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BRYANT, R. C., F. PETTY, J. WARREN AND W. L. BYRNE. Facilitation by alcohol of active avoidance acquisition 
in the goldfish. PHARMAC. BIOCHEM. BEHAV. 1(5) 523-529, 1973.- Common goldfish (Carassius auratus) were 
exposed for 3 hr or 6 hr to alcohol solution (628 mg per 100 ml) or were treated identically but never exposed to 
alcohol. Following pretraining exposure, fish were given 20 trials of active dark-avoidance training in individual shuttle 
boxes. Alcohol-treated fish obtained significantly higher mean levels of correct responding during acquisition. The 
enhancement of acquisition performance was not appreciably altered by 6-hr compared with 3-hr pretraining exposure. 
Neither was the enhanced acquisition performance attributable to increased general shuttling during the 10-sec shock- 
free conditioned stimulus period. There was some evidence that alcohol-treated fish, compared with controls, swam into 
and out of the electrified compartment more often during training; however, this sort of responding correlated with 
correct responding no better for alcohol-treated than for control fish. In another experiment, alcohol was shown to 
increase sensitivity to light in goldfish. The explanation of the observed facilitation by alcohol of acquisition perfor- 
mance in goldfish may involve an effect on stress or anxiety; an effect of increased sensitivity to electric shock; or an 
effect of acute increased availability of central monoamines. 

Alcohol Learning Goldfish 

IN A series of  exper iments ,  Ryback  [24, 25, 26] has 
studied the effects  of  a lcohol  (ethanol)  on learning and 
m e m o r y  phenomena  in the c o m m o n  goldfish, a hardy and 
versatile ver tebrate  [3, 11, 14, 22] .  In Ryback ' s  work,  
alcohol  was repor ted  ei ther to impair  initial acquisi t ion 
per formance  [25] ,  or  to have no effect  on it [24, 25, 26] ,  
a l though nonsignificant  improvement  of  acquisi t ion was 
suggested in some exper iments .  Ryback ' s  results were 
obtained by use of  a cont inuous  Y-maze in which fish were 
trained to cri terion on a l e f t - r i g h t  discrimination,  being 
punished for an incorrect  choice only by bumping  into  a 
t ransparent  barrier. We have previously argued that  such a 
procedure  may  not  be opt imal  to demons t ra te  alcohol- 
associated facil i tat ion of  acquisi t ion per formance  in gold- 
fish [21] .  

Using a shutt le  box,  we showed that  alcohol,  in a dose- 
related manner ,  facil i tated acquisi t ion per formance  in 
goldfish trained on dark avoidance (i.e., shock-reinforced 
active condi t ioned avoidance cued by dark-onset  in the 
fish's compar tment ) .  In that  work [21] fish were exposed 
to a lcohol  before  and during the 20-trial training session. 
The period of  pretraining exposure  we used was 3 hr, since 
it has been repor ted  that  steady-state equi l ibr ium is at- 
tained be tween  alcohol  in the medium and blood alcohol  in 

the goldfish at 3 hr [27] .  However ,  the ques t ion  has been 
raised, bo th  in our own considerat ions and implici t ly  by the 
work of  others [24 ,26] ,  whether  the behavioral  effects  o f  
alcohol  observed by us might  be significantly modif ied  by 
longer exposure,  specifically by 6-hr pretraining immers ion  
[24,26] .  

In Pet ty  et al. [21] ,  the first correct  shutt le response 
after the onset of  the 10-sec shock-free CS-period (CS = 
condi t ioned st imulus)  was used to gauge the level of  acqui- 
sition per formance  in alcohol- t reated and nonalcohol-  
treated fish. Al though we demonst ra ted  in that  work [21 ] 
that  a score representing "o the r  responding"  in the training 
si tuation ( total  shutt le responses - correct  shutt le re- 
sponses) did not  differ significantly with alcohol  t rea tment ,  
the possibility remained that  increased general l o c o m o t o r  
activity specifically during the shock-free CS-period might  
account  for increased acquisi t ion per formance  in alcohol- 
treated fish. We were part icularly interested in this ques t ion 
since we know that alcohol,  in the doses used in our  work,  
significantly elevates general l o c o m o t o r  activity in non- 
training situations,  whether  activity is measured in the 
shutt le box apparatus or in an open-field for fish (Bryant,  
Petty,  and Byrne, unpublished data). 

Correct  responding in our procedure  involves learning to 
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swim out of  the darkened c o m p a r t m e n t  into the lighted 
compar tmen t ;  therefore ,  a third ques t ion we considered 
was whe ther  the faci l i tat ion of  correct  dark-avoidance 
per formance  could be explained by decreased sensitivity to 
light in a lcohol- t reated fish, an effect  which in itself would  
probably facilitate correct dark-avoidance responding. In 
fact, one report  [12] has indicated increased sensitivity to 
light in alcohol- t reated goldfish. However ,  since our  proce-  
dure differed in several general ways f rom theirs [12] ,  we 
considered the ques t ion wor th  investigating directly.  The 
relat ion be tween  a lcohol - t rea tment  and responsivity to 
electric shock (which we are cont inuing to investigate) is 
perhaps affined to the ques t ion of light-sensitivity. Scobie 
and Herman [28] have repor ted  that  a lcohol  decreases 
aversive thresholds in goldfish. Nonetheless ,  it is also known 
that  alcohol  whose pharmacological  propert ies  are gen- 
erally considered to be those of  a short-acting sedative- 
hypno t i c  [18] - has analgesic effects [23 ,29] .  Hence our  
interest  in the analysis of  shock-related responding in our  
procedure.  

In the present  work,  therefore ,  we have examined  
whether  the effect  o f  a lcohol  on acquis i t ion per formance ,  
previously reported [21] ,  is modif ied  by 6-hr pretraining 
exposure;  and whether  the effect  can be accounted  for by 
changes in general activity during the CS-period or by a 
change in sensitivity to light. We have also analyzed shock- 
related responding in a lcohol- t reated and nonalcohol-  
treated fish during training. 

E X P E R I M E N T  1 

Method 

Animals. Goldfish were obta ined,  mainta ined,  and 
handled as described previously [21] .  We used 180 com- 
mon  goldfish (Carassius auratus), 8 - 1 0  cm in length,  
obtained f rom Ozark Fisheries, Stout land,  Missouri, U.S.A. 
After  arrival in our  laboratory ,  fish were placed in large 
aerated holding tanks and were subsequent ly  placed, for use 
in the exper iment ,  into shallow home  tanks, 2 fish per tank 
[4] .  They were rout ine ly  fed commerc ia l  pellet  fish food in 
the holding tank but  were not  fed on the day of  the exper-  
iment .  The labora tory  where all fish were housed was 
constant ly  i l luminated,  with t empera tu re  mainta ined at 21 
+- 1 °C. Fish were obtained and used during the months  of  
March and April. 

Apparatus. Training was conducted ,  as previously des- 
cribed [21] ,  by use of  a specially designed fish behavior  
apparatus [4, 5, 6] .  The apparatus consisted of 10 clear 
po lycarbonate  plastic tanks (28.5 x 18 x 12.5 cm, lwd) 
with associated, operat ional ly  silent, e lectronic  circiutry 

control l ing st imulus presentat ions;  responses were regis- 
tered on e lec t romechanica l  counters.  Each shutt le box  was 
halved by an opaque  par t i t ion allowing 3 cm clearance 
u n d e r n e a t h .  Passages comple te ly  under  the par t i t ion  
(shutt le  responses) were mon i to red  by photoce l l  units. 
Electrodes  (Monel wire mesh)  covering the ends of  the tank 
and bo th  sides of  the central  par t i t ion could supply electric 
shock in one end of  the tank only (7 V for 0.1 sec pulsed 
once each sec). Clear s t imulus lamps were m o u n t e d  at each 
end of  the tank. During training, the shutt le  boxes were 
under  covers with fiat black interiors,  isolating the shutt le  
boxes f rom each o ther  and f rom outside activity.  Each 
shutt le  box had a housel ight  moun ted  centrally in the 
cover. 

Procedure. Alcohol  t r ea tment  and training were carried 

out  as described previously [21] except  that  for half of  the 
alcohol- t reated fish, exposure to alcohol  began 6 hr prior to 
training, whereas for the remainder  of  the alcohol- t reated 
fish, exposure  began 3 hr before.  Alcohol  in the fish's water  
was 628 mg per 100 ml (628 mg%) [211. For  both  the 6-hr 
and the 3-hr alcohol groups,  control  groups were run which 
were t reated identically with the except ion  that  they were 
never exposed to alcohol  before  or during training. Thus, 
there were 4 groups of  40 fish each: 2 alcohol- treated 
groups (3-hr and 6-hr) and 2 control  groups (3-hr and 6-hr). 
Fol lowing the pretraining exposure  period,  fish were 
immedia te ly  placed into the individual shutt le boxes of  the 
training apparatus in the same concent ra t ion  of  alcohol  
(628 mg%), or water  only,  as during pretraining immersion.  
(Both the tanks in which fish were given pretraining 
exposure,  and the individual shuttle boxes,  contained 4.25 1 
of  water  or alcohol  solution).  Fish were then given 20 trials 
of  active dark-avoidance training. A trial of dark-avoidance 
training consisted of  10 sec of  darkness in the compar tmen t  
occupied by the fish (i.e., the stimulus light in the unoccu-  
pied compar tmen t  was i l luminated) ,  fol lowed by the addi- 
t ion of  electric shock (in the compar tmen t  intially occupied 
by the fish) for 50 sec, af ter  which darkness was again 
presented to the fish in the occupied compar tmen t ,  initi- 
ating the next  trial. The st imulus light in the compar tmen t  
into which the fish swam to escape or avoid shock remained 
on during the entire 60-sec trial. The housel ight  was on 
only before  the beginning of  the first trial and after the last 
trial of  a session. A correct  response was counted  if the fish 
avoided shock by swimming out  of  the darkened compar t -  
ment  within 10 sec of  the beginning of  a given trial. Active 
dark-avoidance training was used to examine  drug effects 
on learning since we as well as others [2, 5, 7] have found 
it a more difficult  task for fish than active l ight-avoidance. 
Fur thermore ,  dark-avoidance training and testing avoids the 
problem of simple sensit ization or  pseudo-condi t ioning  
with respect to the nonnegligible levels of  preexisting,  
u n c o n d i t i o n e d ,  l ight-avoidance responding in goldfish 
(Bryant ,  unpublished data). 

In addi t ion to correct  responding (CR), total  CS-period 
shuttles (CST) and total  shuttles made during the session 
(T) were recorded.  Only one CR could be recorded per 
trial, as indicated.  

Results 

Figure 1 (Panel A) presents the mean levels of  correct  
responding for fish exposed to a lcohol  for 3-hr or 6-hr, and 
f o r  n o n a l c o h o l - t r e a t e d  controls.  Alcohol- t rea ted  fish 
obtained a mean level of  correct  responding significantly 
higher than that for control  fish (F = 60.87,  df  1/156, 
p<0 .00001) .  The difference be tween means of  alcohol- 
t reated and control  fish did not  vary be tween  3-hr and 6-hr 
(F = 0.035, df  1/156),  and there was no difference be tween  
means of  3-hr and 6-hr groups (F = 0.079,  df  1/156).  For  
the 3-hr groups, the results reported here are essentially the 
same, as regards the difference be tween  alcohol- treated and 
control  fish, as those reported previously [21] .  However ,  
comparison be tween  mean levels reported in that  paper and 
those in the present work,  showed significantly higher levels 
of  correct  responding for both  alcohol- t reated (F = 5.28, df 
1/58, p = 0.025) and control  fish (F = 4.09,  d f  1/58, p = 
0.048),  compared with the similar groups in the present 
study.  Al though we are unable to account  with cer ta inty 
for this drift,  we suspect seasonal differences in fish acqui- 
sition per formance  [2] .  In any case, the effect  of  alcohol  
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FIG. 1. (A) Mean levels (-+ standard error of the mean) for correct responding for alcohol-treated (A) and control (C) fish, given pretraining 
exposure for 3 or 6 hr. (B) Mean levels (+- SEM) for alcohol-treated and control fish, given pretraining exposure for 3 or 6 hr, for a score 

defined as (CR/CST). CR = correct responding. CST = total shuttle responding during the CS-period. 

on acquisi t ion may  be observed with fish used during 
Sep t embe r -Oc tobe r  [21] or  March-April  (the present  
work).  

Panel B of  Fig. 1 presents,  for  3-hr and 6-hr alcohol- 
treated and control  fish, the mean levels of  a score calcu- 
lated for each fish as (CR/CST),  where CR is the fish's total  
number  of  correct  responses, and CST is the to ta l  number  
of  shutt le responses during the CS period. This score is the 
p ropor t ion  of  the fish's total  shuttles during the CS period 
that  were correct  responses. Analysis of  these scores con- 
f irmed that  alcohol- t reated fish obrained a mean level 
significantly higher than that  for controls  (F = 41.45,  df 
1/156, p<0 .0001  ). Similarly, the difference be tween  means 
for alcohol- t reated and cont ro l  fish did not  vary be tween  
3-hr and 6-hr groups (F = 0.27, df 1/156),  and there was 
again no difference be tween  means for 3-hr and 6-hr groups 
(F = 0.08, df 1/156).  (Probabili t ies for an F test for two 
groups are of  course equivalent  to a two-tai led t-test. All 
repor ted  probabil i t ies  for F values for given degrees for 
f reedom were obtained by evaluat ion of  a cont inued frac- 
t ion of  the incomple te  beta  funct ion  [ 1 ] .) 

Separate analysis o f  the non-CR shutt l ing during the CS 
period (i.e., [ C S T - C R ] )  showed no difference be tween  
alcohol- t reated and cont ro l  fish (F -- 0.02, df 11156); and 
no difference be tween  alcohol- treated and cont ro l  fish 

according to length of  pretraining exposure  (F = 1.23, df 
1 / 156). Reanalysis of  the ( C S T - C R )  scores fol lowing trans- 
format ion  ( X / X  + 0.4) [9] yielded virtually identical  con- 
clusions. 

(When we use the phrase, " n o  difference was found 
be tween  the two groups ,"  or  a similar one,  in describing the 
results, we wish this to be unders tood  as indicating we were 
unable to reject the hypothesis  of  no difference,  not  as 
acceptance o f  the null hypothesis . )  

For  each fish, an addit ional  score was defined as 
( T - C S T ) ,  where T is total  shuttles and CST is total  shutt les 
during the CS period. Analysis of  these scores showed no 
difference be tween  means for 3-hr and 6-hr groups (F = 
0.001, df 1/156) and no difference be tween  means of  
alcohol- t reated and control  fish (F = 1.01, d/" 11156); the 
difference be tween  means for alcohol- t reated and control  
fish did not  vary significantly be tween  3-hr and 6-hr groups 
(F = 0.47, df 1/156). It should be noted that  this measure 
differs f rom the score (total  shuttles - correct  responses) 
used in our previous paper [211 in that  the effect  of  CS- 
period shutt l ing is comple te ly  removed.  However ,  the score, 
( T - C S T ) ,  still contains the fol lowing components :  pun- 
ished approaches (i.e., responses made swimming into the 
unsafe compar tmen t ) ;  responses which we call pr imary 
escapes (i.e., escapes made  on trials in which a CR did not  
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occur) ;  and  s econda ry  escapes (i.e., escapes m a d e  fo l lowing  
a pun i shed  approach) .  In an  e f fo r t  to  f u r t h e r  p a r t i t i o n  the  
measure ,  ( T - C S T ) ,  the  fo l lowing analysis  was p e r f o r m e d :  
The  expec ted  n u m b e r  o f  p r i m a r y  escapes for  a given fish 
was t aken  to  be the  d i f fe rence  b e t w e e n  t ha t  f ish 's  n u m b e r  
of CR's  and  20 ( the  n u m b e r  of  trials).  A score for  each  fish 
was t hen  calcula ted by  s ub t r ac t i ng  this  n u m b e r ,  (20 CR),  
f r o m  t o t a l  shock- re l a t ed  responding ,  (T CST):  i.e., 
[ ( T - C S T )  - ( 2 0 - C R ) ] ;  or be  r ea r r angem en t ,  (T+CR)  - 
(20+CST) .  

Analysis  of  the  score,  [ ( T - C S T )  ( 2 0 - C R ) ] ,  showed  
no  d i f fe rence  b e t w e e n  3-hr and  6-hr  g roups  (F  = 0 .004 ,  df 
1 / 156)  and  no  d i f fe rence  b e t w e e n  a lcoho l - t rea ted  and  con-  
t rol  fish t ha t  varied accord ing  to l eng th  of  p re t r a in ing  expo-  
sure (F  = 0.38,  df 1/156) .  However ,  t he  m e a n  level for  
a lcoho l - t rea ted  fish (x  = 7 .74)  was s igni f icant ly  h igher  t h a n  
t h a t  for  con t ro l  fish (x  = 0 .25)  (F = 4 .61 ,  df 1/156,  
p < 0 . 0 3 ) .  

A negat ive  value for  the  score,  [ ( T - C S T )  ( 2 0 - C R ) ] ,  
is ind ica t ive  of  a fai lure  of  p r imary  escape ( t h o u g h  the  mag- 
n i tude  of  the  def ici t  is i n d e t e r m i n a t e ) ,  since if  a fish fails to  
make  a p r imary  escape,  it will also fail to  m a k e  any  pun-  
ished app roaches  or s econda ry  escapes.  Fo r  a lcoho l - t rea ted  
fish, the  ra t io  of  an imals  wi th  negat ive  scores to  those  wi th  
posi t ive scores was 19 /61 ;  for  con t ro l s ,  4 8 / 3 2 .  These  pro-  
po r t i ons  d i f fer  s igni f icant ly  (x 2 = 4 .86 ,  df 1, p = 0 .027) .  
(The  ra t io  was no t  s igni f icant ly  d i f f e ren t  b e t w e e n  3-hr  and  
6-hr  animals  for  e i the r  a lcohol - t rea ted  or con t ro l  condi-  
t ions . )  Thus ,  f rom the  foregoing,  it m a y  be  in fe r red  t ha t  for  
con t ro l  fish, the re  was a def ici t  in p r imary  escapes wh ich  
was necessar i ly  associated wi th  a lower  level of  r e spond ing  
in excess of  t ha t  requ i red  to escape shock  on  trials in wh ich  
a CR did no t  occur.  (I t  should  be n o t e d  t ha t  for  non-  
drugged fish, ev idence  ga the red  by  o t h e r  means  ind ica tes  
tha t  the  def ici t  in p r imary  escapes is slight,  occur r ing  on  
less t h a n  5% of  trials in this  p rocedure . )  F o r  a l coho l - t r ea ted  
fish, however ,  the  s i tua t ion  is less clear,  since a h igh  level o f  
r e s p o n d i n g  in excess of  t ha t  requ i red  to  escape on  trials in 
which  no  CR occur red ,  could  be c o m p a t i b l e  wi th  e i the r  a 
relat ively h igh n u m b e r  of  p r imary  escapes associa ted w i th  a 
m o d e r a t e  level o f  pun i shed  app roaches  plus seconda ry  
escapes;  or wi th  a m o d e r a t e  level of  p r imary  escapes asso- 
ciated wi th  a h igh level of  pun i shed  app roaches  plus secon-  
dary  escapes. We c a n n o t  d is t inguish  at  this  t ime b e t w e e n  
these  two possibi l i t ies  for  a lcohol - t rea ted  fish, no r  can we 
presen t ly  dissociate  pun i shed  a p p r o a c h e s  f rom secondary  
escapes. 

Table  1 presents  the  means  and  s t andard  errors  for  3-hr,  
6-hr,  and c o m b i n e d  groups,  b o t h  a l coho l - t r ea ted  and  con-  
t r o l ,  for  the  fo l lowing  scores:  CR; ( C S T - C R ) ;  and  
( T - C S T ) .  Table  2 shows the  p r o d u c t - m o m e n t  co r re l a t ion  
coef f ic ien ts  a m o n g  these th ree  scores,  for  all a l coho l - t r ea ted  
and  all con t ro l  fish. (The co r re la t ion  coeff ic ients  for  3-hr  
and 6-hr  a lcoho l - t rea ted  fish, and  3-hr and 6-hr  c o n t r o l  fish,  
did no t  d i f fer  s ignif icant ly . )  As s h o w n  in Table  2, all th ree  
cor re la t ions  were numer i ca l ly  h igher  for  con t ro l  fish t h a n  
a lcohol - t rea ted  fish, even t h o u g h  all coeff ic ients  d i f fered 
s igni f icant ly  from" zero. However ,  t he  co r re l a t ion  coeffi-  
c ients  for  CR vs. ( C S T - C R )  did no t  d i f fe r  s igni f icant ly  
b e t w e e n  a lcoho l - t rea ted  and  con t ro l  fish (z = 0 .99) ;  like- 
wise for  CR vs. ( T - C S T )  (z = 1.59). However ,  t he  correla-  
t ion  b e t w e e n  ( C S T - C R )  and ( T - C S T )  was s igni f icant ly  
grea te r  for  con t ro l  t han  for a lcoho l - t rea ted  fish (z = 7.93,  
p < 0 . 0 0 0 0 1 ) .  Tha t  is, the re  was a s t rong  posi t ive  co r re l a t ion  
for con t ro l  fish b e t w e e n  n o n - C R  shu t t l i ng  act iv i ty  dur ing  

T A B L E  1 

MEANS AND S T A N D A R D  ERRORS FOR VARIOUS 
RESPONSE MEASURES FOR ALCOHOL-TREATED AND 

CONTROL FISH DURING TRAINING 

3 hr 6 hr Total 

Alcohol 

CR 5.50 +- 0.71 5.55 +- 0.67 5.52 -+ 0.48 

(CST-CR) 0.72 -+ 0.20 1.62 + 0.94 1.22 + 0.48 

(T-CST) 21.05 -+ 1.50 23.38 -+ 1.91 22.21 _+ 1.21 

Control 

CR 1.22 + 0.26 1.48 +- 0.39 1.35 _+ 0.23 

(CST CR) 1.48 -+ 1.22 0.62 -+ 0.28 1.05 _+ 0.12 

(T-CST) 20.00 -+ 5.90 17.80 -+ 1.97 18.91 +_ 3.07 

the  CS per iod  and  to ta l  shu t t l i ng  dur ing  the  r e m a i n d e r  of  
the  trial ( T - C S T ) ,  whereas  for  a lcohol - t rea ted  fish,  this  
co r re l a t ion  was a t t e n u a t e d  s igni f icant ly ,  t h o u g h  it was still 
s ignif icant ly  grea ter  t h a n  zero. This is so even t h o u g h  m e a n  
levels on  these  two measures  did no t  d i f fe r  s igni f icant ly  
b e t w e e n  a lcoho l - t rea ted  and  con t ro l  fish ( F o r  ( C S T - C R ) :  t 
= 0 .22,  df 156; for  ( T - C S T ) ,  t = 1.00, d f  79 for  unequa l  
var iance) .  In o the r  words ,  for  con t ro l  fish, n o n - C R  shu t t l ing  
act ivi ty  dur ing  the  CS per iod  was a good p red ic to r  of  
shock- re la ted  shu t t l i ng  dur ing  the  r e m a i n d e r  of  the  trial,  
whereas  for  a lcohol - t rea ted  fish,  n o n - C R  shu t t l i ng  dur ing  
the  CS per iod  did no t  pred ic t  as well t he  f ish 's  response  to 
shock  as re f lec ted  by  shu t t l i ng  dur ing  the  r e m a i n d e r  of  the  
trial. The  co r re la t ion  b e t w e e n  ( C S T - C R )  and  [ (T CST) 
( 2 0 - C R ) ]  was 0 .510  for  a lcohol - t rea ted  fish and  0 .946  for  
con t ro l  fish; ne i the r  of the  coef f ic ien ts  is a s ignif icant  
i m p r o v e m e n t  over  tha t  ob t a ined  b e t w e e n  ( C S T - C R )  and 
( T - C S T ) .  For  con t ro l  fish, the  cor re la t ion  be tween  CR and 
[ ( T - C S T )  - ( 2 0 - C R ) ]  was 0 .546,  again a value t h a t  does  
no t  differ  s ignif icant ly  f rom the  cor re la t ion  ob ta ined  
b e t w e e n  CR and (T CST) (Table  2). However ,  for  a lcohol-  
t r ea ted  fish, the  co r re l a t ion  b e t w e e n  CR and [ (T  CST) 
(20 CR)]  was 0 .546,  a value which  was s ignif icant ly  
grea ter  t han  the  cor re la t ion  b e t w e e n  CR and ( T - C S T )  for  
these fish (t  = 14.10,  d r 7 7 ,  p < 0 . 0 0 0 0 1 ) . T h u s ,  by  consid-  
ering the  level of  shock  re la ted r e spond ing  in excess of  t ha t  
requi red  to escape on  all trials on which  a CR did no t  occur  
(i.e., the  measure  [ ( T - C S T )  (20  CR)]  ), the  CR perfor-  
m a n c e  of a lcohol - t rea ted  fish could be p red ic ted  signifi- 
cant ly  b e t t e r  than  if one  s imply  cons idered  all shock- re la ted  
r e spond ing  (i.e., T - C S T ) .  On the  o t h e r  h a n d ,  for  con t ro l  
fish, e i the r  of  these two measures  pred ic ted  CR perfor-  
m a n c e  equal ly  well. Nevertheless ,  two  po in t s  should  be 
no ted :  (a) the  d e p e n d e n t  corre la t ions ,  be tween  CR and  
( T - C S T ) ,  and  b e t w e e n  CR and [ ( T - C S T )  - ( 2 0 - C R ) ] ,  are 
s ignif icant ly  d i f fe ren t  for  a lcohol - t rea ted  fish and no t  for  
con t ro l s  pr inc ipa l ly  because  the  fo rmer  co r re l a t ion  is low 
for  a lcohol - t rea ted  fish; (b)  the  l a t t e r  co r re l a t ion  was very 
similar  for  a lcohol - t rea ted  and con t ro l  fish (0 .545 and 
0 .546,  respect ively) ,  and ne i t he r  was high.  Thus ,  on ly  
a p p r o x i m a t e l y  30% of  the  variance in CR scores could be  
a c c o u n t e d  for  by  knowledge  of  the  score [(T CST) 
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TABLE 2 

PRODUCT-MOMENT CORRELATION COEFFICIENTS FOR VARIOUS RESPONSE CATE- 
GORIES FOR ALCOHOL-TREATED AND CONTROL FISH DURING TRAINING 

Variables Alcohol (N = 80) Control (N = 80) 

(CR) vs. (CST-CR) 0.404 0.533 

(T-CST) vs. (CR) 0.262 0.480 

(CST-CR) vs. (T-CST) 0.428 0.938 

(CR) vs. [(T-CST) - (20-CR)] 0.545 0.546 

(20-CR)]  for each fish, whether alcohol-treated or not: 
this is the best CR could be predicted for either treatment. 

EXPERIMENT 2 

For the reasons described above, we were interested in 
examining whether altered sensitivity to light could account 
for the enhancement of acquisition we observed. 

Method 

Animals. Sixty-four common goldfish were obtained, 
maintained, and handled as in Experiment 1. 

Procedure. The procedure was identical to that in Exper- 
iment 1 with the following exception: (a) no shock was 
used at any time (i.e., unreinforced testing was used); (b) 
some fish were tested for light avoidance (i.e., swimming 
away from instead of into the lighted compartment),  some 
for dark avoidance (the same procedure used in Experiment 
1, but here without shock reinforcement): the schedule was 
the same for both (i.e., 10 sec CS-period followed by a 
50 sec period which was identical to the CS-period, since no 
shock was used); (c) pretraining exposure time was 3 hr for 
all fish. 

Thus 4 groups of fish were used, 16 in each group: light- 
avoidance, alcohol-treated; light-avoidance, control; dark- 
avoidance,  alcohol-treated; dark-avoidance, control. A 
correct response in this experiment consisted of swimming 
out of or into the lighted compartment (as appropriate) 
within 10 sec of the beginning of the trial. In addition to 
CR shuttles, total CS-period shuttles and total trial shuttles 
were recorded. 

Results 

Figure 2 (Panel A) presents the mean levels of  "CR shut- 
tles" for alcohol-treated and control fish subjected to dark- 
avoidance (DA) and light-avoidance (LA) testing as des- 
cribed above. Analysis revealed a higher mean level of CR 
shuttles for LA groups than DA groups (F = 30.80, df 1/60, 
p = 0.000001); and alcohol-treated groups abtained a mean 
level of CR shuttles significantly higher than that for con- 
trol groups (F = 7.98, df 1/60, p = 0.006). However, both 
of these effects are qualified by the significant interaction 
effect (F = 10.91, df 1/60, p = 0.002); for DA, alcohol- 
treated fish obtained a slightly but nonsignificantly lower 
mean level of CR shuttling than controls (F = 0.36, df 
1/60), whereas for LA, the difference was reversed and sig- 
nificant (F = 11.61, df 1/60, p = 0.002). 

Panel B of Fig. 2 presents, for alcohol-treated and con- 
trol fish tested on LA and DA, mean levels of a score de- 
fined for each fish as (CR/CST), as in Experiment 1. Analy- 
sis of these scores (which in effect correct for general activ- 
ity during the CS-period) showed the mean level for LA 
groups to be significantly greater than that for DA groups 
(F = 14.19, df 1/60, p = 0.0004), as in the analysis of CR 
shuttles only. However, unlike the case with CR shuttles, 
the main effect of drug (alcohol or water) was not signifi- 
cant in terms of this activity-corrected score (F = 0.26, df 
1/60). The interaction effect remained (F = 5.04, df 1/60, p 
-- 0.028). Further analysis showed that for LA, alcohol- 
treated fish obtained a mean level significantly higher than 
control fish (t = 2.71, df 1/15 for unequal variance, p = 
0.016), whereas for DA, this difference, though in the 
opposite direction, was not significant (t = 1.01, df 1/30). 

For DA fish, the correlation coefficient for CR vs. 
(T-CST)  was 0.740 for alcohol-treated fish and 0.729 for 
control fish; for LA fish, the coefficients for alcohol-treated 
and control fish were 0.131 and 0.164, respectively. For 
both alcohol-treated and control fish, the coefficients for 
DA differed significantly from zero (p< 0.01, df 14, in each 
case), whereas neither of the LA coefficients differed signif- 
icantly from zero. Likewise, for both alcohol-treated and 
control fish, the correlation coefficient for CR vs. (T-CST)  
was significantly greater than zero in each case (p<0.0001). 
Correlations between CST and (T-CST)  showed a pattern 
in all respects similar to that for correlations between CR 
and (T-CST) :  for alcohol-treated fish, the coefficient was 
0.713 for DA and 0.181 for LA; for control fish, the coeffi- 
cient was 0.827 for DA and 0.192 for LA. 

Thus, the following inferences may be drawn. (a) Alco- 
hol-treated fish escape (avoid) light more often than control 
fish, and escape darkness slightly but nonsignificantly less 
often, in a situation which involves no electric shock. (b) 
When in a nontraining situation, the relations between CR 
shuttling and total non-CS-period responding, and between 
total CS period responding and total non-CS-period re- 
sponding, are affected strongly by whether fish are tested 
on LA or DA, and the presence or absence of alcohol has 
little effect on these relationships. 

DISCUSSION 

Experiment 1 indicated that the enhanced acquisition 
performance of alcohol-treated goldfish, which we previ- 
ously reported [21], was not appreciably altered by 6-hr 



528 BRYANT,  PETTY,  W A R R E N  AND BYRNE 

20I (2.A)11 -~ [ 
,o 1 .I ,.o 

] 
9 I- I//VJ 4 .9 

8 k r/~/,I -I .8 

7 ~ . 7  I-- 
6 (.t) n,, U .6 

U 5 ~ ' . 5  

4 L "~U.4 

3F V / / J  I I -~ .3 

21- _ 1 V///J I -4 .2 

1 k V,t'A I V / / J  I -I .1 

0 ~ 0 
A C  A C  A C  A C  

I I I I I I I I 

DA LA DA LA 
FIG. 2. (A) Mean levels (± SEM) for "light-avoidance" (LA) and "dark-avoidance" (DA) correct responding (as defined in text) for 

alcohol-treated (A) and control (C) fish. (B) The same animals as in Panel A with their scores expressed as (CR/CST). 

instead of  3-hr pretraining exposure.  Nei ther  was the en- 
hanced acquisi t ion a t t r ibutable  to increased non-CR shut- 
tling during the CS-period during training. There was some 
evidence,  both  in the present work and by inference in 
Petty,  Bryant,  and Byrne [21] ,  that  a lcohol- t reated fish 
swam into and out  of  the electrif ied c o m p a r t m e n t  more  

of ten during the last 50 sec of  the trial (the non-CS por- 
t ion).  However ,  this sort of  responding correlated with cor- 
rect responding no be t te r  for a lcohol- t reated than for con- 
trol fish. Al though the quest ion cannot  be decided at this 
t ime, we suspect that  fur ther  work  will show efficient  levels 
of pr imary escape (as def ined above)  in a lcohol- t reated fish, 
consistent  with the report  of  Scobie and Herman [28] ; b u t  
that  we will also conf i rm that  alcohol- t reated fish make 
more  punished approaches into the electrif ied compar t -  
ment ,  consistent  wi th  the t radi t ional  no t ion  of a lcohol ' s  
analgesic propert ies.  However ,  this problem obviously 
awaits addit ional  work. 

Exper iment  2 appears to el iminate decreased sensitivity 
to light as an explanat ion  for enhanced dark-avoidance per- 
formance  in a lcohol- t reated fish. We interpret  the results of  
Exper iment  2 to indicate increased sensitivity to light in 

alcohol- t reated fish, in agreement  with Goodwin  e t  al. 
[121. 

How,  then, alcohol  causes the observed effect  on acquisi- 
t ion per formance  eludes precise specif icat ion at this t ime. 
We have previously argued that  in a high-stress s i tuat ion 
(such as initial acquisi t ion training in a shutt le  box) ,  learn- 
ing might  be improved by the act ion of  a sedat ive-hypnot ic  
in reducing stress or anxie ty  to more adaptive levels [21] .  
However ,  some evidence emphasizes the possibili ty that  
even higher effect ive shock levels (i.e., lowered threshold 
for electric shock) may facilitate instead of  impede acquisi- 
t ion [28] .  These quest ions can be tested. 

An addit ional  explanat ion which we have considered is 
that a lcohol  may actually be acting in our  si tuation as an 
exc i ta tory  agent or s t imulant  [ 19}. Though the t radi t ional  
pharmacological  emphasis has been on the drug's propert ies  
as a sedative and hypnot ic ,  the possibili ty of  reconceptual-  
izat ion of  this classification has been raised, based on evi- 
dence f rom both  humans and lower animals [19] .  Alcohol  
has been demonst ra ted  to interact  with central nervous 
system monoamines  in a variety of  ways [ 17 }. For  example,  
alcohol  depleted brainstem norepinephr ine  in rats t reated 
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w i t h  D L - a - m e t h y l - t y r o s i n e - m e t h y l e s t e r ,  wh ich  b locks  
synthes i s  of n o r e p i n e p h r i n e  and  d o p a m i n e  [ 1 0 ] .  Var ious  
au thors  have suggested t ha t  a lcohol  m a y  act to  release cen- 
t ra l  ca t echo lamines  [23]  and  pe rhaps  even tua l ly  to  deple te  
t h e m  [301,  possibly  by  in te r fe r ing  wi th  r e u p t a k e  [ 1 5 ] .  
Thus  a lcohol  has been  said to ac t iva te  cen t ra l  m o n o a m i n e r -  
gic n e u r o n s  [30]  - pe rhaps  no rad rene rg ic  n e u r o n s  specifi- 
cally [ 13 ] - by  d i rec t  or ind i rec t  means .  A c e t a l d e h y d e ,  the  
i m m e d i a t e  m e t a b o l i t e  of  e thano l ,  is a s y m p a t h o m i m e t i c  

drug [8 ,16]  whose  effects  have been  r epo r t ed  to  be  po ten-  
t i a ted  by  cocaine  [ 2 0 ] .  

While the  poss ibi l i ty  t ha t  a lcohol  may  act  to  faci l i ta te  
acquis i t ion  p e r f o r m a n c e  in our  p rocedure  by  acute ly  in- 
creasing the  avai labi l i ty  of  m o n o a m i n e s  at  re levant  cen t ra l  
sites, can on ly  be cons idered  specula t ive  at this  t ime,  we 
cons ider  it an in t r iguing  poss ib i l i ty  w o r t h  fu r t he r  investi-  
gat ion.  
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