerana happened one 
hour earlier than that of A. mellifera. However, the foraging 
behavior decreased sharply when the temperature was above 
31 degree centigrade, and then a second foraging summit 
occurred in the later afternoon when the temperature went 
below 31 degree centigrade. What was more, the foraging 
behavior of A. cerana decreased earlier than that of A. 
mellifera. These results indicate that the A. mellifera is more 
tolerant to high temperature than A. cerana does.

Honey bees will weigh against the costs of time and 
energy with the gain of food (Couvillon et al., 2015; Danner 
et al., 2016). Although the colonies of both A. mellifera and 
A. cerana were surrounded by mass flowering sunflowers 
and only few other flowering plants distributed sporadically 

in this current study, our results showed that more M.X.S. 
pollens were foraged. This phenomenon indicates that it is 
necessary for honey bees to forage M.X.S. pollens in spite of 
more time and energy demanded.

The behaviors of foragers are mainly driven by the 
colony nutritional deficiencies so as to maintain the health of 
colonies (Leonhardt & Blüthgen, 2012; Hendriksma & Shafir, 
2016). Sunflower and maize are dominant pollen resource 
plants in summer, but their pollens are poorly nutrient for 
honey bees since the lower protein and essential amino acids 
content (Nicolson & Human, 2013; Di Pasquale et al., 2016). 
Even though, A. mellifera foraging more pollens of maize 
(Di Pasquale et al., 2016). Our results showed that both A. 
mellifera and A. cerana foraged more pollens of M.X.S. than 
that of sunflower, while A. cerana preferred foraging M.X.S. 
pollens more than A. mellifera did. Hence, the bias foraging 
of pollens might be due to the serious deficiencies of nutrition. 
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