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Fine Structure of the Tip of Chemosensi t ive  
Hairs in Two  Blow Flies and the Stable Fly 

Al though  the  taste hairs  of flies have  been  s tud ied  
in tensely ,  the  loca t ion  of t h e  chemosens i t ive  m e m b r a n e  
is still  unknown.  The  si te of th is  t r a n s d u c e r  could be a t  
t h e  m e m b r a n e  of t h e  dendr i t i c  ne rve  f ibers t h a t  ex t en d  
to  t he  chemosens i t ive  t i p  of t h e  ha i r  I or  a t  t h e  surface  of 
an adven t i t i ous  s t ruc ture .  An  inves t iga t ion  of t h e  ul t ra-  
s t ruc tu re  of t he  t ip  of the  ha i r  should  be of ass is tance  in 
d e t e r m i n i n g  the  s i te  of chemorecep t ion .  

The  f i rs t  e lec t ron  mic rographs  of t a s t e  ha i rs  were m a d e  
w i t h o u t  sec t ion ing  w i t h  t h e  b lack  b low fly, Phormia 
regina (MEIGEN) a. ADAMS, HOLBERT a n d  FORGASH s-e 
succeeded  in sect ioning t h e t i p  of t a s t e  ha i rs  of t he  s tab le  
fly, Stomoxys calcitrans (L.) and  showed  t h a t  t h e  dendr i t e s  
pass  wi th in  a channe l  to  t he  t ip  where  this  ' inner  canal '  
( 'B innenkana l  '7) is connec t ed  t h r o u g h  a pore  w i t h  t h e  
outs ide.  

In  one hair* a subs t ance  was found  which  a p p a r e n t l y  
h a d  been  e x t r u d e d  t h r o u g h  the  pore.  This  subs tance ,  
obse rved  wi th  the  e lec t ron microscope,  seems to  be homo-  
logous w i t h  a viscous ma te r i a l  seen wi th  t h e  l ight  micro-  
scope e x t r u d i n g  f rom t a s t e  ha i rs  of t he  b low fly, CaUi- 
phora vicina ROBtNEAu--DEsvoIDyS; however ,  th i s  
mater ia l  p robab ly  had  n o t  been  expel led  f rom the  inner  
canal  s ince the  inner  canal  is filled ma in ly  w i t h  dendr i t i c  
nerve  f ibers and  i ts  to ta l  vo lume  is cons iderab ly  less t h a n  
the  a m o u n t  of viscous mate r ia l  observed .  In  b o t h  flies, 
t h e  v iscous  subs t ance  could h a v e  or ig ina ted  f rom the  
dendr i te - f ree  l umen  of t he  ha i r  - here  referred  to  as t he  

Fig. 1. Longitudinal section through the tip of a labellar taste hair 
of Phorr~i¢~ mginm The dendrite-free channel {1) probably extends 
into the spongy cuticle within a tooth (2) and possibly also into the 
complex porous structure (3) distad from the inner canal which 
contains the dendrites (4). This section was made in close proximity 
to the opening found in other hairs distad to the dendritic endings. 
The cuticle is partly rolled. Glutaraldehyde, post~fixed in OsO4 in 
MILLONm'S phosphate buffer, methacrytate mixture with 1% benzoyt 

peroxide and 0.01% uranyl nitrate, x 22,000. 

dendr i t e - f r ee  channe l  - if th i s  channe l  opened  a t  t h e  t ip  
of t h e  hair .  The  capac i ty  of t h e  dendr i t e - f ree  channe l  is 
g rea te r  t h a n  t h a t  of t he  inner  canal ,  j udged  b y  cross 
sect ions  a t  d i f fe ren t  he igh t s  *,9,1°. 

The e lec t ron and  l ight  microscopic  s tudies  br ief ly  
r epo r t ed  here  were  m a d e  wi th  the  label lar  t a s t e  ha i rs  of 
P. regina a n d  C. vicina as an  aid in de t e rmin ing  the  origin 
and  p a t h  of f low of t he  viscous mater ia l .  The  label lar  
t a s t e  hairs  of these  flies s h o w ed  no u l t r a s t ruc tu ra l  differ-  
ences and  were  the re fore  cons idered  to  be identical .  
Labe l la r  and  ta rsa l  t a s t e  hairs  of S. calcitrans were s tud ied  
for compar i son .  

Tarsa l  t a s t e  ha i rs  showed  no  di f ferences  f rom label lar  
t a s t e  ha i rs  wi th in  each  species w h e n  s tud ied  wi th  t h e  
l ight  microscope  in P. regina and  S. calcitrans. Thus,  t he  
ta r sa l  and  labellar  t a s t e  ha i rs  of C. vicina p r o b a b l y  also 
have  the  same s t ruc ture .  

Fig. 2. Longitudinal section through the tip of a labeUar taste hair 
of Calliphora vicina. The dendrite-free channel (1) ends with 1 or 2 
processes extending into areas of spongy cuticle (arrows). The pore 
at the tip and the oval opening (2) are probably connected with the 
inner canal which contains the dendrites (not evident in this slightly 
oblique section}. Fixed in s-collidine buffered OsO4, methacrylate, 

x 26,000. 
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Fig. 3. The tip of the same hair of Phormia regina in an open and a closed condition (freshly dissected labellum). (a) Hair fully open in 
air with viscous substance flowing down the shaft (arrow, accumulation of viscous material) ; (b) hair closed in 95% alcohol which apparently 
dissolved the substance except for a small residue (arrow); the relatively wider diameter of the hair may have been caused by different 
planes of focus or other artifact; (c) hair open in situ (arrow) ; the tip moved and was bent to point X when picture (a) was taken; (d) hair 
closed in situ (arrow); the application of alcohol straightened the shaft and closed the tip within a few seconds; (a) and (b) x 1,300 

(microscopic magnification x 400), (c) and (d) x 270. 

Fig. 4. Longitudinal section through a tarsal taste hair of Stomoxys 
calcitram. The proximal part of this section (not shown} indicates 
that canal (1) contains the dendrites which were not fixed well 
distally. This inner canal ends beneath a material (2) which was 
apparently extruded and has a surface marked by granulated 
irregularities; the dendrite-free channel (3) extends into the tip of 

the hair. Fixed in OsO 4 fumes, methacrylate, × 25,000. 

L o n g i t u d i n a l  sec t ions  t h r o u g h  t h e  t i p  of l abe l la r  t a s t e  
ha i r s  of t h e  b low flies were  d i f f icu l t  t o  m a k e  s ince al l  
ha i r s  were  m o r e  or  less cu rved .  A n o t h e r  d i f f i cu l ty  was  to  
o b t a i n  a s a t i s f ac to ry  f ixa t ion .  

T h e  e l ec t ron  m i c r o g r a p h s  of t h e  b low flies a p p e a r e d  to  
show 2 t y p e s  of hai rs .  Of 29 ha i r s  sec t ioned  long i tud ina l ly ,  
17 h a d  a wide  b l u n t  t ip,  a n d  12 seemed  to  be  po in t ed .  

F igu res  1 a n d  2 a re  example s  of t he se  types .  S tud ie s  w i t h  
t h e  l igh t  microscope ,  however ,  r evea led  t h a t  t h e  2 t y p e s  
r e p r e s e n t e d  a n  open  a n d  a closed c o n d i t i o n  of a single 
t y p e  s ince t h e  t ip  of t h e  s a m e  ha i r  was  obse rved  f i rs t  in  
a n  open  a n d  t h e n  in  a closed c o n d i t i o n  (F igure  3, a -d ) .  
Th i s  o b s e r v a t i o n  was  m a d e  w i t h  4 ha i rs .  T h e  p h o t o g r a p h s  
of F i g u r e  3 were  t a k e n  f r o m  a b o u t  t h e  s a m e  angle ,  j u d g e d  
b y  t h e  pos i t i on  of t h e  a c c u m u l a t e d  v iscous  m a t e r i a l  in  
F igu re  3 (a) c o m p a r e d  w i t h  t h e  pos i t i on  of t h e  res idue  in 
F igu re  3 (b) (arrows).  S tages  of t r a n s i t i o n  b e t w e e n  o p e n  
a n d  closed ha i r s  h a v e  also been  obse rved .  A t  h i g h e r  l igh t  
microscopic  m a g n i f i c a t i o n  ( × 1200), ful ly open  ha i r s  show 
a funnel- l ike ,  t h r ee - ed g ed  opening .  

T h e  m e c h a n i s m  of o p e n i n g  a n d  c los ing is n o t  y e t  k n o w n  
in  deta i l .  S t i mu l i  s u c h  as  aq u eo u s  so lu t ions  of a wide  
osmot i c  r a n g e  a n d  m o i s t  a i r  cause  t h e  t i p  to  open .  D r y -  
ness, m o s t  of t h e  f ixa t ives ,  a n d  t o u c h  a t  t h e  v e r y  t i p  will 
close t h e  hair .  

A l t h o u g h  l abe l l a r  a n d  t a r s a l  t a s t e  ha i r s  of S. calcitrans 
also e x u d e  a v iscous  subs t ance ,  t h e y  do n o t  show t h e  
m a r k e d  o p e n i n g  a n d  closing w h e n  o b s e r v e d  w i t h  t h e  
l i gh t  microscope .  I n  t h i s  fly,  t h e  s u b s t a n c e  is e x t r u d e d  as 
a t h i n  e las t ic  t h r e a d  t h a t  coils loosely a t  some  d i s t a n c e  
f rom t h e  t i p  w h e n  i t  is e x u d e d  in  la rge  a m o u n t s .  I n  t h e  
labe l la r  t a s t e  ha i r s  of t h e  b low flies, t h e  s u b s t a n c e  is 
e x t r u d e d  as a r e l a t i v e l y  t h i c k  e las t ic  t h r e a d  or  as  a d rop-  
le t ;  if i t  is e x u d e d  in large  quan t i t i e s ,  b o t h  t h e  t h i c k  
t h r e a d  a n d  d rop le t  fo rm a c o m p a c t  bal l  a r o u n d  t h e  t ip  of 
t h e  h a i r  or  f low d o w n  t h e  shaf t ,  

I n  t h e  2 b low flies a n d  in  t h e  s t a b l e  fly, t h e  d e n d r i t e -  
f ree  c h a n n e l  e x t e n d s  i n t o  t h e  t i p  of t h e  h a i r  (F igure  1 
a n d  4 ) a n d  cou ld  b e  c o n n e c t e d  w i t h  t h e  o u t e r  su r face  b y  
a pore  (or pores) w h i c h  a p p a r e n t l y  ad j o i n s  t h e  pore  d i s t a d  
to  t h e  e n d  of t h e  i nne r  canal ,  F igu re  1 (3). T h e  i so la t ion  
of t h e  d e n d r i t e s  f rom t h e  dendr i t e - f r ee  c h a n n e l  t h r o u g h o u t  
t h e i r  course  to  t h e  t ip  a n d  t h e  p r o x i m i t y  of t h e  d e n d r i t e -  
f ree  c h a n n e l  to  t h e  d e n d r i t e s  a t  t h e  o p e n i n g  m a y  i n d i c a t e  
t h a t  t h e  v iscous  s u b s t a n c e  is t h e  c h e m o s e n s i t i v e  m a t e r -  
ial  n .  T h e  r e c e p t i o n  of  a s t i m u l u s  b y  t h i s  m a t e r i a l  cou ld  

n See considerations published during printing, by C. J. C. RE~s, 
Nature 215, 301 (1967). 
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be  s igna led  to  t h e  d e n d r i t e s  t h r o u g h  a c h a n g e  of p o t e n t i a l  
or  a n o t h e r  r ap id  even t .  T h e  s h o r t e s t  l a t e n c y  m e a s u r e d  f rom 
t h e  a p p l i c a t i o n  of a s t i m u l u s  to  t h e  f i r s t  a c t i o n  p o t e n t i a l  of 
a chemosens i t i ve  sense  cell was  f o u n d  to  be  1 a n d  5 msec  
for  sa l t  a n d  suga r  so l u t i ons t L  Th i s  a l m o s t  i m m e d i a t e  
r eac t i on  would  n o t  b e  u n d e r s t a n d a b l e  if t h e  molecules  of 
t he  s t imu lus  r e ached  t h e  d e n d r i t i c  m e m b r a n e  b y  diffusion.  

T h e  effects  of a lcohols  a n d  h y d r o c a r b o n  a m i n e s  on  t he  
feeding  b e h a v i o r  of t h e  b low fly h a v e  b e e n  f o u n d  to  be  
caused  b y  i n h i b i t i o n  of a n d  i n j u r y  to  t h e  u n k n o w n  c h e m o -  
sens i t i ve  m e m b r a n e  r a t h e r  t h a n  b y  s t i m u l a t i o n  of a 
' r e j ec t i on  f iber  "x3. T h e  viscous  m a t e r i a l  a t  t h e  t ip  of t h e  
t a s t e  h a i r  offers a new a p p r o a c h  in t he  sea rch  for  t h e  
c h e m o s e n s i t i v e  m e m b r a n e  1, 

l i c h t m i k r o s k o p i s c h  n i c h t  nachgewie sen  werden  k o n n t e .  
Die  R e s u l t a t e  w e r d e n  h i n s i c h t l i c h  t ier  L o k a l i s a t i o n  d e r  
c h e m o s e n s i b l e n  M e m b r a n  d i sku t i e r t .  
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Zusammen/assung. Lich t -  u n d  e l ek t ronenmik roskop i sche  
S t u d i e n  de r  c h e m o r e z e p t i v e n  Spi tze  y o n  G e s c h m a c k s -  
h a a r e n  w u r d e n  be i  den  F l i egen  Phormia regina, Calliphora 
vicina u n d  Stomoxys calcitrans durchge f i ih r t .  Die Ge- 
s c h m a c k s h a a r e  dieser  F l iegen  ~thneln s ich s t r u k t u r e l l  bis  
au f  e inen  ausgepr~tgten 0 f f n u n g s -  u n d  Sch l i e ssmechan i s -  
mus ,  de r  ftir die G e s c h m a c k s h a a r e  y o n  Stomoxys calcitrans 
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Effects of Iso lat ion  on Maternal  A g g r e s s i v e n e s s  
and B o d y  G r o w t h  Rates  of Offspring 

As a consequence  of t h e  b e h a v i o r a l  a b n o r m a l i t i e s  a n d  
e n d o c r i n e  i m b a l a n c e s  caused  b y  i so la t ion  stress,  t he  
p r e s e n t  s t u d y  was des igned  to  d e t e r m i n e  t h e  effects  of 
p r io r  per iods  of p ro longed  i so la t ion  on  m a t e r n a l  f e r t i l i ty  
a n d  f e c u n d i t y  a n d  m a t e r n a l - f e t a l  a n d  of fspr ing  in te r -  
r e la t ionsh ips .  Va r ious  i n v e s t i g a t o r s  h a v e  r e p o r t e d  t h a t  
i so la t ion  s t ress  caused  b e h a v i o r a l  a b n o r m a l i t i e s  such  as 
h e a d - s h a k i n g  ~-4, h e i g h t e n e d  l o c o m o t o r  a c t i v i t y  4,5, ner-  
vousness  a n d  aggress iveness  1,3,a,~ in  mice.  Phys io log i -  
cally,  ev idence  of h y p e r a d r e n o c o r t i c a l i s m  h a s  b e e n  n o t e d  
in i so la ted  mice  4,7 a n d  r a t s  s a c c o m p a n i e d  b y  ind i ca t i ons  
of t h y r o i d a l  i m b a l a n c e s  4,7,8 a n d  r e d u c t i o n s  in  gonada l  
we igh t s  *,~. R e c e n t  r e p o r t s  ~ c l a im t h a t  i so la t ion  caused  
p i t u i t a r y - g o n a d a l  s t i m u l a t i o n  a n d  t h a t  i so l a t i on - induced  
aggress iveness  is d e p e n d e n t  on  a n  i n t a c t  p i t u i t a r y - g o n a d a l  
ax is  w i t h  t h e  a d r e n a l s  e x e r t i n g  a m o d u l a t i n g  inf luence .  
A l t h o u g h  o t h e r  h o r m o n a l  f ac to r s  a n d  ba lances ,  in  a d d i t i o n  
to  sex s teroids ,  a re  i n v o l v e d  in  oogenesis  as  well  as fer- 
t i l i t y  a n d  f e c u n d i t y  re la t ionsh ips ,  if p i t u i t a r y - g o n a d a l  
f u n c t i o n  is s t i m u l a t e d  b y  i so la t ion  one  m i g h t  r e a s o n a b l y  
an t i c ipa te ,  in  a d d i t i o n  to  o r g a n  a n d  s e c o n d a r y  sex 
cha rac t e r i s t i c  changes ,  h i g h e r  levels  of f e r t i l i ty  a n d  fecun-  
d i t y  in  t h e  i so la ted  females.  

A t o t a l  of 60 a lb ino  females  a v e r a g i n g  19 g were 
d iv ided  i n to  t e s t  a n d  con t ro l  g roups .  All  t e s t  or  i so la ted  
mice  were  h o u s e d  s ingly  in  s ta in less  s tee l  cages  ( 6 . 5 . 1 0 -  7 
inches)  as  opposed  to  con t r o l  mice  w h i c h  were  m a i n -  
t a i n e d  in g roups  of 2/cage. T h e  l a b o r a t o r y  recognizes  t h e  
s e n s i t i v i t y  of a n i m a l  g r o w t h  a n d  d e v e l o p m e n t  to  such  
e n v i r o n m e n t a l  a n d  phys i ca l  s t imu l i  as t e m p e r a t u r e  ~°, 
n o i s e n  a n d  handl ing lZ .  P a r a m e t e r s  m e a s u r e d  were  
changes  in l i t t e r  size, p u p  m o r t a l i t y  a n d  t h e  deve lop-  
m e n t a l  g r o w t h  r a t e s  of t h e  young .  B o d y  we igh t s  a n d  
n e c k - t w i t c h  responses  were  r eco rded  week ly ;  l o c o m o t o r  
a c t i v i t y  is a n d  aggress iveness  a t  va r ious  i n t e r v a l s  d u r i n g  

t h e  61/2 m o n t h  i so la t ion  per iod.  Af te r  o b s e r v a t i o n  of 
c o n s i s t e n t  s ign i f i can t  inc reases  in  l ocomoto r  a c t i v i t y  a n d  
aggress iveness ,  all  t e s t  a n d  con t ro l  females  were  sub-  
j ec t ed  to  m a t i n g - b e h a v i o r  i n t e r a c t i o n  s tud ies  w i t h  
p r o v e n  a lb ino  ma le s  o n  4 consecu t ive  d a y s  for  i/z h in-  
t e rva ls .  E a c h  female  was  t h e n  m a t e d  i n d i v i d u a l l y  for 6 
days .  All males  were  t h e n  r emoved ,  con t ro l  females  re- 
g rouped  i n to  t he  or ig ina l  pa i r s  a n d  t h e n  s e p a r a t e d  s h o r t l y  
before  p a r t u r i t i o n .  B y  th i s  p rocedure ,  each  t e s t  a n d  con-  
t ro l  f emale  could  t h u s  ra ise  a n d  nu r se  he r  own  l i t ter ,  a n d  
i so la ted  females  were  on ly  in  c o n t a c t  w i t h  a n o t h e r  a n i m a l  
for t h e  r e l a t i v e l y  s h o r t  m a t i n g  per iod .  All  females  were  
checked  da i ly  for  d a t e  of b i r t h  a n d  size of l i t te rs .  E n  
masse  we igh ings  a n d  c o u n t s  were  m a d e  week ly  a t  t h e  
end  of t h e  1st, 2nd  a n d  3rd weeks. All of fspr ing  were  
weighed,  w e a n e d  a n d  sexed a t  4 weeks  of age. 
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