
INGENIERÍA E INVESTIGACIÓN VOL. 32 No. 2, AUGUST 2012 (28-33) 

 

     
28  

Local distortion of the earth’s magnetic field as a proposal 

for handling the leafcutter ant species Atta spp.  

(Hymenoptera: Formicidae) 
 

Distorsión local de campo magnético terrestre como una propuesta de 

manejo de una especie de hormiga arriera Atta spp.  

(Hymenoptera: Formicidae) 
 

Paz H.1, Vargas M.A.2, Forero O.A.3, Pabón J.F.4, Plaza J.A.5  

 

ABSTRACT 

Studies regarding the spatial orientation of social insects (bees, termites and ants) concerning their search for food, foraging and 

transporting it have received considerable attention during the last few years. Such studies have been aimed at learning so as to 

apply it to robotics (multiagents) and ecological pest control. However, little is known about the types of orientation mechanism and 

their integration in such insects. This article presents some geomagnetic field detection studies dealing with controlling them by 

magnetotaxis or orientation experiments in Sasaima (Cundinamarca) to formulate an ecological management proposal for ants 

from this species which greatly affect Colombian agriculture. 
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RESUMEN  

Los estudios sobre la orientación espacial de los insectos sociales (abejas, termitas y hormigas) en situaciones de búsqueda, reco-

lección y transporte de alimento han recibido considerable atención en los últimos años. Los propósitos han sido aprender acerca 

de ellos para aplicarlos a la robótica (multiagentes) y al control ecológico de plagas. Sin embargo, aún se conoce poco sobre los 

tipos de mecanismos de orientación y su integración en dichos insectos. En este artículo se describen algunos estudios sobre orien-

tación de la hormiga mediante campo geomagnético detectado. Los resultados de la investigación profundizan en el análisis de la 

orientación mediante magnetotaxia o mecanismo de interacción entre el campo geomagnético y la hormiga cortadora o arriera 

Atta spp. (Hymenoptera: Formicidae), basada en varios experimentos realizados en el municipio de Sasaima (Cundinamarca), con 

el fin de plantear una propuesta de manejo ecológico de hormigas de esta especie que afectan la agricultura colombiana. 

Palabras clave: hormiga arriera Atta spp., campo geomagnético, orientación, control ecológico. 
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Introduction 

The world contains more than 3,500 species belonging to the 

Formicidae family; some live in tropical zones and are character-

ised by their grouping into colonies. There are more than 700 

species (87 genera) in Colombia, including 11 types of leafcutter 

ants, 4 of them belonging to the Atta genera (Rodríguez et al., 

2008). These species are concentrated in the Santander, An-

tioquia, Quindío, Risaralda, Caldas, Cundinamarca, Valle del 

Cauca, Bolivar and Chocó departments in Colombia. 

Leafcutter ants affect cassava, cocoa, coffee, corn, sugarcane and 

citrus crops, leading to partial or total defoliation of plants ac-

cording to reports by Lapointe et al., (1990), Fernandez & Jaffe 

(1995) and Lopez & Orduz (2004). They also cause damage to 

structures such as houses, buildings and roads due to their tun-

nelling activities. Government agencies, such as the Instituto 

Colombiano Agropecuario (ICA), Umata, regional agriculture 

secretariats and the Colombian Ministry of Agriculture and Rural 

Development, are responsible for helping Colombian rural-

dwellers in controlling leafcutter ants; however, much effort and 

many resources have been invested in pest management training 
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(i.e. anthill eradication and in situ control of the leafcutter ant) 

without good results being forthcoming. 

This research has thus proposed designing and constructing a 

very low frequency (VLF) electromagnetic wave (antenna) dis-

turbance system for ecological control of the Atta spp. leafcutter 

ant which most affects the aforementioned crops, following 

Ministry of Agriculture recommendations regarding the green 

flower programme for clean production (Maya, 1990; INIA, 

2004). Controlling magnetic wave polarisation can distort the 

geomagnetic field locally and so confuse ants’ movements. 

 

Theoretical 

The ants’ magnetic orientation by geomagnetic field. The presence of 

charge in the core of the earth (due to flows of ferrous material), 

the presence of magnetised rocks in the earth’s layers, the inter-

action of cosmic rays and the influence of magnetospheres of 

planets and stars close to the earth leads to variation in magnetic 

field strength at different latitudes and longitudes on the surface. 

The magnetic field of the earth’s surface can be represented by a 

magnetic dipole having 11.3° inclination regarding the axis of the 

earth’s rotation. Field strength on the earth's surface ranges from 

less than 30 microtesla (0.3 gauss) in most of South-America and 

South Africa, to exceeding 60 microtesla (0.6 gauss) in Canada, 
South Australia and part of Siberia (Deutschlander et al., 1999). 

Bogotá is located on 3° 36¨ west magnetic declination (i.e. varia-

tion), as measured by Pablo Quintero from the Institute Geo-

graphic Agustín Codazzi in 1989. 

Terrestrial living organisms are born, grow and evolve in the 

presence of the earth's variable  magnetic field and, therefore, 

there may be an evolutionary advantage in detecting such field 

for uses having a specific purpose, as in the case of bacteria 

(Magnetotacticum magnetospirillum), whales, turtles, dolphins, 

lizards (Pogona vitticeps), shoals of fish, migratory birds and insects 

(ants, wasps, bees and termites) which detect geomagnetic field 

variation and store such data as compass orientation (Kermar-

rec, 1981; Vácha, 1997; Wiltschko & Wiltschko, 1995 ; Wajnberg 

et al., 2000; Nishimura et al., 2010). 

One of the first studies showing ants’ sensitivity to magnetic 

fields was carried out by Kermarrec in 1981; he placed attracting 

magnets in his laboratory around Acromyrmex octospinosus ants’ 

artificial nests. Kermarrec consistently noted that they avoided 

the regions near to the magnets. Anderson and Van der Meer 

made a laboratory study of the Solenopsis invicta ant in 1993 

involving an experiment consisting of placing an artificial ants’ 

nest inside a Helmholtz coil to manipulate the geomagnetic field; 

near it was a dead cockroach as food for the ants. They meas-

ured recruitment time from the moment a scout ant approached 

the cockroach and studied the unchanged geomagnetic field. 

Çamlitepe and Stradling’s work (1995) showed that ants could 
use geomagnetic field vector directional information as spatial 

reference for orientation. They studied Formica rufa ants in the 

field and laboratory; ants were conditioned to seek food in the 

direction of magnetic north. When this setting was altered, most 

ants sought food in the new direction for magnetic north. This 

meant that ants were able to use the direction and field sense to 

move towards a specific location. 

Three hypotheses have been postulated for understanding mag-

netoreception mechanisms: 

– The ferromagnetic hypothesis involves the presence of 

magnetic particles as magnetic field transducers; 

– Modifying the mechanism of vision by creating chemical 

moieties in pairs, because of the presence and variation of 

magnetic fields; and  

– Electromagnetic induction, in which magnetic flux varia-
tions can produce electric fields and streams of ions. This 

mechanism has been found in some electric fish. 

Concerning the first hypothesis, the type of magnetic particles 

present in some organisms can be classified by size as follows: 

multidomain magnetic particles are larger and are characterised 

by the total configuration of each domain’s magnetic moments 

resulting in low magnetic energy throughout the particle, inter-

mediate size magnetic monodomains can preserve a stable mag-

netic moment and superparamagnetic particles (the smallest) are 

characterised by being magnetically unstable because of the 

external environment’s thermal energy. 

These particles usually have different magnetic behaviour because 

whilst the larger ones (multidomain and monodomain) are per-

manently magnetised, the smaller ones (super paramagnetic) can 

modify their magnetisation vector and still lose magnetisation 

through variations in temperature, without moving these parti-

cles. The latter, responding quickly to magnetic field variations, 

are thus able to play the role of sensing magnetic variation in the 

environment. 

 According to studies by Hölldobler & Wilson (1990) and Banks 

& Srygley (2003), Solenopsis sp. ant species have four to ten 

millionths of an inch-long biomineralased magnetic material parti-

cles or magnetite on their bodies (Fe3O4); although such studies 

led to no major findings, the presence of magnetite in this ant 

species’ abdomens has stimulated ferromagnetic hypotheses to 

explain their magnetotaxis.  

Further research in Pachycondila marginata has confirmed this 

theory (Esquivel et al., 1999, Acosta et al., 1999). This species has 

migratory behaviour and lives in south-eastern Brazil. A study of 

several colonies’ annual migration routes has shown a preference 

for choosing routes in a deviated axis of around 12° of magnetic 

north-south axis. The results demonstrate this species’ ability to 

use geomagnetic field information during its migration. Measure-

ment of induced magnetisation (magnetometry) with magnetom-

eters coupled to superconducting quantum interference devices 

(SQUID) has revealed the presence of small particles located in 

Pachycondila marginata dry, crushed abdomens; such findings 

show the coexistence of ferromagnetic properties having a super 

paramagnetic state at room temperature. This implies the exist-

ence of magnetic nanoparticle distribution in these ants’ abdo-

mens. Wajnberg’s et al., (2000) revealed the presence of isolated 

particles and small agglomerates in the abdomens of the same ant 

species to complement studying this theory; magnetic volume 

was comparable to that measured by electron microscopy. 

Such interaction between magnetic field and some living beings 

(some ants, bees, flies, butterflies, turtles, salamanders, salmon, 

tuna, whales, dolphins, sharks, birds, bacteria and protozoa) 

supports the concept of magnetotaxis, although little is known 

about this in some of the aforementioned animals. 

 

Field test 

The tests were intended to test Atta spp. ants’ sensitivity to an 

induced magnetic field. The first part of the research took place 

in the Escuela Colombiana de Ingenieria’s laboratories where 

different intensity and sized magnets were used and their sur-

rounding constant fields were measured. Helmholtz coils were 
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used for determining the magnetic field generated at different 

current variations and different lengths. 

The second part began once the magnets and Helmholtz coils 

had been characterised; this was to enable testing in Sasaima, 

Cundinamarca, a town 80 km from Bogotá and geographically 

located at 4° 58'00'' north latitude and 74° 26'00'' west longitude, 

24°C average temperature, lying at 1,203 masl. 

Two main types of constant magnetic induction were tested, as 

was another variable in the vicinity of the ants (more exactly, the 

routes taken by the ants when moving) (see Figure 1).  Figure 2 

shows the wiring diagram. 

 

Figure 1. Test of magnetic field distortion with a Helmholtz coil in 

Sasaima, Cundinamarca 

 

Figure 2. Block diagram showing Helmholtz coils radiating a variable 

magnetic field 

 
Figure 3. Stream to deflection tangent (angle) ratio 

The magnets were rotated to different positions at the same 

distance from each other and the route taken by the ants (data 

collection point). These tests were performed on a sunny day, 

during the afternoon. The hypothesis was stated as follows, “The 

Atta spp. leafcutter ant’s orientation by the earth’s magnetic field 

may lead to a possible solution for controlling this pest in Co-

lombian agriculture.” The strategy for ecological management 

would use field direction distortion to mislead the ants’ mobility.  

Geomagnetic field vector direction and magnitude were identi-

fied at the test site by injecting different stream values from the 

source to the Helmholtz coils. Component terrestrial magnetic 

field vector was measured by using the ratio between the coil’s 

magnetic field and the tangent of the position (angle) indicated by 

the compass needle. Data was tabulated and graphed as shown in 

Figure 3, and the curve was linearised. The slope was obtained, 

thereby associating the earth’s magnetic field value with equation 

(1). 

        
 ( )

  
 (1) 

where: 

       :  tangent of the angle formed by the compass 

needle pointing north (in radians)    

 ( ):   Helmholtz coils’ magnetic field magnitude 

value  

  :   earth’s magnetic field magnitude value  
 

Using the equation for the coils’ magnetic field led to:  

 ( )   
    

 
   

  
 ⁄  [  (
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where: 

  :  magnetic permeability 

 :  number of turns in the coils 

 :  value of streams circulating in the coils 

 :  the coils’ radius and required separation between them, 

led to: 

                   

              
 

Once the horizontal component had been identified, the coils’ 

field intensity was modified by using a magnet. Coil–magnet 

interaction distorted magnetic field direction, thereby changing 

both direction and magnitude (Figure 4).  

 

Figure 4. The magnet’s response. Tg(θ): Tangent of the angle formed 

by the compass needle. Tg(θ) – unaltered: Magnetic field without the 

presence of the magnet. Tg(θ) – 1: Magnet placed at 15 cm distance 

and 0 degrees. Tg(θ) – 2: Magnet placed at 15 cm distance and 90, 

180 and 270 degrees. Tg(θ) – 3: Magnet placed at 5 cm distance and 

0 degrees. Tg(θ) – 4: Magnet placed at 5 cm distance and 90, 180 and 

270 degrees. 

Experimenting with the Helmholtz coils in the laboratory led to 

observing that the tangent of the compass needle angle was equal 

to that between the coil's magnetic field produced by an electric 

current and the magnetic field; when the needle moved to 45 

degrees, its tangent was equal to 1, meaning that both magnetic 

fields were equal. When a magnet was placed near the Helm-
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holtz coil, the field coil induced an uneven compass needle align-

ment as the magnet approached, thereby causing this position to 

fluctuate (i.e. compass needle alignment changed with magnet 

zoom on the same axis). 

The same test was then conducted with Atta spp. leafcutter ants 

in Sasaima, Cundinamarca. A magnet was first placed directly in 

the ants’ path; this initially stopped their march as they became 

confused but they resumed their journey after a few seconds. 

Some batteries were then used to energise the Helmholtz coil 

and placed in the same way. 

It was observed that cancelling the magnetic field created 

through the coils decreased the number of ants on the path 

being travelled; ants also piled up before the coil, becoming 

spaced out or disorientated, having a prolonged delay in re-

sponse to the coil because of magnetic field variation. Some 

obstacles were placed in the path, making it very difficult for 

them to resume their march. 

Such magnetoreception signals led to reaffirming these insects’ 

particular sensitivity to the presence of magnetic material or to 

magnetic signals and, because of their use in their orientation, 

they could be exploited for their ecological management. 

Three assumptions have thus been postulated in this research:  

verification of the ants’ sensitivity to exposure to a magnetic field 

and their use for orientation, easy adaptation to constant chang-

es in an induced magnetic field and change in the ants’ orienta-

tion due to the effect of induced distortion in the magnetic field. 

 

Results and analysis 

This kind of ants’ sensitivity to natural and induced magnetic 

fields was observed and corroborated, thereby determining the 

importance of field variation after ants had been exposed to it 

and getting used to the induced magnetic field. 

It was also determined that the ants became momentarily dis-

concerted by inducing an artificial magnetic field and placing a 

variety of obstacles in the path traced by the ants and how they 

did not  want to creat a new path; instead they kept trying to 
follow exactly the same path. This result led to identifying a 

solution or factor to be considered when determining the ants’ 

possible weaknesses. 

This represents a clean control/management solution for the 

ants, responding to environmental issues and conserving natural 

resources regarding major challenges and approaches made 

during the last few years at major global summits on the envi-

ronment and sustainable development, such as the United Na-

tions Conference on Sustainable Development  in Johannesburg 

held in 2002, the United Nations Conference on the Environ-

ment and Development in Río de Janeiro in 1992, the Brundtland 

Report World Commission on the Environment and Develop-

ment in 1987 and the United Nations Conference on the Human 

Environment in Stockholm in 1972 (Minambiente, 2007). 

Antenna design 

 
Natural geomagnetic fields can be modified or neutralised by 

other artificial fields induced by any extremely low frequency 

(ELF) or VLF antenna near fields influencing them. Further work 

may be orientated towards controlling an antenna’s magnetic 

field polarisation to distort a local geomagnetic field; such radia-

tion system may tune Schumann resonance at 7.83 Hz to keep 

magnetic field intensity higher and thus cause a loss of the ants’ 

reference orientation due to field distortion.  

Lineal antennas are useful in this respect and must have a infini-

tesimal wavelength monopole load. For example, a monopole 

quarter wavelength tuned to 7.83 Hz frequency should be ap-

proximately 9,579 km long to avoid high material costs and 

construction; it would be loaded with a coil antenna or through a 

capacitive load. A radiated signal suffers very low attenuation in 

the atmosphere at such ELF and penetrates significant distances 

over land or through water. 

Antenna field distortion B could also be multispiral wound on a 

high permeability alloy core, as shown in the Figure 5, it shows 

the magnetic field spectrum obtained with an ELF band receptor. 

Dirac deltas represent the presence of impulse noise and mostly 
unknown sources. Deltas represent the spaces between reso-

nances at 7.83 Schumann, 18, 27 Hz, frequencies, and so on. 

Because this spectrum was taken near electric power lines, 60 

Hz frequency was clearly visible, despite the power line filter in 

the receiver (see Figure 6). Subsequent research work will focus 

on designing a 7.83Hz resonant antenna. 

 

Figure 5. Multispiral antenna 

 

Figure 6. Spectrum obtained showing a magnetic field on the ELF 

band receiver 

Impact 

Ants are part of nature and play important roles in ecosystem 

conservation. Some of them disperse seeds, prune plant growth, 

and contribute to recycling materials and nutrients concentrated 

at specific sites. Atta colombica produce biofertiliser which is 

widely used by natives in the Chocó region of Colombia. They 

also create a habitat for some species of beetles (Coleoptera: 

Melolonthidae), improve the soil’s physical properties and drain-

age and aeration are locally modified by their nests. However, 

they also damage agriculture, citrus crops and ornamental plants, 

wiping out fruit and coffee plantations; this directly affects farm-

ers because such crops are their only means of subsistence. Atta 

spp. leafcutter ants must thus be controlled by using mechanical, 

physical, cultural, chemical and biological control methods. Syn-
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thetic chemicals (insecticides and fungicides) are usually used to 

control leafcutter ants; however, even though they destroy the 

pests they also cause irreparable damage to ecosystems and 

beneficial species by contaminating soil through the accumulation 

of chemical compounds. 

Colombian rural-dwellers usually use copper sulphate or viscous 

liquids to prevent ants entering plantations; burning oil is used as 

a barrier or artificial fence. Infusions are also prepared and then 

thrown into crops because as the ants chew the leaves, while 

they are cutting them, they feel the infusion which is very acidic 

creating an almost instantaneous repulsion for the leaves. 

 One of the main disadvantages of frequent synthetic chemical 

product use in controlling ants is the development of the insects’ 

resistance to them. When a pest is subjected to the same class of 

pesticides for long periods this generates resistance to the effects 

of such substances, thereby leading to a population’s rapid 

growth and mutations in future generations. Effectively control-

ling a pest by using a greater quantity or concentration of chemi-

cals implies major economic investment and falling into a "vicious 

circle." Colombian Ministry of the Environment, Housing and 

Territorial Development’s national strategic plan for green mar-

kets in Colombia stressed that efforts should be made to reduce 

chemical use on crops. 

Another reason for justifying this proposal is that electrons have 

had very few applications in pest control; it is intended to tap 

into this sector of the economy, especially regarding citrus fruit 

(blackberry, lime, orange, lemon, etc.), through clean manage-

ment solutions concerning control of leafcutter ants. 

 

Conclusions  

An important characteristic of magnetoreception and the pres-

ence of biomineralised magnetic sensors is that they are specific 

to each species. While studying ants and bees’ behaviour related 

to the influence of magnetic fields, a parallel study should be 

made of the characteristics and properties of the biomineralised 

material present in insects to propose appropriate models. 

Field trials regarding the Atta spp., leafcutter ant revealed their 

rapid adaptability to distortion of the magnetic field so that low 

frequency (VLF or ELF) field radiation should be studied to avoid 

their adaptability to such frequencies. Ecological control of Atta 

spp. leafcutter ants can be achieved through magnetic field dis-

tortion; however, to become effective, this must be integrated 

with other strategies simultaneously affecting the ants’ other 

orientation mechanisms such as the polarisation of light through 

the environment’s geometric pattern and pheromones. 
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