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BARTH'S M y o c h o r d o t o n a l  O r g a n  as  an A c o u s t i c  S e n s o r  in the G h o s t  Crab,  Ocypode 
Decapod  crus taceans  are well known  as producers  of air 

and subs t r a t e  borne  sounds 1-s. For  some species, these  
sounds  have  been shown to  p lay  an i m p o r t a n t  role in in- 
t raspecif ic  communica t ion  ~-7, b u t  re la t ively  l i t t le  is 
known abou t  how these  signals are de tec ted  by  the  ani- 
malsg, ~0. HORCH and  SALMON s p resen ted  the  f i rs t  de- 
mons t r a t i on  t h a t  c rus taceans  could hear  air borne  sounds.  
They  showed t h a t  the  ghost  crab Ocypode quadrata re- 
sponded  to t he  air borne  c o m p o n e n t  of 3 kHz  tones.  This  
work  was subsequen t ly  ex t ended  to o ther  species of Ocy- 
pode n. An electrophysiological  inves t iga t ion  of the  basis  
for th is  sens i t iv i ty  ind ica ted  t h a t  t he  recept ion  of these  
sounds  and  of h igh f requency  ( >  1 kHz) subs t r a t e  v ibra-  
t ions  was a unique p r o p e r t y  of BARTH'S organL This re- 
ceptor  is a myochordo tona l  organ s i tua ted  near  the  origin 
of the  accessory f lexor muscle  in t he  merus  of the  walking 
legs of decapod  crus taceans  v, ~2. In  Ocypode its locat ion is 
easily de te rmined  by  the  presence of a small,  dome shaped  
'window'  in t he  exoskele ton at  the  si te of t e rmina t i on  of 
t he  dendr i tes  of t he  sensory neurons  ~2. 

Des t ruc t ion  of t he  exoskeletal  w indow of BARTH'S or- 
gan e l iminated  recordable  responses  in the  supraoeso- 
phagea l  ganglion to air borne  sounds  and  high f requency  
vibra t ions .  Such responses  were easily found pr ior  to  the  
operat ion,  or af ter  var ious pseudo-opera t ions  in which  the  
organ was left in tact .  This implies t h a t  BARTH'S organ m a y  
be the  only receptor  in these  crabs capable  of de tec t ing  
such st imuli .  More di rect  evidence for th is  hypo thes i s  
would come f rom a behaviora l  t e s t  of the  impor t ance  of 
th is  organ in Ocypode for sens i t iv i ty  to  sounds  and vibra-  
t ions. I p resen t  here  the  results  of such a test .  

The exper imen t s  were done on Eniwetok ,  Marshal l  Is- 
lands,  w i th  the  ghost  crab O. ceratophthalmus. Animals  
were collected at  night ,  and  kep t  isolated for 2 or 3 days  in 
small,  opaque  plas t ic  conta iners  w i th  a small  a m o u n t  of 
fresh sea water .  1 or 2 days  pr ior  to  being used, each ani- 
mal  was  cooled in a ref r igera tor  long enough to  induce are- 
flexia. The animals  were d iv ided  in to  2 groups. In  the  ex- 
pe r imen ta l  group, the  exoskeletal  window of BARTH'S or- 
gan was c i rcumcised in each leg. The p a t c h  of exoskele ton  
was general ly pulled inside the  leg cav i ty  by  the  tens ion of 
the  t issue a t t a ched  to  it. The wounds  were p lugged wi th  
cot ton.  The contro l  animals  were pseudo-opera ted  by  re- 
moving  a p a t c h  of exoskele ton  1 to  2 m m  dis ta l  to  the  
window of B a r t h ' s  organ. Mor ta l i ty  was very  low af ter  the  
opera t ion  ; the  few animals  which  did succumb appa ren t ly  
did so because of excessive cooling. Animals  f rom b o t h  
groups ma in t a ined  for some t ime  af ter  recovery  showed 
appa ren t l y  normal  visual  and feeding behavior .  

The  expe r imen ta l  a p p r o a c h  is a modi f ica t ion  of the  
s tar t le  response  expe r imen t  f i rs t  descr ibed by  SAL~ON and 

Table I. Numbers of operated and pseudo-operated ghost crabs 
responding to a 4 sec period of sound and a 4 sec period of no sound 

Operated Pseudo-operated 

Number tested 30 25 
Number responding during 16 19 
sound trials 
% of total (53) (76) 
Number responding during 13 10 
control (no sound) trials 
% of total (43) (40) 

Each animal was tested with one sound and one control triM. 

ATSAIDES is in their study of the acoustic sensitivity of the 
fiddler crab Uca. Extensive work on both Uca and Ocy- 
pode s, 9, ii has shown that these animals, if motionless and 
attentive, will respond to the onset of a suprathreshold 
acoustic stimulus with sudden movements. The intensity 
of t he  movemen t s ,  the i r  l a tency  f rom the  onset  of the  sti- 
mulus,  and  the  p robab i l i t y  of a m o v e m e n t  being made  
wi th in  a f ixed per iod of t ime  af ter  t he  onset  of the  s t imu-  
lus are all corre la ted  wi th  the  m a g n i t u d e  of the  s t imulus.  
I t  is possible t h a t  some indiv iduals  reac t  to  acoustic  s t imu-  
li by  ' f reezing' ,  t h a t  is by  remain ing  motionless.  However ,  
by  using large number s  of animals  and  only  t es t ing  each 
indiv idual  once or twice,  s tar t le  responses  have  p roven  to  
be an effective measure  of the  pe rcep t ion  of sounds  by  
these  crustaceans .  

Tes ts  were conduc ted  in a room free f rom ex t raneous  
visual st imuli ,  bu t  occasionally sub jec t  to noises f rom out- 
side the  building.  Animals  were placed indiv idua l ly  in a 
plast ic  aquar ium (bo t tom area abou t  30 cm • 40 cm) and 
a loudspeaker  was  t h e n  placed,  facing down,  over  the  top  
of t he  tank .  The expe r imen te r  observed  the  animals  
t h ro u g h  a small  hole in an opaque  screen. The crabs  seemed 
unaf fec ted  by  m o v e m e n t s  beh ind  the  screen. 

E a c h  crab was given one sound and  one no sound (con- 
trol) trial.  For  t he  sound trials,  t he  s t imulus  consis ted of 
3 evenly  spaced,  i sec long, 2 kHz  tone  bursts .  Each  burs t  
had  rise and fall t imes  of abou t  0.5 sec, and  p roduced  
92-103 db  (re: 0.0002 abar) air borne  and 92-103 db  (re: 
10 -3 cm/sec 2) b o t t o m  v ib ra t ion  componen t s  in t he  aqua-  
r ium. (The range  represen ts  t he  va r ia t ion  f rom place to  
place in the  tank.)  Bo th  c o m p o n e n t s  were more  t h a n  40 db 
above the i r  cor responding  background  levels, and prob-  
ab ly  had  some ha rmonic  d is tor t ion .  Pu r i t y  of the  fre- 
quency  of the  s t imulus  was u n i m p o r t a n t  for th is  tes t .  In  
the  control  trials,  no sounds  were p resen ted  dur ing  the  
s t imulus  period. For  b o t h  control  and sound trials,  the  sti- 
mulus  followed the  f i rs t  10 sec pause  in m o v e m e n t s  by  the  
an imal  s, n,  or af ter  2.5 min  if the  an imal  did no t  move  be- 
fore t h a t  t ime.  Any  m o v e m e n t  by  the  crab dur ing  the  sti- 
mulus  per iod was  scored as a response.  The order  of pre-  
sen ta t ions  was balanced,  so t h a t  abou t  half  of the  animals  
in each group were p resen ted  wi th  the  sound tr ial  first,  
and  the  remain ing  wi th  t he  control  t r ia l  first.  

The  resul ts  are shown in Table  I. For  b o t h  groups abou t  
40 ~o (13/30 and 10/25) of the  animals  r e sponded  dur ing  the  
contro l  (no sound) tr ials.  A X ~ t es t  of 2 • 2 con t ingency  
The t e s t ed  eye, following pupi l  d i la t ion wi th  phenyl -  
ephr ine  HC1, was f i t ted  wi th  a p ro tec t ive  con tac t  lens, 
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tables  14 appl ied to  th is  da t a  showed t h a t  the  responses  of 
the  pseudo-opera ted  and  opera ted  animals  to t he  control  
t r ials  were essent ial ly  ident ical  (X 2 = 0.0006, p > 0.1). 
Thus,  des t roy ing  the  in tegr i ty  of /3ARTI~'S organ appa-  
r en t ly  did no t  grossly affect  t he  level of ac t iv i ty  in these  
animals  under  the  condi t ions  of the  exper iment .  W h e n  
the  tones  were presented ,  only 53% (16/30) of the  opera ted  
animals  responded,  bu t  76% (19/25) of t he  pseudo-oper -  
a ted  animals  responded.  The McNemar  t es t  was used to 
assess the  significance of th is  difference 1~. Table  I I  shows 
t h a t  the re  was no difference in t he  behav ior  of the  oper-  
a ted  animals  be tween  the  cont ro l  and  sound tr ials  (X 2 = 
0.235, p > 0.1). The pseudo-opera ted  animals  r e sponded  
s ignif icant ly  more  of ten  in the  sound tr ials  t h a n  in t he  
control  t r ia ls  (X ~ = 4.923, p < 0.05). This  means  t h a t  the  
opera ted  animals  seem to have  failed to  reac t  to t he  s t imu-  
lus, while the  pseudo-opera ted  animals  did react  to  it. 

This resul t  and  the  electrophysiological  evidence are 
bo th  cons i s ten t  w i th  the  view t h a t  BARTH'S organ is the  
only recep tor  in Ocypode sensi t ive to  high f requency  vibra-  
t ional  and acoust ic  st imuli .  As such, it  is analogous to t he  
subgenual  organs of insects  15-17, bu t  is poss ib ly  more  amen-  
able to  neurophysiological  s t u d y  t h a n  the  la t ter .  Al though  
m u c h  less s tud ied  in th is  regard  t h a n  insects,  m a n y  de- 
capod crus taceans  communica t e  w i th  acoust ic  signals 4-~, 11. 
BARTH'S organ p ro b ab l y  is the  recep tor  used for de tec t ion  
of these  signals,  at  least  for those  wi th  frequencies  above  
1 kHz,  and thus  m a y  be crucial for in t raspecif ic  communi -  
cat ion among  crustaceans .  

Zusammen/assung.  Nachweis  des B a r t h ' s c h e n  Myo- 
chordo tona l -Organs  bei der  K rab b e  Ocypode, als senso- 
rieller A p p a r a t  fiir hochf requente ,  akust ische  Signale. 
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Sound trials R N R 
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R number responding; NR number not responding. 
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M i c r o s o m a l  N a §  N A D H -  C y t o c h r o m e  c Reductase :  Could it be Invo lved  
in S o d i u m  T r a n s p o r t ?  

During  the  last  few years,  there  has been m u c h  discus- 
sion abou t  the  poss ibi l i ty  of the  exis tence of more  t h a n  
one sodium p u m p  in absorb ing  epithelia.  The mos t  
convincing evidence has been ob ta ined  wi th  k idney  

I(?0 2-60 0 mNl 
Na + 

Fig. 1. Sensitivity of dog renal cortex microsomal NADH-cyte. 
reductase to sodium ions. Results express the increase in enzyme 
activity in the presence of different concentrations of sodium ions 
(in the form of NaC1) with reference to the basal level in the absence 
of sodium. 

p rox imal  tubu la r  cells 1 bu t  research wi th  various di f ferent  
epi thel ia l  cells has  suggested t h a t  the  d i c h o t o m y  is 
widespread.  One of t he  weak po in t s  of the  hypo thes i s  
remains  the  fact  tha t ,  whereas  it is general ly  accepted  
t h a t  sod ium-for -po tass ium exchange  is med ia t ed  by  a 
(Na+ + K+)-s t imula ted  ATPase  3, no indica t ion  has been 
fo r thcoming  as to  the  biochemical  na tu re  of the  second 
pump.  A plausible  cand ida te  for such a mechan i sm 
appeared  to  be af forded by  the  Na+-s t imula ted  N A D H -  
cy toch rome  c reduc tase  sys t em of microsomal  fractions,  
f i rs t  descr ibed by  SlmCEVlTZ 3. The p resen t  p re l imina ry  
survey  was unde r t aken  in an a t t e m p t  to  d iscover  any  
l ink be tween  th is  enzyme and  the  s o d i u m-p u mping  
sys t em of the  kidney.  Of the  var ious  cr i ter ia  l is ted by  
SKOIJ 4 for the  ident i f ica t ion  of an enzyme sys tem wi th  a 
p u m p i n g  mechanism,  we have  concen t ra t ed  on its 
cytological  location, i ts  sens i t iv i ty  towards  cat ionic 
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