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S t a t o c y s t s  occur  in all  m a j o r  m e t a z o a n  p h y l a .  T h e i r  
p resence  in  t h e  h y d r o m e d u s a e  q u a l i f y  t h e m  in  a rea l  
sense  as t h e  f i r s t  o r g a n  to  a p p e a r  in  t h e  a n i m a l  k i n g d o m .  
Y e t  t h e  prec ise  f u n c t i o n s  s u b s e r v e d  b y  s t a t o c y s t s  are  
s t i l l  u n c e r t a i n .  

A n a t o m i c a l l y  t h e r e  ex i s t  s i g n i f i c a n t  ana log ie s  b e t w e e n  
i n v e r t e b r a t e  s t a t o c y s t s  a n d  t h e  o t o l i t h  o r g a n s  of v e r t e -  
b r a t e s .  The  d e s c r i p t i o n  of a n  e c t o d e r m a l  sac, f lu id-  
fi l led a n d  l ined  b y  ha i r s  s u p p o r t i n g  a r e l a t i v e l y  dense  
mass ,  c an  be  a p p l i e d  to  b o t h  s t r u c t u r e s .  T h e  di f ferences ,  
howeve r ,  a re  f u n d a m e n t a l .  I n  t h e  c r u s t a c e a n  a s ingle  
d i s t a l  p rocess  of a p r e s u m e d  p r i m a r y  s e n s o r y  n e u r o n  
p e n e t r a t e s  a n  a r t i c u l a t e d  c h i t i n o u s  e x o s k e l e t a l  h a i r ;  
w h e r e a s  t h e  v e r t e b r a t e  n e u r o m a s t  or e q u i v a l e n t  cell is 
be l i eved  to  b e  i t se l f  r e c e p t i v e ,  t h e  a f f e r e n t  n e u r o n  t h u s  
i n n e r v a t i n g  a s e c o n d a r y  or  t r u e  sense  celP.  

Phys io log ica l  i n v e s t i g a t i o n  h a s  t h u s  fa r  b e e n  con f ined  
p r i m a r i l y  to  a b l a t i o n  e x p e r i m e n t s  a n d  h a s  d e m o n s t r a t e d  
a role in  p o s t u r e  a n d  l ocom ot i on .  DELAGE 5 was  p e r h a p s  
a m o n g  t h e  f i r s t  t o  s u g g e s t  a n  e q u i l i b r a t o r y  f u n c t i o n  for  
s t a t o c y s t s  b u t  b e l i e v e d  t h e y  also f u n c t i o n e d  in aud i t i on .  
Fo l l owing  t h e  classic i ron  f i l ing e x p e r i m e n t  of NREIDL 6, 
t h e  role of t h e  c r u s t a c e a n  s t a t o c y s t  in  g e o - o r i e n t a t i o n  
b e c a m e  well  e s t a b l i s h e d .  S u b s e q u e n t  w o r k  b y  CLARKL 
a n d  PR~NTISSS f u r t h e r  e m p h a s i z e d  t h e  d o m i n a n c e  of 
t h i s  m o d a l i t y  a n d  i n d i c a t e d  t h a t  p r e v i o u s l y  r e p o r t e d  
r e sponses  to  s o u n d  were m o s t  l ike ly  m e d i a t e d  t h r o u g h  
t a c t i l e  r e c e p t o r s  e x t e r n a l  to  t he  s t a t o c y s t .  

S ince  t h e  n e e d  for  e x a c t  k n o w l e d g e  of t h e  a d e q u a t e  
s t imul i ,  t h e  poss ib le  d i f f e r e n t i a t i o n  of r e c e p t o r  t y p e s  a n d  
t h e  q u a n t i t a t i v e  p e r f o r m a n c e  of e q u i l i b r i u m  r e c e p t o r s  
of lower  a n i m a l s  h a s  been  e n u n c i a t e d  ° in  o rde r  to  p lace  
in  p e r s p e c t i v e  t h e  v e r t e b r a t e  o r g a n  a n a l y z e d  espec ia l ly  
b y  LOW~Z,'STEI~, we h a v e  u n d e r t a k e n  a n  i n v e s t i g a t i o n  
of va r i ous  f a v o r a b l e  i n v e r t e b r a t e s  b y  t h e  m e t h o d  of 
r eco rd ing  n e r v e  impulses .  P rog res s  on  th i s  f i r s t  s t u d y  m a y  
be s u m m a r i z e d  a t  t h i s  t ime .  

T h e  re su l t s  r e p o r t e d  here  were  o b t a i n e d  m a i n l y  o n  t h e  
s p i n y  l o b s t e r  P a n u l i r u s  in terrup tus  (RANDALL) w i t h  some  
e x p e r i m e n t s  on  a la rge  sp ide r  c rab ,  L o x o r h y n c h u s  grandis  
STIMPSON. I n  each  a n i m a l  a s t a t o c y s t  is l oca t ed  in  t h e  
basa l  s e g m e n t  of t h e  a n t e n n u l e s .  T h e  o r g a n  r e p r e s e n t s  
a n  i n v a g i n a t i o n  oI t h e  dorsa l  a n t e n n u l a r  wa l l  a n d  
cons i s t s  of a c h i t i n o u s  sac a p p r o x i m a t e l y  3 b y  2 b y  I m m  
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in  t h e  l o b s t e r  a n d  a b o u t  twice  t he se  d i m e n s i o n s  in the  
c rab .  An  a p e r t u r e  to  t h e  ou t s ide  r e m a i n s  open  in the  
l obs t e r  b u t  is c losed in t h e  c rab .  T h e  l in ing  of t h e  sac 
inc ludes  ha i r s  of v a r i o u s  f o r m s  a n d  sizes, r a t h e r  gener-  
a l ly  d i s t r i b u t e d  in  t h e  lobs te r ,  f ewer  a n d  r e s t r i c t e d  to a 
f r a c t i o n  of t h e  l in ing  in t h e  c rab .  L i t h s  of e x t e r n a l  origin 
( p r o b a b l y  s a n d  gra ins)  occu r  m a i n l y  in loose masses  in 
t h e  l o b s t e r ;  some  m a y  be  c e m e n t e d  to  t h e  ha i rs .  I n  crabs  
t h e  l i th s  are  few a n d  p r e s u m a b l y  secre ted*  a n d  in  mos t  
pos i t i ons  a p p a r e n t l y  n o n e  of t h e  h a i r s  wil l  h a v e  l i ths  
r e s t i n g  on  t h e m .  T h e  s t a t o c y s t  n e r v e  can  be  fol lowed 
f rom t h e  o r g a n  to  t h e  b r a i n  a n d  is eas i ly  s e p a r a t e d  
t h r o u g h o u t  i t s  course  f r o m  t h e  a n t e n n u l a r  n e r v e ;  in  a 
l o b s t e r  of  800 g r a m s  t h i s  d i s t a n c e  is 17 ram.  I t  consis ts  
of fewer  t h a n  200 f ibers  r a n g i n g  f r o m  less t h a n  5 to  110 
m i c r a  in  d i a m e t e r .  

T h e  a n t e r i o r  r eg ion  of t h e  c e p h a l o t h o r a x  h a s  been 
used  as a n  i so l a t ed  p r e p a r a t i o n ,  r i g id ly  m o u n t e d  in  an  
e l ec t rode  h o l d e r  w h i c h  e n a b l e d  b o t h  e l ec t rodes  and  
p r e p a r a t i o n  to  be  m o v e d  as a whole .  T h e  ne rve ,  or a 
s m a l l  b u n d l e  t e a s e d  f rom it,  was  l i f t ed  i n t o  t h e  a i r  and  
p l a c e d  across  s i lver  wire  e lec t rodes .  

C o n t i n u o u s  d i s c h a r g e  of impulses ,  t y p l c a l l y  f rom 
50-500  m i c r o v o l t s  in  sp ike  a m p l i t u d e  (i.e. s m a l l e s t : l a r -  
ges t  sp ikes  = 1 : 10) is o b s e r v e d  in m a n y  f ibers  w i t h  the  
p r e p a r a t i o n  o r i e n t e d  in  a n y  pos i t i on .  I n d i v i d u a l  f ibers 
a re  gene ra l l y  ape r iod ic  a n d  f i re  less t h a n  t e n  t i m e s  per  
second.  Some  u n i t s  a p p e a r  o n l y  u p o n  s t i m u l a t i o n  and  
are  t h e r e f o r e  n o t  s p o n t a n e o u s  in  a g i v e n  pos i t ion .  

A n g u l a r  or  l i n e a r  d i s p l a c e m e n t  r e su l t s  in  a n  a l t e r a t i on  
of s p o n t a n e o u s  b a c k g r o u n d  a c t i v i t y .  I n  m u l t i f i b e r  
p r e p a r a t i o n s  a m a r k e d  i n c r e a s e  in  a c t i v i t y  usua l ly  
occurs .  H o w e v e r ,  in  some  i n d i v i d n a I  u n i t s  (fibers) and  
s m a l l  bund le s ,  a n  inc rease  in  " s p o n t a n e o u s "  a c t i v i t y  can 
be  seen  in r e sponse  to  m o v e m e n t  in  one  d i r ec t ion ,  whereas  
m o v e m e n t  a b o u t  t h e  s a m e  axis  in  t h e  o p p o s i t e  d i rec t ion  
r e su l t s  in  d e c r e a s e d  a c t i v i t y .  S imi l a r  d i f fe rences  are 
s o m e t i m e s  o b s e r v e d  in r e s p o n s e  to  m o v e m e n t  in  d i f fe ren t  
p lanes  or axes.  I n  gene ra l  t h e  r e sponse  was  g r e a t e r  the  
more  r a p i d  t h e  a c c e l e r a t i o n ;  b u t  r e s p o n s e  d id  n o t  fa i th-  
fu l ly  fol low a c c e l e r a t i o n  n o r  r eve r se  w i t h  dece le ra t ion .  
T h e  t h r e s h o l d  was  be low 10°/see/see w i t h  t h e  o r g a n  in 
t h e  axis  of  r o t a t i o n .  

I n d i v i d u a l  u n i t s  in  t h e  lobs te r ,  i d e n t i f i e d  b y  spike 
form,  h a v e  b e e n  o b s e r v e d  to  m a i n t a i n  for  several  
m i n u t e s  a n  a l t e r e d  ( n o n a d a p t i n g )  leve t  of s p o n t a n e o u s  
a c t i v i t y  in  d i f f e r e n t  p o s i t i o n s  of t h e  p r e p a r a t i o n .  A b o u t  
t h e  l o n g i t u d i n a l  axis  of t h e  a n i m a l ,  t h e s e  u n i t s  m a y  be 
s i l en t  to r  la rge  f r a c t i o n s  of 360 degrees  t h e n  become 
a c t i v e  a t  i n t e r m e d i a t e  n o n - a d a p t i n g  f r equenc i e s  wi th in  
a q u a d r a n t  on  e a c h  s ide of t h e  p o s i t i o n  e l i c i t ing  m a x i m u m  
response .  T h e  u n i t s  a t t a i n  a r a t h e r  low m a x i m u m  fre- 
q u e n c y  (ca. 20 pe r  second)  a t  w h i c h  leve l  t h e y  are still 
a r h y t h m i c .  T h i s  m a y  be  t h e  m e c h a n i s m  respons ib le  for 
t h e  c lass ical  p o s t u r a l  re f lexes  b u t  we w o u l d  emphas ize  
t h a t ,  i n  o u r  expe r i ences ,  t h e  m a j o r i t y  of u n i t s  are 
sens i t i ve  o n l y  to  m o v e m e n t .  C e r t a i n  of t h e  s t a t i c  uni ts  
also r e s p o n d  to  a n g u l a r  m o t i o n .  

L i g h t l y  t a p p i n g  t h e  t a b l e  s u p p o r t i n g  t h e  p r e p a r a t i o n  
el ic i ts  d i s c re t e  b u r s t s  of a c t i v i t y  in  t h e  lobs te r .  Some 
u n i t s  a re  h i g h l y  s e n s i t i v e  to  t h i s  t y p e  of  v i b r a t i o n  
w h e r e a s  o thers ,  a c t i v e  in  t h e  b a c k g r o u n d  d ischarge ,  are 
n o t  s t i m u l a t e d  b y  t h e  s a m e  m e c h a n i c a l  shock .  R e m a r k -  
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ably enough the crab is almost insensitive to such 
stimuli, and therefore may prove of value in clarifying 
the conditions essential for vibrat ion perception. Dis- 
turbances conducted throug h the air had no effect upon 
the spontaneous ac t iv i ty ;  hand claps, speech, and 
tuning forks of frequencies ranging from 128 to 320 
cycles per second and placed within 5 mm of the aperture 
in P a n u l i r u s  elicited no response. Similarly, no effect 
was observed in response to vibrat ion conducted through 
water  in which the s tatocyst  was submerged;  tapping a 
metal  rod placed in the water  5 mm from the statocyst  
aperture, and tuning forks (128 to 320 cycles per second) 
placed against the wall of the glass container were 
equally ineffective. A paddle held close to the organ and 
driven by a phonograph recording head at  7 to 1000 
cycles per second had no effect except  in the narrow 
range of 70 to 120 cycles per second at  very high inten- 
si ty (such tha t  vibrations could be felt by the finger in 
the water). The l i terature contains various behavioral  
indications of water-borne sound reception such as the 
response to tapping aquaria  and even to the "str idula-  
t i on"  of the antennae in this species of lobsterL If this 
organ is involved at  all in this type of response, i t  cannot  
be said on our evidence to be responsive to or adapted 
in any way for sound detection and even the response 
to vibrat ion of the solid subs t ra tum or of the animal is 
not  apparent ly more sensitive than tha t  of hairs on the 
legs. 

Maintained increase in temperature  increases the 
frequency of small spikes in the spontaneous discharge 
by a small amount ;  Q10 between 16 and 23°C is ap- 
proximate ly  1-7. Large spikes are much more affected 
by temperature  (Q~0 approximate ly  4.5), representing 
therefore a non-adapting tempera ture  sensit ivi ty higher 
than tha t  of the non-adapt ing fraction of the response 
in the ampullae of LORENZINI in the ray 2, but  lower than 
tha t  of temperature  receptors in the mammal ian  tongue a. 
There is not, however, an initial highly sensitive adapt- 
ing fraction. These and the remaining experiments have 
been done thus far only on .PanMirus .  

A var ie ty  of discrete receptor types can be demon- 
s trated within the statocyst .  However,  it is of funda- 
mental  interest  tha t  at least some of these are inconstant,  
changing for example from side-up responding, side- 
down not responding to the reverse during an experi- 
ment.  This may possibly be due to shifting in position of 
liths. To the ex ten t  to which this is true the specificity of 
receptors is unavailable to the central  nervous system 
and represents a curious point in the evolution of re- 
ception. 

Units  other than  those spontaneously active also 
respond to adequate  stimuli. Conversely, certain of the 
spontaneously act ive fibers fail to increase in frequency 
during movement  or vibrat ion stimuli  effective for most 
units. 

The details of the innervat ion of the s ta tocyst  in this 
species have so lax not been described and a possibility 
existed tha t  the responses observed may have originated 
part ial ly in other regions of the antennule.  Various con- 
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trois were therefore performed. In preparations with an 
intact  antennule, movement  or touching the antennular  
flagellae had no effect when recording from the stato- 
cyst  nerve alone. In order to determine whether  pro- 
prioceptors in the basal antennular  joint  were primari ly 
responsible for the observed response, the basal segment 
as well as the cephalothoracic portion of the preparation 
were rigidly clamped, thereby immobil izing the joint.  
Typical  responses to movement  and tapping were still 
obtained under these conditions. One or two small 
twigs are seen to join the s tatocyst  nerve in the region 
of the joint  and the possibility remains that  fibers from 
proprioceptors in this area may be present in the main 
s ta tocyst  nerve. 

When water at  7°C is injected into tile organ through 
the sl ightly enlarged natural  aperture the spontaneous 
ac t iv i ty  ceases and within 15 to 30 seconds the response 
to previously effective stimuli  is decreased or lost. Water  
inieeted at 23°C rapidly restores both spontaneous and 
response activity,  and discrete bursts of impulses were 
elicited by each injection. Blot t ing out the water in the 
sac nearly eliminated response to movement  and vibra- 
tion, quite reversibly. 

By slightly enlarging the natural  aperture in the 
lobster, water  could be injected into the organ thereby 
flushing out  most of the sand particles. This greatly 
reduced sensi t ivi ty to adequate stimuli, though not the 
continual background discharge. Iron filings 200-300 
micra in diameter  can be introduced into the organ 
through theopening. A hand magnet  moved up to 25 mm 
from the organ results in discrete bursts of nerve 
impulses resembling responses to adequate  stimuli.  
Under  a dissecting microscope some iron particles near 
the aperture could be seen to move as the magnet  ap- 
proached and it is assumed tha t  iron particles were 
moving sensory hairs within the statocyst.  

Crushing the nerve between the s ta tocyst  and the 
recording electrodes el iminated all spontaneous ac t iv i ty  
as well as the response to movement  and vibrat ion.  

Thus far i t  appears tha t  the inver tebrate  s tatocyst  
approaches, and in certain respects may exceed, the 
functional plasticity exhibited by the non-acoustic verte- 
brate labyrinth 1. I t  is apparent ly  not  usefully sensitive 
to sound. Based on the morphological similari ty to the 
ar thropod organ, it is intriguing to speculate on the 
possibility tha t  receptor types in the first animal sense 
organ, the coelenterate statocyst ,  may  parallel to a large 
ex ten t  those of the ver tebrate  labyrinth.  

Z u s a m m e n [ a s s u n g  

Die Sta tozystennerven zweier t ( rus tazeenar ten zei- 
gen Spontanaktivit t t t .  Einzelne Elemente  sind unperio- 
disch und reagieren auf Lage~nderung mit  Frequenzab- 
oder -zunahmen. In einzelnen Elementen kann man eine 
spezifische Erregbarkei t  ftir Richtung,  Fl~che, statische 
Stellung nachweisen. In der Languste (abet fast gar 
nicht bei der Krabbe) gibt es manche Elemente,  die auf 
Vibration des K6rpers oder des Substratums, abet  nicht 
auf wassergetragene St6rungen yon m~tssiger St~Lrke 
reagieren. Verschiedene Temperaturempfindl ichkei ten,  
eine gewisse Labilit~tt, Magnetismuserregbarkeit  nach 
dem Einsatz  yon Eisenspiinen (Kreidl) und mehrere 
Kontrollen sind beschrieben. 
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