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Foraging Behaviour Patterns of Herring Gulls Elicited by Electrical Forebrain St imulat ion 

Herr ing  gulls ( L a r u s  argentatus)  are coas ta l  scavengers .  
Most ly  t h e y  ob ta in  food b y  visual  exp lo ra t ion  dur ing  fly- 
ing or walking,  and then  s imp ly  app roach ing  l ikely i tems. 
Occasional ly  though ,  t h e y  use more  soph is t i ca ted  foraging 
behav io r  such as robb ing  o the r  b i rds  of the i r  prey  by  haras-  
s ing them,  p lunge  d iv ing  in the  s ty le  of t e rns  (Sterna  sp.), 
c racking shell-fish by  d ropp ing  t h e m  f rom a he igh t  on to 
h a r d  p a t c h e s  of beach,  or ' padd l ing ' .  Dur ing  th i s  l a t t e r  
behav io r  her r ing  gulls, and  a n u m b e r  of o the r  gutl species 
which  show an essent ia l ly  ident ica l  d e p o r t m e n t ,  s tep  on the  
s ame  spo t  a l t e rna te ly  w i th  t he i r  webbed  feet  whi le  looking 
i n t e n t l y  a t  the  ground  i m m e d i a t e l y  in f ron t  of them.  In  
t he  wild t h e y  pe r fo rm this  behav iou r  mos t l y  whi ls t  s tan-  
d ing  in shal low t idepools  or on s lushy mud,  and  f rom t ime 
to  t ime  t h e y  can be seen j abb ing  quickly to  pick up some 
small  ob jec t  which  t h e y  t h e n  appea r  to  swallow. I t  has  
been  argued t h a t  the  t r a m p l i n g  st i rs  small  an imal s  dwel-  
ling in t he  sand up to  t he  surface which  thus  become visible 
to  t h e  gulls. Var ious  sources of ev idence  ind ica te  t h a t  th is  
i n t e rp re t a t i on  is correc t  even  t h o u g h  of ten,  par t i cu la r ly  in 
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Location of electrode tips yielding 'paddling' (dots) and 'fish hand- 
ling' (circle) behaviour in the herring gull. Crosses indicate sites elicit- 
ing other behaviour. Some 250 negative loci elsewhere in the brain 
have been omitted. For convenience all loci have been transferred to 
the left side. The insert illustrates the paddling elicited by one of the 
electrodes, drawn from an 8 mm film. Abbreviations: Ba, nucleus 
basalis; E, ektostriatum; FA, tractus fronto-archistriaticus; HS, 
hyperstriatum accesorium; HD, hyperstriatum dorsale; HI S, hyper- 
striatum interealatus superior; HV, hyperstriatum ventrale; LPO, 
lobus paraolfactorius; N, neostriatum; PA, paleostriatum augmen- 
tatum; QF; traetus quinto-frontalis. 

cap t iv i ty ,  gulls will show padd l ing  behav iou r  in funct io-  
nal ly  i nadequa t e  s i tua t ions  such  as on solid c e m e n t  floors, 
or when  it can be inferred t h a t  t hey  are no t  m o t i v a t e d  
by  hunge r  1-~. 

Dur ing  an exp lo ra t ion  of the  forebrain  of gulls wi th  
electr ical  s t imula t ion  6-10 I obta ined ,  a p a r t  f rom o the r  be- 
haviour ,  precisely th is  padd l ing  pa t t e rn .  4 e lect rodes  w i th  
t ips  located  in t h e  an te r ior  t e lecepha lon  yie lded a se- 
quence  which  the  gulls began  b y  looking down a t  t he  floor 
in f ron t  of t h e m  scann ing  it visual ly wi th  smal l  ampl i -  
tude,  j e rky  head  movemen t s ,  the  head  held  s o m e w h a t  for- 
wards  and  downwards .  The a c c o m p a n y i n g  eye m o v e m e n t s  
sugges ted  t h a t  the  gulls were successively f ixat ing,  bo th  
monocula r ly  and  binocular ly ,  d i f fe rent  po in t s  on the  floor. 
A t  the  same t ime  t h e y  moved  the i r  feet  in a slow, t r ead ing  
m a n n e r  (about  2 to  3 s teps  per  see), typ ica l ly  w i t h o u t  
sh i f t ing  f rom the  s i te  t h e y  were s t and ing  on (Figure).  

Whi le  usual ly  bo th  componen t s ,  t he  visual  scann ing  and 
t h e  s tepping ,  began  near ly  s imul taneous ly ,  some t imes  one  
or t h e  o the r  was de layed  or even  a b s e n t  on a n y  g iven  st i-  
mu la t ion  trial .  2 of the  e lec t rodes  also el ici ted a mild in- 
t e res t  in edible i t ems  in con junc t ion  wi th  the  padd l ing :  
the  b i rds  would peck at,  and  of ten  pick up, morsels  of fish 
or m e a t  wi th in  the i r  reach even t h o u g h  they  had  pa id  no 
a t t e n t i o n  to t h e m  before s t imula t ion .  W h e n  t e s t ed  hungry ,  
th is  in te res t  seemed  to  be increased b u t  only  once or twice 
did t h e y  ac tua l ly  swallow the  food;  for some reason the  
gulls were  general ly ,  w h e t h e r  s t imu la t ed  or not ,  very  re- 
l u c t a n t  to  ea t  in t he  t e s t ing  cage. If  no edible  i t ems  were  
avai lable ,  the  gulls were p rone  to  d i rec t  t e n t a t i v e  pecks  a t  
pebbles ,  bolts ,  a l eng th  of wire, a penci l  and  such like. 

The th resho ld  cur ren t s  var ied qui te  cons iderab ly  f rom 
tr ial  to t r ial  (40 b~A to 90 ~,A) b u t  t h e y  were  s imi lar  for all 
4 e lect rodes  and, in compar i son  wi th  t h re sho lds  for o the r  
responses  and  electrodes,  t h e y  were wi th in  a m e d i u m  
range.  Whi le  some of t he  var iab i l i ty  was  doub t less ly  due  
to  a d a p t a t i o n  to  the  s t imulus  cu r r en t  i t  was  obvious  t h a t  
m u c h  of i t  was re la ted  to  t he  fac t  t h a t  t h e  p a d d l i n g  was  
easil iy inh ib i t ed  b y  c o m p e t i n g  responses .  Fea r  induced  by  
inc iden ta l  s t imul i  was a c o m m o n  d i s tu rb ing  factor .  2 of 
the  e lec t rodes  also induced  an ipsi la teral  t u rn ing  t e n d e n c y  
at  cur ren t s  similar to those  elici t ing paddl ing .  Most ly  t he  
t u rn ing  was  s imply  super imposed  on the  paddl ing,  b u t  
somet imes  it was  s t rong  enough  to  in ter fere  wi th  it. At  
h igher  cur rents ,  above  100 ~A, all e lect rodes  gave s t rong  
ipsi la teral  t u rn ing  behaviour ,  doubt less ly  due to  the  uni-  
la teral  s t imula t ion  of a b i la tera l  s t ruc ture ,  which  suppres -  
sed any  padd l ing  the  gulls m i g h t  have  shown.  

Hence  the  re l iabi l i ty  of t he  response  being elici ted on 
any  given tr ial  was no t  ve ry  high, ranging  be tween  43% to 

1 F. GOEtHe, Die Silberm&ve (Ziemsen, Wittenberg 1956). 
N. TISBERG~S, Die Welt der Silberm6we (Musterschmidt, G6ttin- 
gen 1958). 

a p. A. BUC~:LEV, Z. Tierpsychol. 23, 395 (1966}. 
4 Several shore and meadow feeding bird species other than gulls 

show behaviour patterns resembling paddling in feeding contexts, 
suggesting a polyphyletic origin of analogous behaviour a. 
While conditioning our captive gulls in an operant situation, Dr. G. 
THOMPSON noticed that when the apparatus failed to deliver a piece 
of meat the birds had learned to expect as reward for peeking a 
key, they often would begin to paddle on the sawdust covered ce- 
ment floor. I myself saw them repeatedly begin to paddle after 
loosing morsels of food in puddles of turbid water where they were 
washing them clean of sawdust. There was no doubt that this was 
a successful method of recovery. It is true though that flooded cage 
floors sometimes would induce a veritable frenzy of paddling with- 
out the gulls showing any interest in possible food item~, I can also 

confirm the finding of others l-s, that the paddling develops in 
herring gulls reared from the egg onwards in isolation from adult 
conspecifics on hard floors, that is even when the pattern is never 
followed by any conventional reward. Thus the behaviour is, loose- 
ly speaking, innate. 
J. D. DELIUS, J. small Anim. Pract. 7, 605 {1966}. 
J. D. DELIUS, Biol. Med. Engng. 4, 393 (1966). 
J. D. DEzIus, Nature, Lond, 214, 1259 (1967). 
J. D. DELIUS, Expl. Brain Res. 12, 64 (1971). 
Fifty handraised juvenile herring and lesser black backed gulls were 
implanted under anaesthesia 6 with up to 8 chronic monopolar, in- 
sulated 0.1 mm diameter stainless steel electrodes with 0.25 mm 2 
uninsulated conical tipsL After recovery, they were stimulated with 
repeated 30 sec to 5 rain trains of 50 Hz sine currents up to 200 [xA 
rms for several sessions including interspersed control trials, over 
2 or more months in a 4 m s cage. Electrode tip locations were ascer- 
tained histologically. 



1288 Specialia EXPERIENTIA 27111 

71% for t h e  va r i ous  e lec t rodes .  T h e  b e h a v i o u r ,  however ,  
was  n e v e r  seen d u r i n g  con t r o l  t r ia ls .  T h e  re sponse  I a t en -  
t i e s  v a r i e d  be tween  3 to  10 sec f r o m  t r i a l  to  t r i a l  b u t  t h e y  
were  s imi la r  for  all  e lect rodes .  T h e  v i sua l  s c a n n i n g  com- 
p o n e n t  of t h e  p a d d l i n g  was  m a r g i n a l l y  more  re l iab le  t h a n  
t he  p a d d l i n g  pe r  se a n d  p r o b a b l y  h a d  a s l igh t ly  lower  
t h r e s h o l d  a n d  a s h o r t e r  l a t e n c y  x~. T h e  r e sponse  d i d  n o t  
pe rs i s t  a f t e r  s t i m u l a t i o n  for  m o r e  t h a n  2 to  4 sec a n d  w i t h i n  
10 to  15 sec t h e  b i rd s  h a d  u s ua l l y  r e t u r n e d  t o  p r e - s t i m u -  
l a t i on  b e h a v i o u r .  U s i n g  r e p e a t e d  s t i m u l a t i o n ,  I could  n o t  
de t ec t  a n y  s y s t e m a t i c  effect  of foregoing  t r i a l s  on  l a tency ,  
r e l i ab i l i ty  etc., a p a r t  f r om a n  i r r egu la r  b u t  recurr ing ,  s h o r t  
l a s t i ng  (5 min)  increase  in t h r e sho ld .  

T h e  4 e lec t rodes  in  ques t i on  were  f o u n d  to  be  loca ted  in 
t h e  a n t e r i o r  n e o s t r i a t u m  a t  t h e  s a m e  cross -sec t ion  level  
as  t h e  pos t e r io r  po le  of t h e  nuc l eus  basal is .  T h e  a rea  y ie ld-  
ing  t h i s  response  a p p e a r e d  to  be  qu i t e  res t r i c ted .  E l ec t rodes  
w i t h  t i p s  on ly  m i l l i m e t e r s  a w a y  in  n e i g h b o u r i n g  s t u c t u r e s  
or in  t h e  n e o s t r i a t u m  a t  more  pos t e r io r  or  a n t e r i o r  levels  
gave  rise to  qu i t e  d i f f e ren t  b e h a v i o u r  s y n d r o m e s  (Figure) .  

T h e  i n v o l v e m e n t  of t h e  a v i a n  t e l e n c e p h a l o n  in  t h e  con-  
t ro l  of feed ing  b e h a v i o u r  h a s  b e e n  r ecu r s ive ly  m e n t i o n e d  
in  t h e  o lder  l i t e r a tu re ,  a c o m m o n  o b s e r v a t i o n  b e i n g  t h a t  
fo rebra in less  b i rd s  are  n o t  ab le  to  feed for t h e m s e l v e s  1,. 
A m o d e r n  i n v e s t i g a t i o n  con f i rms  t h i s  x3. Some  o lder  re-  
por t s ,  however ,  also i nd ica t e  t h a t  d e - t e l e n c e p h a l a t e d  
b i rds  c an  recover  t h e  ab i l i t y  to  feed 1., a n d  a s o m e w h a t  
more  r ecen t  s t u d y  s imi l a r ly  s u p p o r t s  this14, x~. 

La te ly ,  t h e  feeding  b e h a v i o u r  def ic i t  a r i s ing  f r o m  t e l en -  
cepha l i c  a b l a t i o n  h a s  been  r e l a t e d  to  t h e  d e s t r u c t i o n  of a 
n e u r a l  s y s t e m  cons i s t ing  of  t h e  q u i n t o - f r o n t a l  t r a c t  w h i c h  
o r ig ina tes  in  t h e  m a i n  senso ry  nuc leus  of t he  t r i g e m i n a l  
ne rve  a n d  t e r m i n a t e s  in  t h e  nuc l eus  basa l i s  in  t he  a n t e r i o r  
t e l e c e p h a l o n  x~-ls. T h i s  nuc leus  in  t u r n  p ro j ec t s  to  t h e  
do r so l a t e r a l  a r c h i s t r i a t u m  v i a  t h e  t r a c t u s  f ron to -a rch i s -  
t r i a t i c u s  x~,~. B i l a t e r a l  les ions  a f f ec t ing  t he se  s t r u c t u r e s  
1end t o  a more  o r  less p e r s i s t e n t  a p h a g i a * 0  Coagu la t i ons  
p laced  s y m e t r i c a l l y  in  va r i ous  a reas  of t h e  h y p o t h a l a m u s  
also induce  a p h a g i a  *~, s ,  Some of t he se  les ions p r o b a b l y  
h a v e  t h i s  ef fec t  because  t h e y  i n t e r r u p t  t h e  q u i n t o - f r o n t a l  
t r a c t  or  t h e  e f fe ren t  de scend ing  p a t h w a y  of t h e  sys t em,  
t h e  occ ip i to -mesencepha l i e  t r a c t  o r i g i na t i ng  in t h e  dorsa l  
a~:chis t r ia tum x~, ~,  ~*, as t h e s e  t w o  t r a c t s  course  t h r o u g h  
t h e  d i encepha ton .  

A r e c u r r i n g  r e p o r t  r e g a r d i n g  t h i s  l e s ion- induced  a p h a -  
gin is t h a t  t h e  b i rd s  c o n t i n u e  to  d e m o n s t r a t e  a n  i n t e r e s t  in 
food b y  peck ing  a t  i t  a n d  are  c apab l e  of swal lowing i t  w h e n  
i t  is p l aced  a t  t h e  b a c k  of t h e i r  gape,  b u t  t h a t  t h e y  are  
u n a b l e  to  g rasp  a n d  m a n d i b u l a t e  it. Hence ,  i t  is r e l e v a n t  
t o  m e n t i o n  he re  a n  e lec t rode  w i t h  t h e  t i p  l oca t ed  in  t h e  
core  of  t h e  nuc l eus  basa l i s  of a h e r r i n g  gull.  I t  r e l i a b l y  
y ie lded  (96% of t h e  t r ia ls ) ,  w i t h  a t h r e s h o l d  c u r r e n t  of 
40 t~A a n d  a 5 sec l a t ency ,  a c h a r a c t e r i s t i c  ac t ion  of up-  
w a r d  j e r k y  h e a d  m o t i o n s  a n d  s n a p p i n g  b i l l  m o v e m e n t s  
w i t h  w h i c h  gulls n o r m a l l y  h a n d l e  fish, so t h a t  i t  comes  to  
l ie h e a d  f i rs t  in  t h e i r  gape,  ensu r ing  a swal lowing u n i m p e d e d  
b y  b r i s t l i ng  f ins  a n d  scales  *s. T h e  e lc t rode ,  however ,  d id  
n o t  i n d u c e  a n y  i n t e r e s t  in  a c t u a l  fish,  or  for  t h a t  m a t t e r ,  
in  a n y  food, a n d  t h u s  t h e  b e h a v i o u r  was  i n v a r i a b l y  s h o w n  
in vacuo .  2 e lec t rodes  w i t h  t i p s  loca ted  in t h e  p e r i p h e r y  of 
t h e  nuc l eus  basa l i s  p roduced  on ly  i n c i p i e n t  s n a p p i n g  
m o v e m e n t s .  

C o n c u r r i n g  w i t h  t he  f i nd i ng  of o t h e r  a u t h o r s  *~, ~7, on  
d i f f e r en t  species,  I f o u n d  t h a t  severa l  e lec t rodes  w i t h  t i p s  
s i t u a t e d  w i t h i n  o t h e r  c o m p o n e n t s  of t he  a b o v e  m e n t i o n e d  
c i rcu i t  in  t h e  gulls,  also e l ic i ted  'o ra l '  b e h a v i o u r  e l ement s ,  
such  as pecking ,  m a n d i b u l a t i o n ,  b i l l  snapp ing ,  bi l l  s h a k i n g  
a n d  v o m i t i n g .  Some,  however ,  d id  n o t  a n d  e lec t rodes  
loca ted  in  seve ra l  o ther ,  as f a r  as k n o w n  un re l a t ed ,  b r a i n  
s t r u c t u r e s  did,  in  fact ,  p r o d u c e  s imi la r  p a t t e r n s  ~s. Indeed ,  

s t i m u l a t i o n  of a p p a r e n t l y  equa l ly  u n r e l a t e d  s i tes  in  t h e  
a n t e r i o r  h y p o t h a l a m u s  h a v e  been  r e p o r t e d  to  yie ld  com-  
pu ls ive  feeding in p igeons  ~g, ~0 a n d  f ac i l i t a t i on  of feeding 
ha s  been  el ic i ted f rom wide ly  d i s t r i b u t e d  p o i n t s  w i t h i n  t h e  
t e l e n c e p h a l o n  of doves3k  Th i s  d a t a  suggests  a comp lex  
c o n t r i b u t i o n  of a v a r i e t y  of f o r eb ra in  s t r u c t u r e s  to  t h e  
p a t t e r n i n g  of a v i a n  feed ing  b e h a v i o u r  z2. 

T h a t  t h e  i n v o l v e m e n t  of t h e  a n t e r i o r  n e o s t r i a t u m ,  t h e  
a r ea  y ie ld ing  p a d d l i n g  in  o u r  gulls,  is a n  i m p o r t a n t  a n d  
genera l  one  however ,  is s u p p o r t e d  b y  r epo r t s  b a s e d  on  
c o m p a r a t i v e  s tud ies  t h a t  t he  d e v e l o p m e n t  of t h e  a n t e r i o r  
n e o s t r i a t u m  a n d  t h e  i m m e d i a t e l y  ove r ly ing  h y p e r s t r i a -  
t u r n  v e n t r a l e  of va r ious  a v i a n  species cor re la tes  pos i t i ve ly  
w i t h  t h e  c o m p l e x i t y  of t h e i r  feeding h a b i t s  83, 84 I n  v iew of  

11 The staring down which I have mentioned as a component of an- 
other behaviour syndrome elicited by brain stimulation in gulls s 
is quite distinct from the looking down accompanying thc paddling, 
in that i t  lacks the sidewards, scanning head movements of the 
latter. 

1~ j .  TEN CATE, Ergebn. Biol. l J, 93 (1936). 
1~1 B. AKERMAN, E. FABRICIUS, ]3. LARSSON and L. STEEN, Acta phy- 

siol. scand, an, 286 (1962). 
la R. THAUER and G. PETERS, Pflfigers Arch. ges. Physiol. 2dO, 503 

(19381. 
is In mammals the involvement of the forebrain ill feeding behaviour 

appears to be less pronounced, while the key role of the diencepha- 
1on of course is well documented (P. M. MIL~ER, Physiological Psy- 
chology (Holt, Rinhart andkVinston, London 1970)). Oral behaviour 
can however be obtained upon forebrain stimulation, e.g. swallow- 
ing from the frontal cortex (A. CAt, J. Physiol., Paris 62, 361 
(1970)). 

i~ A. WALLENBERG, Neurol. Zentbl. 22, 98 (1903). 
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Study Program, (Ed. O. F. SCHMITT; Rockefeller University Press, 
New York 1970). 
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-~z p. WRmHT, Psychon. Sci. 73, 133 (1968). 
as T. KOUDO, J. Okayama med. Soc. 45, 124 (1933). 
2, Another efferefit pathway which may need to be considered here is 
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ss G. L. HUHT and W. J. SMITtt, Ibis 106, 461 (1964). 
l* R. ]~. PHILLIPS, J. comp. Neurol. 122, 139 (1964). 
~ P. T. S. PUTKONE~, Ann. Acad. Scl. Fenn. A 730, 1 (1967). 
~s It  should be mentioned though that 2 electrodes with tips located 

within the quinto-frontal tract, as it courses through the ventral 
telencephalon of the gulls, elicited reliable and definite pecking he- 
haviour. 

29 B. AKERMAN~ B. ANDERSSON, E. FABRICIUS and L. SvEr~sso~, 
Acta physiol, scand. 50, 328 (1960). 

s0 Hyperphagia has been induced in birds by lesions in the preoptic 
area (W. J. KUE~ZZEL and C. W. HELVES, Condor 72, 66 (1970)). 

31 D. HARW0OD and D. VOWLES, J. comp. physiol. Psychol. 62, 388 
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a2 That a complex network is responsible for the control of feeding in 
birds is also suggested by system analytic studies (D. J. McFAR- 
LAND, J. psychosom. Res. ld, 229 (1970)). 

sa W. STXN~ELI~, Verb. naturf. Ges. Basel 73, 300 (1962). 
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ing the corresponding brain area in gallinaceous birds one would ob- 
tain the well known ground scratching they use for finding food, but 
this is precisely a feeding behaviour that forebrainless domestic 
chicks apparently retain (E. G. MARTIN and W. H. RICH, Am. J. 
Physiol. ,¢6, 396 (1918)). 
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behav ioura l  ev idence  ind ica t ing  t h a t  i n fo rma t ion  f rom 
the  feet  a n d  t h e  eyes  is i m p o r t a n t  in re leas ing and  co- 
o rd ina t i ng  the  padd l ing  behav iour  1-~, ~, I surmise  t h a t  the  
neos t r ia t  area  in ques t ion  l inks  t he  fo r emen t ioned  circuit ,  
specif ical ly  t he  ne ighbour ing  nucleus  basalis ,  w i t h  b o t h  
a cu t aneous  ~ a n d  a visual  sensory  pro jec t ion  ~ t h a t  exis t  
w i t h i n  t he  over ly ing h y p e r s t r i a t u m .  T h a t  t he  hyper s t r i a -  
turn  p ro jec t s  to, a m o n g  o the r  s t ruc tures ,  t he  n e o s t r i a t u m  
has  ac tua l ly  been  shown anatomical ly~L 

Zusammenfassung. Zwei ar t spezi t i sche  Verha l t ensab-  
1/iufe, die S i lberm6wen (Larus argentatus) bei der  Fu t t e r -  
suche  und  F u t t e r a u f n a h m e  zeigen, wurden  du rch  elektr i-  
sche Re izung  beg renz te r  Bezi rke  des ros t ra len  Vorder-  
h i rns  expe r imen te l l  hervorgerufen .  Diese Be funde  s t i i tzen 

ve rg l e i chend-ana tomische  Schlussfolgerungen fiber die 
funkt ione l le  Rolle des ros t ra len  Vorde rh i rns  bei  V6geln. 
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M o d i f i c a t i o n  o f  I o n i c  M e m b r a n e  C u r r e n t s  o f  R a n v i e r  N o d e s  b y  U V - R a d i a t i o n  U n d e r  Vol tage  C l a m p  
C o n d i t i o n s  

There  are several  r epor t s  concern ing  the  effects  of UV-  
rad ia t ion  on the  th resho ld  of exc i t a t ion  and  t h e  proper t ies  
of the  act ion po ten t i a l  of per iphera l  ne rve  1-3 or axons  4, s 
But ,  to  our  knowledge,  UV-rad ia t ion  effects  on axona l  or 
noda l  m e m b r a n e s  have  no t  ye t  been  s tud ied  unde r  vol tage  
c lamp condi t ions .  LIEBERMAN5 measu red  changes  of t he  
charac te r i s t i cs  of m e m b r a n e  exc i t ab i l i ty  due  to  UV-i r ra-  
d ia t ion  in single m o t o r  axons  of t he  crab.  He  sugges ted  a 
specif ic  ac t ion  of UV- rad i a t i on  of 285 n m  on the  sod ium 
s y s t e m  on a basis  which  according  to  h imse l f  s needs  con- 
f i rma t ion  b y  d i rec t  m e a s u r e m e n t  of t h e  sod ium and  po-  
t a s s ium cur ren t s  before,  du r ing  and  a f te r  i r radia t ion.  Our  
a p p r o a c h  mee t s  th is  p re roga t ive  and  pe rmi t s  a de t e rmina -  
t ion  of the  q u a n t i t a t i v e  re la t ion  be tween  dose or dose ra te  
and  the  r ad ia t ion  effect .  

Our  m e a s u r e m e n t s  were  done  on single Ra n v i e r  nodes  
of m o t o r  nerve  f ibres  f rom Rana esculenta wi th  t h e  vo l tage  
c lamp t echn ique  deve loped  by  NON~ER 7, using the  dis- 
sect ion t echn ique  descr ibed by  one of us s. I r r ad ia t ion  was  
pe r fo rmed  by  a h igh-pressure  s tabi l ized me r c u r y  arc 
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E. M. LIEBERMAN, Paper presented at III. Int. Bioph. Congr., 
Boston (Mass.) Aug. 29-Sept. 3, (1969). 
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Fig. 1. Change of the maximum sodium inward 
current and of the potassium current at depo- 
larizing voltage clamp steps of 47 mV and 
52 mV respectively with time. Periods of irra- 
diation are indicated by arrow symbols. Tem- 
perature was 16.4°C. Fibre 85. For further 
details see text. 


