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Zusammen/assung. Es konn t e  gezeigt  werden,  dass  
elektr ische S t imula t ion  des la tera len  H y p o t h a l a m u s  mi t  
einer Verz6gerung yon  2-6 min Fressen  ausl6st. Selbst-  
re izversuche zeigten, dass  diese S t imula t ion  s u c h  beloh- 
nend  wirkt .  ~hn l i ch  verz6gertes  Fressen  kann  such  durch  

Reizung oder  spreading  depress ion in ande ren  Hirnge-  
b ie ten  ausgel6st  werden.  Es wird  ve rmnte t ,  dass  alle diese 
Ph~tnomene auI e inem gemeinsamen  Mechanismus  ba- 
sieren. 
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Cuticular Gas in Marine Decapod Crustacea 

A film of gas, pe rhaps  no more  t h a n  a few microns  thick,  
on the  body  surface has  been sugges ted  as the  basis  of the  
pressure  sens i t iv i ty  shown by  cer ta in  mar ine  crus tacea  a, 
bu t  unt i l  r ecen t ly  i t  has  no t  been possible  to  es tabl ish  the  
exis tence of such minu t e  vo lumes  ot gas exper imenta l ly .  
The ul t rasonic  t echniques  cu r ren t ly  avai lable  are e i ther  
non-specif ic  for gas 2 or des igned to  de t ec t  mov ing  
bubbles  using the  Doppler  shif t  pr inciple  a, 4. An a l t e rna t ive  
m e t h o d  s,6, based  on m e a s u r e m e n t  of the  ha rmon ic  
wave fo rm d is to r t ion  caused by  gas in an acoust ic  field 
has  been  deve loped  in the  D e p a r t m e n t  oi E lec t ronic  and 
Elect r ica l  Eng ineer ing  a t  the  Univers i ty  of B i rmingham.  
This  technique ,  which  has t he  a d v a n t a g e  of being 
specific for gas, is t hus  sui table  for t he  de tec t ion  and  
es t ima t ion  of small,  s t a t i o n a r y  gas volumes  in a l iquid 
medium,  and has  been  used here  for t he  de tec t ion  of gas 
on the  b o d y  surface of decapod  erustacea.  

Materials and meIhod. E x p e r i m e n t s  were carried out  
wi th  the  t r a n s m i t  and receive acoust ic  t r ansduce r s  
a r ranged  abou t  5-7 m m  a p a r t  (Figure la) and immersed  
in kerosene to avoid  electrolysis  a t  t he  metalI ic  surfaces of 
the  t ransducers .  An acoust ical ly  ' t r a n s p a r e n t '  t e s t  cell, 

con ta in ing  water  boiled at  reduced pressure  to r emove  
any  res idual  air  bubbles,  was pos i t ioned be tween  the  two 
t ransducers  and  the  appa ra tus  ca l ibra ted  by  genera t ing  a 
known  volume of gas e lectrolyt ical ly  on the  end of a f ine 
copper  wire, insu la ted  to t he  t ip  and held in the  acoust ic  
field. Legs r emo v ed  f rom living or freshly killed specimens  
of two  pressure-sens i t ive  species of crab,  Carcimas maenas 7 
and  Macropipus holsatus s, were m o u n t e d  in a rubbe r  
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Fig. 1. a) Diagram of the apparatus. The transmit transducer was made from paired lead-zirconate plates mounted on aluminium alloy blocks 
and enclosed in an Muminium alloy housing while the receiver contained a single plate embedded ila araldite in an atuminium alloy block. 
Kerosene was preferred to water as an acoustic coupling fluid to avoid generating gas electrolytieaUy on the metallic surface of the trans- 
ducers. The specimen under investigation was lowered into a test ceil with acoustically-transparent membrane walls, and containing water 
boiled under reduced pressure to remove air bubbles. The fundamental and harmonic waveforms were displayed on an oscilloscope and the 
harmonic distortion component amplified and rectified for monitoring on a pen recorder when required, b) Diffusion cell with dialysis 
membrane collar. 
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sleeve on the  end of a glass rod and the  possible exis tence 
of gas on the  surface inves t iga ted  by lowering the  leg 
into the  cell be tween  the  t ransducers .  

]?esults and discussion. The resul t ing acoustic  ha rmonic  
d is tor t ion  (Figure 2) ind ica ted  gas which  ranged in 
volume f rom 0.3 • 10 -6 to  1.3 • 10 -6 ml in the  d i f ferent  
exper iments .  Assuming  an even dis t r ibut ion,  the  grea tes t  
volume of gas recorded would correspond to a layer  no 
more  t h a n  40 n m  th ick  and  i t  seems more  probable  
t h a t  the  gas is d i s t r ibu ted  in a mosaic of small pockets .  
However ,  it  is doubt fu l  whe the r  the  gas recorded here 
was genera ted  as the  resul t  of an electric po ten t i a l  differ- 
ence across the  cuticle, as suggested by  DIGB'Z 9. Similar 
volumes  have  been de tec ted  on sect ions of carapace  
removed  f rom crabs  found dead on the  b o t t o m  of the  
holding t anks  in the  Zoology D e p a r t m e n t  aquar ium,  and 
on e ly t ra  r emoved  f rom dead and  l iving cockroaches.  
The acoust ic  pressure  changes  genera ted  be tween  the  
t ransducers  were small,  abou t  10 mil l ibars  ( lkNm -2) 
peak- to-peak ,  and unlikely to effect  compress ion of the  
veins  in the  elytra,  and  i t  therefore  seems probable  t h a t  
t he  gas de tec ted  in these exper imen t s  had  s imply  ad- 
sorbed on to  the  surface of the  in tegument .  

In  a fu r the r  series of expe r imen t s  legs were a rnpu ta t ed  
f rom Carcinus and t rans fe r red  to the  acoust ic  ch amb e r  
under  water .  Po ten t i a l  differences of 35 50 mV, inside 
negat ive,  had been previously  recorded across the  integu-  
m e n t  of the  leg, and gas could conceivably  or iginate  
e lectrolyt ical ly  under  these  condit ions.  Only on one 
occasion was gas de tec ted  and then  in much  smaller  
quan t i t i e s  t h a n  above. The ampu tee  had  been  kept  
submerged  for abou t  a week pr ior  to  the  exper iment ,  bu t  
had  been exposed previous ly  in t rans i t ,  and  it is possible 
t h a t  minu te  quant i t i es  of air could have  survived over  
th is  per iod in microcavi t ies  in the  cuticle ~0 

Al though  the  periodic exposure  of l i t toral  animals  could 
thus  confer  upon  t h e m  a mechan i sm of pressure  t r ansduc-  
tion, it  would appear  unl ikely t h a t  such an i m p o r t a n t  
env i ronmen ta l  var iable  should be perceived so for tu-  
i tously. Many  pressure-sensi t ive  animals  are plank-- 
tonic  ~-~a and are no t  normal ly  exposed  to  the  air. 

DIGBY pos tu la t ed  an electrogenesis  of gas a t  t he  body  
surface on the  basis of a series of expe r imen t s  in which  he 
d e m o n s t r a t e d  how the  po ten t i a l  difference recorded 
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Fig. 2. Trace obtained on lowering the 3rd walking leg of the shore 
crab Carcinus maenas into, and subsequently removing it from, the 
acoustic field. The leg was positioned manually and the harmonic 
distortion caused by gas was found to be proportional to the amount 
of leg located between the transducers, suggesting a uniform distribu- 
tion over the surface of the integument. The volume of gas involved 
is indicated by the extent of the vertical deflection, 

across the  i n t e g u m e n t  of the  p r a w n  Palaemonetes varians, 
and be tween  diffusion cells of d i f ferent  ionic concent ra-  
t ions  var ied wi th  changes  in a m b i e n t  pressure.  These 
exper imen t s  are readi ly  repeated .  Using copper  electrodes 
(cf DIGBu pressure- induced changes  in po ten t i a l  h a v e  
been recorded f rom isolated legs of Carcinus, stage 
2 larvae of the  lobs ter  Homarus, and also f rom a compa-  
rable diffusion cell 1,. These results  are cons is tent  wi th  the  
compress ion  of a gas phase  bu t  it  is diff icul t  to  ascer ta in  
w h e t h e r  this  is located at  the  surface of the  i n t e g u m e n t  
(or diffusion cell membrane)  or on the  surface of the  
metal l ic  electrode itself. We  have  a t t e m p t e d  to  locate the  
gas in a model  cell sy s t em in which  sea wa te r  was sepa- 
r a ted  f rom sl ight ly saline t ap  wa te r  by  a collar of dialysis 
m e m b r a n e  (Figure lb).  The po ten t i a l  difference developed 
across the  m e m b r a n e  was found  to be 70 80 mV, inside 
negat ive,  and a fu r the r  --15 m V  was recorded at  the  
junc t ion  be tween  the  copper  wire ca thode  and the  sea 
wa te r  wi th in  the  cell. Overall  po ten t i a l  changes  of up to  
20% had  been previous ly  recorded f rom similar cells 
following an increase of pressure  of up to  1250 mb  (125 
knm-2).  In  our expe r imen t s  the  cell was pos i t ioned wi th  
the  m e m b r a n e  collar in t he  cent re  of the  acoust ic  field and 
a weak cur ren t  passed be tween  the  electrodes.  Gas was  
de tec ted  only  when  the  t ip  of the  copper  ca thode  was 
located wi th in  the  acoust ic  field. No gas was recorded 
when  the  electrode was par t ia l ly  w i t h d r a w n  f rom the  cell 
to  a posi t ion outs ide  the  acoustic  field, suggest ing t h a t  in 
th is  expe r imen t  the  gas was genera ted  pr imar i ly  a t  the  
surface of t he  metal l ic  electrode. However ,  as DIGBY I5 
has more  recent ly  po in ted  out,  if the  m e m b r a n e  is too 
porous  any  gas p roduced  at  its surface would be r emoved  
by  e lect ro-osmotic  effects. Crus tacean cuticle is much  less 
porous, and  has been  shown to  func t ion  as an in t e rmed ia t e  
electrode at  which hydrogen  is genera ted  when  a cur ren t  
is passed across it, bu t  the  evidence t h a t  gas is genera ted  
electrolyt ical ly  a t  the  body  surface in the  na tu ra l  s i tua t ion  
appears  inconclusive.  

Rdsumd. On a d6cel6 la pr6sence d ' une  touche  de gaz 
d'/~peupr~s 40 n m  d '@a i s seu r  sur la cuticule de cer ta ins  
crustac6s d6capodes ma t in s  en enreg i s t ran t  la dis tors ion 
ha rmon ique  qua ce gaz a caus6e lo rsqu 'on  le soumet  5~ 
un c h a m p  acoust ique.  Quoiqu 'on  s i t  d6montr6  qua le gaz 
pour ra i t  6tre adsorb6 sur la surface, une origine 61ectro- 
ly t ique  est  ~ la l imite  du possible.  
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