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ABSTRACT 
 

Most of the human food resources depend on honeybees; they are the most efficient pollinators that 

contribute to our ecosystem stability, biodiversity and crop productivity. Honeybees’ foraging behavior is 

affected by many environmental factors. Daytime, ambient temperature and food availability (nectar and 

pollen) are the most influencing factors on foraging behavior. Many ecological studies were done to study 

this behavior, in addition to its seasonal and monthly abundance. In this study, honeybees’ foraging 

activities, as well as their seasonal and monthly abundance were studied and evaluated. The study was run 

during the period of 12/2017-11/2018. All beekeeping managements were provided to retain the colony in 

good condition during the period of the experiment. The obtained results revealed that honeybees have a 

bimodal daily foraging activity pattern with morning and afternoon peaks. The daily activity pattern of 

honeybees showed a significant correlation with the measured temperature. Meanwhile, the seasonal 

abundance of forager bees changed significantly among different seasons with the highest abundance peak 

during spring. Results also suggest that the honeybees’ activity had a microclimatic window of opportunity 

for ambient temperatures within which foraging flight can be continued, where their forage temperature was 

fallen within the range of 20°C to 28°C. 

Keywords: Apis mellifera, Foraging, Honeybee, Rhythm 

  

INTRODUCTION 
 

Foraging is the link between honeybee colony and 

their exterior environment. Social insect forager does 

not seek food in the environment for individual life, but 

for colony energy reserves. Thus it is not surprising 

that there are strong social influences on foraging 

activity in social insects (Robinson, 2002). Honeybees 

depend on floral resources (nectar and pollen), to 

supply individual and colony sustenance. Under normal 

colony conditions, the forager honeybees are workers 

with an age over 21 days, when they shift to perform 

out-colony tasks including food collection (Huang and 

Robinson, 1996).  
 

The forager can be classified into two categories; 

persistent foragers which search for the best food 

resource and the reticent foragers which wait in the 

beehive until the scout bees return and give them 

information about the food source by dancing (Van 

Nest et al., 2016). The reticent bees, in general, range 

from 40–90% of the total forager population (Nest and 

Moore, 2012). Foragers gather information from their 

hive mates about the nectar availability within the hive 

(Dreller et al., 1999). There are many environmental 

factors that can affect foraging activity. The presence 

of suitable plant resources has a great impact on 

foraging activity, and forager bees have a preference 

for some resources over others (Fülöp and Menzel, 

2000). Temperature is also one of the most important 

environmental factors that influence honeybee foraging 

activity (Blažytė-Čereškienė et al., 2010, Tan et al., 

2012). Therefore, it is expected that foraging activity is 

highly influenced by elevated temperature with pollen 

foragers (Cooper et al., 1985). In contrast, relative 

humidity had less effect on flight activity (Joshi and 

Joshi, 2010).  
 

To evaluate the effect of some local environmental 

factors, our study was carried out in which the foraging 

behavior of a colony of Apis melliferain, at the apiary 

of faculty of Agricultural, located in Agriculture farm 

at Suez Canal University, was monitored for successive 

periods of 12 months. Meanwhile, the investigation of 

the seasonal and diurnal foraging rhythm of honeybees 

and their abundance under field conditions were also 

considered. 
 

MATERIALS AND METHOD 
 
 

Study Area 

  Honeybee foraging behavior of a colony at the 

apiary of faculty of Agricultural (Figure1), Suez Canal 

University, Ismailia, Egypt (27.000°N 30.000°E), was 

monitored along 48 different days for 12 successive 

months. The total land area of the study site was about 

5 km
2
, where no other apiary or honeybee hives were 

existed around the study area. 

Observation of Foraging Activity  

 Foraging activity was evaluated during the time 

period of the study except during rainy and windy days 

loaded with dust. The foraging activity of honeybee 

workers was estimated, in which number of forager 

bees were counted periodically once /week for totally 

140 minutes from dawn to dusk (in approximate 10 

minutes/hr). 

 The number of bees returning to the hive entrance, 

assumed that loaded with pollen and nectar, were 

recorded. In addition, number of the bees that leaving 

the hive were also recorded. The size of the hive 

entrance was tightened to control the number of bees 

leaving or entering the hive, as only one bee can pass 

from this entrance so it can be counted. 

 Temperature and humidity were recorded every hour 

using a thermocouple thermos-hygrometer, besides 

several weather data (cloudy, clear sky or rainy) and 

any identifiable variation in the bee behavior. All 

labors were carefully worked and practice to keep them 

at the same condition as other colonies at the bee yard.
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Figure (1): Apiary location at Faculty of Agriculture, Suez Canal University; (A) Location image of Agriculture farm where 
the apiary is located; (B) the apiary study area, with different wooden honeybees’ hives, which is about 25 m2; (C) the 

wooden honeybee’s hives showing the dimension of honeybee’s hives and the distance between them.  
 

  

These practices include supply the Clooney by brood 

frames when it needed. The full frames of honey were 

taken off from the hive, in addition to supply bees with 

suitable food sources overwintering. 
 

Data Analysis  

 Data recorded, in means, were statistically analysed, 

for differences among the measured parameters, using 

SPSS software (Statistical Package for Social Science, 

Version 18.0). The results showing differences, with 

p≤ 0.05, are conventionally regarded as statistically 

significant different. Meanwhile, all data measured 

were recorded in means ± standard error (SE).  
 

RESULTS 

 
  The daily activity pattern of honeybees showed 

negative significant difference (p ≤ 0.002) with day 

temperature from dawn to dusk over months at the time 

period of the study (Figure 2). However, honeybees’ 

activity pattern fluctuated throughout the day, bees’ 

activity usually initiated at early morning and ended 

after sunset. In December, honeybee’s activity started 

at early morning (6:00 am) with a peak of activity 

recorded at 9:00 h. Another peak took place around 

14:00 h. In January and March, bees’ activity started 

almost at 7:00 with a morning peak almost at 11:00 h 

and afternoon peak at 15:00 h, while in February the 

first peak started at 10:00 h, while an afternoon peak 

was recorded at 15:00 h. In April, May and June, the 

activity started at 6:00 h with morning peak at 12:00 h 

and afternoon peak at 16:00 h. Moreover in July, 

August and September, bee’s activity started at 6:00 h 

too, while activity peaks seemed to be appeared in the 

morning from 9:00 to 12:00 h and with afternoon peak 

at 17:00 h. Finally, in October and November morning 

activity peak was recorded 10:00 h to 11:00 h with no 

afternoon peak. 
 

Seasonal Activity Pattern 
 

  Recording honeybees’ activity during different 

season of the study was represented in (Fig. 3). 

Activity of honeybees showed significant difference 

(p≤ 0.001) among seasons. Bees recorded a highest 

activity peak in spring followed by winter, while in 

autumn the activity decreased and the least activity was 

observed. A bimodal pattern of honeybees’ activity 

appeared in spring, in which activity increased continu-

ously till reaching the first peak at noon, around 11:00 

am, then activity decreased and started to elevate till it 

reached the second peak at afternoon, around 15:00 

pm. In winter there was a backward shifting in 

honeybee’s activity when the first peak of activity incr-

eased until it reached its peak at 10:00 am and the 

second peak at 14:00 pm. In summer, the first peak 

started earlier around 8:00 am and remain at its peak 

till 11:00 am, followed by the second daily peak which 

started around 16:00-18:00 pm. In autumn, there was a 

monomodal activity pattern in which only one morning 

peak was recorded and it started around 8:00-11:00 am. 
 
 

Monthly Abundance 
 

 Monthly abundance of forager bees (Fig.4) changed 

significantly among different months of the year (
2
= 

471.93, df= 11, p≤ 0.00001). Active honeybee numbers 

increased during the time period of the study in which 

February recorded the highest value (474±153 

individual/day). However in March significant decr-

ease was recorded with mean number of 397±130 

individual/day followed by April with mean number of 

378±128 individual/day. In meanwhile, by December 

continues decrease. in bees abundance, was recorded 

with mean number of 237±77 individual/day.   
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Figure (2): Daily activity rhythm of honeybees, Apis mellifera, during the study period. The bees’ numbers are represented in mean± S.E. 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

Figure (3): Honeybee’s activity pattern in different seasons during the study period, The bees’ numbers are represented in mean± S.E. 
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The abundance decreased during January with mean 

number of 96 ±30 individual/day and in October with 

mean number of 85 ±30 individual/day. In November 

the abundance continued to decrease and recorded 32 

±10 individual/day. The other five months showed 

intermediate abundance as in August where the mean 

number of active bees was 207 ±72 individual/day, 

while in September, it recoded 147±52 individual/day. 

In July, less abundance was recorded (126 ±42 

individual/day) but still higher than in January. In June 

and May, less abundance were recorded (117±43 and 

115±39 individual/day, respectively; Figure 4). 

 

 
 

Figure (4): Monthly abundance of honeybee during the study period. 
Data represented in mean ± SE. 

 

Seasonal Abundance  

The seasonal abundance of forager bees changed 

significantly among different seasons (
2
= 303.35, df = 

3, p≤ 0.00001), where it increased during Spring 

followed by Winter. However, in Autumn it recorded 

the lowest value. During Spring, the average number of 

honeybees was 498 ±94 individual/day followed by 

Winter when it was 379 ±80 individual/day, while in 

Summer it was 215 ±45 individual/day and the least 

abundance appeared in autumn when it was 103 ± 26 

individual/day (Figure 5). 
 

 
 

Figure (5): Seasonal abundance of honeybees during the study 
 period. Data represented are in means ±S.E. 

 
 

DISCUSSION 

 

 Foraging activity investigation was estimated by 

counting the mean number of bees returning to hive 

and leaving hive, which is one of the most traditional 

ways for measuring foraging activity of honeybees in 

field (Beekman et al., 2004; Alqarni, 2006; Ali, 2011; 

Malerbo-Souza, 2011; Abou-Shaara et al., 2013). Our 

study was carried out to monitor the variation in daily 

activity and abundance of honeybees across year 

months and seasons at local site of apiary of faculty of 
Agricultural, Suez Canal University, Ismailia, Egypt. 
 

Foraging rhythm in the studied field revealed that 

bees’ activity was increased within a window of 

temperature which is in concurrent with Stone et al., 

(1999) as well as Klein et al., (2019). The foraging 

activity of honeybees depends on many factors; Joshi 

(2010) related the pollinator activity to the temperature 

of the site. The activity take place, in late hours on the 

morning (10:00 - 11:00 h) and in afternoon (15:30 - 

17:30 h), when temperature is suitable and the weather 

is warm which is coincided with the result of this 

study. High temperature at noon is a major reason for 

the decline in the flights which has been observed in 

various solitary bee species (Herrera, 1990), in addition 

to dehydration at high temperature (Pierrot and 

Schlindwein, 2003; Zohdy and Rahman (2015) and 

Harano 2020). 
 

 Bees adapt the number of visits to nectar secretion 

rate, Williams (1997) correlates bees’ foraging activity 

with nectar availability, as well as Silva et al., (2013) 

who relates the foraging rhythms with bees’ food 

availability as they have the ability to remember the 

time of the day at which the higher food resources are 

available. Most plants anthesis initiates early in the 

morning and the flowers present their nectar already 

with the beginning of anthesis. At noon, general flight 

activity is reduced, and this associated with the scarcity 

of food resources. Most flowers that open in the 

morning are already empty by noon, while sources of 

nectar do not start nectar production until the afternoon 

(Bloch et al., 2017). 

 Honeybees showed high activity in afternoon, which 

is similar to the result of a study carried by Danka et 

al., (2006) who found that under environmental 

conditions, honeybees’ foraging activity, in afternoon. 

is usually high, but it differs from the study of 

(Blazyte-Cereskiene et al., 2010) who revealed that 

honeybees’ foraging activity diminished in afternoon 

as air temperature reached 43°C. 
 

However, for monthly abundance recorded in the 

current study documented that bee’s monthly 

abundance varies across months, with the highest 

abundance in February, March, and April. On the other 

hand, October and November show the lowest activity. 

The bees’ activity had a window of opportunity of 

ambient temperatures, they forage in temperature range 

from 20°C to 28°C as explained by Danka et al., 

(2006), Kreitlow (2006), Afik (2007) and Honchel 

(2016). Meanwhile, Joshi (2010) reveled that flight 

begins at 16°C but bees abundance remains low and the 

number of forager bees increase as temperature 

increase above 20°C. Also Tan et al., (2012) reveled 

that at ambient temperature about 20°C the highest 

activity was recorded, and this is compatible with 

current study.  

 Blazyte-Cereskiene et al., (2010) coupled the 

decrease in honeybee density with the increase in 

temperature. Elevation of ambient temperature not only 
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has direct negative impact on the forager bees but also 

has indirect effect by its negative impact on the plant 

flowering, scent and nectar production decline. The 

decline in flight activity was linked with temperature as 

discussed by Danka et al., (2006), when temperature is 

above 30°C, honeybees remain at their hive entrance 

ventilating the hives to reduce hive temperatures. The 

high temperature above 30°C reduce floral scent 

production and emission  in addition to nectar secretion 

in plant which in turn reduce bees’ abundance 

(Petanidou and Smets, 1996, Sagae et al., 2008 ). 
 

 In October and November, which smother the most 

clouds according to the Egyptian weather forecast, the 

flight activity terminates during rainy and cloudy 

weather which is similar to the study of Joshi (2010) 

who revealed that Apis mellifera prefer to be in their 

hives during rainy and cloudy weather. In general,  

honeybees have seasonal variation in their seasonal 

abundance. Spring govern the maximum abundance 

followed by Winter and Summer, on the other side 

Autumn had the least honeybee abundance which is fit 

with the result of Ginsberg (1983) and Wood et al., 

(2018). 
 

 Foraging activity levels over the season closely 

linked to resource availability and flower abundance 

over the season, in addition to its correlation with 

activity levels of pollen collection (Park and Nieh, 

2017). Social insects, as honeybees can store food to 

consume during periods of resource scarcity. Floral 

resources scarcity for honeybees has been reported 

predominantly in Summer months of July and August 

(Couvillon et al., 2014, Scheper et al., 2014). Ginsberg 

(1983) noticed that in spring most flowers bloomed 

along roadsides, in cultivated fields or in forest which 

lead to maximize honeybee foraging activity in this 

season.  

 The seasonal foraging pattern was related to 

foraging distance as revealed by Park (2017), in Spring 

foraging distances were the shortest while it was 

greatest during Summer, so activity levels in Spring 

showed highest level while in Summer it was low. 

Danner et al., (2016) similarly showed that honeybee 

foraging distance decreased during the season of food 

abundance. These studies confirmed that colonies 

search and forage over wide areas and adjust this 

foraging in respond to short-term (daily and weekly) 

and long-term (monthly) fluctuations in resource 

availability. They also detected that honeybees 

compensate poor divers landscapes by increasing their 

foraging range in order to maintain the amount and 

diversity of the collected pollen (Danner et al., 2017). 
 

 Brood production can also affect seasonal foraging 

activity. Winston, (1987) revealed that during early 

Spring, the lengthening days and new sources of pollen 

and nectar stimulate brood rearing. The bees also 

gather water to regulate temperature and to liquefy 

thick or granulated honey in the preparation of brood 

food. Later in the Spring, the population of the colony 

expands rapidly, and the proportion of young bees 

increases. As the population increases, the field-worker 

also increases which is similar to the results of 

Schneider (1992) who investigated that pollen 

collection dominated foraging activity, and that there 

was a positive correlation between the amount of brood 

comb in the colonies and the proportion of daily 

foraging dances (Peso and Barron 2014). 

 In Autumn, a reduction in the amounts of nectar and 

pollen coming into the hive causes reduced brood 

rearing and diminishing population as revealed by 

Okada et al., (2012). Similarly to Sherman and 

Visscher, (2002), who reported that colonies they 

tested in California had lost hive mass in Autumn and 

gained it in Summer. 

For daily activity patterns, a study done by 

Schneider (1992) recorded that activity patterns, that 

reflecting the seasonal patterns in the timing of pollen 

and nectar of Okavango plants, were highly influenced 

by changes in temperature, relative humidity, and 

rainfall (Palgrave et al., 2003). Therefore, the 

significant high occurrence of foraging in warm cool-

dry season may have resulted from the presence of 

suitable temperature for honeybee foraging. This 

coincides with the result of our study, where it showed 

that the foraging activity in winter reflected a high 

incidence level. The warm weather, in winter, of Egypt 

can explain this phenomenon which is suitable for 

honeybee foraging activity. 
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 مصر  -ايقاع سلوك البحث عن المؤن الغذائية لنحل العسل ابيز ميليفيرا في محافظة الاسماعيلية

 

 
 فايز محمد صميدة ،شيرين محمد البنا ،ريم محمود عبد الجليل

 

  ، الاسماعيلية، مصرجامعة قناة السويس -م كلية العلو - قسم علم الحيوان

 
 الملخص العربــي

 

 
ثر الحشرات النافعة على وجة الأرض؛ فلقد أثبت علميا مدى دقة قدرته على التواصل و تحديد الاتجاهات يعتبر نحل العسل من أك

هذه  تهتمولذلك ابالاضافة الى قدرته المذهلة على التعلم مما جعله من أهم الحشرات التي تساعد على تلقيح الكثير من المحاصيل الزراعية؛ 

لفترة  خلال الشهور و المواسم المختلفة تكراره وتعددهذاء اليومي و الموسمي لنحل العسل بالاضافة الى الدراسة باستقصاء سلوك البحث عن الغ

نتائج الدراسة الحالية على أن النحل له نشاطا ثنائي الصيغة حيث انه يصل الى ذروة نشاطه في كلاً من الصباح و بعد وقد اثبتت . الدراسة

على طيران النحل  امباشرتاثيرا الظهيرة؛ وبان سلوك البحث عن الغذاء يعتمد على توقيتات اليوم المختلفة و درجة الحرارة التي تؤثر بدورها 

و أثبتت النتائج أن لزيادة نشاط النحل مدى محدد من درجة كما  .ها للغذاءررائحة الزهور و توفيتواجد باشرة على م بطريقة غيروكذلك 

النحل خلال فصول السنة و أن  نشاطفي  معتوية و أوضحت النتائج ايضا ان هناك فرق كبير .  C  °-2820الحرارة و الذي يتراوح ما بين

 .اط نحل العسلنشل ولفصلافضل الالربيع هو فصل 
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