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Introduction

The health of honey bees (Apis mellifera L., Hymenoptera: 
Apidae) is a major concern to the agricultural sector 
worldwide. It is well known that many plants depend on 
honey bees as pollinators (Morse, Calderone 2000; Abou-
Shaara 2015a); hence the pollination services by honey 
bees are essential for agricultural production (e.g. Qaiser 
et al. 2013). There are many  impacts on honey bees due 
to unsuitable environmental conditions and pesticide 
applications (Johnson 2015; Al-Ghamdi et al. 2016; Zhang 
2018). One of the common examples of major loss of honey 
bees is the phenomenon of colony collapse disorder. This 
phenomenon causes a massive disappearance of bees from 
their colonies. A combination of many reasons has been 
proposed to be the cause of this phenomenon (Oldroyd 
2007; Maini et al. 2010; Carreck 2014). Fortunately, there are 
many control options and solutions available for problems 
that affect bee health causing bee death. However, choice of 
the suitable option can made only after the correct diagnose 
of the cause of death.

Various abiotic and biotic factors can result in the death 
of honey bees. One of the major causes of death of honey 
bees is exposure to pesticides. Honey bees can be affected 
by pesticide through the contamination of food or water 
(Johnson 2015; Zhang 2018). Residues of systemic pesticides 
can be present in nectar and pollen of treated plants 
(Barker et al. 1980; Dively, Kamel 2012) and consequently 

affecting the survival and health of bees. Colonies may fail 
because of adverse weather conditions, particularly due 
to low temperature in winter (van Engelsdorp et al. 2008; 
Genersch et al. 2010; Nguyen et al. 2010; Spleen et al. 2013; 
Abou-Shaara 2017) or high temperature during summer 
(Abou-Shaara et al. 2013; Al-Ghamdi et al. 2016). Colony 
strength can also be significantly reduced by starvation 
(Brodschneider et al. 2010; Abou-Shaara 2017). Correct 
diagnosis of the cause of death can help protect colonies 
from significant bee losses. It was hypothesized that the 
cause of death of honey bees can be diagnosed based on the 
body position of dead bees. To test this hypothesis, honey 
bee workers were exposed to various lethal conditions 
(sub-freezing temperature, high temperature, starvation, 
suffocation, pesticide exposure, and food contamination). 
Then, the body positions of dead bees exposed to each 
lethal condition were described. This study presents the 
first attempt to correlate the body position of dead bees to 
the cause of death.

Materials and methods

Bee sampling
The study was conducted in a laboratory maintained at 
about 26 °C, except when otherwise mentioned. Honey 
bees (Carniolan hybrid) of foraging age were collected 
from the lateral combs of three healthy hives (i.e. without 
any symptoms of diseases) maintained at an apiary in 
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Damanhour, Egypt. Bee workers were placed in a Petri dish 
designed to hold bees (Abou-Shaara, Elbanoby 2017; Abou-
Shaara, Elbanoby 2018). Three Petri dishes, each with five 
bees, were assigned to each treatment.  

Treatments
The bees were exposed to different stressors at lethal levels 
up to 100% death. (1) Low temperature: the bees were 
placed in a freezer (W. Alaska KS, W. Alaska Co., Gesr El 
Suez, Cairo, Egypt) maintained at –20 °C for 2 h. (2) High 
temperature: the bees were exposed to a high temperature 
of about 45 °C for 2 h in a sealed box with a 100 W lamp 
and a thermometer. (3) Starvation: the bees were placed in 
a wooden box with some holes for ventilation without food 
or water for 8 days. (4) Suffocation: the petri dishes were 
closed tightly and placed in a sealed box without ventilation 
for 2 days causing the bees to die from lack of oxygen. (5) 
Insecticide exposure: the bees were sprayed with an aerosol 
(50% imiprothrin; El Nasr Co., Giza, Egypt). (6) Food 
contamination: the bees were fed 50% sugar syrup (10 ml) 
contaminated with 0.075 g malathion (1.5 g Malathion 
Propelte 5% DP; Chema Industries, Alexandria, Egypt). 
Observations were made every 30 min or on daily basis 

when rapid or slow death was expected, respectively. 

Statistical analysis
The body position of dead bees was described as presented 
in Fig. 1. Percentage of bees in each body part position 
in the cohort of five bees per petri dish was calculated 
(number of bees with a specific body part position / 5 × 
100). Then, percentages of specific positions were averaged 
and compared within each body part with a Kruskal-Wallis 
test0.05 (SPSS Inc. 2017, Version 16.0. SPSS Inc., Chicago, 
USA).  

Results and discussion

The highest percentages of dead bees due to different causes 
were in body position A, except in case of high temperature 
(Table 1). Significant differences were found between 
positions A and B in cases of death due to starvation, 
suffocation, and insecticide exposure. Unfortunately, 
there are no previous studies on this topic. However, the 
variations in body position according to death cause can be 
explained by the potential physiological impacts of death 
cause on bees. Previous studies showed potential effects 

Fig. 1. General body position: lying on its side (A), or not lying on its side (B). Positions (classes) of antenna: turned towards down 
(A1), towards down in two directions (A2), one towards down and one towards up (A3), or not towards down (A4). Positions (classes) 
of proboscis: not protruded (P1), protruded as many parts (P2), protruded as two or three parts (P3), or protruded as one part (P4). 
Positions (classes) of wings: normal position (W1), angle with thorax (W2), vertical on thorax (W3), or as separated wings in different 
directions (W4). Positions (classes) of legs (especially hind leg): extended (L1), partially extended (L2), or not extended (L3). Positions 
(classes) of abdomen: not pressed (AB1), partially pressed (AB2), or completely pressed (AB3). Positions (classes) of stinger: not 
protruded (ST1), or protruded (ST2).
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of pesticides on bee physiology and behavior including 
learning ability (Moffett and Morton 1975; Herbert et al. 
2014; Balbuena et al. 2015; Abou-Shaara and Abuzeid 
2018). Perhaps the mode of action of each cause has a role 
in forming the specific body position of dead bees. Bees 
exposed to insecticide died quickly, slower for exposure 
to high or low temperature, followed by suffocation, and 
finally starvation. These variations in survival times are 
supported by previous studies on survival ability of bees 

exposed to different lethal factors (e.g. Atmowidjojo et al. 
1997; Remolina et al. 2007; Abou-Shaara et al. 2012; Abou-
Shaara 2017). Such variations could affect the body position 
of dead bees.

Significant differences were found in the four positions of 
antenna for all death causes except low and high temperature 
(Table 2). Position A1 was the dominant position in all 
death causes except food contamination. Significant 
differences were found between the four positions of 

Table 1. Means ± SE of percentages of body positions of dead bees exposed to different stressors. Data were analyzed with the Kruskal-
Wallis test

Body 
position

Low temperature High 
temperature

Starvation Suffocation Insecticide 
exposure 

Food 
contamination

A 73.3 ± 17.6 33.3 ± 17.6 86.6 ± 13.3 86.6 ± 13.3 93.3 ± 6.6 80.0 ± 20.0
B 26.6 ± 17.6 66.6 ± 17.6 13.3 ± 13.3 13.3 ± 6.6 6.6 ± 6.6 20.0 ± 20.0
Chi-Square 2.33 1.26 4.09 4.09 4.09 2.47
P-value 0.12 0.26 0.04 0.04 0.04 0.116

Table 2. Means ± SEM of percentages of antenna and proboscis shape of dead bees exposed to different stressors. Data were analyzed 
with the Kruskal-Wallis test

Body part Position Low 
temperature

High 
temperature

Starvation Suffocation Insecticide 
exposure 

Food 
contamination

Antenna A1 60.0 ± 23.0 46.6 ± 6.6 40.0 60.0 ± 20.0 53.3 ± 13.3 26.6 ± 17.6
A2 0 13.3 ± 6.6 6.6 ± 6.6 20.0 ± 11.5 6.6 ± 6.6 60.0 ± 11.5
A3 26.6 ± 13.3 6.6 ± 6.6 13.3 ± 6.6 20.0 ±11.5 6.67 ± 6.6 13.3 ± 13.3
A4 13.3±13.3 33.3±17.6 40.0 0 33.3±13.3 0

Chi-Square 6.16 5.75 9.91 6.98 7.76 6.81
P-value 0.10 0.12 0.01 0.07 0.05 0.07

Proboscis P1 86.6 ± 6.6 93.3 ± 6.6 46.6 ± 6.6 26.6 ± 13.3 6.6 ± 6.6 20.0 ± 20.0
P2 0 0 6.6 ± 6.6 0 6.6 ± 6.6 13.3 ± 6.6
P3 0 0 26.6 ± 13.3 46.6 ± 24.0 66.6 ± 17.6 26.6 ± 17.6
P4 13.3 ± 6.6 6.6 ± 6.6 20 ± 11.5 26.6 ± 26.6 20.0 ± 11.5 40.0 ± 11.5

Chi-Square 9.53 9.35 5.70 3.03 7.12 2.16
P-value 0.02 0.02 0.12 0.38 0.06 0.53

Table 3. Means ± SEM of percentages of wing and leg positions of dead bees exposed to different stressors. Data were analyzed with the 
Kruskal-Wallis test

Body part Position Low 
temperature

High 
temperature

Starvation Suffocation Insecticide 
exposure 

Food 
contamination

Wing W1 26.6 ± 17.6 13.3 ± 6.6 20.0 13.3 ± 13.3 26.6 ± 6.6 40.0
W2 33.3 ± 17.6 20.0 ± 11.5 40 ± 11.5 46.6 ± 17.6 13.3 ± 13.3 6.6 ± 6.6
W3 0 0 0 26.6 ± 26.6 46.6 ± 17.6 0
W4 40.0 ± 11.5 66.6 ± 17.6 40 ± 11.5 13.3 ± 6.6 13.3 ± 13.3 53.3 ± 6.6

Chi-Square 4.58 8.02 8.37 2.77 3.30 9.96
P-value 0.20 0.04 0.03 0.42 0.34 0.01

Leg L1 40.0 ± 11.5 40.0 ± 30.5 26.6 ± 6.6 40.0 ± 11.5 33.3 ± 17.6 26.6 ± 13.3
L2 33.3 ± 24 40.0 ± 23.0 26.6 ± 17.6 0 26.6 ± 13.3 53.3 ± 6.6
L3 26.6 ± 13.3 20.0 ± 20.0 46.6 ± 13.3 60.0 ± 20.0 40.0 ± 11.5 20.0 ± 20.0

Chi-Square 0.44 0.65 1.53 6.00 0.51 2.66
P-value 0.80 0.72 0.46 0.05 0.77 0.26
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proboscis for all death causes except starvation, suffocation, 
and food contamination. The highest percentages of dead 
bees were in position P1 for low and high temperature and 
starvation while position P3 and P4 for the other causes 
of death (Table 2). The potential physiological impacts of 
death causes on bees can be responsible for the variations 
of positions of antenna and proboscis.  

Three death causes (high temperature, starvation, and 
food contamination) showed significant differences in the 
four positions of wings (Table 3). Positions of wings varied 
according to the death cause, and the highest percentages 
were in position W4 in cases of low and high temperature, 
starvation, and food contamination, while W2 was more 
common in the case of suffocation and W3 in the case 
of insecticide exposure. Legs showed lack of significant 
differences between the three positions for all death causes 
except suffocation (Table 3). Most bees that died due to 
suffocation had leg position L3. This specific leg position 
was dominant when bees were intensively treated with 
some materials causing bee death as a result of suffocation 
(Abou-Shaara et al. 2016). It is clear that positions of wings 
are more specific than legs according to cause of death. 

The abdomens of dead bees tended to be in position 
AB1 in the case of high temperature, in position AB2 in 
cases of low temperature and food contamination, and in 
position AB3 for the other death causes (Table 4). Significant 
differences were found in positions of abdomen only in cases 
of low and high temperature, and starvation. Exposure of 
bees to some lethal factors like high temperature can cause 
loss of body water (Atmowidjojo et al. 1997; Al-Qarni 2006; 
Abou-Shaara 2015b), and hence may cause changes in the 
shape of abdomen of dead bees. The stinger tended to be in 
position ST1 for all death causes (Table 4). It is clear that the 
positions of abdomen are more specific to death cause than 
stinger positions. This can be explained by the few positions 
of stinger compared to abdomen. 

The dead bees can be described according to the death 
cause based on the percentages of each body part position 
using the following description.  Low temperature – body 
position: A; antenna: A1; proboscis: P1; wings: W2; legs: 

L1; abdomen: AB2; stinger: ST1. High temperature – body 
position: B; antenna: A1; proboscis: P1; wings: W4; legs: 
L1or L2; abdomen: AB1; stinger: ST1. Starvation – body 
position: A; antenna: A1 or A4; proboscis: P1; wings: W2 
or W4; legs: L3; abdomen: AB3; stinger: ST1. Suffocation 
– body position: A; antenna: A1; proboscis: P3; wings: W2; 
legs: L3; abdomen: AB3; stinger: ST1. Insecticide exposure 
– body position: A; antenna: A1; proboscis: P3; wings: W3; 
legs: L3; abdomen: AB3; stinger: ST1. Food contamination 
– body position: A; antenna: A2; proboscis: P4; wings: W4; 
legs: L2; abdomen: AB2; stinger: ST1.

Conclusions

This study presents baseline observations on relationships 
between the body position of dead bees and stress factors, 
which might be used to predict the cause of death of honey 
bee workers. Additional studies will need to be conducted 
to gather data to strengthen the patterns observed in this 
study. Further investigations using different bee castes 
(queens, drones, and workers), quantifiable measurements 
(e.g., angles between body parts), and additional causes 
of death (such as heavy parasite infection, contaminated 
nectar or pollens, or age) are advised. These data may 
be used to develop a predictive algorithm or computer 
program to determine cause of death based on the body 
position of dead bees.  
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