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The development of new technologies in the last decades has actuated researches on effects
of magnetic and electromagnetic fields on individual performance and physiological reactions
in living systems. Our work is based on the model of pupal development and compares insect
species belonging to different orders: Tenebrio molitor (Coleoptera), Drosophila
melanogaster (Diptera) and Apis melifica (Hymenoptera). A highly significant increase in the
rate of adult eclosion was detected in all examined species reared under constant external
magnetic field suggesting unique mechanisms of magnetic field influence on development of
three evolutionary distant insect species.
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The earth magnetic (geomagnetic) field, originating from the Earth’s core, is
an ubiquitous factor that has affected living world from the beginning of its evo-
lution. Up to now, magnetic field effects have been poorly studied compared to
effects of other environmental factors. However, it has attracted considerable
attention lately due to the development of new technologies that increased inten-
sity of external magnetic field several times above geomagnetic field.

Various responses to external magnetic field have been described in the may-
bags (SCHNEIDER, 1975), termites (BECKER, 1976), hornets (KisLIUK & ISHAY,
1977), bees (MARTIN & LINDAUER, 1977; KILBERT, 1979), fruit flies (RAMIREZ et
al., 1983; Ma & CHu, 1993). Physiological mechanisms of magnetoreception are
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Table 1

Mean values of pupal development time (PDT) and half time of adult eclosion (PDT;)

in control group (C) and insects exposed to magnetic field (MF). Chi-square (x2) test was
applied for comparison between the groups.

PDT (days) PDTs(days)

C MF C MF x P
Apis mellifera
(autumn) 7.610.7 5.9+0.6 8.0 5.5 510.18 0.0001
Apis mellifera
(spring) 8.5£1.0 6.6x1.1 9.0 5.3 248.75 0.0001
Drosophila
melanogaster 15.740.2 144403 152 13.8 79.03 0.001
Tenebrio
molitor 19.1£0.6  16.0£0.6  19.1 16.1 31.95 0.0008

still unknown. GOULD et al. (1978; 1980) have suggested the existence of biogenic
magnetic material in bees, while ScHIF (1991) has pointed to the involvement of
magnetite crystals in sensing hairs of bees in generating and modulation of action
potentials. Magnetic field is known to change insect behavior (KisLIUK & ISHAY,
1977), physiology (VACHA, 1997), development (RAMIREZ et al., 1983), and has
mutagenic effect (GIORGI ef al., 1992).

To elucidate mechanisms of interaction of living systems with magnetic field,
we investigated the influence of a permanent, inhomogenous, strong magnetic
field on pupa-adult metamorphosis in three insect species belonging to different
orders: Tenebrio molitor (Coleoptera), Drosophila melanogaster (Diptera) and
Apis melifica (Hymenoptera).

Perculated comb in A. melifica, and pupal stage in D. melanogaster and T.
molitor were exposed to inhomogenous magnetic field (magnetic induction
B=130-180mT) created by using permanent alnico Raytheon magnets, model
6002. Adult eclosion was monitored daily both in control insects (C) (in the
absence of magnetic field) and insects exposed to magnetic field (MF). Other fac-
tors were kept constant (temperature T=30%1°C for D. melanogaster and A. meli-
fica and T=19+1°C for T. molitor, relative humidity r=70-80%). Mean value of
pupal development time (PDT) and half time of adult eclosion i.e. the time need-
ed for 50% of adult eclosion (PDT;, were determined. Chi-square (x2) test was
applied for comparison between the groups.
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The results presented in Table I show that magnetic field induced similar
changes in the dynamics of metamorphosis in all examined insect species. Pupal-
adult metamorphosis is more rapid in MF than control group. Seasonal changes in
geomagnetic field did not significantly affect our results.

Increased DNA damage and developmental errors are considered to be the
costs of rapid growth and development (ARENDT, 1997). It is also well known that
MF increase frequency of genetic loads (ProLIC & ANDELKOVIC, 1992) and may
have mutagenic effect, especially on genes that control cell proliferation
(GooDMAN et al., 1991; GIORGI et al., 1992). However, in contrast to findings of
other authors (RAMIREZ et al., 1983; MARTIN, 1988; Ma & CHu, 1993), our results
did not show drastic effects on pupal mortality. Apparently, intensity of applied
MF is within the physiological range determined by the genome of the species.

External magnetic field interacts with the internal electromagnetic equilibri-
um of a living system modulating dynamics of calcium ions (BLACKMAN & MOST,
1993; BLACKMAN, 1994) as well as basic electric processes and motion of charged
and/or polar molecules (KoLiN, 1968). As neural system is the most responsive
structure of an organism (ROSEN, 1992; 1993) we can suppose that MF effects on
insect metamorphosis, observed in our experiment, are caused by changes at the
level of neuroendocrine system.
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YIIOPEJHA NCIIMTUBAIbA EOEKATA MATHETHOI I1IOJbA
HA PA3BURE JIYTKE KO/l TP BPCTE XOJIOMETABOJIHUX
NHCEKATA

3narko [ponuh, Jenmuna Jlasapesuh,
Mapwuja Mpaaxosuh u [paryrun [loneckoBuh

U3Boxa

Pa3B0j HOBHX TEXHOJIOTHja MOCICABUX JICIICHH]a j€ TIOKPEHYO UCTPaKHBAHa
edekaTa MarHeTHUX M EJIEKTPOMAarHETHUX 110Jba Ha HHUBUAYaIHY IeppOpMaHCy
u (usmoonike peaknuje y )KMBUM cuctemuma. Hamr paj je 0asupan Ha Moaeiny
JYTKHHOT pa3Buha M TOpeiu TPU E€BOJNYTHBHO yaJbeHE BPCTE MHCEKara Koje
npunaaajy pasmmuutuMm penosuma: Tenebrio molitor (Coleoptera), Drosophila
melanogaster (Diptera) u Apis mellifera (Hymenoptera). Kox cBux npoyuaBaHux
BpCTa je YOUYeH CTaTUCTUYKU 3HayajaH [opacT Op3WHE H3Jerama aayiaTa Moj
YTHUIIjeM CIIOJBLIET MATHETHOT MOJba IITO yKa3yje Ha jeJIMHCTBEHE MEXaHU3Me
JieTIoBama Ha mpolece pa3pulie Ko TpH ylajbeHe BPCTE MHCEKATa.
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