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Abstract

We compared the memory of damselfish Stegastes fuscus in an aversive and appetitive

conditioning task. Fish were trained to associate the sides of the tank that corresponded

to the presence of a positive (conspecific presence) or negative (electroshock) stimulus.

After two conditioning sessions, they were tested for learning. The fish conditioned to

the stimulus were then re-tested for memory retention after 5, 10 or 15 days. Both the

positive and negative rewards were associated with a specific side of the tank, indicating

learning ability. Additionally, in both contexts, S. fuscus stored the information learned

and showed similar behavioural patterns after 5, 10 and 15 days, suggesting long-lasting

memory. For the ecological context, long lasting memories of social encounters out-

comes and negative experiences of threatening situations may confer advantages that

ultimately affect fishes’ fitness.
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1 | INTRODUCTION

Memories are encoded and stored information that can be retrieved

when necessary. This information optimises animal’s behavioural

response, providing an advantage in decision making (Brown &

Chivers, 2006; Dall et al., 2005; Moura & Luchiari, 2016). Memory

recall usually occurs when the individual faces similar situations or

stimuli that prompted the memory formation. However, even though

memories content decays over time, its duration is highly affected by

the information relevance (Laland et al., 2003). For example, experi-

ences involving high emotional arousal are more likely to form strong

and long-lasting memory (Oliveira et al., 2015).

Many studies have shown that teleosts store memories that can

last a few seconds, days or several months (Balcombe 2016, Madeira &

Oliveira, 2017, Miller, 2017, Salas et al., 2006). For instance, the

zebrafish Danio rerio (Hamilton 1822) remember and discriminate

objects briefly seen 24 h before (Oliveira et al., 2015), the Siamese

fighting fish Betta splendens Regan 1910 remember where it was

paired with a conspecific 2 days earlier (Luchiari, 2016), the marine

sticklebacks Spinachia spinachia (L. 1758) show memory of 8 days

while the freshwater sticklebacks Gasterosteus aculeatus L. 1758 pre-

sent 25 days memory of prey foraging (Mackney & Hughes, 1995)

and the rainbowfish Melanotaenia duboulayi (Castelnau 1878) show

memory of aversive situation after 11 months (Balcombe, 2016;

Brown, 2001). Memories can be classified according to its duration

(Hebb, 1949). While short-term memory refers to a pattern of neural

firing or cell assembly during its active phase (Hebb, 1949), the long-

term memory is the one that consolidates slowly and is relatively per-

manent. The majority of the studies on memory uses the terminology

of short term to restrict memory to <24 h, while longer lasting memo-

ries are fit in long term memories; i.e., memories that last days, months

or years (Fuster, 1998; Gold, 1986; Goldman-Rakic, 1996; Izquierdo

et al., 1999; Izquierdo & Medina, 1997; Markowitsch, 1997; Vianna

et al., 1999). Memories are a vital part of the animal’s life and may

reduce their energy expenditure and improve survival. Owing to its

relevance for animals’ life, many species exhibit well-developed learn-

ing and memory abilities (Brown et al., 2008). However, the aspects

that promote memory formation and its duration may be influenced
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by intrinsic and extrinsic factors (Laland et al., 2003). For example,

memories related to deleterious situations (threats to physical integ-

rity) are durable in order to prevent animals from re-exposing them-

selves to danger. On the other hand, general positive situations may

not demand prolonged memory since it may not be stable in the envi-

ronment or essential to animal survival (Miklósi et al., 1992).

Despite the amount of information on the ability of fishes to learn

and perform different tasks (Brown et al., 2008), knowledge on the

retention time of memories formed from positive and negative experi-

ences is scarce. This study aimed at evaluating the damselfish

Stegastes fuscus (Cuvier 1830) memory retention time in aversive

(electroshock) and appetitive (conspecific) conditioning. While the

aversive memory was expected to last a long time due to the potential

threat imposed on the animal’s physical integrity, the appetitive mem-

ory was predicted to be lost before aversive. To test these predictions,

fish were collected from Búzios Beach, Brazil (6� 030 250 0 S; 35� 050

530 0 W), and trained to associate the black compartment of the tank

with a positive experience (social encounter) or negative experience

(electric shock). Memory of the situation was tested after 5, 10 and

15 days after training.

2 | MATERIALS AND METHODS

All animal procedures were conducted with the permission of the Ani-

mal Ethics Committee of the Universidade Federal do Rio Grande do

Norte (CEUA 041/2016).

2.1 | Animal collection and husbandry

Seventy S. fuscus individuals were collected from tide pools at Búzios

Beach, Parnamirim, Brazil, with a cast net (3 m diameter; 10 mm mesh

size). Fish were placed in tanks with constant aeration and transported

to the laboratory, where they were acclimatized in stock tanks

(50 × 40 × 30 cm, 50 l) for 15 days before the experiments. Tank

water was prepared with artificial salt and distilled water (35.2 g salt

l−1 of water). The stock tank water was recirculated through a closed

system with mechanical, biological and activated carbon filters. The

water was kept at 26�C average temperature, pH of 7.8, salinity

35–38 with constant aeration. Part of the total water volume of the

system (30%) was exchanged every 7 days for cleaning purposes,

except when the fish were in the experimental stage, in order to avoid

handling stress. Tank walls and bottom were covered with marine

gravel wallpaper to mimic the natural environment and increase wel-

fare. Each tank contained a shelter (6 × 6 × 15 cm hollow parallele-

piped brick) and a plastic plant. Experimental room photoperiod was

set at 12:12 light–dark cycle. The animals were fed three times per

day, once with Artemia salina, once with bloodworm and once with

dry flake food. Fish remained visually isolated from each other to

avoid confrontations and physical damage, but shared chemical cues

through the recirculation system.

2.2 | Aversive conditioning and testing

The aversive task was conducted in a half white–half black shuttle

box tank (40 × 25 × 20 cm). This tank was divided centrally by an

opaque partition equipped with a raisable guillotine window

(10 × 8 cm), which allowed fish access to both sides of the tank

(Figure 1). The protocol used was adapted from Manuel et al. (2014)

and Amorim et al. (2017). The experiment was divided in 3 phases:

conditioning, test and re-test (Figure 2(a)). Conditioning phase

included 2 trials: on trial 1 (first day), each individual was removed

from its home tank and placed at the white side of the shuttle box for

60 s (previous light–dark tests in the laboratory has shown that

S. fuscus prefers the dark side). The window partition was then raised,

giving the fish the opportunity to move to the black side of shuttle

box tank. If the animal swam to the black side of the tank, the window

was closed and the fish was given two 2 s electroshocks (6 V; 1.8 mA;

12.6 W) 30 s apart and returned to its home tank. If an animal did not

travel to the other side within 10 min, it was returned to the home

tank and removed from the sample. On trial 2 (second day), all the

procedures were repeated but the fish had only 180 s to move into

the black side. The animals that did not do so within 180 s (fish were

scored 180) were gently guided with a net and the electroshock pro-

tocol was applied. The punishment using electric shock instead of a

less stressful stimulus was applied to induce rapid memory formation;

i.e., only two events were enough to induce learning (Amorim et al.,

2017; Manuel et al., 2014). The strength of the electroshock was

determined based on previous studies with goldfish Carassius auratus

(L. 1758) (30 V), rainbow trout Oncorhynchus mykiss (Walbaum 1792)

(75 and 120 V), Nile tilapia Oreochromis niloticus (L. 1758) (20 V) and

D. rerio (6 V), in which authors declare that shock pattern does not

cause any serious injury to the fish (Amorim et al., 2017; Barton &

Dwyer, 1992; Barton & Grosh, 1996; Barreto & Volpato, 2006;

Dunlap et al., 2006; Manuel et al., 2014). Since higher shock might

induce immobilisation, 6 V shock applied for 2 s was used in the pre-

sent study.

On the test (third day), the fish was again placed on the white side

of the tank and after 60 s the window was raised, giving it access to

both sides, but no electroshock was applied. The behaviour of each

40 cm

20 cm

25 cm

F IGURE 1 Schematic overview of the conditioning-test tank
divided by an opaque wall with a 2 × 2 cm guillotine window that
allowed Stegastes fuscus to swim between compartments.
Surrounding walls were covered with opaque plastic self-adhesive
films (white or black). Aversive (shock) or appetitive (conspecific)
stimulus were displayed in the black side of the tank

2 SILVEIRA ET AL.FISH



individual was recorded for 10 min by a handycam (Sony DCRSX45

Digital Video Camera Recorder; www.sony.com) positioned above

the tank.

To evaluate memory retention, the fish were re-tested at different

time intervals. Thus, after the conditioning and test phases, groups of

fish were re-tested after 5 (n = 17), 10 (n = 11) or 15 days (n = 9).

Every experimental phase was recorded from above using the hand-

ycam for behaviour analysis. Videos were analysed using ZebTrack

software (Pinheiro-da-Silva et al., 2017), considering the time spent in

the white and black areas of the tank and latency to move to the black

side.as indicators of fish memory. Additionally, average swimming

speed, maximum swimming speed, total distance travelled, were eval-

uated to indicate fish activity patterns and total freezing time was

evaluated to indicate fish anxiety–fear response. Increased activity

patterns are usually related to stress and avoidance (fear, anxiety;

Kalueff et al., 2013), thus it can be an indicator of the animal memory

of the situation previously experienced. Freezing behaviour, that is

the complete immobility of the animal (except ventilatory move-

ments), is related to high anxiety and fear response (Kalueff et al.,

2013; Maximino et al., 2010, 2014), which is a condition that may

indicate the fish memory of a situation.

2.3 | Appetitive conditioning and testing

For the appetitive conditioning protocol, a similar procedure as the

one above detailed was adopted with the exception that the focal fish

was given a social stimulus (conspecific; Figure 2(b)), which is

considered positive reinforcement for S. fuscus (Silveira et al., 2015).

The conditioning phase included two trials: on trial 1 (first day), each

fish was placed on the white side of the tank for 60 s and the middle

window was then opened to allow them to enter the black side. A

small tank (10 × 10 × 20 cm) containing another S. fuscus was placed

at the inner corner of the black side of the tank, such that the experi-

mental fish could only access the conspecific after completely enter-

ing the black side of the tank. Once the animals had travelled to the

black side, the window was closed and the fish could visually interact

with the conspecific for 60 s. Animals that did not enter the black side

within 10 min were removed from the sample. On trial 2 (second day),

each fish placed on the white side for 60 s had up to 180 s to swim to

the black side after the window was opened. Animals that did not

enter the black side were gently pushed with a net and had 60 s to

interact with the conspecific before being returned to the home tank.

On the test phase (third day), the fish were placed on the white

side, the window was opened and behaviour was recorded for 10 min

using the handycam positioned above the tank. To evaluate memory

retention, different groups were re-tested at different time intervals:

5 (n = 10), 10 (n = 11) or 15 days (n = 12) after the test. Video tracking

was conducted as described above and the same behaviours were

evaluated.

2.4 | Statistical analyses

Data were first analysed for normality and homoscedasticity using the

Kolmogorov–Smirnov and Levene tests, respectively. Repeated

Re-testCondi�oning Test

5 days

10 days

n=17

Trail 1 Trail 2

n=11

n=9

15 days

Re-testCondi�oning

(a)

(b) Test

5 days

10 days

n=10

Trail 1 Trail 2

n=11

n=12

15 days

F IGURE 2 (a) Timeline for aversive
conditioning applied by two trials of
electric shock discharged when Stegastes
fuscus passed to the black side of the
tank. The time for fish to enter the black
side was recorded on the test (24 h after
trial 2; test was applied for all fish), and on
re-test after 5 days from the test, after
10 days from the test, or after 15 days
from the test. During test and re-test no
shock was applied. (b) The appetitive
conditioning (was performed by two trials
of social encounters with a conspecific
when fish passed to the black side of the
tank. After that, time for fish to enter the
black side was recordded on the test (24 h
after trial 2; test was applied for all fish)
and on re-test after 5 days from the test),
after 10 days from the test, or after
15 days from the test
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measures ANOVA (followed by the Student–Newman–Keuls, SNK,

post hoc test) was conducted to evaluate differences in latency to

enter the black side of the tank during the conditioning and test, as all

animals from the aversive (n = 37) and appetitive (n = 33) conditioning

groups underwent these phases.

For the memory retention, different groups were re-tested at dif-

ferent time intervals: Aversive conditioned animals were re-tested

after 5 days (n = 17), 10 days (n = 11) and 15 days (n = 9); appetitive

conditioned animals were re-tested after 5 days (n = 10), 10 days

(n = 11) and after 15 days (n = 12). Due to differences in the number

of animals allocated to each experimental group, latency to enter the

black side during the re-test on the 5th, 10th and 15th day were com-

pared using one-way ANOVA followed by SNK. Time spent on the

black side of the tank was compared between test and re-test at

5, 10 and 15 days using repeated measures ANOVA followed by the

SNK post hoc test.

The locomotor and anxiety–fear behavioural variables (average

swimming speed, maximum swimming speed, total distance travelled

and total freezing time) were tested by repeated measures ANOVA

(followed by the SNK post hoc test) to evaluate differences between

different experimental phases (test and re-tests). In all cases, the sta-

tistical significance was set at α <0.05.

3 | RESULTS

3.1 | Aversive conditioning

The latency to move to the black side in the aversive treatment was

statistically significant between conditioning trial 1, conditioning trial

2 and test (RM ANOVA F2,110 = 7.06, P < 0.01), but no significant dif-

ferences were found between re-tests at 5, 10 and 15 days (one-way

ANOVA F2,36 = 0.21, P > 0.05). SNK post hoc showed that on average

the fish took longer to enter the black side on the test day than at the

conditioning trial 1 (P < 0.05; Figure 3). There was no statistical

difference between the three re-test days (5, 10 and 15 days)

(one-way ANOVA F2,36 = 0.07, P > 0.05). The time spent on black side

during test and re-test was not statistically significant for fish that

underwent aversive conditioning (RM ANOVA F3,73 = 1.94, P > 0.05).

For locomotor parameters, RM ANOVA found no statistical differ-

ence for average swimming speed (F3,73 = 0.86, P > 0.05; Figure 4(a))

and total distance travelled during the experimental phases

(F3,73 = 1.77, P > 0.05; Figure 4(c)). The maximum speed, which indi-

cates alterations in the animal’s standard locomotor patterns, was sta-

tistically different between experimental phases (RM ANOVA

F3,73 = 11.80, P < 0.001). The SNK post hoc test indicated that during

the test and 5 days and 10 days re-tests, fish showed higher maximum

speed than on the 15 days re-test (P < 0.05; Figure 4(b)). Freezing

behaviour, which indicates the level of anxiety–fear, was also statisti-

cally different between experimental phases (RM ANOVA

F3,73 = 3.51, P < 0.05). The SNK post hoc test revealed higher freezing

behaviour on the 5 days and 10 days re-tests than on the test and

15 day re-test (P < 0.05; Figure 4(d)).

3.2 | Appetitive conditioning

Latency to reach the black side differed over the first 3 days (condi-

tioning trial 1, conditioning trial 2 and test) (RM ANOVA F2,98 = 4.12,

P < 0.05). No statistical differences were found between re-tests at

5, 10 and 15 days (one-way ANOVA F2,32 = 1.15, P > 0.05). The SNK

post hoc test indicates that on the conditioning trial 1, fish took longer

to enter the black side than on the conditioning trial 2 (P < 0.05;

Figure 5). There was no statistical difference between the three re-

test groups (5, 10 and 15 days; one-way ANOVA F2,32 = 0.66,

P > 0.05). Time spent on the black side during test and re-test

(5, 10 and 15 days) also showed no statistical difference (RM ANOVA

F3,65 = 1.44, P > 0.05).

For locomotor parameters, RM ANOVA revealed no significant

effect for average swimming speed (F3,65 = 1.12, P > 0.05; Figure 6(a))
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Damselfish Stegastes fuscus. On the first day (conditioning trial 1) fish was placed in the white side of the black and white shuttle box and as it
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letters indicate statistical significance between trials 1, 2 and test (P < 0.01). No statistical significance was found between re-tests (P > 0.05)
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or total distance travelled during the different experimental phases

(F3,65 = 0.44, P > 0.05; Figure 6(c)). RM ANOVA showed statistical dif-

ference for maximum speed (F3,65 = 58.90, P < 0.001) and the SNK

post hoc test indicated that it was higher in the test and 5 days re-test

than in the other two re-tests (10 and 15 days; P < 0.05; Figure 6(b)).

For freezing behaviour, RM ANOVA showed no statistical difference

during the experimental phases (F3,65 = 3.04, P > 0.05; Figure 6(d)).

4 | DISCUSSION

This study investigated memory retention in S. fuscus by comparing

two associative learning contexts: aversive (electroshock) and appeti-

tive (conspecific) conditioning. Stegastes fuscus showed associative

learning in both contexts and store this information for at least

15 days, suggesting long-term memory (Eisenberg & Dudai, 2004;

Madeira & Oliveira, 2017; Piront & Schmidt, 1988). On the first day of

conditioning (trial 1), fish had to travel to the black chamber of the

apparatus, where they were presented to the stimulus. Fish that

received an electroshock on the trial 1 increased latency to enter the

black chamber on the test day (third day), thereby demonstrating

associative learning. A number of studies have tested aversive condi-

tioning in fishes using a variety of stimuli, such as chemical cues (pred-

ator odour and alarm substance), stress confinement (Martins et al.,

2011), net chase (Millot et al., 2014) and electroshock (Amorim et al.

2017; Dunlop et al., 2006; Manuel et al. 2014). In fish, electroshock is

a potent aversive stimulus that causes behavioural and physiological

changes, including freezing, altered locomotion, altered respiratory

rate and increased cortisol levels (Amorim et al. 2017; Manuel

et al. 2014).

On the other hand, fish that received social stimulus (conspecific)

on the trial 1 decreased latency to enter the black chamber on the test

day (third day), also showing associative learning. S.fuscus is a territo-

rial species which constantly monitors their territory for intruders.

Aggressive interactions with conspecifics are part of their daily activi-

ties (Siebeck et al., 2009) and as a routine behaviour, its expression

may be important for fish welfare (Huntingford et al., 2012; Rasa &

Anne, 1971). Therefore, we decide to use a conspecific as the
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F IGURE 6 Mean (+ SE) (a) average speed, (b) maximum speed, (c) distance travelled and duration of inaction (freezing) measured at the test
and re-tests of the appetitive conditioning applied to Stegastes fuscus for 10 min in the test tank. Average speed and total distance travelled were

not statistically significant between trials. Asterisk or different letters indicate statistical significance between trials (P < 0.05)
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appetitive stimulus, as S. fuscus promptly respond to its presence,

seeking for the other fish. In another study testing associative learning

in S. fuscus, the authors used a conspecific as unconditioned stimulus,

showing the potential of social stimuli in learning tasks (Silveira

et al., 2015).

In the present study, S. fuscus not only exhibited aversive and

appetitive learning ability, but remembered the conditioned stimulus

when it was presented again after 5, 10 and 15 days after the test day

(Figure 2). In freshwater and anadromous G. aculeatus and Spinachia

spinachia, the memory of prey foraging seems to be correlated with

fish ecology. In these species, memory retention lasts around

25, 10 and 8 days, respectively and may be associated with environ-

mental predictability (Mackney & Hughes, 1995). Longer memories

were also reported in M. duboulayi, where a learned escape response

was maintained for 11 months (Balcombe, 2016; Brown, 2001) and

sockeye salmon Oncorhynchus nerka (Walbaum 1792) and pike Esox

lucius L. 1758 were shown to avoid a hook over 1 year after being

hooked (Beukemaj, 1970; Tarrant, 1964).

We expected that memories of negative experiences will be more

prolonged while those associated with appetitive contexts may be for-

gotten rapidly. Threatening experiences are often associated with

rapid memory acquisition and long-term memory duration (Brown,

2015). However, this was not observed here. It is known that emo-

tionally arousal experiences favour memory retention, this phenome-

non is modulated by the release of glucocorticoids, which acts in the

brain facilitating memory consolidation (Wichmann et al., 2012). In

this sense, not only fish exposure to electroshock would increase

memory in S. fuscus, but also the exposure to a conspecific, as agonis-

tic interactions raise cortisol levels in S. fuscus (Ros et al., 2014).

Moreover, as a territorial species, S. fuscus deals with a certain

level of habitat stability. Environment predictability has a significant

influence on what should be learned and for how long memorised

(Laland et al., 2003; Miller, 2017). In unpredictable environments,

learning is dispensable because there is no need to acquire informa-

tion that cannot be used again. However, natural environments are

somewhat predictable and, in such cases, the information acquired

needs to be stored temporarily (Warburton, 2003). Stegastes fuscus is

a territorial species that defends an area containing food and shelter

from conspecifics and heterospecifics (Ferreira et al., 1998; Osório

et al., 2006). Considering the ecological context of the species, it is

important for an individual to learn and remember where it interacted

with another fish (Silveira et al., 2015) and the result of the encounter.

The locomotor variables observed for the appetitive groups were

visually opposite to those seen for the aversive groups: S. fuscus from

the aversive conditioning showed high maximum swimming speed

and freezing values in the re-test on the 5th and 10th days (Figure 2),

while these parameters were low for S. fuscus from the appetitive

conditioning groups (Figure 4), maximum speed is usually associated

with escape behaviour, while freezing is strongly related with stress

and anxiety (Kalueff et al., 2013) Thus, when the fish was again

exposed to the tank where it experienced the electroshock, the aver-

sive memory was recalled triggering the behaviours. The burst in

swimming speed and high freezing, added to the fact that the fish

avoided the black side of the tank, may indicate that they not only

remembered the situation experienced, but also exhibited high stress

due to the memory. On the 15th day, fish did not show the same

stress response (high maximum speed and freezing) observed on the

previous days, suggesting a decrease in anxiety, which could be inter-

preted as a reduction in memory recall. However, the fish continued

avoiding the black area of the tank, showing that the memory was

not lost.

Despite the recent increase in studies addressing fish cognition,

evaluation of memory retention capacity is still overlooked in this

group. Our hypothesis was that the aversive conditioning would gen-

erate a long-lasting memory compared with the appetitive condition-

ing. However, it was found that S. fuscus exposed to aversive and

appetitive conditioning maintained the response for at least 15 days;

i.e., the longer interval that we applied. Therefore, we cannot confirm

our hypothesis. The complete capacity of memory retention in

S. fuscus is not known, nevertheless, considering its ecology, it is not

unreasonable to expect that intervals longer than 15 days may pro-

duce different results. Learning and remembering how to avoid a dan-

gerous situation increase an animal’s chance of survival and may be

more relevant to storage information related to life-threat situations

than information acquired from an appetitive context. Moreover,

aversive and appetitive conditioning may be regulated by different

brain mechanisms that can affect memory retention and recall. In con-

clusion, the present data, together with recent papers on fish cogni-

tion, may contribute to the view of fishes as complex organisms and

to understanding the evolutionary aspects of learning and memory in

this group and in other vertebrates (Miller, 2017).
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