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Twenty-one common goldfish (13-15.5 cm long) were randomly divided into alcohol (A) and

nonalcohol (NA) groups and were trained in an alcohol solution of 400 mg/100 ml or in water, respectively. All alcohol
fish were placed in an alcohol solution of 400 mg/100 ml for 3 hr before training in the same alcohol concentration. Fish
were trained on a position discrimination task for 2 consecutive days. The door used for training was that opposite to each
fish’s spontaneous preference. Savings in relearning on Day 2 was taken as a measure of long term memory strength. Only
fish which reached criterion on both days were immediately given 10 forced reversal trails in the opposite direction (i.e., a
fish trained on right door was forced to choose the left door.) A and NA subjects were then tested after a 5 min (STM)
delay, respectively, in a free choice situation for 10 trails (i.e., neither door was blocked). The results suggest that alcohol

facilitates the STM of the forced reversal information.

Memory Alcohol Carassius Auratus

THE process of retention can be divided into 3 phases: (1)
immediate memory, (2) short-term memory (STM), and (3)
long-term memory (LTM) [21]. Moderate to excessive
alcohol intake in man has been associated with a range of
effects on memory including dissociative states [9, 10, 11,
15, 23], alcohol amnesia or blackout [6, 7, 19], and the
Wernicke-Korsakoff Syndrome [5, 12, 22, 25]. A question
that has created a good deal of controversy within the
literature on amnesia in Korsakoff patients has been
whether they have an intact or impaired STM. Warrington
and her collaborators [1,26] have presented a great deal of
evidence to suggest that the amnesia is a deficit in LTM, but
that STM is essentially normal, while Cermak and Butters
[4] have provided examples of patients who have LTM
deficits combined with gross impairments in STM as well. A
similar controversy has arisen around the effects of alcohol
on STM in man. Goodwin et al. [8], Tamerin et al. [24]
and Ryback [19] all found an impairment in STM in
intoxicated alcoholics, while Mello [13] did not. Carpenter
and Ross [3], Nash [14], Ryback et al [18] have
demonstrated disruption of visual STM in nonalcoholics
with relatively low doses of alcohol. It is likely that the
latter discrepant findings are in part related to a number of
variables including the definition of STM used [7, 10, 21,
23], the type of subjects used, the amount of absolute
alcohol consumed, and the type of STM test (e.g., verbal or
nonverbal). Accordingly, an experimental method and/or

subject which might [16,17] better define some of these
variables and test nonverbal “STM”’ and “LTM”’ would be
helpful. Such a method in goldfish with some initial
findings are presented.

METHOD

Fishs were 21 common goldfish, 13~15.5 cm long,
obtained from Ozark Fisheries (Stoutland, Missouri) from a
group of 24 fish, of which 3 (2 NA and 1 A) failed to meet
the criterion. The training apparatus, which involved a
position discrimination task, was constructed in the shape
of a trapezoid and was set in the center of a square shallow
tank (20 cm deep with 75 cm sides). Fish entered the § cm
wide apex of the trapezoid which had a 23 cm base and
could exit through 1 of 2 opposing doors each placed in the
sides 52 c¢cm from the apex and 2.6 cm from the base. An
incorrect choice was determined by the fish bumping into a
glass barrier inserted behind the incorrect door. Fish were
randomly divided into alcohol (A) and nonalcohol (NA)
groups and were trained in an alcohol solution fo 400
mg/100 ml or in water, respectively. All alcohol fish were
placed in an alcohol solution of 400 mg/100 ml for 3 hr
before training and relearning in the same alcohol concen-
tration. The door used for training was that opposite to
each fish’s spontaneous preference (determined the day
prior to training by an unimpeded run of 10 trials).
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TABLE 1

PERFORMANCE OF NONALCOHOL (NA) AND ALCOHOL (A) FISH IN A 2 DOOR POSITION

DISCRIMINATION TEST ON DAY 1 (LEARNING), DAY 2 (RELEARNING OR LTM) AND RETENTION

(I.E., PREFERENCE FOR ORIGINAL CHOICE) AFTER A 5 MINUTE DELAY FOLLOWING 10 FORCED
REVERSAL TRIALS.

RYBACK

Group Nonalcohol (NA)

Group Alcohol (A)

Trials to criterion Retention Trials to criterion Retention
Day 1 Day 2 after delay Day 1 Day 2 after delay
Mean Score 7.0 2.0 8.2% 7.0 1.8 4.7

*p<0.005 (I tail £-Test) for Group NA retention after delay (8.2) as compared to Group A (4.7).

Training proceded as follows: (1) A criterion of 9 out of 10
correct choices was used and fish were allowed up to 20
trails (approximately % hr) daily for 2 consecutive days
unless the fish began a criterial run before the fourteenth
trial. Then up to 23 trials were allowed. Savings in
relearning on Day 2 was taken as a measure of LTM
strength; (2) Only those fish which reached criterion on
both days were immediately given ten forced reversal trials
in the opposite direction (i.e., a fish trained on right door
was forced to choose the left door by covering up the
trained or right door). These forced reversal trials took 15
min; (3) A and NA fish were then tested after a 5 min
(STM) delay, respectively, in a free choice situation for 10
trials (i.e., neither door was blocked).

RESULTS

A and NA subjects reached criterion the first day with
means of 4.5 and 4.1, respectively, for the mean number of
trials before the criterion run began. The scores for these A
and NA fish were 7.0 and 7.0 trials on Day 1 and 1.8 and
2.0 trials on Day 2, respectively (Table 1). NA and A fish
returned to the first learned choice when tested in the free
choice situation 5 min after the 10 forced reversal trials,
with means of 8.2 and 4.7, respectively.

DISCUSSION

Some readers might interpret the work of Beritashvili
[2] to be in conflict with the data presented. He found that
if the time interval between raising a transverse partition
and feeding was more than 10 sec that fish would
not swim to the food but elsewhere. He also found that if
an electrical stimulation was given during feeding that the
fish would immediately swim away only to return after
10-12 sec. He called these findings “emotional memory in
fish”. Some readers might deduce that STM was therefore
8—12 sec in a fish. However, we have no information as to
whether or not these fish were food deprived. Moreover,
hunger is a drive which usually initially results in increased
swimming behavior in fish. If a fish is not hungry it might
attend to the raising of the partition for 8—10 sec
consistent with the concept of IM and then swim away. If it

were actually hungry enough to feed and were shocked
during feeding it would swim away but might return shortly
not because of an impairment in memory but rather
because of the conflicting drive of hunger. The latter (i.e.,
feeding versus pain or anxiety) has been used clinically as a
prototypic model for systematic desensitization [27].
Finally, Beritashvili’s work with conditioned-reflex memory
in fish is not in conflict with the findings presented here.

These findings (Table 1) show that the present alcohol
treatment did not adversely affect the rate of initial
learning (Day 1) or of relearning or LTM (Day 2). However,
the strength of STM is weaker in normal than in alcohol
fish. It might be suggested that alcohol at this dose
increases the decay rate of the previously learned task (Day
2), thus resulting in less reversion of alcohol subjects to the
first learned choice 5 min after the forced reversal trials.
This is not likely as neither original learning (Day 1) nor
relearing or LTM (Day 2) was adversely affected. The
tendency of alcohol fish, as compared with controls, not to
revert to the previously learned choice 5 min after the
forced reversal trails might suggest that alcohol (400
mg/100 ml) facilitated the STM of the forced reversal
information. Of course it could be argued that alcohol
facilitates learning of the forced reversal rather than the
STM. However, it is interesting that several investigators
with normal and alcoholic human subjects found impair-
ment after alcohol in STM while IM and LTM were
relatively unaffected [3, 8, 18, 19, 24]. Accordingly, it is
possible that depending on the dose, alcohol may facilitate
or inhibit STM [20]. Moreover, some pilot work (un-
published data) suggests that if alcohol fish are removed
from the tank and returned 1 hr after the 10 conflictual
trials, they revert to a mean score of 8.0 or the same (Table
1) as controls (8.2) in favoring the choice of the orginal
door on which they were trained (LTM). Obviously, further
research would necessitate the addition of various alcohol
concentrations, and groups with varying time delay in-
tervals after the 10 conflictual trials so that a gradient of
STM to LTM alcohol effects could be delineated. Finally,
this memory model could also be used to study the effect
of chronic alcohol exposure (i.e., “Wernicke-Korsakoff”
type syndrome) in the goldfish.
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