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Three insects (Desert locust, Schistocerca gregaria; honeybee, Apis mellifera and dung beetle, 
Scarabaeus lamarckii)were investigated under Scan Electronic Microscope (SEM) and Energy-
dispersive X-ray spectroscopy (EDX). By EDX the results showed that the iron element was existed in 
both the forewings and brain of all tested insects. The percentages of iron in insects brains were 1.81, 
3.91 and 0.40% for desert locust, honeybee and dung beetle adults, respectively. The corresponding 
results in the forewings were 0.38, 0.45 and 0.30%, respectively. These results were confirmed that 
these insects not only rely on pheromones in navigation but also magnetoreceptors which found in their 
bodies (brain and forewings). These magnetoreceptors were considered a magnetic guide to food and 
habitat. This phenomenon is very important to guide the honey bee adult to its hive, guide the locust 
swarm to its food and return to its habitat and guide the dung beetle and navigation. The results were 
found of iron in desert locust (brain and forewings) which considered the first time recorded. 
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INTRODUCTION 

Desert locust, Schistocerca gregaria is a 
social insect. This insect moves and flies in a 
huge swarm. This swarm can cover from 100 to 
200 kilometers in a day, and flies up to 2000 
meters. After the insect swarm was finished from 
this trip, they return again to the native habitat. 
Heinze and Homberg, 2007; and Sakura et al. 
2008 cleared that in locusts and crickets there are 
neuronal responses to polarized light to show the 
processing of compass information at several 
brain levels. On the other hand, (Klowden, 
2013)recorded that the termite is the preference 
prey for the migratory ant, Pachycondyla 
marginata. The results showed that the migratory 
ant contains magnetic iron oxide particles on both 
the abdomen and antennae. This may explain the 
insect ability to magnetic field. The effect of 
geomagnetic field on the behavior of ants has 

been reported for some species such as 
Solenopsis invicta (Anderson and Vander, 1993). 

Honeybee, Apis mellifera is a social insects 
habit in specific hive. These insects feed on 
flowers nectar from many and many plants and 
return to their hive. Gould et al. (1980) concerning 
on magnetic orientation in honeybee, A. mellifera. 
The authors found that this insect contains the 
nanoparticles in their abdomen. Magnetoreception 
of honeybees has been proposed on the basis of 
numerous behavioral evidences (Hsu et al. 2007). 
Liang (2016) cleared that the honeybees have the 
ability to detect the Earth’s magnetic field, and the 
suspected magnetoreceptors are the iron 
granules in the abdomens of the bees. The iron 
particles not only existed in abdomen but also, in 
brain. Velarde et al. (2005) found that 
cryptochromes that are used in the chemical 
magnetoreception system also occur in the 
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honeybee brain. 
Dung beetle, Scarabaeus lamarckii feed on 

animal dung. This insect has many color, the most 
famous is black. The Ancient Egyptians believed 
that the dung beetle kept the Earth revolving like a 
giant ball of dung. Tribe and Burger (2011) found 
that the dung beetle adult uses their sense of 
smell to find the food.  

The aim of this work to throw some light on 
the role of iron molecules in both the brain and 
wings of some insects in insects navigation 

 
MATERIALS AND METHODS 

Tested insects       
1- The adults of desert locust, Schistocerca 
gregaria (Orthoptera: Acrididae)  
2- honeybee, Apis mellifera (Hymenoptera : 
Apidae) 
3- dung beetle, Scarabaeus lamarckii(Coleoptera: 
Scarabaeidea)   
All tested insects were obtained from Insects 
Department, Faculty of Science, Cairo University.      
 The brain and wings in all tested insects 
were prepared to investigate under scan electron 
microscope and EDX.   

Scan Electronic Microscope (SEM)   
This work carried out in the electronic 

microscope unite, central laboratory, National 
Research Centre. The adults of all tested insects 
(Desert locust, honeybee and dung beetle) were 
killed by chloroform solvent, cleaning manually 
and freezing. Freezing of the sample very quickly 
was instead of fixing it. This technique providing 
the sample stays cold enough, this ‘locks up’ the 
water and prevents it from evaporating inside the 
microscope. After that the wings, and brain of all 
tested adults were separated and coated by gold. 
Coating of samples with gold is required in the 
field of electron microscopy to enable or improve 
the imaging of samples. Creating a conductive 
layer of metal on the sample inhibits charging, 
reduces thermal damage and improves the 
secondary electron signal required for topographic 
examination in the SEM. All images were taken 
under low vacuum scanning electron microscope.                                           

Energy-dispersive X-ray spectroscopy (EDX)             
All samples (Insects wings and brains) were 

exposed to the EDX to know the chemical 
contents of these samples. All obtained data were 
collected in suitable tables.          
 
RESULTS AND DISCUSSION 

In some insects there are tiny iron molecules 
whether in abdomen, wings and /or brain. These 
molecules may be playing an important role in 
insect’s communication or immigration.                                                     

The adults of desert locust, Schistocerca 
gregaria 

Both forewings and brain of the desert locust 
are observed under SEM (Fig.1). Under EDX iron 
molecule are found in both wings and brain. The 
percentages of iron in wings and brain are 1.81 
and 0.38% respectively. This means that the 
percentages of iron in brain are more that the 
percent of wings. This insect immigrates for long 
distance to research for food and shelter. This iron 
molecule may be used to connect among all 
insect population to search the suitable shelter 
and food. Some insects have iron molecules that 
are connected by nerves to their brain. Many 
unrelated animals, from bacteria to birds, have 
tiny particles of magnetite in their bodies. For 
many years, biologists assumed that these 
magnetized bits of iron were the key to 
understanding the geomagnetic sense in 
migrating organisms (anonymous 2016).  

These results show that the percentage of 
iron in brain is higher than wings. To move freely 
across hundreds of miles these adults insect need 
a compass. Existing of iron may be makes a 
magnetic field among all swam insects. Kinoshita 
et al. (2007) recorded that many migrating 
animals use a celestial compass mechanism for 
spatial navigation. Jones and MacFadden (1982) 
demonstrated that magnetite, iron oxide particles 
that could be the substrate for sensing magnetic 
fields, has been identified in monarchs. Pfeiffer 
and Homberg (2007) Recorded that in locusts 
have neurons made polarization input pathway to 
the central complex which responds to 
unpolarized light in a wavelength-dependent 
manner, making as skylight spectral gradients. 
This phenomenon can generate a robust compass 
cue for navigation 

The adults of honeybee, Apis mellifera  
Under the scan electron microscope the brain 

and forewing are observed (Fig. 4). The results 
under EDX study show that both brain and 
forewing have iron particles. The percentages of 
iron in both brain and forewings are 3.91 and 
0.45%, respectively (Fig 5 and 6) 
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Fig.1. the brain (a) and forewing of the desert locust adult under SEM 

Figure.2. The chemical contents of desert locust brain 

Under EDX the adult brain consists of      carbon,oxygen, cupper, sulfur and iron. The percentages were 
67.63, 29.11, 0.61, 0.84 and 1.81%, respectively (Fig. 2). On the other hand, the forewing consists of 
carbon (40.41%), nitrogen 
(11.24%), oxygen (17.31), calcium (0.40%), iron (0.38) and cupper (2.58%).  
 

 

 

 Figure.3. The chemical contents of desert locust forewing 
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Figure. 4. The brain (a) and Forewing (b) of honeybee adult 
 

Figure 5. The chemical contents of honeybee brain 
 

Figure.6. The chemical contents of honeybee forewing 
 



Ragaei et al.                                                                                           The role of iron in insects connection 

 

                                                                    Bioscience Research, 2017 volume 14(4): 942-948                                         946 

 

Figure. 7. The brain (a) and Forewing (b) of dung beetle adult 

 
These iron particles may be play an important role 
in honey bee movement. These iron particles 
makes a magnetic field surrounded the hive to go 
and return the specific hive. Gould et al. (1978) 
found that iron oxide on the abdomen of 
honeybee adults. Kuterbach andWalcott  (1982) 
found also iron on the body ofhoneybee. The 
author found that these iron particles are differed 
in their structure and composition from iron 
particles existed in other biological systems. 
Homberg (2004) cleared that the honeybee adults 
depend on directional information from the sky 
compass, which is provided by the sun to return 
thespecific hive. The figures 5 and 6 showed that 
the percentage of iron in brain was nine times 
more than the brain. This huge percentage may 
be explained the role of iron in brain. Liang et al. 
(2016) cleared that there were a connection 
between the iron granules in honeybee abdomen 
and the brain. This connection made a 
magnetoreception signal which transmitted to the 
brain through the ventral nerve cord. Pan et al. 
(2016) detected that biogenic magnetic particle in 
some migratory insects. This biogenic magnetic 
particle may be the basis of magnetoreception 
mechanism for orientation and navigation. 
Magnetoreception was showed in honey bees, 
ants and termites (Pereira-Bomfim et al. 2015). 
Ants and bees used thisphenomenon to orient 
and navigate in areas around their nests, hives 
and within their migratory paths (Wajnberg et al. 
2010).  
The adults of dung beetles, Scarabaeus 
lamarckii 
Scientists found that the dung beetle adult uses a 

primitive form of celestial navigation to return of its 
home after a long day of dung collecting. The 
brain and forewing are observed under the scan 
electron microscope (Fig. 7). Under the EDX, iron 
is existed in both the brain and forewing of dung 
beetle (Fig. 8 and 9). No one discuss the role of 
iron in dung beetle navigation. Some scientists 
attribute the navigation of dung beetle to sun in 
the celestial compass (Dacke et al. 2014).The 
obtained results in figure 8 and 9show that the 
percentages of iron in both brain and forewing are 
0.40 and 0.30%, respectively. This result also 
shows that the percentage of iron in brain is more 
than in forewing. On the other hand, the homing 
dung beetle, which needs to return to native 
habitat in the sand dunes, this insect, follows the 
direction of skylight compass (Dacke et al. 1999) 

CONCLUSION 
Not only insects relay on pheromones to 
navigation but also connection among insects 
may be attributed to other factors such as sky 
compass, sun compass and/or magnetic 
connections. In this work the first record to iron in 
desert locust and dung beetle. This work throw 
some light to the importance of iron in some 
insects specially during immigration from place to 
other and return to the native habitats such as in 
both honeybee and desert locust. The iron 
particles were found in both brain and forewings. 
This may be clear the role of brain and wings in 
insects guide during the long immigration. 
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