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Head Movements  Mediated by Halteres in the Fly, 

Tlae ha l t e res  of flies are  t h e  on ly  sense o rgans  of 
equ i l ib r ium t h a t  m a k e  use of a n  osci l la t ing  mass  1 I t  has  
been  k n o w n  for some t i m e  t h a t  flies use t he i r  ha l t e r e s  to  
s tabi l ise  f l ight.  An angu la r  r o t a t i o n  of the  fly a r o u n d  a n y  
of t he  3 b o d y  axes  genera tes  a t o r q u e  a t  t he  base  of t he  
v i b r a t i n g  ha l t e re ;  th i s  s t imu lus  is de tec ted  b y  c a m p a n i -  
fo rm sensilla, and  evokes  a c o m p e n s a t o r y  pos tu r a l  change  
b y  a l t e r ing  t h e  p i t c h  of t he  wings  dur ing  t he  d o w n s t r o k e  3. 
This  p a p e r  r epor t s  a new ref lex m e d i a t e d  b y  t h e  ha l t e res  : 
a c o m p e n s a t o r y  r o t a t i o n  of t he  h e a d  on  t h e  neck  w h e n  
t he  fly exper iences  a r o t a t i o n  a r o u n d  i ts  l o n g i t u d i n a l  
axis. An  ana logous  ref lex  is f ound  in locusts,  b u t  i t  is 
v i sua l ly  m e d i a t e d  3. 

Materials and methods. Housef l ies  (Musca domestica) 
were r o t a t e d  a b o u t  t h e i r  roll  axis  a n d  p h o t o g r a p h e d ,  so 
t h a t  t he  angle  b e t w e e n  t he  sag i t t a l  p lanes  of h e a d  a n d  
b o d y  (head dev ia t ion)  could be  m e a s u r e d  d u r i n g  t h e  
course of t he  ro ta t ion .  

S inusoida l  osci l la t ion : in  o rder  to  show t h e  dependence  
of h e a d  c o m p e n s a t i o n  on the  hal teres ,  flies were rocked  
b a c k  a n d  for th ,  50 ~ on e i the r  side oi t he  ver t ical ,  b y  a DC 
osci l la t ing m o t o r  ope ra t i ng  a t  1.6 Hz. (Hanksc ra f t ,  
Reedsburg ,  Wisconsin) .  Such  flies were p h o t o g r a p h e d  in a 
b r i g h t l y  l i t  r oom w i t h  a 16 m m  movie  c a m e r a  a t  16 
frames/sec.  Th i s  p rocedure  was car r ied  ou t  3 t i m e s  for 
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Fig. 1. Head and body angles during sinusoidal oscillation. A fly is 
rocked back and forth about its roll axis, 50 ~ on either side of the 
vertical at a frequency of 1.6 Hz. Body angle (�9 and head angle (O) 
are plotted against frame number in the filmed record. A) Flying 
with halteres intact; head movement has about half the amplitude 
of body movement. B) Fly prevented from flying by a paper ball 
between the tarsi; the head moves with the body. C) Flying with 
both halteres removed; the head moves with the body. 

Musca  domes t i ca  

each  f ly:  first ,  f ly ing  w i t h  ha l t e res  in tac t ,  second non-  
f ly ing w i t h  ha l t e res  in tac t ,  f ina l ly  f ly ing w i t h  b o t h  
ha l t e r e s  r emoved .  

C o n s t a n t  r o t a t i o n :  in  o rder  to  show the  d e p e n d e n c e  of 
h e a d  c o m p e n s a t i o n  on  angu l a r  veloci ty ,  f ly ing  flies were 
r o t a t e d  a t  c o n s t a n t  angu l a r  veloci t ies  of 1.5, 3.0, a n d  6.0 
ro t a t ions / sec  (rps). D u r i n g  t he  ro ta t ion ,  t he  fly was i l lumi-  
n a t e d  b y  a s t roboscope  f l ash ing  6 t i m e s  pe r  ro ta t ion ,  a n d  
p h o t o g r a p h e d  w i t h  a m o t o r  d r iven  35 m m  stil l  camera .  
The  i m p o r t a n c e  of v is ion was t e s t e d  b y  ca r ry ing  ou t  t h e  
e x p e r i m e n t  no t  on ly  in t he  l igh t  (fly i l l u m i n a t e d  f rom 
above  b y  a 40 W l igh t  bulb)  b u t  also in  t he  dark,  w i t h  no 
source of i l l u m i n a t i o n  a p a r t  f rom s t roboscope  flash.  The  
i m p o r t a n c e  of t he  ha l t e res  was  t e s t ed  aga in  b y  ca r ry ing  
ou t  t h e  e x p e r i m e n t  before  a n d  a f te r  r e m o v a l  of t he  hal teres .  

Res,Uts and discussion. Sinuso ida l  osc i l la t ion:  w h e n  
t he  fly was f ly ing w i t h  ha l t e res  in tac t ,  t h e  a m p l i t u d e  
of head  m o v e m e n t  was less t h a n  t h e  a m p l i t u d e  of body  
m o v e m e n t  b y  a f ac to r  of a b o u t  two.  The re  was no  
de t ec t ab l e  phase  lag be tween  h e a d  d e v i a t i o n  a n d  b o d y  
pos i t i on  (Figure  1A); t he  head  of t he  fly was the re fore  
s tabi l ized.  However ,  w h e n  t he  f ly was no t  f lying,  or a f t e r  
b o t h  ha l t e r e s  h a d  been  removed ,  t he  h e a d  fol lowed t he  
b o d y  w i t h o u t  c o m p e n s a t i o n  (Figures  1B a n d  1C). 

C o n s t a n t  r o t a t i o n :  w h e n  t he  f ly was f ly ing w i t h  i n t a c t  
ha l teres ,  head  d e v i a t i o n  was  p r o p o r t i o n a l  to  angu la r  
ve loc i ty  up  to  a b o u t  3 ro ta t ions / sec .  H e a d  d e v i a t i o n  a t  
th i s  ve loc i ty  was a b o u t  75 ~ (Figures 2A, filled circles). 
R e m o v a l  of the  ha l t e res  e l imina tes  m o s t  of th i s  response  
(Figure 2A, open  t r iangles) .  S imi la r  e x p e r i m e n t s  car r ied  
ou t  in  t he  d a r k  show t h a t  these  resu l t s  are  no t  d e p e n d e n t  
on  v i sua l  i n f o r m a t i o n  (Figure  2B). 

The re  is the re fo re  a ref lex m o v e m e n t  of t he  h e a d  of a fly 
wh ich  is m e d i a t e d  b y  t he  hal teres ,  depends  on  a n g u l a r  
ve loc i ty  in t h e  rol l  p lane,  and  t e n d s  to s tabi l ize  h e a d  posi-  
t i on  (and hence  t he  v i sua l  field) d u r i n g  f l ight .  The  fac t  
t h a t  head  dev i a t i on  is p r o p o r t i o n a l  - w i t h i n  l imi t s  - to  
b o d y  a n g u l a r  ve loc i ty  is to  be expected ,  since t he  effect ive  
s t imulus  to  t he  ha l t e r e  is to rque ,  i tself  p r o p o r t i o n a l  to  
angu l a r  ve loc i ty  1. 

The  func t i on  of t h e  ref lex m a y  be  seen as p a r t  of a 
v isua l  con t ro l  s y s t e m  for s t ab i l i s ing  f l ight  aga in s t  devia-  
t ions  a b o u t  the  roll  axis. Such  a s y s t e m  is a l r eady  sug- 
ges ted  b y  F a u s t ' s  2 work,  in w h i c h  he  showed  t h a t  for  rol l  
m o v e m e n t s  (bu t  no t  y a w  or p i tch) ,  a fly w i t h o u t  ha l t e r e s  
sti l l  shows c o m p e n s a t o r y  changes  in wing  p i t c h  u n t i l  i t  is 
b l inded .  I a ssume t h a t  t he  ref lex effect  of ha l t e r e s  on 
wing  p i t c h  is c o m p e t e n t  to  s tabi l i se  f l igh t  aga ins t  smal l  
dev i a t i ons  a b o u t  t he  rol l  axis.  U n d e r  these  condi t ions ,  t he  
v i sua l  field will  also be  s t ab le  a n d  t h e r e  will be  no  v i sua l  
effect  on  wing  p i tch .  B u t  for large dev ia t ions ,  wing  p i t c h  
c o m p e n s a t i o n  b y  t he  ha l t e res  m a y  n o t  be  suff icient ,  t h e  
h e a d  will  r o t a t e  a b o u t  t h e  roll  axis,  a n d  a p p a r e n t  r o t a t i o n  
of t h e  v i sua l  field will p roduce  a s u p p l e m e n t a r y  effect  on  
wing  p i t ch .  Th i s  i n t e r p r e t a t i o n  suggests  t he  ques t i on :  
how i m p o r t a n t  is s t ab i l i s a t i on  of t h e  v i sua l  field of a f ly ? 
W h e n  c o m p e n s a t o r y  h e a d  m o v e m e n t s  were p r e v e n t e d  
a l t o g e t h e r  b y  w a x i n g  t he  h e a d  to  t h e  body,  such  flies 
c rashed  i m m e d i a t e l y  on  release illtO a l igh ted  room.  Cont ro l  
flies f lew pe r fec t ly  well  w i t h  wax  on  t h e  t h o r a x  only.  

i j .  W. S. PRINGLE, Phil. Trans. R. Soc. B 233, 347 (1948). 
2 R. FAUST, Zool. Jb., Physiol., 63, 325 (1952). 

J. THORSON, Science 145, 69 (1964). 
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Fig. 2. Head deviation at different angular velocities. A fly is rotated 
at constant velocity about the roll axis. Mean head deviatiol? (~ SEM) 
is plotted against the flys angular velocity-when the halteres are 
intact (0) and after they have been destroyed (�9 Stroboscopic 
illumination. A) Additional constant illumination is provided by a 
40-W light bulb 25 cm above the fly. 13) No lighting other than 
stroboscope flashes. 

There  are some in te res t ing  analogies be tween  th is  
pos tura l  cont ro l  sys tem and t h a t  found  in ver tebra tes .  
The ha l te res  of flies and  the  semi-circular  canals  of ver te -  
b ra tes  are analogous in de tec t ing  ro ta t iona l  movemen t .  
Indeed  the  response  of b o t h  organs is p ropor t iona l  to 
angular  velocity,  a l though  for qui te  d i f ferent  reasons 4. In  
ver tebra tes ,  semi-circular  canals  have  ef ferent  cont ro l  
no t  only over  pos tura l  muscles,  b u t  also over  muscles  
s tabi l iz ing the  visual field. A similar  r61e has now been 
d e m o n s t r a t e d  for the  hal teres  of fliesS. 

Zusammen/assung. Ein  bisher  unbekann te r ,  durch  die 
Ha l t e r en  ausgel6ster  Ref lex wird  fiir Musca domestica 
beschr ieben  : kompensa to r i sche  K o p f d r e h u n g  bei R o t a t i o n  
um die LXngsachse w~thrend des Fluges. 
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D ie  i n n e r a r t l i c h e  Variabi l i t~ i t  der  B e u t e w a h l  b e u t e e r f a h r u n g s l o s e r  Anolis  

Ind iv iduen  einer po lyphagen  Tie rpopula t ion  k6nnen  
sich auf verschiedene  N a h r n n g  spezialisieren, und  zwar  
auf zwei Weisen  1. Modell  a): <~Spezialisten~) nu tzen  im 
Grenzfall  jeweils verschiedene,  sich nur  tei lweise tiber- 
schne idende  Bereiche des B e u t e s p e k t r u m s  der  ganzen 
Popula t ion .  Modell b): Alle Ind iv iduen  ((~Generalisten~>) 
der  Popu la t ion  haben  einen b e s t i m m t e n  Bereich des 
B e u t e s p e k t r u m s  gemeinsam,  den sie jeweils versch ieden  
weit  t iberschrei ten.  Dar t iberh inaus  s ind vielf~Lltige Kom-  
b ina t ionen  beider  3/iodelle denkbar .  

Die ausgepr/ igte individnel le  Variabilit~tt der  Beute-  
wahl  auf J a m a i k a  lebender  Anolis lineatopus (Rept. ,  
Iguanidae)  ~ wurde  an Jung t i e r en  auf Ar t  und  Zus tande-  

k o m m e n  un te rsuch t .  Fr ischgeschlf ipf te  fressen fr i ihestens 
mi t  3 Tagen, mi t  5 Tagen t u n  es alle. Wir  bo ten  75 yore  
Schlfipfen an gegeneinander  s icht isol ier ten und  beute-  
e r fahrnngslosen  Anolis vom 5. Tag an 5 t3eute t ier typen,  
n~Lmlich He imchen la rven  (Acheta domesticus), Rollasseln 
(Armadillidium spec.), Mehlwti rmer  (Tenebrio molitor), 
Larven  des Getre ideschimmelk/ i fers  (Alphitobius diape- 
finns) sowie R a u p e n  der Grossen und  Kle inen ~Vachsmotte  
(Galleria melonella, Achroea grisella) je 5 rain lang, und  

1 p. H. KLOPFER, Okologie und Verhalten (Fischer, Stuttgart 1968). 
E. CuRio, Z. TierpsychoI. 27, 899 (1970). 
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Individuelle Variabilit~tt der An- 
nahme 5 verschiedener Beutearten 
bei ]eweils beuteerfahrungslosen 
Anolis lineatopus (a) und ihre Ver- 
5nderung naeh 5 Wochen Fressen 
(b). Flache der Quadrate propor- 
tional dem relativen Anteil des 
jeweiligen Verhaltenstyps; dane- 
ben Anolis zu den Versuehszeit- 
punkten. Annahme : It, Heimchen; 
A, AsseI; M, Mehlwurm; W, Wachs- 
ranpe; G, Getreidesehimmelk~ifer- 
larve. 


