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Holographische Schwingungsanalyse an Bienenwaben (Apis melli.fica L . )  

Holographic Analysis of Oscillations of Beecombs 

T o n s c h w i n g u n g e n  im F r e q u e n z b e r e i c h  yon  400-500 H z  
werden  v o n  B i e n e n k 6 n i g i n n e n  in F o r m  v o n  ~Tiit-  
Lau t en~  erzeugt .  Die A r b e i t s b i e n e n  perz ip ie ren  diesen 
Reiz  f iber  die W a b e  als Subs t ra t scha l l ,  den  sic m i t  e i n e r  
S t i l l h a l t e - R e a k t i o n  b e a n t w o r t e n  1,2. Es  is t  d a h e r  zu 
v e r m u t e n ,  dass  der  S t i l l b a l t e - R e a k t i o n  eine k o m m u n i k a -  
r ive  B e d e u t u n g  z u k o m m t .  

Die U n t e r s u c h u n g  yon  V e r h a l t e n s m u s t e r n  bei  Sub-  
s t r a t s cha l l  b e s t i m m t e r  F r equenzbe re i che  is t  n u r  m6glich,  
w e n n  die S u b s t r a t a m p l i t u d e ,  der  die Tiere ausgese tz t  
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Fig. 1. Versuchsaufbau zur Aufnahme von Bienenwaben-Hologram- 
men naeh dem Zeitmittelungverfahren (sehematiseh). E, Schwin- 
gungserreger; K, Kamera; MO, Mikroskopobjektiv; P, Polarisator; 
RF, Raumfrequenzfilter; SP, Spiegel; ST, Strah!teiler; Z, Zentral- 
versehluss. 
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sind, b e k a n n t  ist. Die nach fo lgend  b e s c h r i e b e n e n  U n t e r -  
s u c h u n g e n  w u r d e n  a n  W a b e n  der  H o n i g b i e n e  Apis 
mellifica durchgef i ih r t .  Es  w a r  das  Ziel, die abso lu t en  
Gr6ssen  de r  S u b s t r a t a m p l i t u d e n  e iner  s c h w i n g e n d e n  
B i e n e n w a b e  zu b e s t i m m e n  u n d  den  Einf luss  de r  F i i l lung 
de r  W a b e n  m i t  H o n i g  au f  die Ver t e i lung  der  A m p l i t u d e n  
zu zeigen. 

Die W a b e n - H o l o g r a m m e  w u r d e n  n a c h  d e m  holo-  
g r ap h i s ch en  Z e i t m i t t e l u n g v e r f a h r e n  ers te l l t  a, 4. Der  Ver-  
s u c h s a u f b a u  is t  in  de r  F igu r  1 s c h e m a t i s c h  darges te l l t .  
Zur  A n r e g u n g  de r  W a b e n  wurde  m o n o c h r o m a t i s c h e r  
S u b s t r a t s c h a l l  m i t  e inem Schwingungse r r ege r  erzeugt .  
F i g u r  2 zeigt  eine e i n g e s p a n n t e  B i en en w ab e ,  die m i t  
Hon ig  gefii l l t  u n d  gedecke l t  ist, F igu r  3 a ein In te r fe ro -  
g r a m m  dieser  H o n i g w a b e  bei  e iner  F r e q u e n z  y o n  450 Hz. 
Die au f  den  I n t e r f e r o g r a m m e n  s i c h t b a r e n  In t e r f e renz -  
s t re i fen  v e r b i n d e n  Or te  m i t  g le icher  Schwingungsampl i -  
rude.  Die abso lu t e  GrSsse de r  d u r c h  e inen  b e s t i m m t e n  
In t e r f e r enzs t r e i f en  da rges t e l l t en  S c h w i n g u n g s a m p l i t u d e  
is t  abhAngig  y o n  der  Wel len l~nge  des v e r w e n d e t e n  Lasers.  
Die S c h w i n g u n g s k n o t e n  s ind le ich t  u n d  ohne  K e n n t n i s  
yon  B e z u g s p u n k t e n  au f  den  I n t e r f e r o g r a m m e n  zu loka- 
l isieren, da  a n  diesen Ste l len die L i c h t i n t e n s i t ~ t  sehr  viel  
grSsser i s t  als in den  i ibr igen Gebie ten .  

Das  in F igu r  3 b  darges te l l t e  I n t e r f e r o g r a m m  wurde  
bei  gleicher  F requenz ,  abe r  grSsserer  A n reg u n g s s t ~ rke  
au fg en o mmen .  Bei  w a c h s e n d e r  A n reg u n g s s t ~ rk e  n i m m t  
die Gr6sse der  S c h w i n g u n g s k n o t e n  ab, bis  schliessl ich n u r  

Fig. 2. Mit Honig geftillte Bienenwabe (23 • 37 cm), in Ruhe. 

Fig. 3. Mit Honig gef/illte, schwingende Bienenwabe bei einer An- 
regungsfrequenz yon 450 Hz und unterschiedlieher Anregungsst~irke. 
a) Amplitude des 1.1nterferenzstreifens (vom Schwingungsknoten 
ausgehend) 121 nm. 
b) Amplitude des 2. I~terferenzstreifens = 278 nm. 
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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 

1 S. Z. MALHOTRA and B. W. BERNSTEIN, in Invertebrate Nervous 
Systems (Ed. C.A.G. WIERSMA; University of Chicago Press, 
Chicago 1967), p. 87. 

2 R. E. COGGESHALL, J. Neurophysiol. 30, 1263 (1967). 
a W. T. FRAZIER, E. R. KANDEL, I. KUPFERMANN, R. WAZIRI and 

R. I~. COGGESHALL, J. Neurophysiol. 30, 1288 (1967). 
* R. E. FAY, personal communication (1974). 


