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.e. in  t he  s t a t e  of rigor. W e  h a v e  d e m o n s t r a t e d  a logical  
ex tens ion  of t he  classic l eng th  t ens ion  r e l a t ionsh ip  to t he  
' c o n t r a c t i o n '  due  to  t he  r igor  s ta te ,  t h e r e b y  d r awing  
a t t e n t i o n  ot  i ts  dependence  ( amongs t  o the r  thingsT, 9) on  
t he  sa rcomere  length .  

Zusammen/assung. Bet  G l y c e r i n - e x t r a h i e r t e n  F a s e r n  
des Kan inchen -Psoas -Muske l s  wurde  ein der  n o r m a l e n  
i somet r i schen  K o n t r a k t i o n  ~thnlicher Z u s a m m e n h a n g  
zwischen Sa rkomeren l~nge  u n d  - s p a n n u n g  fiir die 
K M i u m k o n t r a k t u r  festgestel l t .  
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Facil i tat ion of Learning by  Reward  of P o s t - T r i a l  

A wide v a r i e t y  of t r e a t m e n t s  a d m i n i s t e r e d  d u r i n g  a 
cr i t ical  pe r iod  fol lowing a l ea rn ing  exper ience  h a v e  been  
shown  to exe r t  a n  effect  on  s u b s e q u e n t  p e r f o r m a n c e  of 
the  l ea rned  task .  Fo r  example ,  m e m o r y  can  be d i s r u p t e d  
b y  pos t t r i a l  e lec t roconvuls ive  shock  x-8, cor t ica l  and  
h i p p o c a m p a l  sp r ead ing  depression4-% drugs  74,  b r a i n  
s t imulat ionl~ a n d  o the r  t r e a t m e n t s ;  or can  be  facili- 
t a t e d  b y  d rugs  7,1~, ~7 a n d  b y  s t i m u l a t i o n  of t he  r e t i cu la r  
f o r m a t i o n  ~s, ~9 a n d  p e r h a p s  o the r  b r a i n  s t r u c t u r e s  20. 

The  cr i t ical  pos t - t r i a l  per iod  d u r i n g  which  m e m o r y  
can  t h u s  be inf luenced  has  t r a d i t i o n a l l y  been  cons idered  
to  r ep resen t  a per iod  of m e m o r y  ' conso l ida t ion '  wh ich  is 
sti l l  widely  t h o u g h t  to  be coded in t e r m s  of ac t ive  
e lec t rophys io lcgica l  processes. Since var ious  s tudies  h a v e  
shown  t h a t  e lectr ical  a c t i v i t y  of t h e  b r a i n  can  be d i rec t ly  
cont ro l led  b y  o p e r a n t  cond i t ion ing  p rocedures  21-27, we 
have  h y p o t h e s i z e d  t h a t  m e m o r y  conso l ida t ion  pe r  se 
can  be b r o u g h t  u n d e r  con t ro l  of reward ,  and  in t he  p re sen t  
s t u d y  p rov ide  ev idence  t h a t  i t  can  be  re inforced b y  access 
to  food. This  h y p o t h e s i s  res ts  on  t he  p ropos i t i on  t h a t  t he  
'per iod  of consol ida t ion ' ,  as def ined b y  pos t - t r i a l  m a n i p u -  
la t ions ,  reflects  a labile,  d y n a m i c  process  wh ich  can  be 
cons idered  as a ' response ' ,  a n d  t h u s  suscept ib le  to con t in -  
gencies of re in forcement .  
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Effect of food reward  on passive avoidance learning.  Abscissa re- 
presents times after the conditioning trial when 1 min access to food 
was given to the experimental ~oups. The step-down latencies are 
expressed in terms of mean percent of each control group oil the 
ordinate. (e.g. the 30 see reward group remained on the platforln 84% 
longer than its control group). 

M e m o r y  Processes  

Materials and methods. The  sub jec t s  were a lb ino  mice  of 
the  i nb red  C 3 H / H e / G i f  COB s t ra in ,  o u t b r e d  f rom Charles  
R i v e r  Mouse F a r m s  ICR COBS. They  were k e p t  in  groups  
of 20 an ima l s  pe r  cage w i t h  ad  l i b i t u m  access to  food and  
water .  T h e y  were k e p t  a t  all  t imes  on a reversed  06.00-  
18.00 h 12 h l i g h t / d a r k  cycle. 

The  pass ive  avo idance  s t ep -down  e q u i p m e n t  cons is ted  
of a box  w i t h  50 x 50 cm h igh  walls  w i t h  a grid f loor  m a d e  
of 6 m m  d i a m e t e r  s ta inless  steel  ba r s  spaced  13 m m  a p a r t  
(7 m m  i n t e r b a r  d is tance) .  In  t he  midd le  of t he  box  was a 
1 cm high,  67 m m  d i a m e t e r  r o u n d  wooden  p l a t fo rm.  
F i t t e d  over  th i s  p l a t f o r m  was a r e m o v a b l e  20 cm long, 
68 m m  d i a m e t e r  p las t ic  tube .  The  electr ic  foot  shock  
across t he  grid cons i s ted  of a s c r amb led  1 sec d u r a t i o n  
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Reward onset (sec) Step down latencies No. of Retest latencies 
animals (% of controls) 

Baseline Retest 
Control Experiment Control Experiment 

<5 14.86 :~ 7.32 12.91 ~ 5.64 27.53 4- 50.53 24.29 J= 50.77 111 88.2 
20 13.73 =t= 7.46 13.88 i 6.93 26.78 4- 45.04 37.17 4. 62.33" 125 138.8 
30 14.59 :~ 7.62 14.02 • 7.07 22.30 4- 24.70 41.04 4. 72.99 ~, b 127 184.0 
50 13.98 4. 8.35 13.76 4- 6.92 27.70 ~: 43.17 38.70 4- 68.46 �9 100 139.7 
60 12.67 4- 7.40 12.88 4- 8.70 18.65 4- 31.98 11.41 4- 7.64~ 126 61.2 
70 15.04 J_ 7.96 14.84 4- 8.95 27.09 4- 52.36 26.61 4- 43.64 126 98.2 
80 12.72 4- 7.25 13.09 4- 6.24 23.20 4- 56.49 15.76 4- 24.66 �9 100 67.9 

120 17.38 ~= 8.28 16.78 4- 9.11 37.08 4- 65.11 35.81 4- 63.24 112 96.6 

Mean baseline and retest stepdown lateneies of the experimental (reward) and controi groups are given in sec with standard deviations. The 
right column expresses retest stepdown lateneies of the reward groups in terms of percentage of their control groups. , p < 0.001, F~,~-test. 
b p < 0.01, slippage test. 

2 mA cur ren t  l imi ted  by  a cons t an t  cu r ren t  unit .  Special 
feeding boxes (for re inforcement)  cons is ted  of two 140 • 
92 • 75 m m  red p las t ic  boxes w i t h  t r a n s p a r e n t  plexiglass 
Iids. The expe r imen ta l  room was ma in t a ined  at  23~ 
at  all t imes,  and  i l lumina ted  by  a diffuse overhead  neon 
l ight  dur ing  the  exper iments .  

Procedure. To tes t  our hypothes i s ,  927 mice were t ra ined  
in the  one- t r ia l  pass ive  avoidance  s t ep -down task  and  
given reward  a t  var ious  t imes  af ter  the  learning trial.  
Pr ior  to  tile learning tr ial  all animals  were depr ived  of food 
for 16-18 h. Tile learning t r ia l  cons is ted  of placing the  
an imal  onto  the  wooden  p l a t fo rm and  recording  the  
l a tency  of i ts  descent  onto  the  grid. W h e n  all 4 l imbs 
touched  the  grid, i t  received a sc rambled  foot shock. 
E x c e p t  for the  < 5 sec reward  group, t he  animals  were 
t he r eupon  immedia te ly  placed in to  a wai t ing  chamb e r  
(a ceilingless box, which,  otherwise,  looked like the i r  
home  cages). 

The < 5 sec reward  group was placed immed ia t e ly  
in to  t he  ' r eward-boxes '  where  t h e y  had  1 rain access to 
food. The o the r  groups  were placed in to  these  r eward  
boxes 20, 30 ,50, 60, 70, 80 or 120 sec af ter  the  learning 
trial .  The  contro l  groups u n d e r w e n t  the  same procedure  
excep t  t h a t  no food was avai lable in the  r eward  boxes.  
Therea f t e r  the  animals  were r e tu rned  to  the i r  home  
cages where  t he  no rma l  ad  l ib i tum food and  wa te r  
schedule was resumed af ter  1 h. 24 h la ter  t h e y  were 
re tes ted  in t he  s t ep -down  appara tus ,  whe reby  the  s tep-  
down latencies  were recorded.  A t r ia l  was t e r m i n a t e d  if an 
animal  r emained  on tile p l a t fo rm for 5 min.  The animals  
were a lways  run  at  the  same t ime  of day. 

Results, A faci l i ta t ion of m e m o r y  should have  resul ted  
in longer s t ep -down  latencies.  Since the  resul ts  ind ica ted  
t h a t  a b o u t  50% of the  animals  did no t  mani fes t  any  
learning wha t soeve r  in the  s t ep -down task,  it  was 
expec ted  t h a t  r eward  of consol ida t ion  would increase 
the  la tencies  of t he  learners,  bu t  no t  of the  nonlearners .  A 
faci l i ta t ion of m e m o r y  should,  therefore ,  resul t  in an 
increased var iance  toge the r  wi th  increased m e a n  latencies  
of the  reward  groups as compared  wi th  t he  non- reward  
contro l  groups. The tes t s  commonly  used for such da t a  
are t he  Fmax-test and  tile K-sample  s l ippage t es t  2s. 
The Table shows the  basel ine and re tes t  la tencies  of tile 
expe r imen ta l  (reward) and  contro l  groups.  According to  
the  s l ippage test ,  r eward  admin i s t e red  30 sec af ter  the  
foot  shock led to a s ignif icant  increase in the  s t ep -down 
latencies  upon  re t e s t  (p < 0.01). According  to the  Fm,z 
test ,  r eward  given af ter  20, 30, and 50 sec showed signifi- 

can t ly  longer latencies  (p < 0.001). I t  m a y  be w o r thy  
no t ing  tha t ,  a t  60 and  80 sec delays,  r eward  had  the  
oppos i te  effect  of decreas ing the  s t ep -down l~tencies 
(p < 0.001, Fm~- tes t* .  This could be in t e rp re t ed  as 
ref lect ing 2 opposing effects - reward  of consol idat ion and 
reward  of s t ep -down behav iour  - whe reby  the  effect  of 
reward  of consol ida t ion  p r edomina t e s  a t  20, 30, and 
50 sec delays, and  the  res idual  effects of reward  of s tep-  
p ing-down shor t ly  thereaf te r .  

Discussio~,. We have  shown t h a t  food reward  adminis -  
t e red  dur ing  a cri t ical  per iod af ter  a pass ive  avoidance  
tr ial  faci l i ta tes  pe r fo rmance  upon recall, bu t  no t  when  
given before or af ter  th is  period.  These da t a  are in accord 
wi th  t r ad i t iona l  cr i ter ia  for def in ing a labile post- t r iaI  
per iod of m e m o r y  ' consol ida t ion '  and  prov ide  evidence 
t h a t  the  under ly ing  process, w h e t h e r  one of 'consol ida-  
t ion '  or ' i e t r ieva l '  29, a0 can be b rough t  under  t he  control  
of re inforcement ,  i.e. t h a t  it  can be conceptual ized  as an 
' ope ran t  response ' .  

I t  should be emphas ized  t h a t  if the  reward  had  ac ted  
upon  the  over t  response (s tep-down behaviour)  ins tead  
of on tile m e m o r y  process, we should r a the r  have  expec ted  
opposi te  results,  name ly  a dec remen t  in re tes t  per form-  
ance, w i th  the  shor tes t  s t ep -down latencies  resul t ing 
f rom immed ia t e  reward  and  a gradual  increase in la tencies  
ensuing wi th  increas ing de lay  of re inforcement .  We  can 
assume t h a t  the  pos tu la t ed  dual  effects of reward  (on the  
over t  response  and  on the  m e m o r y  process) in terac t ,  and  
thus  t h a t  our  faci l i ta t ion curve reflects  these  opposing  
tendencies .  

P r e s u m a b l y  tile per iod of faci l i ta t ion we ob ta ined  does 
no t  reflect  the  dura t ion  of t he  consol idat ion process,  
since we m u s t  assume, by  t radi t ion ,  t h a t  reward  is 
max imal ly  effective upon comple t ion  of the  response,  
which  in our case is supposedly  some m e m o r y  process.  
Hence,  i t  would follow f rom such cons idera t ions  t h a t  in 
our expe r imen t  the  act ive  m e m o r y  process involved 
t e r m i n a t e d  a t  a round  30 sec, t he  max i ma l  per iod of 
faci l i ta t ion by  reward.  

The impl ica t ions  of th is  hypo thes i s  and da ta  are tha t ,  
apa r t  f rom its t r ad i t iona l  role in leading to s t r eng then ing  
of a response,  reward  can also d i rec t ly  inf luence the  

2s W. J. CONOVER, Practical Nonparametric Statistics (John Wiley 
and Sons, New York 1971), p. 342. 
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'consol idat ion '  of a re inforced response.  The reciprocal,  
t h a t  consol idat ion can be suppressed  or p r even t ed  by  
pun i shment ,  would be a logical consequence  of th is  
hypothes is .  

I t  would be desirable in the  l ight  of th is  hypo thes i s  to  
re-evaluate  the  various t r e a t m e n t s  known to  faci l i tate  
and inhibi t  consol idat ion in t e rms  of the i r  possible 
reward ing  and avers ive effects, and thus  to  inves t iga te  
the  usefulness of a t heo ry  which  tr ies to  account  for the  
modif icat ions  of m e m o r y  processes by  pos t - t r ia l  manipula-  
t ions in t e rms  of mechan i sms  of re in forcement  and 
pun i shment ,  which  would open the  possibi l i ty  of inte-  

grat ing 'memory-conso l ida t ion '  t heo ry  wi th  'behaviour-  
modif ica t ion '  theory .  

Zusammen]assung. Unte r  Verwendung  einer pass iven  
Vermeidungs reak t ion  mi t  Fu t t e rb e l o h n u n g  nach  ver- 
schiedenen Zei t in terval len zwischen 0 und 120 sec 
konn te  gezeigt  werden,  dass  Be lohnung  20, 30 und  50 sec 
nach  dem Fusschock  s igni f ikant  verbesser tes  Lernen  
bewirkt .  Diese Da ten  un te rs t i i t zen  die Hypothese ,  dass  
Ged/ ichtnisprozesse - konzept ionel l  als ope ran te  Reak t i on  
aufgefass t  - d u t c h  Belohnung  modif iz ierbar  sind. 
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Rhythmic Activity in Frog (Rana pipiens) Visual System 

Oscil latory po ten t ia l s  have  been  d e m o n s t r a t e d  in t he  
visual sys tem of the  frog 1,2 and  m a n y  o ther  visual 
sys tems  3-5. These oscillations were observed in the  re t ina  
and opt ic  nerve.  For  a given species, the  f requency  of 
these oscillations was found to be cons t an t  despi te  
changes in l ight  intensi ty3,  t The osci l latory poten t ia l s  
are genera ted  by  the  synchronous  discharge of re t ina l  
ganglion cells. I n  the  cat,  t he  r h y t h m i c  po ten t ia l s  
occurred af ter  the  onset  of i l luminat ion  as well as its 
offset  s . In  the  p resen t  exper iments ,  the  occurrence and  
p a t t e r n  of the  r h y t h m i c  po ten t ia l s  was s tudied  in R. pi- 
piens. 

Methods. 29 specimens of R. pipiens were used. The 
frogs were anaes the t i zed  by  immers ion  in 0.1% tr icaine 
methanesu l fona te* .  The sciatic and  branchia l  nerves  were 
severed to inhibi t  movemen t .  The frogs were p inned  onto  
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Fig. 1. Recordings of the off-response. Both flashes 30 see duration. 
Trace A photopic level stimulus; trace B mesopic level stimulus. 
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Fig. 2. Interval histogram of iuterspike intervals excluding the 
intervMs shorter than 0.02 see. The interspike intervals tend to 
cluster at interval of 0.048 see, 0.096 sec, 0.144 see, and 0.192 sec. 
Histogram based upon mesopie level stimulus of 30-sec-duration. 

a holder,  covered wi th  a d a m p  sponge,  and p resen ted  
95% 03-5 % CO~ 7. Recordings  were made  e i ther  extracel-  
lularly f rom class I I I  cells of the  left  re t ina  or f rom the  
r ight  opt ic  t e c t u m  s. All recordings  were made  on awake 
frogs which  had  been dark  ad ap t ed  for 1 h before com- 
mencing  the  exper iment .  The electrodes used were meta l  
filled, and had  t ip  d iameters  of 2-5 ~m 9. 

The frogs were placed beh ind  a screen which  covered 
the  visual field of the  left eye. A drop  of wa te r  was 
per iodical ly  p resen ted  to the  left eye to  p r e v e n t  drying.  
The l ight  s t imuli  covered the  full range of in tens i ty  levels 
f rom scotopic to  photopic .  The dura t ions  of the  s t imul i  
ranged  f rom 0.05 to 90 sec durat ion.  The responses  to the  
s t imuli  were moni to red  audi tora l ly  and visually as well as 
recorded for la ter  p l ayback  and  pho tog raphy .  

Results. The results  are based  upon  686 recordings  f rom 
class I I I  cells. One- th i rd  were ac t iv i ty  recorded f rom the  
r ec tum;  the  r emainder  were extracel lular  recordings f rom 
class I I I  cells in t he  ret ina.  W i t h i n  a nar row range of 
s t imulus  intensi t ies  and flash lengths,  when  s t iumli  were 
p resen ted  to  a previously  da rk  ad ap t ed  ret ina,  a r h y t h m i c  
burs t ing  f ir ing appeared.  The p a t t e r n  was mos t  clearly 
observed in response to the  ext inguishing of a 30-sec- 
per iod of i l luminat ion  using a 3.6 neut ra l  den t i s i ty  filter. 
Cal ibrat ion of th is  f i l ter  d e m o n s t r a t e d  the  s t imulus  to  
be app rox ima te ly  0.02 lux. This value falls in the  mesopic  
range ~~ The p a t t e r n  was occasionally observed in 
response to  a sl ightly b r igh te r  s t imulus  (3.2 N.D. filter) 
of the  same duration_ 

The f i r ing p a t t e r n  can be seen in Figure  1. In te rva l  
h i s tograms were genera ted  by  measur ing  the  in terspike  
in tervals  be tween  single cells spikes in response to the  
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