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INTRODUCTION 
The magnetic sense (magnetoreception) re-

mains one of the most enigmatic among animals. 

Many species react to changes in the natural mag-

netic field, primarily manifested through altera-

tions in behavior. Birds are the most studied in this 

regard [Wiltschko, Wiltschko, 2019]. Decades 

of research have yielded significant advancements 

in this field. The magnetic sense in invertebrate an-

imals is less understood. We attempt to consolidate 

disparate data on insect orientation in the geomag-

netic field and their responses to geomagnetic dis-

turbances. However, before delving into this infor-

mation, it is essential to discuss the characteristics 

of natural magnetic fields. 

Natural magnetic fields have accompanied 

the evolution of life on the Earth. These fields can 

be characterized by the total magnetic vector, 

which integrates all magnetic forces originating 

from sources within the Earth’s core and crust, as 

well as from the atmosphere [Akasofu, Chapman, 

1972]. The Earth’s magnetic field, also known as 

the geomagnetic field, originates from the move-

ment of charged particles within the planet’s liquid 

iron core. The intensity of the geomagnetic field 

varies from ~24 μT around the equator to ~66 μT 

near the poles [Alken et al., 2021]. The orientation 

of the Earth’s magnetic field vector in the southern 

hemisphere opposes that of the northern hemi-

sphere. In light of this review, the point is that 

the intensity and direction of the geomagnetic field 

vary from the equator to the poles. Therefore, each 

location has its specific direction and strength 

of the geomagnetic field. It enables animals to uti-

lize Earth’s magnetic field for orientation purposes. 

The total magnetic vector is not constant. 

Regular, predictable magnetic variations occur ap-

proximately every day and year. These variations 

happen because the magnetic field components at 

a specific location deviate from their average val-

ues due to shifts in how the Earth is illuminated 

during its orbital motion and rotation around its 

axis [Kane, 1976]. Irregular natural magnetic fluc-

tuations induced by various factors can also be reg-

istered. The most noticeable irregular disturbances 

of the natural magnetic environment are referred 

to as geomagnetic activity. It arises from disturb-

ances in the geomagnetic field due to alterations 

in electric currents within the magnetosphere and 

ionosphere. These changes primarily stem from 

the influx of perturbed solar wind interacting with 

the geomagnetic field, thereby energizing the mag-

netosphere-ionosphere current system. Geomag-

netic storms, substorms, and pulsations stand out as 

notable manifestations of geomagnetic activity [Ja-

cobs et al., 1964; Akasofu, Chapman, 1972]. 

Various global and local indices are em-

ployed to evaluate geomagnetic activity. Global 

metrics encompass planetary geomagnetic indices 

(Dst, ap, Kp, AE, etc.) derived from magnetograms 

of multiple observatories placed at specific sites 

[Bartels, 1949; Davis, Sugiura, 1966; Sugiura, 

Kamei, 1991]. These indices reflect the generalized 

state of the magnetic field across the planet. Local 

magnetic fluctuations are primarily described by 

magnetograms recorded at specific locations and 

geomagnetic indices (K, a, etc.) derived from these 

magnetograms [Bartels et al., 1939; Berthelier, 

1994]. It should be noted that the range of geomag-

netic activity fluctuations is relatively weak and 

seldom exceeds 1% of the magnitude of the geo-

magnetic field. 

Currently, the following mechanisms of di-

rect or indirect perception of the magnetic field by 

specialized sensors are actively discussed: 

1. perception of magnetic fields through the 

reception of electric fields induced by movement 
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in the geomagnetic field using electro-sensitive 

receptors; 

2. perception of magnetic fields through iron 

compounds in cells; 

3. perception of magnetic fields based 

on  radical pair chemical reactions. 

MAGNETIC FIELD RECEPTION THROUGH ELECTRORECEPTORS 

Perception of magnetic fields through highly 

sensitive electroreceptors [Albert, Crampton, 2006; 

Hofmann, 2011] is extensively studied among elas-

mobranch fishes due to research performed by Kal-

mijn in the 1970s-80s [Kalmijn, 1974; Kalmijn, 

1984]. The principle of electromagnetic induction 

suggests that uneven fish movement within the geo-

magnetic field generates an electric field sensed 

by electroreceptors. Even movement within a mag-

netic field gradient should produce a similar effect 

[Klimley, 1993]. This mechanism of magnetorecep-

tion was confirmed by direct experiments with elas-

mobranch fishes. Afferent nerves of electroreceptors 

on the wings (large pectoral fins) of the stingray Try-

gon pastinaca and corresponding brain areas re-

sponded to magnetic stimulation. Excitation and in-

hibition in the nerves were recorded when the mag-

netic field changed over time while the fish was sta-

tionary or when the animal moved in a constant 

magnetic field [Andrianov et al., 1974; Brown, 

Ilyinsky, 1978]. 

No research of this kind has been conducted 

on insects yet. However, we describe this mecha-

nism for the following reasons. It is known that 

some insects, such as bumblebees Bombus terrestris 

[Clarke et al., 2013] and honeybees Apis mellifera 

[Greggers et al., 2013], can perceive weak electric 

fields. For example, bumblebees can orient them-

selves using electric fields generated by flowers, 

which helps them find nectar-bearing ones [Clarke 

et al., 2013]. Electroreceptor structures were identi-

fied in B. terrestris three years later, which turned 

out to be fine hairs covering their bodies [Sutton et 

al., 2016]. The antenna has been proposed to detect 

electric fields in honeybees [Greggers et al., 2013]. 

To date, we have not found studies on the influence 

of magnetic stimuli on insect electroreception. 

However, considering analogies with the magneto-

sensitivity of elasmobranch fishes, this direction 

appears promising. Experimental verification 

is awaited to determine if insect electroreceptors re-

spond to changes in magnetic fields. 

MAGNETIC FIELD RECEPTION THROUGH IRON COMPOUNDS 

It is known that animal tissues contain iron 

compounds with a magnetic moment, which are 

supposed to be detectors of changes in the external 

magnetic field [Kirschvink, Gould, 1981; Shaw et 

al., 2015]. Extensive research in this direction has 

been conducted on birds and fish, in the tissues 

of which variously shaped and sized magnetite crys-

tals FeO·Fe2O3 have been found [Kirschvink, 

Gould, 1981; Walker, 2008; Shaw et al., 2015]. 

Within cells, magnetite crystals form chains com-

prising several dozen elements or clusters, allowing 

the collective magnetic moment to interact more ef-

fectively with the relatively weak geomagnetic field 

[Mann et al., 1988]. These chains or clusters are as-

sumed to be attached to mechanically gated ion 

channels in the cell membrane via filaments. 

The movement of the chain, influenced by an exter-

nal magnetic field, stretches the filaments and opens 

ion channels. The assumption is that the state 

of the channel complex at a given moment deter-

mines the potential of receptor cells [Walker, 2008]. 

Magnetite crystals possess a magnetic mo-

ment that aligns with the direction of the external 

magnetic field. Therefore, this type of magnetore-

ception is sensitive to the polarity of the magnetic 

field and does not require light, unlike the magneto-

reception based on radical pairs mentioned below. 

MAGNETIC FIELD RECEPTION THROUGH RADICAL PAIR REACTIONS 

The premise for investigating magnetore-

ception using radicals stemmed from experiments 

showing birds’ orientation in the magnetic field de-

pending on the presence of light from the blue-

green part of the spectrum [Wiltschko, Wiltschko, 

1981; Wiltschko, Wiltschko, 1999; Muheim et al., 

2002]. Such dependence suggested the necessity 

of photostimulation for the magnetoreceptor 

to function. In the early 2000s, a hypothesis 

of light-dependent magnetoreception in crypto-

chromes in the retina of birds based on the known 

effect of the magnetic field on the spin state of elec-

trons in radicals was proposed [Ritz et al., 2000]. 

Cryptochromes are a class of blue-light-sen-

sitive flavoproteins [Cashmore et al., 1999]. Cryp-

tochrome contains a light-sensitive chromophore 

flavin adenine dinucleotide (FAD) as a cofactor 

[Sancar, 2003]. During the photoactivation, a light-

induced oxidative-reductive electron transfer oc-

curs between FAD and three tryptophan residues 

(Trp400, Trp377, and Trp324). An electron from 

the excited FAD reversibly moves between 

the three tryptophan residues. As a result of this 

transfer, the last tryptophan residue in this chain 

becomes deprotonated (Trp324), and FADH is re-

duced. Cryptochrome with reduced FADH is in its 

active (signaling) state. Three radical pair states are 
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formed during the described process: 

FADH – Trp400+, FADH – Trp377+, and FADH – 

Trp324+. It is presumed that the magnetic inclina-

tion may influence the spin state of the electrons 

in these radical pairs. If the spin state of the radical 

pair changes from singlet to triplet during the elec-

tron transfer along the FAD - triplet tryptophan res-

idue chain, then this electron cannot return to FAD, 

and the cryptochrome molecule transitions into the 

signaling state. Otherwise, the electron will return 

to FAD if it remains in a singlet state, and the cryp-

tochrome molecule will not transition into the sig-

naling state [Solov’yov et al., 2007]. It should also 

be noted that besides the FAD – triplet tryptophan 

residues chain, other sources of radical-pair states 

in cryptochromes are under consideration 

[Solov’yov, Schulten, 2009; Hogben et al., 2009; 

Muller, Ahmad, 2011; Evans et al., 2016]. 

Numerous studies have been published 

to date on the involvement of cryptochromes in bi-

ological magnetoreception [Gegear et al., 2008; 

Biskup et al., 2009; Foley et al., 2011; Zadeh-

Haghighi, Simon, 2022; Bradlaugh et al., 2023]. 

Extensive data leave no doubt that cryptochromes 

are essential proteins in the evolutionarily estab-

lished mechanism of animal orientation in the geo-

magnetic field, known as the “chemical magnetic 

compass”. However, significant magnetic effects 

in isolated molecules in vitro have been detected 

only at magnetic fields that exceed the geomag-

netic field [Maeda et al., 2012; Xu et al., 2021]. 

Responses to fields approximately equal to the ge-

omagnetic field have been demonstrated only 

in a model molecular triad consisting of covalently 

bound carotenoids, pyrrole, and fullerene mole-

cules [Kerpal et al., 2019]. There are likely evolu-

tionarily developed mechanisms to enhance 

the magnetic sensitivity of cryptochromes in cells 

responsible for magnetic perception. The recent 

discovery of a magnetoreceptor protein [Qin et al., 

2016] could be a significant event in elucidating 

these mechanisms. Conformational rearrange-

ments during magnetic perception and the molecu-

lar environment are probably of importance [Gal-

van et al., 2024]. Several scientific groups are cur-

rently addressing this issue. 

A distinguishing feature of biradical magne-

toreception is its sensitivity to inclination rather than 

the polarity of the external magnetic field. Further-

more, the described model suggests that electromag-

netic fields in the range of about 1-100 MHz may 

disrupt magnetoreception through cryptochromes 

through electron paramagnetic resonance [Timmel, 

Hore, 1996; Leberecht et al., 2023]. 

INSECT ORIENTATION IN THE GEOMAGNETIC FIELD 

Compelling experiments demonstrating 

the use of the geomagnetic field for orientation 

have been conducted with desert ants Cataglyphis 

noda. Novices of these ants take short learning 

walks. During the learning walks C. noda gather 

information about the nest surroundings and cali-

brate their compass systems to successfully find the 

entrance to the nest in the future [Grob et al., 2019]. 

Scientists manipulated the magnetic field during 

the ants’ learning walks to prove that ants utilize 

the geomagnetic field as a compass cue. Initially, 

experiments disarrayed the geomagnetic field 

around the nest entrance using an electromagnetic 

spiral. When the spiral was powered, the ants failed 

to gaze at the nest entrance and oriented themself 

randomly, contrasting with their accurate orienta-

tion when the spiral was unpowered [Fleischmann 

et al., 2018]. Subsequent experiments demon-

strated that the ants adjusted their gaze directions 

in response to rotations of the horizontal compo-

nent of the Earth’s magnetic field (either by 180° 

or ± 90°). Thus, the geomagnetic field is a suffi-

cient and necessary reference system for ants 

[Fleischmann et al., 2018]. Studies with ants 

of other species have also shown behavioral re-

sponses to changes in the magnetic environment 

[Anderson, Vander Meer, 1993; Camlitepe, 

Stradling, 1995; Banks, Srygley, 2003; Camlitepe 

et al., 2005; Riveros, Srygley, 2008]. 

The rotation of the horizontal component 

of the geomagnetic field implies a shift in magnetic 

polarity. It suggests that ants most likely utilize 

magnetite for orientation within the geomagnetic 

field. Indeed, crystals of iron compounds, which 

may underlie the magnetic sense of ants, were dis-

covered in the antennae of Pachycondyla mar-

ginata worker ants [Oliveira et al., 2010]. 

Honeybees (Apis sp.) also exhibit behavioral 

responses to changes in the geomagnetic field. 

It is known that honeybees can communicate 

through waggle dances. The character and direc-

tion of the waggle dance axis depend on the mag-

netic environment [Lindauer, Martin, 1972]. 

Research has revealed that honeybees use the di-

rection of the magnetic field as a reference point 

during the initial stages of comb construction 

in a new hive [DeJong, 1982]. Collett and Baron 

[1994] reported that honeybees consistently orient 

themselves in one compass direction when learning 

about or searching for a goal, aided by the Earth’s 

magnetic field. The sensitivity of bees to changes 

in the magnetic environment is confirmed by other 

behavioral experiments [Walker, Bitterman, 1985; 

Walker, Bitterman, 1989a; Walker, Bitterman, 

1989b; Kirschvink et al., 1997]. 

It is known that tissues in the abdomen of the 

honeybee contain granules of iron compounds, 

which are presumed to serve as magnetodetectors 
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[Kuterbach et al., 1982; Hsu, Li, 1993; El-Jaick 

et al., 2001]. Experiments have shown that the at-

tachment of external magnets to the abdomen inter-

feres with the magnetic sense in bees [Walker, Bit-

terman, 1989a]. Furthermore, reactions to magnetic 

fields occur in complete darkness, and pulse-re-

magnetization affects magnetosensitive behavior 

in bees [Kirschvink, Kobayashi-Kirschvink, 1991]. 

The above suggests that bees, like desert ants, most 

probably utilize magnetodetection based on iron 

compounds in sensitive cells. 

However, other insect species convincingly 

demonstrate magnetoreception based on radical-

pair reactions. An example of this can be seen in 

experiments conducted by Vacha and colleagues 

with the mealworm Tenebrio molitor [Vacha et al., 

2008]. These animals exhibit positive phototaxis. 

In the experiment, before exposure to magnetic in-

fluence, beetles were trained to move towards light 

from the east, south, west, or north in a plus-maze. 

Subsequently, they were placed into an open space 

with uniform upper lighting. Under normal geo-

magnetic conditions, the beetles moved towards 

the light they had been trained with. However, 

when the inclination of the geomagnetic field was 

reversed while the polarity of the geomagnetic field 

remained unchanged, the beetles in the arena 

moved in the direction opposite to the light source, 

responding to magnetic stimuli [Vacha et al., 

2008]. This response to the change in magnetic in-

clination suggests that magnetic field perception 

likely occurs due to radical-pair reactions. In an-

other study, a weak radiofrequency magnetic field 

(with a maximum effect on the Larmor frequency 

of 1.2 MHz) disrupted the orientation of cock-

roaches in the geomagnetic field, further indicating 

the use of radical-pair reactions as a magneto-de-

tector [Vacha et al., 2009]. 

The utilization of the geomagnetic field ap-

pears most advantageous during migrations. 

Among insects, as well as among birds, some spe-

cies migrate over long distances. David Dreyer, 

Eric Warrant, and their colleagues [2018] delved 

into the migratory behavior of Bogong moths 

(Agrotis infusa) in Australia. These moths under-

take highly directed nocturnal migrations spanning 

over 1,000 km from breeding areas in southeast 

Australia to specific mountain caves in the Austral-

ian Alps. Subsequently, they enter a period of dor-

mancy in the mountains before returning to their 

breeding grounds in autumn to reproduce and com-

plete their life cycle. The researchers conducted ex-

periments aiming to understand the moths’ naviga-

tion using visual landmarks and the Earth’s mag-

netic field. They conducted two sets of experi-

ments, each consisting of five phases, manipulating 

these cues to be either aligned or conflicting.  

In the initial experiments, the moths exhib-

ited a preference for visual cues over the magnetic 

field. When these cues contradicted each other, 

the moths initially followed visual landmarks but 

eventually became disoriented. Upon restoring 

the cues to their initial conditions, the moths re-

sumed their orientation toward the visual land-

marks. Similar results were obtained in the second 

set of experiments, confirming that changes in the 

magnetic field direction led to disorientation 

among the moths [Dreyer et al., 2018]. 

These findings suggest that Bogong moths 

likely rely on a combination of visual and magnetic 

cues for navigation. The researchers propose that 

the moths utilize a magnetic compass to establish 

their migratory direction, aligning it with a celestial 

or terrestrial landmark in the same direction. 

They then use this landmark as a visual reference 

point, periodically calibrating their fidelity to these 

landmarks with their magnetic sense, which may 

check the landmark direction fidelity every few 

minutes [Dreyer et al., 2018]. 

It’s challenging to determine the exact type 

of magnetoreception used by Australian Bogong 

moths in the described above experiment because 

both polarity and magnetic inclination were manip-

ulated. However, lepidopterans such as Urania ful-

gens, Aphrissa statira, Heliconius ethilla, Anartia 

amathea, An. fatima, and Actinote thalia, have 

been found to possess magnetic material that could 

potentially be used for orientation in the Earth’s 

magnetic field [Alves et al., 2020]. 

The monarch butterfly (Danaus plexippus), 

another representative of migrating Lepidoptera, 

relies on radical-pair reactions for navigation. 

Experiments have shown that these insects react 

to changes in magnetic inclination. Moreover, 

magnetoreception in monarch butterflies is influ-

enced by light [Guerra et al., 2014]. Other experi-

ments have investigated a phenomenon termed 

“magnetic hyperactivity,” where monarchs exhib-

ited increased wingbeat frequency when the mag-

netic inclination was reversed. Using the 

CRISPR/Cas9 technique, Guijun Wan and his col-

leagues (2021) developed monarch butterflies with 

knocked-out CRY genes. The findings indicated 

that Cry1 is crucial for this magnetic sense, while 

dpCry2 does not play a significant role. Further-

more, the study illustrated that both antennae and 

compound eyes are necessary for monarch magne-

tosensing [Wan et al., 2021]. 

Therefore, different insect species appear 

to employ distinct mechanisms of magnetodetec-

tion. Depending on the evolutionary process 

of magnetodetection development, whether the 

ability to perceive magnetic fields was lost or re-
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gained, it is conceivable that the utilization of a par-

ticular magnetoreception mechanism may not be 

exclusive to a specific species but perhaps even 

to a genus or family. Moreover, it is plausible that 

various insect species utilize both types of magne-

toreception to different extents. 

THE IMPACT OF GEOMAGNETIC ACTIVITY ON INSECTS 

Initial studies suggesting that geomagnetic 

fluctuations could influence animal orientation per-

tained to birds and emerged approximately 

50 years ago [Keeton et al., 1974; Larkin, Keeton, 

1976; Kowalski et al., 1988]. Subsequently, there 

were many years of limited research in this area due 

to a lack of understanding of how such weak influ-

ences could impact directional choices. However, 

recent work has revitalized this field of study. 

Researchers utilized extensive, long-term datasets 

from magnetometers to investigate a potential con-

nection between geomagnetic disturbances and dis-

ruptions in nocturnal bird migration. They observed 

a 9%-17% reduction in the number of migrating 

birds, both in spring and fall, during geomagnetic 

storms. Moreover, birds that opted to migrate during 

such events seemed to experience more difficulty 

navigating, especially under overcast conditions 

in autumn [Gulson-Castillo et al., 2023]. 

What do we know about this phenomenon 

among insects? Research on this topic was con-

ducted in the 1960s-1970s in the Soviet Union by 

Vladimir Chernyshev. He examined the attraction 

of insects to light in various regions of the USSR 

and evaluated the correlation with geomagnetic in-

dices reflecting disturbances in the geomagnetic 

field and magnetic storms. In Turkmenistan, signif-

icant associations were observed at different times 

between the number of beetles attracted to light and 

intense geomagnetic storms. During geomagnetic 

storms, there was a notable increase in the number 

of beetles attracted to light [Chernyshev, 1966]. 

However, in the central region of Russia, where 

mainly certain species of butterflies and dipterans 

are attracted to light, such a connection did not ap-

pear [Chernyshev, 1994]. 

Chernyshev draws the following conclusions: 

Insects react differently to geomagnetic storms. 

The attraction to light noticeably increases during 

these days for many beetle species, such as darkling 

beetles, ground beetles, lamellicorn beetles, rove 

beetles, and representatives of several other fami-

lies. However, some species of insects do not re-

spond to magnetic storms. Butterflies react differ-

ently. Flights to the light of the Siberian silk moth, 

moths of the Yponomeutidae family, and the Amer-

ican white butterfly intensify during geomagnetic 

storms, while flights of the garden tiger moth 

(Spilarctia lutea) and the grass moth (Syllepta ru-

ralis) weaken. The flights of dipterans are unaf-

fected by geomagnetic activity [Chernyshev, 1996]. 

Similar studies were conducted later. 

Chinese scientists showed that changes in the pop-

ulation of rice planthoppers and beet webworm, 

Loxostege sticticalis, correlate with the 11-year so-

lar activity cycle, which directly affects the quan-

tity and intensity of geomagnetic disturbances 

[Chen et al., 1994; Huang et al., 2008]. 

Iso-Ivari and Koponen [1997] explored the 

impact of geomagnetism on the catch of insects 

in light traps in the northernmost part of Finland. 

They discovered a weak but significant correlation 

between the geomagnetic parameters and the num-

ber of specimens from various insect orders caught. 

Another paper reports on a correlation be-

tween the summarized values of change in the hor-

izontal component of the geomagnetic field meas-

ured at night and the number of light-trap catches 

of the fall webworm moth (Hyphantria cunea) 

[Kiss et al., 1981]. 

Recently, Hungarian researchers correlated 

the quantity of light-trapped caddisfly (Trichop-

tera) species and pheromone-trapped fruit pest 

moths with the global geomagnetic Dst-index 

[Nowinszky et al., 2021; Nowinszky et al., 2023]. 

Different species exhibited varying trends of in-

creased or decreased catch rates in response 

to changes in the index. Another study deals with 

long-term observation data from the Hungarian for-

estry light-trap network and the local geomagnetic 

M-index. It revealed a dependency of moth catch 

rates on the presence of geomagnetic disturbances, 

as reflected in the M-index value. Furthermore, 

the nature of this dependency was species-specific 

[Nowinszky et al., 2020]. 

In the previous section, we emphasized the 

distinction between two types of magnetoreception 

in insects. Perhaps it is also the reason for the dif-

ferences in the reactions of different species to ge-

omagnetic disturbances described in this section. 

Magnetic storms are relatively weak low-

frequency magnetic fluctuations that may not affect 

iron-based receptor systems. However, it is con-

ceivable that these fluctuations could alter the com-

plex oscillations associated with the local magnetic 

environment experienced by radical pairs in cryp-

tochromes or other biomolecules involved in radi-

cal pair magnetoreception. 

In essence, the effects of magnetic storms 

are unlikely to be associated with changes in “mag-

netic coordinates” because they are too weak 

to cause any significant change in the inclination or 

direction of the geomagnetic field vector. There-

fore, the effects of geomagnetic storms are not the 
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choice of an incorrect direction through a normally 

functioning magneto-navigation system. Fluctua-

tions during magnetic storms are most likely tem-

porarily “switching off” magnetoreception based 

on radical pairs, and perhaps they do not affect 

magnetite-based magnetoreception. 

The impact of geomagnetic storms on the 

number of light-trapped insects, for instance, could 

be as follows. Specimens near the light source fly 

towards it, while those farther away use the geo-

magnetic field for navigation under a quiet geo-

magnetic field. Geomagnetic navigation approves 

that the weak light source in the distance should be 

disregarded. However, when magnetoreception 

is switched off during a geomagnetic storm, insects 

from a wider area are drawn toward the light 

source. Therefore, if geomagnetic storms can tem-

porarily deactivate radical pair magnetoreception, 

there may be potential for utilizing this phenome-

non in pest management. However, further 

investigation is needed to validate this hypothesis. 
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В обзоре представлены современные данные о влиянии геомагнитного поля и его вариаций на поведе-

ние насекомых. Обсуждаются наиболее вероятные механизмы магниторецепции у разных видов. Рассмот-

рены перспективы изучения электрорецепторов насекомых в качестве магнитодетекторов. Особое внима-

ние уделено исследованиям влияния геомагнитных бурь на поведение. Различия в механизмах первичной 

магниторецепции рассмотрены как вероятная причина расхождений в реакциях разных видов насекомых 

на геомагнитные возмущения. 
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