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Perception of the Geomagnetic  Field in the Fly Drosophila melanogaster 

Since it  has become ev iden t  for several  species of 
insects ( Isoplera i, 2, Blattodea 2, Coleoptem a-6, Diptera 2, 7-~, 
Hymenoptera 1~ t h a t  the i r  or ienta t ion  pa t te rns  can be 
influenced by  the  direct ion of the  geomagnet ic  field, the  
ques t ion arises which sensory mechanisms m a y  be 
involved  in the  percept ion of magnet ic  fields�9 Unt i l  
recent ly  the  physiological  basis of or ienta t ion perfor-  
mances depending on the  physical  parameters  of magnet ic  
fields is comple te ly  unknown.  The  recent  work  of LIN- 
DAUER and M A R T I N  10 offers some reference to an in{luence 
of the  ear th ' s  magnet ic  field on the  or ienta t ion  of bees 
in the  g rav i ty  field. By  means of a special waggle dance 
performed on the  ver t ica l  comb, bees are able to indicate  
a cer ta in  direct ion in the  g rav i ty  field. But  the  indica- 
tions of these direct ions sys temat ica l ly  show small  
deviat ions,  called misdirections,  which disappear  as the  
magnet ic  field is ar t i f icial ly compensa ted  to less t han  4%. 
Since MARKL 11 succeeded in t ra in ing bees to find thei r  
way  to a food source by  keeping a f ixed angle to g rav i ty  
on a ver t ica l  screen, the  same devia t ions  f rom the  exac t  
direct ions could be found as in the  waggle dance. F r o m  
this  result  i t  becomes ev ident  t h a t  the  misdirect ions in 
the  waggle dance are due to failures in an exac t  geomeno- 
tac t ic  or ienta t ion  ra ther  t han  to mis takes  made  in t rans-  
ferring the sun-compass angle to the  grav i ta t iona l  d imen-  
sion. As these deviations, however, do not appear after 
compensation of the geomagnetic field, it seems obvious 
t ha t  there  exists an influence of the  geomagnet ic  field 
on g rav i ty  perception.  

In  order  to get some fur ther  in io rmat ion  on t h a t  prob- 
lem we have  introduced another  insect species in the  
inves t iga t ion  by  especially s tudy ing  the  influence of the  
geomagnet ic  field on the  or ienta t ion  of fruitfl ies in the  
g rav i ty  field. Runn ing  on a plane, which can be conti-  
nuously ro ta ted  and inclined in any direction,  the  flies 

show a s t rongly  marked  negat ive  geotact ic  or ienta t ion  
performance.  In  series I an incl inat ion of 30 ~ to the  
hor izonta l  is val id  for all exper iments .  By  means  of a 
specially const ructed l if t  (Figure, c) the  flies are indi- 
v idual ly  dispensed into the  centre  of the  iron-free 
apparatus .  For  all the  flies reaching the  per iphery  of the  
outer  circles (C4 or C3) wi th in  20 sec respect ive iy  15 sec, 
the  deviat ions  of the  runs f rom the  zero-direction, i.e. the  
direct ion of an exac t  negat ive  geotact ic  or ienta t ion  course, 
are de termined  a t  different  distances f rom the  releasing 
point .  Measuring the  to ta l  in tens i ty  of the  geomagnet ic  
field by  using a Foers ter  probe (Oers tedtmeter  t ype  1104, 
Fa. Foerster)  a va lue  of 360 m o t  is obta ined  ( inclination 
59.5~ Wi th in  t i le room, where the  exper iments  are per- 
formed, the  t empora l  and spat ia l  f luctuat ions  of th is  
va lue  do not  exceed ~c 7 mOe, i.e. • 1.9%. Because the  
ac t iv i ty  of Drosophila m a y  be influenced by  electr ical  
fields ~2, these influences mus t  be e l imina ted  by  using 
a Fa r aday  screen (height 16 cm, mesh wid th  4 cm) and 
control l ing its effect by a cathode ray  oscilloscope. Dur ing  
the exper iments  red l ight  produced by  an interference 
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a and b, median section through the appa- 
ratus of seric I (a) and I I  (b). c, lift, by which 
the flies were individually dispensed in the 
centre of the apparatus a) and b). In c(1) the 
fly is sucked in and in c (2) lifted up. d, total 
view of the apparatus used in series II.F, 
funnel-like apparatus corresponding P in 
Figure a; FS, Faraday screen; L, lift; LB, 
red light beam for the observation of the flies 
(interference filter, )lm~= 710 nm); P, in- 
clined plane, on which the orientation of the 
flies according to the gravity and geomagnetic 
field is measured by means of the grid G (seen 
from above). 
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fi l ter  w i th  ,~max = 710 n m  and A,~(50%) = 10 n m  is used 
for i l luminat ion.  

In  series I the  flies are exposed to  3 d i f ferent  experi-  
men ta l  a r r angement s  according to  the  spat ia l  re la t ionship  
be tween  the  pos i t ion  of the  screen, in which  the  appa ra tus  
is incl ined a t  30 ~ to  the  horizontal ,  and the  di rect ion of 
the  geomagnet ic  field: 1. The line of incl inat ion of t h e  
screen ascends to  t he  south  so t h a t  a symmet r i c  s i tua t ion  
is achieved wi th  regard to  the  geomagnet ic  field (SYM). 
The flies exac t ly  runn ing  in the  line of incl inat ion cross 
the  lines of t he  magne t i c  field under  the  ver t ica l  angle 
of 29.5~ 2. and  3. The line of incl inat ion ascends Lo the  
east  (LIE) or to  the  wes t  (LIW) causing the  lines of the  
geomagnet ic  field to cross the  f ly 's  longi tudinal  axis 
la tera l ly  f rom above, when  the  fly s t rongly  or ien ta tes  in 
a nega t ive  geotact ic  way.  As shown in the  Table  t he  
mean  vec tor  of the  circular d i s t r ibu t ion  SYM of the  
flies' courses coincides w i th  the  zero-direct ion (p > 0.05), 
whereas  in b o t h  the  o ther  pos i t ions  of the  p lane  (LIE  
and  LIW) a s ignif icant  devia t ion  of 5.5 ~ to t he  left  
(counterclockwise) could be found (p < 0.01). Sta t is t ica l  
m e t h o d s  referr ing to circular normal  d i s t r ibu t ions  were 
used according to BATSCHELBT*a. U n i m o d a l i t y  and  sym-  
m e t r y  of the  d i s t r ibu t ion  could be proved  by  the  good- 
ness-of-f i t  m e t h o d  basing on a )r 

In  series I I  an appa ra tus  is used which  does no t  res t r ic t  
the  or ien ta t ion  of t he  flies to one special az imuth  (S in 
SYM, E in L I E  and  W in LIW),  R a t h e r  the  flies are 
allowed to run s t ra igh t  upwards  in all celestial directions.  
This  was m a d e  possible b y  cons t ruc t ing  a funnel- l ike 
appa ra tus  (Figure, b and d) the  walls of which  are incl ined 

The deviations of the negative geotactic courses of the flies from the 
zero-direction (series I) 

Stimulus Distance Deviation Length a 
pattern ~ from the from the of the mean 

centre of zero- vector 
the screen direction (0 _< a _< 1) 
[cm] [degrees] b 

SYM 7 --2.2 0.92 

13 - -  1.2 0.92 

19 --0.7 0.93 

25 --0.7 0.93 

mean deviation : --  7.2 0.92 

LIE 7 --6.9 0.91 

13 --6.2 0.91 

19 --4.7 0.92 

25 --3.9 0.93 

mean deviation: --5.d 0.92 

LIW 7 --4.7 0.91 

13 --6.3 0.89 

19 --5.1 0.91 

25 --5.8 0.92 

mean deviation: --5.5 0.97 

at  30 ~ to the  hor izonta l  as in series I. Leav ing  the  p la t -  
form of the  l if t  in the  centre  of the  funnel  the  flies s t a r t  
in any  celestial  d i rec t ion  by  chance.  

In  the  d i rec t ion  resembl ing  the  posi t ion SY1Vi on the  
plane,  there  should be no dev ia t ion  f rom the  s t ra igh t  
course to the  'Lop of t he  funnel  whereas  one expec t s  
counterc lockwise  devia t ions  for the  direct ions referr ing 
to t he  a r r angemen t s  L I E  and LIW.  In  p re l iminary  
exper imen t s  dealing wi th  t h a t  p rob lem (n = 512) a uni-  
moda l  preference  of a special d i rect ion could no t  be 
p roved  by  using the  s ta t i s t ica l  tes ts  of KUIPER 14 and  
STEPHENS 15. 

Now the  ques t ion  becomes obvious of whe the r  flies 
prefer  special d i rect ions  w i th  reference to the  geomagnet ic  
field when  t e s t ed  on a hor izonta l  p lane  (series I I I ) .  In  the  
absence of any  l ight  and d i rec ted  gravi ta t iona l  s t imul i  
the  flies do no t  move  on the  plane. Their  res t ing posit ions,  
however ,  are ma in ly  o r i en ta t ed  in t he  S/N- and  E / W -  
direct ions  as i t  has  also been p roved  for Muses ,  Calliphora 
and Sarcophaga2, s. The differences be tween  the  values 
ob ta ined  for the  sectors a round  the  di rect ions  N/S  and  
E / W  and those  a round  N E / S W  and S E / N W  is h ighly  
s ignif icant  (p < 0.0005). 

By  means  of series I we were able to show an influence 
of t he  geomagnet ic  field on the  di rect ion of the  geolact ic  
or ienta t ion.  The same is t rue  for bees pe r fo rming  the i r  
waggle dance  on the  ver t ica l  comb. One of the  numerous  
values p resen ted  in the  work  of LINDAUER and  MARTIN 10 
can be direct ly  corre la ted to our own f indings on flies: 
W h e n  bees have  to signal the  di rect ion s t ra igh t  upward  
on the  eas tern  side of a comb, which  is ver t ica l ly  o r i en ta ted  
in the  di rect ion N/S,  t hey  devia te  f rom the  exact  d i rec t ion  
by  near ly  5 ~ to the  lef t  (Figure 3: 360~ The s t imulus  
conf igura t ion  is jus t  the  same as in our expe r imen ta l  set  
up descr ibed as LIW,  where  a dev ia t ion  of 5.4 ~ to the  
left  was obta ined.  Two o ther  a r r angemen t s  (Figure 5: 
170 ~ Figure 8 :185  ~ b lack poin ts  1~ resembl ing  our con- 
f igura t ion  SYM show no devia t ions  as is t rue  for Droso- 
phila. E v e n  in the  mollusc Nassarius devia t ions  to the  
left occur, when  the  lines of the  geomagnet ic  field fall 
a t  r igh t  angles to the  long axis of the  snail  1% 

Zusammen/assung. Die nega t iv  geotakt i sche  Orientie-  
rung yon  Drosophila melanogaster auf  einer 30 ~ geneigten 
Ebene  zeigt eine s ignif ikante  Abweichung  nach  links 

319 (5.5~ wenn  die Linien des E rdmagne t f e ldes  la teral  zur 
319 Fo r tbewegungs r i ch tung  der Fl iegen einfallen. Auf ether 

hor izonta len  Ebene  bevorzugen  die Fl iegen als Ruhe-  319 
s te l lungen die N/S-  und  W/E-IRichtungen.  
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The line of inclination ascends to the south (SYM), to the west 
(LIW) or to the east (LIE). b -6, to the right; --, to the left. 
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