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Abstract

Amphibians and mammals share common basic me-
chanisms for associative learning. However, it has been
observed that some reinforcement paradigms produce
opposite results. For example, increasing the number
of reinforced trials during acquisition (overtraining)
improves extinction in mammals, but it impairs ex-
tinction in amphibians. This study evaluates the effects
of overtraining on response retention and subsequent
delayed extinction after an 8-day retention interval in
toads. Two groups of animals were trained in a runway

*

for either 5 or 15 acquisition trials, one trial per day.
Acquisition was followed by an 8-day retention inter-
val without training, and then by 8§ extinction trials. No
differences were observed in the rate of decay during
the first trial of extinction or in the rate of delayed
extinction. Since it had been previously observed that
using the same parameters in the acquisition leads to
a faster extinction in the 5-day group, the idea that
mechanisms underlying extinction and spontaneous
decay differ is considered.
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Resumen

Los anfibios y los mamiferos comparten mecanismos
basicos comunes para el aprendizaje asociativo. Sin
embargo, se observa que algunos paradigmas de re-
fuerzo producen resultados opuestos. Por ejemplo, el
aumento del nimero de ensayos reforzados durante la
adquisicion (sobreentrenamiento) acelera la extincion
en mamiferos, pero la retarda en anfibios. Este estudio
evaltia en sapos los efectos del sobreentrenamiento
sobre la retencion de una respuesta luego de 8 dias sin
entrenamiento y la subsecuente extincion diferida. Se
entrenaron dos grupos de animales en un corredor recto
durante 5 o 15 ensayos de adquisicion, un ensayo por dia.
La adquisicion fue seguida por un intervalo de retencion
de 8 dias sin entrenamiento, y luego por 8 ensayos de
extincion. No se observaron diferencias en la tasa de
decaimiento durante el primer ensayo de extincion o
en la tasa de extincion diferida. Dado que los mismos
parametros de entrenamiento habian permitido observar
un claro efecto de sobreentrenamiento en la extincion
inmediata, se propone que los mecanismos que regu-
lan la extincidn instrumental son diferentes de los que
actlian en el decaimiento espontaneo de la respuesta.

Palabras clave: aprendizaje instrumental, anfibios,

sobreentrenamiento, extincion.

Resumo

Os anfibios e os mamiferos compartilham mecanismos
basicos comuns para a aprendizagem associativa. No
entanto, observa-se que alguns paradigmas de reforgo
produzem resultados opostos. Por exemplo, o aumento
do ntmero de ensaios refor¢ados durante a aquisi¢ao
(overtraining) acelera a extingdo em mamiferos, mas
a retarda em anfibios. Este estudo avalia em sapos os
efeitos do overtraining sobre a reten¢do de uma resposta
apos 8 dias sem treinamento e a subsequente extingdo
diferida. Treinaram-se dois grupos de animais em um
corredor reto durante 5 ou 15 ensaios de aquisi¢do, um
ensaio por dia. A aquisi¢do foi seguida por um intervalo

de retengd@o de 8 dias sem treinamento, e depois por 8

ensaios de extingdo. Ndo se observaram diferencas na
taxa de decaimento durante o primeiro ensaio de ex-
tingdo ou na taxa de extingdo diferida. Devido a que os
mesmos parametros de treinamento tinham permitido
observar um claro efeito de overtraining na extingdo
imediata, se propde que os mecanismos que regulam
a extingdo instrumental sdo diferentes dos que atuam
no decaimento espontaneo da resposta.
Palavras-chave: aprendizagem instrumental, anfibios,
overtraining, extingao.

Introduction

Amphibians are an important group for com-
parative psychology because they represent the
vertebrate transition from water to land. Systematic
studies of their learning have revealed a divergence
between mammals and amphibians in the so-called
paradoxical reward effects (Amsel, 1992).These
effects challenge Thorndike’s (1911) law of effect,
which stated that the consequences of a beha-
vior control the emission of such response. Thus,
rewards strengthen the response in proportion to
the magnitude of the reward, implying that large
reward should lead, for example, to slow extinction.
However, experimental evidence shows that this
law is not universal. Paradoxical reward effects
are a series of experimental paradigms in which
the instrumental response does not fit the law of
effect. Instead, reward magnitude has an inverse
relationship with the rate of extinction -hence the
label “paradoxical”. In such situations,predictions
from the law of effect do not match experimen-
tal results. Paradoxical reward effects have been
widely observed in mammals, but have not been
found in other groups of vertebrates, such as amphi-
bians, especially under widely-spaced conditions
of training (e.g., one trial per day). This has led
to the hypothesis of an evolutionary divergence
in the emotional control of learned behavior (see
Papini, 2003, 2014; Papini, Salas & Muzio, 1999).
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Situations involving paradoxical reward effects
have mainly been studied in amphibians using a
runway procedure with spaced trials and water as
reward in partially dehydrated animals (Muzio et
al., 1992, 1994, 2006, 2011; Papini et al., 1995).
The following paradigms have been studied in
both mammals and amphibians:

Successive negative contrast

To observe this phenomenon, two groups of
animals are trained, one group receiving a large
reward and another group a small reward. After
an asymptotic response has been reached for bo-
th groups, the large reward of the first group is
reduced to the small reward of the other group.
In mammals,the group that suffers this reward
magnitude devaluation exhibits an impairment of
performance below the level of the group that has
always received a low reward. After a few trials,
the response recovers and both groups tend to res-
pond similarly (e.g., Crespi, 1942; Elliott, 1928;
Pellegrini &Mustaca, 2000; Pellegrini, Ruetti,
Mustaca, &Muzio, 2004). Unlike in mammals,
incentive devaluation in amphibians results in a
gradual adjustment of their response to the level
of the unshifted group, without going through a
period of poorer performance (e.g., Muzio et al.,
1992, 2011). This effect is referred to as reversed
successive negative contrast.

Partial reinforcement extinction effect

In mammals, animals that receive a random
mixture of reinforced and nonreinforced trials
during acquisition show enhanced resistance to
extinction in comparison to animals that receive
continuous reinforcement (e.g., Humphreys, 1939;
Bouton et al., 2014). The opposite effect is obser-
ved in amphibians. Toads receiving partial reinfor-
cement during acquisition extinguish faster than
toads receiving continuous reinforcement (e.g.,
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Mugzio et al., 1994, 2006). This effect is referred to
as reversed partial reinforcement extinction effect.

Magnitude of reinforcement extinction effect

This procedure is a more abrupt version of
the successive negative contrast effect, in which
acquisition with either a large or a small reward,
animals are shifted to extinction (i.e., no reward).
In mammals, extinction is faster after acquisition
with a large reward than after acquisition with a
small reward (Hulse, 1958; Pellegrini, 2011). In
amphibians, larger rewards enhanced resistan-
ce to extinction (e.g., Muzio et al., 1992, 1994),
showing a reversed magnitude of reinforcement
extinction effect.

Overtraining extinction effect

In mammals, animals receiving a larger num-
ber of acquisition trials extinguish their response
faster than those receiving fewer acquisition trials
(e.g., North & Stimmel, 1960). An analogous si-
tuation in amphibians led to the opposite outcome:
A slower extinction rate after receiving a larger
than after a smaller number of acquisition trials
(e.g., Muzio et al., 2006), a reversed overtraining
extinction effect.

Altogether, all these results indicate that am-
phibians, unlike mammals, follow a simple rule in
which the strength of behavior during extinction
is a direct function of reward magnitude during
acquisition (Muzio et al., 1992, 2011). Amsel’s
(1992) frustration theory claims that paradoxical
reward effects involve an emotional response of
frustration due to the unexpected absence or deva-
luation of the reward. Paradoxical reward effects
reveal not only a reaction to the surprising chan-
ges in the environment, but also to the internal
emotional changes that occurred as a result of the
violation of reward expectancies.

The strengthening of an acquired response
in amphibians has also been studied in terms of
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spontaneous decay (i.e., in the absence of training).
In toads, an instrumental response decayed spon-
taneously as a function of the time elapsed since
the last reinforced acquisition trial (Puddington,
Papini, & Muzio, 2013). Toads maintained their
response with a small relative loss of performance
after the first 8 days without training. But respon-
se deterioration was significant beyond 16 days
without training. When reward magnitude was
reduced, however, response decay was signifi-
cantly enhanced.

Following on these previous results, this expe-
riment evaluated the effects of overtraining on the
retention and delayed extinction of the instrumental
response in a runway, using two different amounts
of acquisition practice. Two groups were trained for
5 or 15 trials, one trial per day. After acquisition,
each group spent 8 days without training before
they received 8§ additional extinction trials. Based
on previous studies (Puddington et al., 2013), we
expected that a small number of acquisition trials
would impair retention of the instrumental response
and increase extinction rate.

Method
Subjects

Twelve adult male toads (Rhinella arenarum)
collected from ponds around Buenos Aires we-
re used as subjects. This species is not listed as
threatened (International Union for Conservation

of Nature and Natural Resources, 2014). Toads
were maintained according to the NIH Guide for
the Care and Use of Laboratory Animals (Natio-
nal Research Council, 2011). Upon arrival in the
laboratory, toads were subjected to a morpholo-
gical examination to assess body symmetry and
standard reflexes for anurans (Muzio, 1995). They
were treated for a week with antibiotics (0.125
mg/0.1kg Baytril from Bayer Laboratories, once
daily) and anthelmintics (0.8 mg/0.1 kg Mebutar
from Andrémaco Laboratories, single dose) to
control bacterial and parasitic infections. During
the feeding period (7 days) and purging period
(7 subsequent days), animals were kept in group
cages (10-15 subjects) with running water. Before
the start of the experiment, animals were fed for a
week with frog chow Ganave. Toads were transfe-
rred to individual plastic boxes (13 x 13 x 7 cm)
with deionized water for two days, and weighed
daily thereafter. Standard weights (weight of the
hydrated animal with its urinary bladder emptied;
Ruibal, 1962) were obtained the day before the
start of pre-training. The animal’s standard wei-
ghts varied between 93.8 g and 155.5 g (Mean =
116.4 g, SEM = 5.6 g). The vivarium was kept at
24-25°C and 40-50 % humidity, and subjected to
16:8 h light/dark cycle (lights on at 04:00 h). Cons-
tant acoustic stimulation was provided by a white
noise generator (20-30,000 Hz). During training,
animals were kept in individual dry plastic cages.
Animals were kept at 80 % of their standard wei-
ght during the entire experiment. This procedure
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Figure 1. Schematic of the runway used in the experiment
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successfully results in toads motivated to search for
water (Muzio et al., 1992; Puddington et al., 2013).

Apparatus

We used a black Plexiglas runway, 100 cm
long, 12 cm wide and 20 cm high (figure 1). The
runway had a starting box (20 cm long) and a goal
box (20 cm long), connected by a straight alley
(60 cm long). The runway was covered with trans-
lucent Plexiglas lids that allowed constant obser-
vation of the animals through a mirror. Each com-
partment was illuminated by a 15-Wbulb placed
over each translucent lid. The alley was separated
from the start and goal boxes by a manually ope-
rated guillotine door. Inside the goal box there
was a green Plexiglas container (13 x 10 x 3 cm),
with deionized water and a metallic grid. The
water level could be above or below the metallic
grid, thus the water could be accessible or in-
accessible (the latter condition was used during
extinction trials).

Procedure

Animals received two pre-training trials, one
per day, in which they were placed in the starting
box for 30 s, then both doors were opened, and the
toads were able to freely explore the runway for
10 min. In the first pre-training trial, three drops
of deionized water were scattered about the floor
at the beginning, middle, and end of the alley. In
the second pre-training trial, drops of water were
placed only in the middle section of the alley and
next to the second guillotine door, in front of the
goal box. The container located in the goal box
was always filled with accessible deionized water.

Training involved one trial per day. After the
two pre-training trials, animals were randomly
assigned to one of two groups (n = 6). Toads in
Group 15 received 15 reinforced acquisition trials,
whereas those in Group 5 received 5 reinforced
acquisition trials. Each trial ended with a 300-s
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period of access to deionized water in the goal box.
After acquisition ended, both groups spent seven
days without training, and extinction started on the
eighth day. All the toads received 8 extinction trials
similar in all respects to acquisition trials except
that the deionized water located in the goal box
was inaccessible. The two groups started training
at the same time; because different numbers of
acquisition trials were administered (15 vs. 5), the
start of extinction occurred at different moments
for each group.

In each training trial, toads were placed in the
start box for 30 s, and then the guillotine doors were
raised. Two dependent variables were registered:
(1) Running latency (in seconds): Time from the
moment the animal had its four legs in the alley
and out of the start box, to the moment it entered
the goal box with its four legs. This variable was
recorded by the manual operation of a digital timer
(1-s units) and transformed to the log  to impro-
ve normality and allow for parametric statistics.
(2) Weight variation (g/100 g): The weight of every
subject (in grams) was registered before and after
each trial to estimate water consumption. The di-
fference between these two weights was divided
by the standard weight and multiplied by 100 to
provide a relative measure of water uptake co-
rrected for individual differences in body weight.

Toads were trained between 08:00 and 13:00
h. After each trial, the animals were transferred to
dry cages where they remained until the next day.
At least 30 min after each daily trial, animals that
had lost weight during the trial were supplemen-
ted with deionized water, whereas those that had
gained weight were dehydrated. This procedure
ensured that animals would be at 79-81 % of their
standard weight at the start of each trial. During
the trials, the animal was allowed a maximum of
180 s to leave the start box or a maximum of 180
s to enter the goal box if already in the alley. A
maximum latency of 180 s was assigned (1) when
the animal failed to leave the start box after 180
s, or (2) when the animal left the start box before
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the maximum 180 s, but failed to enter the goal
box within the following 180 s. In incomplete
trials, toads were gently guided to the goal box
where they received the outcome appropriate for
that trial (300 s of access to the deionized water
in acquisition trials or 300 s of nonreinforced de-
tention in extinction trials).

Statistical analyses

Analyses of variance (ANOVA) were computed
to make inferences about behavioral outcomes.
Specific assumptions for each test were tested be-
fore performing the analysis. The alpha level was
set at 0.05. Partial eta square values were added
as an estimate of effect size.

Results

Figure 2 shows the running latencies of Group
15 and Group Sduring acquisition and delayed
extinction. During the first 5 acquisition trials, the
toads assigned to these two conditions acquired the
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runway task at about the same speed. A Group X
Trial ANOVA found no interaction or group differen-
ces, Fs <1, but a significant trial effect, ' (4, 40) =
9.39,p<0.001, *=0.48. The terminal acquisition
response (runway latency in the last acquisition
trial) revealed nonsignificant differences between
groups, F'< 1. An independent repeated-measure
ANOVA was performed for acquisition trials in
Group 15 that confirmed a trial effect, F' (14, 70)
=3.78, p <0.001, n>= 0.43. The analysis of the
main effects with LSD comparisons showed that
trial 15 only differed from trials 1, 2 and 3, ps <
0.01, and no differences were observed between
any of the last 10 trials, with the exception of trial
10, which differed from trials 6 and 8, ps < 0.01.

Extinction led to a weakening of performance
for both groups. Although figure 2 shows a ten-
dency for extinction in Group 5 to be faster than
in Group 15, a Group X Trial ANOVA during the
eight extinction trials showed significant effects
only across trials, F (7, 70) = 3.75, p < 0.01, n?=
0.27, with nonsignificant effects between Groups,F'

Extinction

0 5

15 20

Trials

Figure 2. Running latency (means + SEMs) of two groups of toads receiving acquisition training during either 5
or 15 daily trials with access to water for 300 s followed by 8 extinction trials after an 8-day retention interval.
Extinction trials in both groups are represented together although they occurred ten days apart from each other
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(1, 10) =2.33, p > 0.15, or for the Group x Trial
interaction, F < 1.

Performance after the retention interval (8 days)
was evaluated by computing the difference between
the running latency in the first extinction trial and
the last acquisition trial. Figure 3 shows the mean
retention for each group estimated by this method.
No differences were observed, F < 1.

Finally, Figure 4 shows the weight variation
during all acquisition trials for both groups. A
Group X Trial analysis covering the first 5 trials
indicated nonsignificant effects across Groups, F
<1, Trials, F' (4, 40) = 2.00, p > 0.11, or for the
Group x Trial interaction, /' < 1. An additional
analysis between groups comparing only the last
acquisition trial showed significant differences, F
(1, 10) = 6.71, p < 0.03. Furthermore, a separate
analysis of Group 15during all the acquisition
trials indicated a significant effect for Trials, F
(14,70)=3.46,p<0.001,1*=0.41. Pairwise LSD
comparisons indicated a significant difference in
water uptake between the last acquisition trial and
trials 1, 2, 4, 5, and 6, ps < 0.05.
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Discussion

The results reported here provide new infor-
mation about the determinants of retention and
extinction in toads. First, there was no evidence
that overtraining affected retention of a runway
response after a period of 8 days without training.
Previous results had indicated that there was a
magnitude of reinforcement effect on retention,
with larger rewards resulting in better performan-
ce after an 8-day retention period (Puddington et
al., 2013). In the present experiment, after 8 days
without training, animals returned to the level of
response they had at the end of acquisition even
after a three-fold difference in the amount of ac-
quisition practice. Second, the current results are
in agreement with those of two previous studies
where reversed overtraining extinction effects had
been observed. Muzio et al. (2006) showed that
animals that received 10 acquisition trials extin-
guished faster than those that received 30 acquisi-
tion trials. More recently, Puddington, Papini and
Muzio (submitted), with the same acquisition pro-
cedure used here, but with immediate extinction,

Group 5

Group 15

Figure 3. Retention performance, measured as the difference between the running latency in the first extinction trial

and the last acquisition trial (means + SEMs)
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Figure 4. Weight variation (means £ SEMs) for each group during acquisition trials. Variations in body weight were
corrected for individual differences in body weight across trials

observed faster extinction after 5 acquisition trials
than after15acquisition trials.

Although for this study a standard sample size
was used (n = 6 in each group) some, but not all,
negative results could be attributable to lack of
statistical power. For example, whereas there is
a tendency for groups to differ in the last acqui-
sition trial (figure 2), retention differences were
not observed (figure 3).However, between-group
differences had been observed when comparing
weight variation in the last acquisition trial. As
is usual in these experiments (e.g., Muzio et al.,
1992), toads increased their weight across acqui-
sition trials, since physiological changes in the
water absorption system occur across trials (for
an example in a different training paradigm, see
Daneri, Casanave & Muzio, 2011).

Table 1 summarizes previous data for toads. We
studied memory decay in the same training situa-
tion used in this experiment using several retention
intervals before the start of extinction (a different
number of days between the end of acquisition and
the start of extinction). The results of the current
study and those of an unpublished study (Pud-
dington et al., submitted) both based on an 8-day
retention interval, are compared to similar studies

using immediate extinction (starting a day after the
last acquisition trial). Overall, these results show
that whereas reducing acquisition trials weakens
the response with immediate extinction, the effect
of the amount of training on retention after § days
was not observed in the present experiment. Howe-
ver, retention intervals did affect extinction after
acquisition with different reward magnitudes (30
vs. 600 s of access to water). Therefore, it seems
plausible that the amount of training and reward
magnitude during acquisition affect extinction via
different mechanisms. However, this conclusion
should be taken with caution until data are avai-
lable from a study in which these two factors are
manipulated simultaneously. These results need
to be complemented with new studies focusing
on the neural mechanisms underlying instrumen-
tal extinction in amphibians. Such studies will
contribute to understand common and divergent
learning mechanisms of both retention and delayed
extinction in vertebrates.
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