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noch  einzelne P u n k t e  v o r h a n d e n  sind, in denen  sich die  
Wabenoberfl~iche in Ruhe  bef indet .  Es  t r i t t  also der  
E f fek t  auf, dass  sich die Schwingungsf igur  bei wachsender  
Anregungsst~irke ~indert, obwohl  die F requenz  k o n s t a n t  
geha l t en  wird.  Dieses visko-elas t ische Verha l t en  der  
Hon igwabe  s t e h t  im Gegensatz  zu einer  leeren Wabe ,  die 
bei n ich t  allzu hohe r  Anregungsst~irke als elast isches 
Sys t em b e t r a c h t e t  werden  kann.  
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Summary. A new m e t h o d  pe rmi t t i ng  the  reg is t ra t ion  of 
abso lu te  ampl i tudes  of oscil lat ing beecombs  is be ing 
in t roduced .  The m e t h o d  depends  upon  the  ho lographic  
i n t e r f e rome t ry  and is appl ied  to beecombs  being s t imula t -  
ed by  frequencies  r e sponded  to  by  the  s topp ing- reac t ion  
of t he  bees. The influence of h o n e y  filled in t he  combs  is 
discussed. 
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A P o s s i b l e  A g e - R e l a t e d  D e c r e m e n t  in the  C o n d u c t i o n  Ve loc i ty  of  Aplysia N e u r o n  R2 

Uniden t i f i ed  bodies,  which  appear  in the  neuronal  
soma ta  of large Aplysia b u t  no t  i m m a t u r e  ones, have  
been  descr ibed in two separa te  ana tomica l  s tudies  1, 2. I t  
was  specula ted  1 t h a t  the  anomalous  bodies m i g h t  be 
foreign and t h a t  t h e y  migh t  be involved  in aging. How-  
ever,  previously,  there  has no t  been  any  publ i shed  
suggest ion of an age-rela ted physiological  de te r io ra t ion  of 
these  neurons.  The p resen t  paper  descr ibes  a large in ter-  
specimen var ia t ion  in t he  conduc t ion  ve loc i ty  of the  
r igh t  g iant  neuron,  R2 a and  re la tes  th is  var iab i l i ty  to the  
season of dissect ion and  rela t ive ages of the  specimens.  

Methods. Dr. R. FAY (Pacific Bio-Marine Supply  
Company ,  P.O. Box 536, Venice Ca. 90291, USA)4 was 
the  supplier  of A. californica used in th is  s tudy,  and  his 
ex t ended  observa t ions  of the  specimen indicate  t h a t  i t  is 
an annua l  (personal  communica t ion) .  There  is a seasonal  
re la t ionship  be tween  size and age in t he  general  popula-  
t ion,  which  is to  say t h a t  in the  spring,  m o s t  of the  
suppl ied  an imals  are small  and immatu re ,  while  in the  
fall and  winter ,  mos t  are large and  sexual ly  adult .  The 
size of specimens,  however ,  does no t  necessar i ly  reflect  
the i r  ages, and  the  basis for d ichotomiz ing  the  animals  
discussed here  (Figure 2) is the i r  sexual  m a t u r i t y ,  as 
judged  by  visual  inspect ion of the  gonads.  
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Fig. 1. The latency-distance plots for 3 experiments done in Novem- 
ber, January and February; the velocities are respectively 0.24, 
0.43 and 0.69 m/see. The inset shows an EPSP arriving at the intra- 
cellular electrode before the very slow antidronfic spike in the 
November experiment. Calibration: 4 mV, 40 msec. 

The f reshly  dissected abdomina l  gangl ion was p inned  
ou t  in a seawate r  ba th ,  and  the  r igh t  p leuro-viscera l  
connec t ive  was s t r e t ched  b ey o n d  the  po in t  where  tile 
bund led  axons  could be seen to  uncoil  wi th in  t h e  connec-  
t ive  shea th  and  lie in a s t r a igh t  line. All ve loc i ty  measure-  
men t s  were made  a t  14 :~ 1~ In t race l lu la r  recordings  
were made  using e i ther  K2SO 4- or KC1- filled p ipe t s  
(2-10 Mo h m) .  An ext race l lu lar  record was also ob ta ined  
f rom tile anter ior ,  cu t  end  of the  r igh t  connect ive ,  b u t  
ve loc i ty  was no rma l ly  de t e rmined  f rom in t racel lu lar  
la tencies  consis t ing of t he  t ime  be tween  the  s t imulus  
a r t i fac t  and  the  onse t  of pos i t ive  def lect ion of t he  t race,  
associa ted wi th  the  an t id romic  spike. 

S t imula t ion  was accompl ished  by  br inging the  ca thoda l  
m e m b e r  of a pai r  of fine, Tef lon-coated,  silver wires into 
con tac t  w i th  t he  r igh t  pleuro-visceral  connec t ive  a t  t he  
desired d i s tance  f rom the  cent re  of the  R2 soma.  Dis tance  
was d e t e r m i n e d  by  looking a t  t he  p repa ra t ion  t h r o u g h  a 
measur ing  eyepiece in t he  dissect ing microscope,  the  
scale being g radua ted  in 100-micron steps.  The s t imula t ing  
electrode was mic roman ipu la t ed  to a t  least  4 d i f ferent  
sites on the  r igh t  connect ive ,  and  the  l a t ency-d i s t ance  
co-ordina tes  were recorded  for subsequen t  analysis  on 
W a n g  p r o g r a m m a b l e  calculator .  A least -squares ,  l inear 
regression analysis  was pe r fo rmed  on the  da t a  f rom each 
expe r imen t ;  s t a n d a r d  er ror  t e rms  were ob ta ined ,  b u t  
these  were a lways ex t r eme ly  low, and  hence,  are 
omi t t ed .  

Results and discussion. The discrepancies  in ve loc i ty  
m e a s u r e m e n t s  are well i l lus t ra ted  by  F igure  1, where  t he  
da t a  f rom a fast,  a m e d i u m  and  a slow axon  have  been  
p lo t t ed  on the  same graph.  The slopes of t he  two  m o s t  
s imilar  lines shown are 9 s t a n d a r d  errors apar t ,  and  i t  is 
a p p a r e n t  t h a t  the re  exis ts  grea t  var iabi l i ty ,  across 
animals ,  in t he  conduc t ion  ve loc i ty  of th is  neuron.  Of 
the  8 fas tes t  neurons  examined ,  7 were f rom i m m a t u r e  
Aplysia; and  a 2-tailed t - tes t  (mature  vs immatu re )  
showed t h a t  t he  axon was  fas ter  in i m m a t u r e  animals  
(p < 0.001). H o w ev e r  a more  careful  sc ru t iny  of t he  
re la t ionships  among  conduc t ion  veloci ty,  season of 
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dissect ion and  sexua l  m a t u r i t y  revealed t h a t  in the  spr ing 
and  late  winter ,  t he  conduc t ion  ra te  was 0.48 m/sec in all 
animals ,  while  in the  s u m m e r  and  fall, and  ear ly  winter ,  
d imin ished  conduc t ion  ra te  was only  ev iden t  in a f rac t ion 
of the  ma tu r e  spec imens  examined  (Figure 2). 

The p resen t  r epor t  po in t s  ou t  larger ind iv idua l  differ- 
ences in conduc t ion  ra tes  t h a n  had  previous ly  been  
repor ted  in a s t u d y  b y  GOLDMANS. He  observed  a mean  
conduc t ion  ve loc i ty  of 0.50 m/sec,  w i th  a range of 0.43 to  
0.55 m/sec  in da t a  ob ta ined  f rom 12 animals ;  and his 
m e a s u r e m e n t s  were ill ag r eemen t  w i th  earl ier  work  on 
ano the r  species by  TAuc 6. In  tile work  descr ibed here, 
velocit ies were seen to  range f rom 0.24 to 0.69 m/sec.  
Since the  ve ry  slow conduc t ion  ra tes  were observed  only  
in adul t  animals  d issec ted  in fall and  winter ,  when  a 
p a r t  of the  Aplysia popula t ion  appears  to be dy ing  of old 
age (see Methods) ,  the  specula t ion  t h a t  the  ve loc i ty  
d iminu t ion  is geriat ic  m a y  be war ran ted .  However ,  only  
a m a t u r e - i m m a t u r e  classif icat ion of specimens  is per-  
m i t t e d  in t he  p re sen t  paper ,  and  a s t ronger  s t a t e m e n t  
abou t  the  age-re la tedness  of th is  p h e n o m e n o n  is impossi-  
ble.  

I t  is in te res t ing  to  note  t h a t  only the  3 s lowest  f ibres  
had  subs tant ia l ,  pos i t ive  X- in t e r cep t s  (2.3, 2.5 and  2.5 
m m  respect ively) .  Since the  spread  of e lec t ro tonic  cur- 
ren ts  is g rea te r  beyond  a conduc t ion  block t h a n  beyond  
the  act ive  region of a normal ly  p ropaga t ing  spike 7, i t  
is possible t h a t  these  large in te rcep t s  indicate  the  po in t  of 
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Fig. 2. R2 conduction rates in relation to the season of dissection and 
the sexual maturity of the specimen. The solid line indicates the 
hypothesized domain of conduction rates for mature animals, while 
the dashed line indicates the hypothesized domain for immature 
animals. 

ar res t  of ac t ive  p ropaga t ion .  O v e rd ev e l o p men t  of m e m -  
brane  invag ina t ion  ' t r o p h o s p o n g i u m '  2 m i g h t  cause such 
a failure. 

One final  obse rva t ion  on the  ve ry  slow R2 neurons  
concerns  t he  arr ival  of synap t i c  po ten t i a l s  evoked by  the  
same s t imulus  used to s t a r t  t he  an t id romic  spike. KANDEL 
and TAucS no ted  tha t ,  in  A. depilans, an evoked exci t -  
a to ry  p o s t s y n a p t i c  po ten t i a l  (EPSP)  occasional ly ar r ived 
a t  the  in t racel lu lar  recording electrode before the  ant i -  
dromic  spike elicited b y  the  same,  r igh t  connec t ive  s t im-  
ulus, and  t h e y  used th is  obse rva t ion  as an a r g u m e n t  
for the  m o n o s y n a p t i c  na tu re  of the  E P S P .  I have  f o u n d  
t h a t  an E P S P  f rom the  r igh t  connec t ive  can arr ive a t  t he  
in t racel ln lar  e lectrode sooner  t h a n  the  an t id romic  spike 
(Figure 1, inset),  b u t  also, t h a t  th is  resul t  reflects  only  an 
abnormal ly  slow conduc t ion  ra te  in the  R2 axon. T h a t  is, 
in the  few p repa ra t ions  where  th i s  happened ,  the  conduc-  
t ion veloci ty  of t he  fibres b r ing ing  the  E P S P  was grea te r  
t h a n  t h a t  of t he  R2 axon.  The ve loc i ty  of these E P S P  
fibres was  normal ,  as v iewed in t he  c o n t e x t  of measure-  
m e n t s  on more  t h a n  20 prepara t ions .  

Summary. In  late win te r  and  in spring, the  conduc t ion  
veloci ty  of the  R2 axon of Aplysia cali/ornica is 0.48 m/sec 
6r more  in all specimens.  However ,  in the  summer ,  fall 
and ear ly  winter ,  some sexual ly  ma tu re  animals  exh ib i t  
marked ly  d imin ished  R2 conduc t ion  ra tes  (as low as 
0.24 m/sec).  I t  is possible t h a t  th is  reduced  veloci ty  is a 
ref lec t ion of the  age of t he  spec imen f rom which  the  axon 
is taken .  
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Protection of Sea Urchin Embryos  Against  the Action of Some Neuropharmacological  Agents 
and Some Detergents by Endogenous Gangliosides 

I t  is known  t h a t  a n u m b e r  of neuropharmacologica l  
drugs block the  cleavage divisions of early sea urchin  
embryos  and  inhib i t  macromolecu la r  syn theses ;  these  
effects resul t  f rom the  suppress ing  of endogenous  
acetylchol ine  and  monoamine  funct ions  1-4. I t  is also 
known  5,6 t h a t :  1. increase of t h e  concen t ra t ion  of the  
embryos  s t rongly  d iminishes  the i r  sens i t iv i ty  to  neuro-  
p h a r m a c a  as well as to  some de te rgen t s ;  2. th is  pheno-  
menon  is based on the  release of h ighly  act ive endogenous  
subs tances  which lower the  sens i t iv i ty  of the  embryos  
e i ther  to  n e u r o p h a r m a c a  (Anl-factor)  or to  de te rgen ts  
(And-factor), bu t  do no t  affect  the  sens i t iv i ty  to o ther  
deve lopmen t  blocking agents ;  3. af ter  r emova l  of Ca++ 
f rom the  incuba t ion  media,  the  pro tec t ive  act ion of these  

factors  pers is ts  (against n eu ro p h a rmaca  - par t ly ,  against  
de te rgen t s  - c o m p l e t e l y ) ,  whereas  the  pro tec t ive  act ion 
descr ibed earlier of n eu ro t r an s mi t t e r s  1, ~ is no t  observed.  

We have  tes ted  the  an t i se ro ton ins  1-benzyl-2-methyl-3-  
(2 ' -aminoe thy l ) -5 -methoxyindole  (BAS), 3-(2 ' -methyl-2 ' -  
aminopropyl )  indole, 3- indolylace ta ldehyde and fl- 
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