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Abstract Six behavioural experiments were carried out to
investigate the magnetic field effects on the nest-exiting
flight directions of the honeybee Schwarziana quadripunc-
tata (Meliponini). No significant differences resulted during
six experiment days under varying geomagnetic field and
the applied static inhomogeneous field (about ten times the
geomagnetic field) conditions. A surprising statistically
significant response was obtained on a unique magnetic
storm day. The magnetic nanoparticles in these bees,
revealed by ferromagnetic resonance, could be involved in
the observed effect of the geomagnetic storm.
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Introduction

Animal sensitivity studies have revealed a wide range of
results correlated to natural environment phenomena, such
as earthquakes and tsunamis. Organisms can evolve
behaviours that enhance survival and fitness (Kirschvink
2000); many of them involve special pattern recognition
abilities. Animal orientation has to be understood based on
sensory inputs, motivation, genetic pre-disposition and
individual experiences that turn complex the analysis of
any single cue.

Magnetoreception plays an important role in animal
orientation and navigation (Wiltschko and Wiltschko 1995;
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Gould 2004). Despite a recent increase in physiological and
behavioural studies, it is still poorly understood (Nemec et
al. 2005; Wang et al. 2004; Becker and Gerisch 1981;
Acosta-Avalos et al. 2001).

Since the first observation of the geomagnetic field
influence on Apis mellifera dancing (Lindauer and Martin
1968), several behavioural experiments for different
magnetic field conditions (Kirschvink et al. 1997 and
references therein; Schmitt and Esch 1993) were performed,
and the presence of magnetic particles was observed (Gould
et al. 1978; Oliveira et al. 2005; El-Jaick et al. 2001),
confirming biophysical predictions of a magnetite-based
magnetoreceptor.

Magnetic measurements have also shown the presence of
magnetic particles in another honeybee specie, Schwarzi-
ana quadripunctata (Lucano et al. 2006). Here, we report
on behavioural fieldwork performed with this bee to
examine possible geomagnetic field effects on their nest-
exiting angles. For the first time, effects of the geomagnetic
field on the bee flight orientation are shown, when on one
of the 6 days, a fortuitous magnetic storm occurred. This
single event provided a rare observation of magnetically
altered behaviour.

Materials and methods

Behavioural experiments were performed with one S.
quadripunctata underground nest in Teresopolis (22°49'S,
47°06'W), Rio de Janeiro (Atlantic Forest), chosen due to
its location, colony size and magnetic conditions (South
Atlantic Anomaly [SAA]). The nest entrance was a 2-cm-
diameter channel, 30 cm long and oriented about 25° with
the vertical in the magnetic west direction. Six experiments
were carried out from May to November 2001 under almost
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the same weather conditions: breeze, sunlight, air relative
humidity (70 to 90%) and temperature (15 to 19°C). The
exiting flying direction of the bees (dip and azimuth angles)
was registered by one or two video cameras during 15 to
20 min from 9:50 A.M. to 3 P.M., the period of highest exiting
activity (6 bees/min; Imperatriz-Fonseca and Darakjian
1994). The azimuth was recorded with the monitoring
camera suspended 40 cm over the nest and the dip with the
camera 40 cm from the nest in the east-west direction. The
data were collected from a television monitor, copying
the bee position frame-by-frame to plastic film, on a
straight-line from the nest up to 8 cm. The azimuth was
taken relative to the local north—south geomagnetic direc-
tion with clockwise positive value from the south and the
dip relative to local vertical. Applied field intensities were
measured by a portable magnetometer (DM2220 Schon-
stedt Instruments). Experiments were performed under local
geomagnetic (GEO, control) and magnetic applied field
(MAG). The spatially inhomogeneous magnetic field, in the
magnetic east—west direction, was produced by two
magnetic bars both 30 cm from the nest. The intensity
ranged from 0.08 to 0.11 mT in the recording region,
estimated as 0.17 mT at the nest chamber.

The geomagnetic field is an extremely dynamic phe-
nomenon described by a local vector, with daily and secular
variations of magnitude and direction. Magnetic storms are
relatively rare worldwide disturbances of the geomagnetic
field lasting a few days. The intensities were obtained from
data registered by the National Observatory (Vassouras, RJ,
Brazil), including the observed magnetic storm.

Unidirectional circular statistics of the azimuth and dip
exiting angles were performed with the Oriana® software.

The Rayleigh and Watson F-tests (Vassar statistics: critical
F values for a significant level «=0.05) were performed to
evaluate the significance of the circular statistic results.

Results

Table 1 presents the circular statistics results of the exiting
angle components. The two first control experiments
quantitatively confirmed the visual observation of prefer-
ential nest-exiting angles. The mean values of these
components are statistically significant (p<0.001).

Figure 1 shows the geomagnetic intensity daily varia-
tions for the experiment days except for 08/22, where
symbols indicate the experiment periods. 11/06 is easily
identified as a magnetically anomalous day, classified as a
strong magnetic storm (Geophysical Observatory Fiirsten-
feldbruck, LMU, Munich). When daily intensities are
compared, 11/06 presents a 150 nT difference during the
experiments (229 nT, maximum variation). Watson F-test
between GEO and MAG on the same experiment day
showed significantly equal exiting angle values (p>0.14
and F<2.25). In contrast, the mean azimuth and dip values
of the GEO on the magnetic storm day (11/06) are the only
ones distinct from the other GEO experiments (p<0.001
and F>47). A similar result is obtained for the MAG
experiments (p<0.001 and F>30). The mean dip and
azimuth angles as a function of the geomagnetic field
intensity for the GEO and MAG conditions are shown in
Fig. 2. The notably different magnetic storm data are
clearly seen by the dip value, while the azimuth value
seems to be less sensitive.

Table 1 Circular statistics parameters of the azimuth (azim) and dip exiting angles for experiments in GEO (control) and MAG setup, all with

»<0.001 and »>0.90

2001 experiment dates

Exiting angles

05/22 05/30 07/09 08/22 09/03 11/06

145 72 - 136 64 94 n dip
40° 42° - 36° 38° 16° v GEO
13° 13° - 21° 10° 18° csd

- - - 136 40 105 n dip

- - - 36° 41° 14° u MAG
- — - 20° 7° 17° csd

54 72 72 147 64 95 n Azim
215° 231° 242° 235° 205° 256° i GEO
27° 16° 11° 19° 24° 14° csd

- - 51 102 40 102 n Azim
- - 245° 234° 208° 258° i MAG
- - 14° 25° 19° 12° csd

n Number of observations, p mean value, csd circular standard deviation
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Fig. 1 Daily geomagnetic intensity of each experiment day; experi-
ment periods marked; 08/22 data not registered

Discussion

Although magnetic fields up to ten times the local field
were applied to observe effects on the bee mean exiting
angles compared to those under geomagnetic fields, the
Watson F-test of all the mean angles on the same day do
not statistically differ. Nevertheless, a magnetic modified
flight activity of this nest bee was observed (Nascimento et
al. 2001), as in other bees (Martin et al. 1989). On the other
hand, Watson F-test showed that under most of the
geomagnetic conditions, azimuth means are significantly
different from one experiment to another, while for dip
results, it is not so evident, except for the surprisingly low
dip mean angle of the magnetic storm day experiments.
Evidence and characterization of the magnetic material
in S. quadripunctata body parts were obtained by SQUID
magnetometry and ferromagnetic resonance. Under the
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ferromagnetic hypothesis (Vacha 1997), this material was
suggested as a magnetic sensor (Lucano et al. 2000).

These behavioural and physical results suggest that these
bees could perceive the anomalous magnetic storm changes. In
this case, it would be relevant to perform experiments under
simulated magnetic storms since each event of this natural
phenomenon is unique and difficult to predict (http://www.
chem.hawaii.edu/uham/storm.html).

These few magnetic results open a spectrum of argu-
ments to understand the different magnetic responses. One
can consider, for example, the saturation mechanism
observed for miracidia larvae of the eyefluke under high
static field (7.5 nT; Stabrowski and Nollen 1985). A similar
mechanism in the bee behaviour would be activated, with a
different value for the field saturation limit, since no effect
was observed under the high applied magnetic field.
Another assumption is that bees are sensitive to the changes
in the magnetic field time pattern rather than to space
perturbations. The orientation of pigeons wearing coils
generating a uniform field about one sixth of the geomag-
netic one resulted greater scattering than for birds with no
current (Walcott 1977). Further, no systematic different
orientation behaviour or homing performance was observed
between pigeons released within the Gershein anomaly
(199-nT maximum value) and a control site outside. As
suggested for birds, bees could perhaps sense the anomaly
in the magnetic field and ignore it, using instead diverse
orientation cues (Wiltschko and Wiltschko 2003). More
recently, landmarks, individuality map, sun compass,
olfactory cues and, in particular, the geomagnetic field
effects in pigeon homing of the last 40 years were
reanalysed, suggesting that pigeons use multiple and
redundant cues to find their way home (Walcott 2005).
Similarly, odour (Chaffiol et al. 2005), visual (Warrant et al.
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Fig. 2 Mean dip (a) and azimuth (b) angles as a function of geomagnetic intensity; geomagnetic field (control, filled square), applied magnetic

field (inverted open triangle)
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2004) and magnetic field (Gould 2004) cues provide bees
with orientational references so that the multiple cues could
be suggested for this insects, as already observed for
intermodal blocking in foraging bees (Couvillon et al.
2001).

The fortunate event of a strong magnetic storm on the
last experiment day allowed the first observation of
magnetic behavioural change in S. quadripunctata bees,
on bee flight orientation, in contrast with effects on A.
mellifera comb building or dancing. Moreover, the experi-
ments were performed in a region in the SAA, where
characteristics are interesting for this study. S. quadripunc-
tata is a new tribe for magnetoreception studies, especially
for its close relationship to A. mellifera honeybees. The
magnetic sensitivity, together with a magnetic sensor
candidate (Lucano et al. 2006), should stimulate more
controlled behavioural and neuroethological experiments
with this species.

Acknowledgments We are grateful to Dr. E. G. Oliveira and Dr.
D. Ellis for critically reading the manuscript, and R. M. Carvalho
and Dr. L. M. Barreto (National Observatory, Vassouras, Brazil) for
the geomagnetic field data. The paper discussion has benefited from
the comments of anonymous referees. E.W. and D.M.S.E. thank the
National Council for Scientific and Technological Development
(CNPq), and E.W. thanks Fundacdo Carlos Chagas Filho de Amparo
a Pesquisa do Estado do Rio de Janeiro (FAPERJ) for the support.
R.E. thanks CNPq for a PCI fellowship.

We declare that the experiments comply with the current laws of
Brazil.

References

Acosta-Avalos D, Esquivel DMS, Wajnberg E, Lins de Barros HGP,
Oliveira PS, Leal I (2001) Seasonal patterns in the orientation
system of the migratory ant Pachycondyla marginata.
Naturwissenschaften 88:343-346

Becker G, Gerisch H (1981) Geomagnetobiological rhythms of termite
feeding activity and related rhythms. J Interdiscip Cycle Res 12
(3):247-256

Chaffiol A, Laloi D, Pham-Delegue MH (2005) Prior classical
olfactory conditioning improves odour-cued flight orientation of
honey bees in a wind tunnel. J Exp Biol 208(19):3731-3737

Couvillon PA, Campos AC, Bass TD, Bitterman ME (2001)
Intermodal blocking in honeybees. Q J Exp Psychol B Comp
Physiol Psychol 54(4):369-381

@ Springer

El-Jaick LJ, Acosta-Avalos D, Esquivel DMS, Wajnberg E, Linhares
MP (2001) Electron paramagnetic resonance study of honeybee
Apis mellifera abdomens. Eur Biophys J 29:579-586

Gould JL (2004) Animal navigation. Curr Biol 14(6):R221-R224

Gould JL, Kirschvink JL, Deffeyes KS (1978) Bees have magnetic
remanence. Science 202:1026-1028

Imperatriz-Fonseca VL, Darakjian P (1994) Flight activity of
Schwarziana quadripunctata (Apidea, Meliponinae): influence
of environmental factors. Proc Int Behav Ecol Congr 86

Kirschvink JL (2000) Earthquake prediction by animals: evolution and
sensory perception. Bull Seismol Soc Am 90(2):312-323

Kirschvink JL, Padmanabha S, Boyce CK, Oglesby J (1997)
Measurement of the threshold sensitivity of honeybees to weak,
extremely low-frequency magnetic fields. J Exp Biol 200
(9):1363-1368

Lindauer M, Martin H (1968) Die Schwereorientierung der Bienen unter
dem Einflufdes Erdmagnetfeldes. Z Vgl Physiol 60:219-243

Lucano MJ, Cernicchiaro GR, Wajnberg E, Esquivel DMS (2006)
Stingless bee antennae: a magnetic sensory organ? BioMetals 19
(3):295-300

Martin H, Korall H, Forster B (1989) Magnetic field effects on activity
and ageing in honeybees. J] Comp Physiol, A 164(4):423—-431

Nascimento FS, Barbosa MA, Eizemberg R, Wajnberg E, Esquivel
DMS (2001) Efeitos do campo geomagnético no comportamento
de abelhas nativas da Mata Atlantica. An XIX Cong Bras Etol 51

Nemec P, Burda H, Oelschlager HHA (2005) Towards the neural
bases of magnetoreception: a neuroatomical approach.
Naturwissenschaften 92:151-157

Oliveira JF, Cernicchiaro G, Winklhofer M, Dutra H, Oliveira PS,
Esquivel DMS, Wajnberg E (2005) Comparative magnetic meas-
urements on social insects. J Magn Magn Mater 294:e171-e174

Schmitt DE, Esch HE (1993) Magnetic orientation of honeybees in the
laboratory. Naturwissenschaften 80:41-43

Stabrowski A, Nollen PM (1985) The responses of Philophthalmus
gralli and P. megalurus miracidia to light, gravity and magnetic
fields. Int J Parasitol 15(5):551-555

Vacha M (1997) Magnetic orientation in insects. Biologia Bratislava
52:629-636

Walcott C (1977) Magnetic fields and the orientation of homing
pigeons under sun. J Exp Biol 70:105-123

Walcott C (2005) Multi-modal orientation cues in homing pigeons.
Integr Comp Biol 45:574-581

Wang JH, Cain SD, Lohmann KJ (2004) Identifiable neurons inhibited
by Earth-strength magnetic stimuli in the mollusc Tritonia
diomedea. ] Exp Biol 207:1043-1049

Warrant EJ, Kelber A, Gislen A, Greiner B, Ribi W, Wcislo WT
(2004) Nocturnal vision and landmark orientation in a tropical
halictid bee. Curr Biol 14(15):1309-1318

Wiltschko R, Wiltschko W (1995) Magnetic orientation in animals, 1st
edn. Springer, Berlin Heidelberg New York

Wiltschko R, Wiltschko W (2003) Orientation behavior of homing
pigeons at the Gernsheim anomaly. Behav Ecol Sociobiol
54:562-572



	Do geomagnetic storms change the behaviour of the stingless bee guiruçu (Schwarziana quadripunctata)?
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


