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and  some m a y  or iginate  f rom neurones  in the  accumbens  10. 
The r e d u c t i o n  of GABA in the  pal l idus following ac- 
cum bens  lesions suggests  a possible role as the  inh ib i to ry  
t r a n s m i t t e r  in the  pa thway .  T h a t  no s ignif icant  changes  
in subs t an t i a  nigra  GABA were observed suggests  t h a t  
accumbens  lesions were selective and  did no t  damage  
the  cauda to-n igra l  GABA p a t h w a y  5. The lack of bio- 
chemical  changes  in the  n igra  m a y  also reflect  the  sparse 
pro jec t ion  f rom the  accumbens  or indicate  t h a t  GABA 
is no t  involved in the  p a t h w a y .  

The nucleus accumbens  thus  appears  to send inh ib i to ry  
and exc i t a to ry  pro jec t ions  to the  pal l idus and  nigra. 
The ident i f ica t ion of the  neu ro t r ansmi t t e r s  concerned  
requires  fu r the r  s tudy .  However  since the  accumbens  
is an i m p o r t a n t  site for self s t imula t ion  11 and  for the  

act ions of locomotor  s t imu lan t s  1~-15 i t  is reasonable  to 
consider  t h a t  such behav iour  m a y  be med ia ted  in p a r t  
t h rough  the  pal l idal  and  nigral  project ions ,  
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Summary. Control  fish acc l imated  at  21 ~ learned to swim upr igh t  fol lowing the  a t t a c h m e n t  of f loats  to the i r  ven t ra l  
surfaces,  while f ish acc l imated  a t  both 5 ~ and 33 ~ failed to learn the  swimming  skill. F ish  previous ly  acc l imated  a t  
5~ and  then  t r ans fe r red  to  21 ~ 48 h before the  task,  learn t  the  swimming  skill b e t t e r  t h a n  the  contro l  fish, b u t  fish 
acc l imated  a t  33 ~ and t r ans fe r red  to 21 ~ failed to acquire  the  new skill. Accl imat ion  t empera tu re ,  therefore ,  signif- 
i can t ly  modifies the  learning behaviour  of fish. 

F ish  have  the  abi l i ty  to learn to swim in the  upr igh t  
pos i t ion  af ter  po lys ty rene  f loats  are a t t a ched  to the i r  ven-  
t ra l  surfaces 1-5. Shashoua  ~ has  shown t h a t  goldfish ex- 
h ib i t  cyclic changes,  w i th  an annua l  r h y t h m ,  in the i r  
capac i ty  to  learn th is  swimming  skill. F ish  learned be t t e r  
dur ing  the  win te r  m o n t h s  t h a n  dur ing  the  summer  
m o n t h s ;  the  lowest  levels of learning coincided wi th  t he  
onse t  of spawningK These changes  in learning p a t t e r n s  
were t h o u g h t  to  be due to  cyclic ho rmona l  and biogenic 
amine  level changes  4. The d i rec t  effect  of t e m p e r a t u r e  on 
learning was not ,  however ,  inves t iga ted .  
We have  inves t iga ted  the  effect  of d i f fe rent  acc l imat ion  
t e m p e r a t u r e s  on learning in f ish using the  same learning 
t a sk  as t h a t  used by  Shashoua  1. 
Materials and methods. Cyprinus carpio (L.) f ingerl ings 
weighing 14-18 g were used in all exper iments .  All experi-  
m e n t s  were pe r fo rmed  dur ing  the  a u t u m n  (May-June)  
and  a t  the  same t ime  of day  (evening). Groups of fish 
were accl imat ized to 33, 21 and  5~ for 3 weeks. They  
were kep t  in 40-1 aquar ia  equipped  wi th  aerators ,  and  

the  animals  were fed regular ly  a t  f ixed t imes.  The fish 
were d iv ided  in to  5 groups  of 8 each for t ra ining.  3 groups  
were t r a ined  in the i r  respect ive  accl imat ion t empera tu res .  
The o ther  2 groups were r emoved  f rom 5 or 33~ and  
placed in a t a n k  ini t ia l ly a t  the  same tempera tu re ,  which  
was t h e n  al lowed to equi l ibra te  to room t e m p e r a t u r e  
(21 ~ This  t r ans fe r  took  place 48 h before t ra ining.  
Po lys ty rene  f loats  8.75% of the  mass  of the  fish in 600 ml 
of wa te r  were made.  The m e t h o d  of a t t ach ing  these  floats,  
as well as t he  m e t h o d  used for calculat ing the  pe rcen tage  
t ra ined,  was the  same as t h a t  used by  Kap lan  et  al. 5. The 
fish were ass igned 3 s tages  of learning.  During s tage I t he  
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fish were upside  down or pulled to the  surface;  s tage I I  
was reached  when  the  fish swam cont inuous ly  a t  an angle 
of 45 ~ to  the  hor izon ta l ;  and s tage I I I  was reached  when  
the  fish swam normal ly .  The fish were sub jec ted  to  3 
trials : Trial  1 (day 1) for 180 min, t r ial  2 (day 2) for  90 rain, 
and t r ia l  3 (day 6) for 120 min. The pe rcen tage  t ra ined  
was p lo t t ed  agains t  t ime  for each 15-min-period dur ing  
the  t r a in ing  per iod for each trial.  
Results. The effect  of acc l imat ion on learning and  re t en t ion  
scores on the  5 groups  of fish is shown in t he  figure. F ish  
acc l imated  a t  21 ~ all reached  100 % t ra ined  af ter  150 min 
in t r ial  1, 75 rain in t r ial  2 and 105 rain in t r ia l  3. The fact  
t h a t  the  fistl learned bes t  on tr ial  2 and reached  100% 
t ra ined  on tr ial  3 in a t ime  in te rmedia te  be tween  tr ials  1 
and 2, indica tes  a m e m o r y  componen t .  
The cold acc l imated  fish failed to  learn the  task.  The fish 
remained  f loat ing upside down, bu t  occasional ly swam 
upside down.  F ish  t h a t  had  previous ly  been  acc l imated  
to 5~ for 3 weeks and then  placed in wa te r  a t  21~ 
48 h before the  f i rs t  trial,  learned the  t a sk  in 90 rain on 
day  1. The scores for th is  group of fish were similar  to the  
fish acc l imated  at  21 ~ dur ing  tr ial  2 and s l ight ly  be t t e r  
a t  tr ial  3. 
Fish  acc l imated  a t  33 ~ failed to learn the  t a sk  dur ing any  
one of the  3 trials,  and those  t ransfer red  f rom 33 ~ to 21 ~ 
still failed to learn the  task  even 1 week af ter  being t rans -  
ferred f rom the  warm tempera tu re .  These resul ts  agree wi th  
those  previous ly  repor ted  by  Shashoua  for summer  fish 3. 
Discussion. Shashoua  a found t h a t  goldfish learn the  task  
used in th is  e x p e r i m e n t  be t t e r  in win te r  t h a n  in summer .  
The previous  wa te r  t e m p e r a t u r e  at  which the  fish were 
kep t  a few days  before the  expe r imen t s  w a s  no t  men-  
t ioned.  Our resul ts  have  shown t h a t  fish t aken  from a 
warm wate r  e n v i r o n m e n t  and t ra ined  at  room t e m p e r a t u r e  
still fail to learn the  swimming  skill 8 days  af ter  the  
t ransfer .  Changes in biogenic amine  levels 4, as well as 

changes  in s teroid levels wi th  the  onse t  of the  spawning  
season 3, have  been  ci ted by Shashoua  as reasons for these  
seasonal  var ia t ions  in learning. Control  for the  d i rec t  
t e m p e r a t u r e  effects  was not ,  however ,  carr ied out.  
F rench  6 has  t e s t ed  the  effect  of the  accl imat ion t emp e ra -  
ture  on the  r e t en t ion  of a learned maze pe r fo rmance  in 
goldfish. All the  fish were tes ted  at  16 ~ Fish  accl imat ized 
at  low t e m p e r a t u r e s  exh ib i t ed  increased re ten t ion  of the  
maze  habi t .  These results ,  which  involved t rans fe r r ing  
fish f rom cold to  w a rmer  wa te r  are in ag reemen t  wi th  our  
f indings t h a t  learning is improved  when  fish are t r ans -  
ferred f rom 5 ~ to 21 ~ Fur the rmore ,  F rench  also found  
t h a t  s ignif icant ly  more  errors were made  by  fish kep t  a t  
28~ t h a n  fish a t  16 or 4~ 1~ which is also in ag reemen t  
wi th  the  resul ts  we have  found for w a r m  accl imated  groups  
of fish. 
The poor  resul ts  of cold acc l imated  (5 ~ fish when  t h e y  
were no t  t r ans fe r red  to  21~ are p robab ly  due to the  
low t e m p e r a t u r e  slowing down metabol ic  react ions  and 
al ter ing neural  and  muscle  funct ion.  
The p resen t  paper ,  in which  sexual ly  i m m a t u r e  carp  
fingerlings were used, indicates  t h a t  t e m p e r a t u r e  accl ima- 
t ion  is a s ignif icant  factor  in learning and  memory .  
Al though  t e m p e r a t u r e  is known to affect  ionic composi-  
t ion 7, amino acid levels s, oxygen consumpt ion  9, biogenic 
amine  levels 4, h o rmo n a l  levels and  nervous  s y s t em 
funct ions  10, the  exac t  m a n n e r  in which m e m o r y  and  
learning are af fec ted  by  these changes  is no t  qui te  clear. 
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Summary. Posi t ive  af ter- images  (PAIs) evoked by  low in tens i ty  s t roboscopic  f lash are erased by  vo lun t a ry  large 
ampl i tude  saccadic eye movement s .  The dura t ion  of the  PAI  is shor t ened  by  a Jendrass ik  manoeuvre .  The resul ts  
suggest  t h a t  muscle spindle af ferent  impulses conduc ted  cen t ra l ly  are involved in the  erasure phenomenon .  The dura t ion  
of the  P A I  is modif iable  by  drugs.  The social impl ica t ions  of PAI  are considered briefly.  

A flash of s t roboscopic  l ight  evokes a series of images 
t h a t  can  be examined  subject ively .  The real image ob- 
served dur ing  the  flash fades rapidly,  d i sappears  and  is 
replaced by  a h ighly-deta i led  posi t ive af ter- image,  PAI ,  
the  onse t  and dura t ion  of which is d e p e n d e n t  upon the  
in tens i ty  of the  s t imula t ing  light.  This image fades  to a 
uni form neu t ra l  P A I  in which  the  detai l  is absent ,  and 
is followed by  a more durable  negat ive  af ter - image =-4. 
This com m un ica t i on  repor t s  t h a t  the  P A I  is erased by  
a large ampl i tude  saccadic eye movemen t .  This s t r iking 
p h e n o m e n o n  can be p roduced  easily by  s imply  f lashing 
a s t robe light,  pho to s t imu la to r  or electronic f lashgun of 
low in tens i ty  while observing ta rge t s  con ta in ing  detai led 
images. I t  is suggested t h a t  the  p h e n o m e n o n  of erasure 
is in i t ia ted by  afferent  impulses f rom ac t iva t ed  muscle 
spindle receptors  on the  ex t raocular  muscles  which are 
processed central ly .  

Methods. The subject ,  head  in a f ixed posi t ion,  sea ted  
comfor t ab ly  and al lowed to a d a p t  for 15 rain to a com- 
ple te ly  da rkened  room, faces a t a rge t  su r rounded  by  a 
black nonref lec t ing  surface. The t a rge t  consists  of a 
series of black and  whi te  concentr ic  r ings which  s u b t end  
a solid angle of 10 ~ a t  a d is tance  of 35 cm. 
A Grass Pho tos t imu la to r ,  Model PS22, p laced out  of 
view of the  sub jec t  a t  a he ight  of 75 cm above the  t a rge t  
which is t i l ted  a t  an angle of 45 ~ f rom the  hor izonta l  
toward  the  subject ,  is t r iggered every  15 sec by  a Grass 

1 Supported in part by a General Research Support grant of N.I.H. 
2 L.A. Riggs, P. A. Merton and H. B. Morton, Vision Res. t,1, 

997 (1974). 
3 S. Magnussen and T. Torjessen, Vision Res. Id, 734 (1974). 
4 R .W.  Ditchburn and A. E. Drysdale, Vision Res. 13, 2423 

(1973). 


