
Rainbow trout discriminate 2-D photographs of conspecifics
from distracting stimuli using an innovative operant
conditioning device

Aude Kleiber1 & Claudiane Valotaire1
& Amélie Patinote1 & Pierre-Lô Sudan1

& Guillaume Gourmelen1
& Cécile Duret1 &

Frédéric Borel1 & Leny Legoff1 & Manon Peyrafort2 & Vanessa Guesdon3
& Léa Lansade4

& Ludovic Calandreau4
&

Violaine Colson1

Accepted: 23 November 2020
# The Psychonomic Society, Inc. 2021

Abstract
Cognitive abilities were studied in rainbow trout, the first continental fish production in Europe. Increasing public concern for the
welfare of farmed-fish species highlighted the need for better knowledge of the cognitive status of fish. We trained and tested 15
rainbow trout with an operant conditioning device composed of self-feeders positioned in front of visual stimuli displayed on a
screen. The device was coupled with a two-alternative forced-choice (2-AFC) paradigm to test whether rainbow trout can
discriminate 2-D photographs of conspecifics (S+) from different visual stimuli (S-). The S- were applied in four stages, the last
three stages representing increasing discrimination difficulty: (1) blue shapes; (2) black shape (star); (3) photograph of an object
(among a pool of 60); (4) photograph of another fish species (among a pool of 60). Nine fish (out of 15) correctly managed to
activate the conditioning device after 30–150 trials. The rainbow trout were able to discriminate images of conspecifics from an
abstract shape (five individuals out of five) or objects (four out of five) but not from other fish species. Their ability to learn the
category "fish shape" rather than distinguishing between conspecifics and heterospecifics is discussed. The successful visual
discrimination task using this complex operant conditioning device is particularly remarkable and novel for this farmed-fish
species, and could be exploited to develop cognitive enrichments in future farming systems. This device can also be added to the
existing repertoire of testing devices suitable for investigating cognitive abilities in fish.
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Categorization

Introduction

In psychology and biology, cognition refers to the mecha-
nisms by which animals acquire, process, store, and act on
information from the environment (Shettleworth, 2009). In

their environment, animals constantly face various situations
to be solved. Cognitive abilities thus play a crucial role in their
daily life as they enable certain common key functions such as
foraging, predator avoidance, mate-choice, navigation, and
orientation (Gierszewski, Bleckmann, & Schluessel, 2013).
To date, most of what we know about animals’ cognitive skills
focuses on higher vertebrates (primates: Sidman et al., 1982;
Vonk, 2003; dolphins: Herman, Gory, Hovancik, &
Bradshaw, 1989), but very few comprehensive studies fo-
cused on farmed animals and even fewer on farmed-fish spe-
cies. However, the attribution of cognitive abilities to animals
precisely relates to the way in which the animal will be con-
sidered and used. Among farmed animals, rainbow trout
(Oncorhynchus mykiss) is the first continental fish species to
be commercially produced in Europe (FEAP, 2017).
Increasing public concern for the welfare of fish species used
for food consumption has highlighted the need to better un-
derstand the cognitive status of fish. Cognitive processes are
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key components of fish welfare under farming conditions:
individuals need to anticipate specific events (food distribution
or netting) or to habituate to stressful situations in order to
reduce stress triggered by an unpredictable environment
(Cañon Jones, Noble, Damsgård & Pearce, 2012; Colson
et al., 2019; Martins et al., 2012). A better knowledge of the
rainbow trout’s cognitive abilities would help to find ways to
improve their welfare, by developing appropriate – species-
specific – ethological-based tools, such as cognitive enrich-
ments for future farming systems. Cognitive enrichment, also
known as occupational or psychological enrichment, represents
the possibility for animals to meet moderate challenges by
using their cognitive abilities and/or to actively interact with
their environment (Manteuffel, Langbein & Puppe, 2009;
Meehan & Mench, 2007; Oesterwind, Nürnberg, Puppe &
Langbein, 2016). In this way, an animal is offered the possibil-
ity to anticipate and/or to control positive or negative events in
order to stimulate its cognition by choosing appropriate
behavior.

Fish cognition has begun to be investigated over the last few
decades, and studies have revealed that many fish species are
endowed with impressive learning skills, comparable to those
of non-human primates (Bshary, Wickler, & Fricke, 2002).
Certa in f ish species have episodic- l ike memory
(Ingraham, Anderson, Hurd & Hamilton, 2016), make transi-
t i v e i n f e r e n c e s a b o u t s o c i a l r e l a t i o n s h i p s
(Grosenick, Clement & Fernald, 2007), attend to their own
reputation (Bshary & Grutter, 2006), use tools (Paśko, 2010;
Gerullis & Schuster, 2014; Millot et al., 2014), solve numerical
rules (Agrillo & Bisazza, 2014; DeLong, Barbato, O’Leary &
Wilcox, 2017; Gomez-Laplaza & Gerlai, 2013), learn concepts
(Gierszewski et al., 2013; Goldman & Shapiro, 1979; Zerbolio
& Royalty, 1983), orient themselves using a map-like represen-
tation of their environment (Broglio, Rodriguez, & Salas, 2003;
Rodriguez, Duran, Vargas, Torres, & Salas, 1994), and recog-
nize conspecifics individually using visual cues (Clark &
Stephenson, 1999; Culumber, 2015; Griffiths & Magurran,
1999; Johnston & Dixson, 2017; Roux et al., 2016;
Satoh, Tanaka & Kohda, 2016). However, none of these cog-
nitive abilities – except visual individual recognition
(Höjesjö, Axelsson, Dahy, Gustavsson, & Johnsson, 2015) –
was demonstrated in rainbow trout. Visual cues are essential for
fish when identifying familiar and unfamiliar individuals, en-
gaging in social learning, avoiding predators, foraging, and
navigating (Ioannou, Couzin, James, Croft, & Krause, 2011).
Despite a poor visual acuity compared to humans (Ben-Simon,
Ben-Shahar, Vasserman, Ben-Tov, & Segev, 2012; Champ,
Wallis, Vorobyev, Siebeck, & Marshall, 2014; Hester, 1968;
Neumeyer, 2003), some teleost fish are able to discriminate
between colors (Oncorhynchus mykiss: Luchiari & Pirhonen,
2008; Danio rerio: Parker et al., 2012), two- (2-D) and three-
dimensional (3-D) shapes and even illusory shape surfaces
(Gnathonemus petersii: Schuster et al., 2002; Pseudotropheus

sp.: Schluessel et al., 2012; Pomacentrus amboinensis: Siebeck
et al., 2009; Carassius auratus: Wyzisk et al., 2007).

Most of the tests evaluating fish cognitive abilities are dis-
crimination procedures where fish are previously conditioned to
associate and recognize a particular stimulus with positive (S+:
food reward) or negative (S-: electric shocks) stimuli (Goldman
& Shapiro, 1979; Zerbolio & Royalty, 1983). The most com-
monly used test is the alternative forced-choice (AFC) test,
which consists of simultaneously presenting different visual
stimuli to the subject, one being rewarded. Fish are frequently
tested using the 2-AFC test, a two-choice discrimination test
(Danio rerio: Bloch et al., 2019; Parker et al., 2012;
Pseudotropheus sp.: Schluessel, Fricke, & Bleckmann, 2012;
Xenotoca eiseni: Sovrano & Bisazza, 2008). To access the dis-
crimination performance, studies generally use discrete operant
responses, such as approaching sensors (Siebeck, Litherland, &
Wallis, 2009), time spent near positive stimuli (Ingraham et al.,
2016; Kuroda, Mizutani, Cancado, & Podlesnik, 2017), and
passing through a door to enter a rewarded chamber (Agrillo,
Piffer, & Bisazza, 2010; Bloch, Froc, Pontiggia, & Yamamoto,
2019; Gomez-Laplaza, Díaz-Sotelo, & Gerlai, 2018; Mueller &
Neuhauss, 2012; Parker et al., 2012; von der Emde&Fetz, 2007;
Wyzisk & Neumeyer, 2007), but no studies used the ability of
the fish to operate a lever as an active discrete operant response.
This last method – also called instrumental conditioning proce-
dure – allows recording the subject’s answer with accuracy, par-
ticularly when the setup is automated. Moreover, instrumental
learning involves a complete panel of cognitive abilities, such as
spatial orientation, object recognition, and temporal association
of environmental cues (Jurado-Parras et al., 2013), and thus rep-
resents an opportunity for investigating cognitive abilities, still
little studied in the target fish species chosen for the present
experiment, i.e., the rainbow trout.

If we presume that rainbow trout’s vision is comparable to
that of most of teleost fish species as discussed above, we do
not know to which extent they are capable discriminating
accurately between conspecifics and any other objects or liv-
ing animals present in their environment or if they rather form
categories on the basis of shared shapes, as shown in the
African cichlid Pseudotropheus sp. (Schluessel et al., 2012).
This capacity to generalize visual items using categories gives
individuals a certain degree of flexibility to react appropriately
in case of danger (categories “predator,” “shelter”), while
hunting (category “prey”), or to ensure positive outcomes
(category “reward”), and provide them with stability and safe-
ty in a context of changing environments (Franks, 2018).

The aim of this study was to explore the cognitive skills of
a farmed fish species by (1) using an original operant condi-
tioning automated device composed of self-feeders, in order to
determine (2) whether rainbow trout, the first European con-
tinental fish production, are able to solve a simple 2-AFC task,
and (3) whether they can recognize conspecifics specifically,
or if they rather generalize learned photographs of
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conspecifics to any other fish species sharing a similar shape.
For this purpose, we used a pool of four recurrent photographs
of trout conspecifics as S+. After a first stage using four dif-
ferent blue shapes as S- which failed in eliciting correct con-
ditioned responses, we then used distracting stimuli as S- ac-
cording to three stages with increasing discrimination difficul-
ty: stage 2: one black shape (star); stage 3: photograph of an
object (among a pool of 60); stage 4: photograph of another
fish species (among a pool of 60).

Materials and methods

Ethics statement

All experimental procedures used in this study were carried out
in strict accordance with the European Directive 2010/63/EU on
the protection of animals used for scientific purposes. They have
been approved by the Rennes Ethics Committee for Animal
Experimentation and have received authorization from the
French Ministry of Education, Research and Innovation under
agreement number 201806050954214-V1-APAFIS#15361.

Experimental animals

Female triploid rainbow trout (Oncorhynchusmykiss)were obtain-
ed from fertilizations performed at INRA-PEIMA facilities (Sizun,
France). Eggs were transferred between 1 and 20 h post-fertiliza-
tion, and fish from these eggs were reared at the INRA-LPGP
experimental facilities (Rennes, France). Between 50 and 180 days
postfertilization, fish were reared in two tanks (72 L: 55 × 45 × 29
cm) containing 40 fish each. The densitywas always below 20 kg/
m3. Tanks were supplied with plants, rocks, and PVC pipes since
environmental enrichment is known to enhance cognitive capaci-
ties in fish (Salvanes et al., 2013; Strand et al., 2010). At 5months,
15 fish (8 cm mean length) were randomly chosen and were
identified with a PIT tag (1.4 × 8 mm; Tiny, Biolog-id, France)
implanted above the dorsal fin under anesthesia (50mg/L tricaine).
The 15 fishwere housed together in a 336-L tank (102.5 × 102.5 ×
32 cm) at 12 ± 0.2 °C under a 12:12 h artificial photoperiod. Fish
were fed daily at the end of the experiments with extruded and
commercial flowing extruded pellets (39% protein and 24% lipid,
0.5-mm pellets, Le Gouessant, France). The feeding rate, compo-
sition, and diameter of the pellets was regularly adapted according
to the fish growth rate. Experiments started after a 2-week accli-
mation period in the new rearing tank.

Apparatus

Subjects were tested individually in a 779-L test tank (104 ×
100.5 × 74.5 cm) with the walls painted dark gray (RAL code:
7005). A transparent Plexiglas window (63 × 34 cm) included
in the tank wall allowed the fish to see the screen placed

behind it (Fig. 1). The screen used in this study was an LCD
Dell REV A00 (17 in.: 60 × 34 cm) and displayed visual
stimuli. To prevent any distractions, disruptions, or reflections
from the screen, a dark sheet was laid behind the screen. Two
(or three) self-feeders (removable if needed) were placed in
the upper part, and the triggers were 4 cm from the window
and submerged at approximately 9 cm depth in the water. Fish
could reach the pressure needed by the trigger by doing a 5–6°
tilt angle with any part of their body. Once the angle was
reached, an electronic microchip located in the cylinder vali-
dated the answer. Self-feeders were connected to an automatic
food distributor (Imetronic®, France) delivering coated appe-
titive pellets (Diana Aqua, France). Their diameter was
changed according to fish weight and pellet granulometric
recommendations. When a correct answer was recorded, two
pellets were released into a funnel connected to a 1.5-cm plas-
tic tube and then fell into the water in the middle of the tank at
approximately 30 cm from the screen. Each reward
corresponded to approximately 1/12th of the fish daily food
intake. A camera placed above the experimental device
(Samsung SCB-3000PH) and connected to a monitor (Ever-
Focus Colour TFT LCD monitor) permitted the control of the
entire real-time experiment at distancewithout disturbing trout
behavior. A GoPro (HERO session) was introduced into the
tank once during each stage to capture sequences for illustra-
tion purposes only (Fig. 1).

Each experiment was managed by the “POLY M2S” soft-
ware (Imetronic®), which allows users to choose the type of
experiment, the number of trials, the intertrial interval (ITI),
the different stimuli, and their position on the screen. The
software also ensures that stimuli do not appear more than
two consecutive times at the same position to prevent any side
bias. All stimulus sequences were randomly presented (see
General procedure).

General procedure

Fish were never tested more than once a day (one session per
day). Experiments were undertaken between 9:00 and 15:00
and the fish were all fed at the same time at the end of
the last session, resulting in an overnight food depriva-
tion period varying from 18 h to 24 h, depending on
fish running order.

Training to activate triggers

Fifteen trout were initially trained to become acclimated to the
apparatus and activate the self-feeder triggers. For this habit-
uation phase, three triggers (instead of two for the subsequent
stages) were submerged 9 cm in order to increase their chance
of being activated. At the fish entrance in the test area,
a food reward was provided to make them associate
netting as a positive event. During this habituation
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phase, the monitor displayed a gray screen (RGB code:
#EEECEC) to reduce contrast with the tank color, and
the fish received a food reward, regardless of the trigger
activated as they were all the right choice. We tested
the fish once a day (one session per day), 5 days a
week. The first session consisted of five trials of
10 min each. If a trigger was activated before a 10-
min delay, the fish received a reward, and the screen
turned green (RGB code: #0F790F) for 60 s, which acts
a s a s e c o n d a r y p o s i t i v e r e i n f o r c e m e n t
(Luchiari & Pirhonen, 2008; Zerbolio & Royalty,
1983). After that, a 10-s ITI with a gray screen oc-
curred, and a new trial began. If the fish did not acti-
vate the trigger within the 10-min delay (cut-off), a
food reward was still given, and a new trial started after
the 10-s ITI.

In the following sessions, the procedure was the same as in
session 1, but each session included ten trials of 10 min each,
and no more reward was given after a cut-off. After each
session, the trout was netted and joined its conspecifics. Fish
were tested randomly. Individuals were considered to have
successfully learned to activate the triggers once they activat-
ed one of them seven times (or more) over the ten trials in
three consecutive sessions (≥70%; binomial: P < 0.001, N =
30 trials), ensuring the correct application of the operant con-
ditioning device for all subsequent stages. Nine individ-
uals (out of 15) correctly learned trigger activation (see
Results section).

Pretraining to activate a trigger associated with a stimulus

The nine remaining subjects were trained to associate a trigger
with the presence of one unique stimulus of different shapes
and different colors (S+) displayed behind it on the screen for
a total of 540 trials before starting the 2-AFC test. From this
exercise until the end of the experiment, only two triggers
were available, one being rewarded (right or left position).
The S+ never appeared more than twice consecutively on
the same side. In the case of correct answers, the fish received
a reward, and the screen turned green for 60 s. If the incorrect
trigger was activated, no food reward was given, and a red
screen appeared (RGB code: #E90808) for 60 s, followed by a
10-s ITI before starting a new trial. This color acted as a
positive punishment to enhance learning. After a cut-off, no
food reward was given, and a new trial started after the ITI.
Ten trials of 10 min each were conducted per session. An
individual was considered to have successfully learned the
task once S+ selection was significantly different from chance
(50%) for two consecutive sessions (≥ 80%; binomial: P =
0.012, N = 20 trials).

Two-alternative forced-choice test (2-AFC) with photographs
of conspecifics as S+

Only five of the nine individuals were used for the following
tasks because one fish died and three individuals stopped be-
ing motivated, performing only cut-offs. The 2-AFC test

a

b

c

Fig. 1 a Experimental tank used for the two-alternative forced-choice test task; b camera view from above; c GoPro view from inside the tank while
stimuli from stage 3 were displayed (here, a calculator as S-)
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consists of presenting two contrasting stimuli simultaneously,
one being rewarded (right or left position) (Fig. 2). S+ repre-
sented a photograph of trout taken from a pool of four recur-
rent photographs of unknown conspecifics held in another
tank (see Table 1 for the detail of the stimuli used). We chose
photographs of conspecifics as biologically relevant stimuli
since we know that rainbow trout are able to recognize conspe-
cifics individually using visual cues (Höjesjö et al., 2015;
Johnsson & Åkerman, 1998). The four S+ photographs were
presented in equal numbers across the sessions, in a randomized
order. A distracting stimulus (S-) was presented at 40 cm
(horizontally) from the S+. The S- were: stage 1 – four different
blue (RGB code: #1E90FF) shapes (star, triangle, square or
circle); stage 2 – a unique black shape (star); stage 3 – a pho-
tograph of an object (among a pool of 60 objects); and stage 4 –
a photograph of another fish species (from a pool of 60 photo-
graphs). Blue shapes were first chosen as S- in stage 1 since we
presumed that shapes with an attractive color would counteract
the possible natural preference for a biologically relevant stim-
ulus as S+ (Oliveira, Silveira, Chacon & Luchiari, 2015; Roy
Suriyampola, Flores, López, Hickey, Bhat, & Martins, 2019).
Indeed, the color blue has been shown to be preferred (along
with green) when given the choice to rainbow trout (Luchiari &
Pirhonen, 2008; Maia, Ferguson, Volpato, & Braithwaite,
2017). In stage 2, we reduced to one the number of shapes used
as S- because trout failed with four shapes as S- in stage 1, and
other species succeeded when using only one or two shapes as
S- for a similar study design (Gabor&Gerken, 2012; Langbein,
Nurnberg, & Manteuffel, 2004; Schluessel et al., 2012).
Additionally in stage 2, S- was chosen in a dark color (black)
to increase the visual contrast between stimuli. The pool of
objects used as S- in stage 3 allowed us to test whether trout
only learned to avoid the black star in stage 2 or, conversely, to
associate the photograph of a conspecific with a reward. Fish
performed these stages in this order and moved on to the next
stage as soon as they validated the learning criterion or if they
reached the initially chosen maximum number of sessions. A
maximum number of 30 sessions was established for
stages 1–3, and ten sessions was specified for stage 4
(other fish species). Stage 4 assessed the ability of the fish
to discriminate the recurrent photographs of conspecifics
from other fish species or, on the contrary, to generalize
the learned recurrent stimuli to other stimuli sharing sim-
ilar features (fish shape). As the instruction given in stage
4 (discriminating between two images of fish) was con-
sidered to be ambiguous, we chose ten sessions as a max-
imum, because more than ten sessions to complete could
have cancelled the initial positive association of an image
of a trout with a reward and could have acted as a form of
reversal learning (Kuroda et al., 2017; Lucon-Xiccato &
Bisazza, 2014). The S+ and S- never appeared more than
twice consecutively on the same side. In the case of cor-
rect answers, the fish received a reward, and the screen

turned green for 60 s. If the incorrect trigger was activat-
ed, no food reward was given, and a red screen appeared
for 60 s, followed by a 10-s ITI before starting a new trial.
After a cut-off (no answer within 10 min), no food reward
was given, and a new trial started after the ITI. For all
stages, each session included 12 trials of 10 min each. An
individual was considered to have successfully learned the
task once an S+ selection was significantly different from
chance (50%) for two consecutive sessions (≥ 75%; bino-
mial: P = 0.011, N = 24 trials).

If the maximum number of sessions was reached by the
subject without validating the learning criteria, we repeated
stage 2 (black shape as S-) – the initial successful stage of
the paradigm – as a control to ensure that the overall perfor-
mance of the trained 2-AFC task did not decline with time or
difficulty, as shown in other studies (archerfish: Newport,
Wallis, Temple, & Siebeck, 2013). Therefore, we used 3 steps
for stage 2 (Fig. 2). To prevent any side bias in the first learn-
ing exercise (stage 2), a correction trial (CT) was implemented
in the case of an incorrect response using the same procedure
as described in Knolle, Goncalves, and Morton (2017). This
allowed reusing the exact same set of stimuli in the experiment
until a correct response was made. However, in subsequent
stages, no CT was performed since these stages (objects and
other species as S-) were not training stages but testing stages
with increasing difficulty. Thus, if a side bias was observed in
stages 3 and 4, only a forced test was conducted to eliminate it.
This test consisted of a unique S+ presentation (one of the four
photographs of conspecifics randomly presented) on the
screen on the side opposite from the preferred side until the
fish chose the initially non-preferred side in three consecutive
trials. No S- was presented in the forced test. From stage 2, the
triggers were raised so that they were immersed only 5.5 cm
below the water surface (instead of 9 cm) to prevent involun-
tary activations.

Stimuli

All stimuli were two-dimensional (2-D) pictures created using
Microsoft PowerPoint and ImageJ (Table 1). Images used as
positive stimuli were photographs of four juvenile fe-
male triploid rainbow trout unfamiliar to the tested
trout. The different S+ images used in pretraining (dif-
ferent shapes of different colors) and the S- images
(four blue shapes and a black star) used in stages 1
and 2 were created using PowerPoint. During pretraining, 26
different shapes of nine different colors were used randomly,
but fish were never exposed to images of fish, objects,
or black shapes. For stages 3 and 4, the images used as
negative stimuli were all taken from the internet.
Stimuli were all stretched according to the PowerPoint
slide size (25.4 × 19.05 cm) and were individually
saved in png format. Then, a macro from ImageJ was
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run to adjust their brightness. On the screen, each stimulus
appeared at a size of 14.5 × 11 cm.

Statistical analyses

All tests and graphs were performed using the 1.2.1335 ver-
sion of RStudio and were plotted using the packages ggplot2,
ggthemes, ggsignif, and effects.

Daily discrimination rates shown by each subject are de-
scribed graphically as the percent of correct responses per
session.

Learning criteria were considered significantly different
from chance by using binomial tests. The chance level was
50% in the case of two triggers.

The percentages of correct responses for each trout during
the first session and last session (within each stage) were com-
pared with paired Wilcoxon nonparametric tests.

Eventual preference (proportion of correct responses)
for any S+ (four images of trout) and any S- (60 images
of objects and 60 of other fish species) was analyzed by

using generalized linear models (GLMs) with the MASS
package (in R 3.5.3), considering a binomial distribu-
tion. The following general linear model was used:
glm (cbind(Nb.successes ,Nb.fai lures) ~ Image,
family=binomial (link=logit)).

Eventual effect of trout running order (the order fish were
netted to perform a session) on the percentage of correct re-
sponses was analyzed using linear models (LMs) with the car
package. The following LM was used: lm(Score ~
Running.order).

The results of the GLM and LM analyses were then obtain-
ed thanks to the analysis of deviance table with ANOVA (chi-
square tests for the binomial family). When significant effects
were found, post hoc analyses were performed using HSD-
Tukey tests.

Paired Wilcoxon tests were used to check whether there
was global lateralization (percent of right vs. left activations)
within each 2-AFC stage conducted.

P-values < 0.05 were considered statistically significant for
all statistical analyses.

Fig. 2 Successive exercises performed by fish in the two-alternative
forced-choice test task after trigger habituation. S+ rewarded stimulus;
S- examples of unrewarded stimuli. Stage 1: blue shapes as S-; Stage 2

(step 1): black star as S-; Stage 3: objects as S-; Stage 4: other fish
species as S-. Stage 2 was repeated after stages 3 (step 2) or 4 (step 3)
for the individuals that did not reach the learning criterion

Table 1 Set of all the stimuli used in stages 1–4

Stage

1

2

3

4

Stimuli used as S-Stimuli used as S+

The images used as S- in stages 1 and 2 were created using PowerPoint. The images used as S- in stages 3 and 4 were chosen via the internet. The images
used as S+ were our own photographs. All stimuli were size- and brightness-matched
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Results

Training to activate triggers

Nine of the 15 trout initially trained to activate the triggers
reached the learning criterion of 70% correct responses in
three consecutive sessions (binomial: P < 0.001, N = 30 trials)
after three to 15 sessions. The trout that reached the criterion
after only three sessions is the one that unfortunately died
during the experiment and is thus not further included in the
results, which take into account only the five remaining fish.
One fish never activated a trigger. The others sometimes acti-
vated a trigger, but none were able to reach an accuracy above
the level of chance.

Pretraining to activate a trigger associated with a
stimulus

After a total of 540 trials, none of the nine fish reached the
learning criterion of 80% in two consecutive sessions when
using shapes of different colors as S+ (binomial: P >
0.05, N = 20 trials).

2-AFC with photographs of conspecifics as S+

For all stages, no differences in selection frequency were
found among the four different conspecific photographs pre-
sented as S+ when analyzing the different linear models
(GLMs: P > 0.05). Similarly, no preference or aversion was
found for any images of objects (stage 3) or other fish species
(stage 4) presented as S- (P > 0.05). We did not find any (right
or left) side bias at any stage (Wilcoxon: V = 10, P > 0.05).

Stage 1: Blue shapes as S-

The first stage of the 2-AFC test consisted of displaying four
blue shapes as S- and four recurrent photographs of conspe-
cifics as S+. Even though the scores were mainly at or above
the level of chance, none of the five individuals were able to
meet the learning criterion in 30 completed sessions (Fig. 3).
Trout No. 2 died before completing the 30 sessions and we
thus replaced it in the remaining stages by Trout No. 2 bis,
after it succeeded in the habituation phase (Table 2).

Stage 2: Black shape as S-

The learning criterion of 75% in two consecutive sessions was
reached by the five tested individuals (stage 2-step 1, Fig. 3).
The trout needed between seven and 14 sessions (84–168
trials) to reach the criterion (Table 2).

Only trout No. 4 was subjected to stage 2-step 2 since it
failed in stage 3 (objects as S-). The learning criterion was
again reached by this trout after nine sessions (P = 0.006, N

= 24 trials) (Fig. 3). The five individuals passed stage 2-step 3
since they all failed in stage 4 (species as S-), and they all
again met the learning criterion in two to 15 sessions, except
trout No. 5 (maximum of 30 sessions reached).

Stage 3: Objects as S-

When displaying objects as distracting stimuli, four individ-
uals (out of five) reached a statistically significant S+ selection
frequency (≥ 75% correct responses in two consecutive ses-
sions) in two to 12 sessions (binomial: P < 0.01, N = 24 trials)
(Fig. 3, Table 2). Trout No. 4 reached the maximum number
of 30 sessions without meeting the learning criterion. This
trout reached the 75% correct response level only once (ses-
sion 13) (Table 2).

Stage 4: Other fish species as S-

None of the five individuals was able to reach the learning
criterion within the maximum of ten sessions established for
this stage (Fig. 3). Most of the scores were at or below chance
level (Table 2). Trout No. 1 twice reached 75% or more cor-
rect responses but in nonconsecutive sessions (sessions 3 and
9), and trout No. 4 met the criterion only once (session 8)
(Table 2).

Comparison between first and last session within each stage

We compared the percentage of correct responses between the
first session and the last session for each stage for the five trout
tested in the 2-AFC task (Fig. 4). The results indicate a signif-
icant increase between the first and last sessions for the
trigger habituation stage (Wilcoxon: V = 0, P = 0.031,
N = 5 individuals), for stage 2 (trout as S+ and black shape as
S-), step 1 (V = 0, P = 0.029) and for stage 3 (trout as S+ and
objects as S-) (V = 0, P = 0.029). No differenceswere found for
stage 1 (trout as S+ and blue shapes as S-) (V = 9, P = 0.812)
and stage 4 (trout as S+ and other fish species as S-) (V = 8, P =
0.607).

We found a significant effect of fish running order on the
percentage of correct responses for stage 4 only (LM: F4,45 =
2.90, P < 0.05). Fish netted in fifth position had poorer results
than those netted in the first (Tukey test: P = 0.027) and third
positions (P = 0.017).

Discussion

Here, we investigated the capacity of rainbow trout to solve a
two-choice discrimination task by using an operant condition-
ing device. Fish used the operant conditioning apparatus suc-
cessfully, and we showed that they were able to discriminate
between recurrent 2-D photographs of conspecifics and either
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images of a black shape or any objects displayed on a screen
but not between photographs of conspecifics and blue shapes
or images of other fish species.

Success and usefulness of the operant conditioning
device

In the habituation phase, fish were required to manipulate a
trigger to obtain a food reward while being isolated in a novel
tank. Nine individuals out of 15 completed this task and re-
quired between three and 15 sessions (ten trials each). This
result coincides with that obtained for the African cichlid
Pseudotropheus sp., which needed approximately 100 ± 47

trials (10 ± 4.7 sessions) to get used to a 2-AFC device (ap-
proach the food holder to obtain a reward) (Schluessel et al.,
2012). This performance is impressive in our case considering
that the rainbow trout faced difficulties regarding the initial
group-rearing conditions and ecology. Indeed, the first chal-
lenge might have been to become acclimatized alone in an
unknown area, which represents a considerable source of stress
for rainbow trout reared in groups. This situation resembles the
novel-tank test commonly used to experimentally evaluate
emotional reactivity of fish (Champagne, Hoefnagels, de
Kloet, & Richardson, 2010; Colson et al., 2015). Time was
therefore necessary for acclimation and to associate netting
and the novel tank with the positive event (highly appetitive

Table 2 Percentages of correct responses obtained by the five trout per session for each stage of the two-alternative forced-choice test task task

Stage Trout
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

No.1 80 75 50 50 70 40 50 70 50 50 60 40 30 40 20 60 50 50 40 80 40 70 20 50 60 40 40 40 50 50
No.2
No.3 70 60 60 60 40 60 30 40 50 50 44 90 40 44 44 38 40 50 50 60 60 60 90 40 70 60 50 60 80 60
No.4 75 33 80 67 0 38 50 40 38 100 50 25 33 50 50 38 33 0 20 40 30 50 40 90 40 40 75 30 50 50
No.5 75 40 56 70 50 100 57 11 70 80 60 56 50 50 40 50 50 60 80 50 50 70 40 70 80 50 50 60 50 60

No.1 67 50 67 50 50 75 75
No.2bis 58 50 50 58 50 50 67 58 67 75 75

No.3 83 67 50 58 75 58 58 50 75 83
No.4 42 58 50 75 67 50 50 75 50 67 42 50 75 75
No.5 58 33 67 58 67 50 67 67 92 50 50 83 75

No.1 75 83
No.2bis 67 58 67 58 92 50 50 75 75

No.3 50 33 50 42 75 42 67 83 50 75 58 100 *
No.4 0 50 67 67 33 42 58 67 67 58 50 50 83 42 50 25 58 58 50 67 42 25 58 8 67 42 42 42 67 42
No.5 58 100 58 67 75 42 58 58 75 83

No.1 33 58 83 42 33 67 8 42 75 58
No.2bis 67 50 33 42 42 50 67 30 17 0

No.3 42 58 50 50 58 50 42 50 50 50
No.4 58 58 50 50 67 33 50 75 67 42
No.5 42 50 58 58 58 50 58 58 50 50

4

Session 

1

2

3

Percentages above 75% are bolded. The green highlighting indicates the two consecutive sessions in which an individual reached the learning criterion:
75% (or more) correct responses, which is significantly above chance threshold (50%; binomial test: P = 0.011, N = 24 trials).* Trout No. 3 reached the
learning criterion in stage 3 because the three consecutive scores are significantly above chance threshold (50%) when pooled (binomial test: P = 0.0006,
N = 36 trials)

Fig. 3 Number of sessions needed to complete each stage by each individual (Nos. 1–5). The red labels indicate that the stage was not completed
successfully
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food distribution). Then, the trout were required to learn how to
activate a self-feeder individually outside of their initial context
of group use. Trout reared in groups of 100–300 individuals
require approximately 25 days to reach a stable level of self-
feeding (Alanara & Brannas, 1996). The trout therefore learned
to handle a self-feeder trigger faster on their own – while being
isolated in the test tank – than in a group since it took them 90 ±
60 trials (9 ± 6 sessions). The use of an operant conditioning
device with self-feeders positioned in front of corresponding
visual stimuli represents in itself a significant performance be-
cause it involves a complete panel of cognitive abilities at the
same time (spatial orientation, lever manipulation, object rec-
ognition, temporal and spatial association of environmental
cues) (Jurado-Parras et al., 2013). To our knowledge, this is
the first study demonstrating such cognitive performance in a
farmed-fish species. Studies generally use discrete operant re-
sponses, such as approaching sensors (Siebeck et al., 2009),
time spent near stimuli (Kuroda et al., 2017), passing through
a door to enter a rewarded chamber (Bloch et al., 2019; Gomez-
Laplaza et al, 2018; Mueller & Neuhauss, 2012), but none
where fish had to operate a lever as an active discrete condi-
tioned response. With this last category of conditioned re-
sponse, we demonstrated complex and complete cognitive abil-
ities in rainbow trout. Two reasons may explain their rapid
utilization of this operant conditioning device. First, trout were
reared in enriched tanks (containing artificial plants, rocks, and
pipes), environmental enrichment being known to enhance fish
cognitive capacity (Salvanes et al., 2013; Strand et al., 2010).

However, the effect of environmental enrichment facilitating
operant conditioning in fish deserves to be specifically tested
in future studies. Secondly, the experimentation began when
the trout were juveniles, a life stage with an important behav-
ioral plasticity (Kotrschal & Taborsky, 2010).

While the majority of fish studies requires the intervention
of the experimenter between trials to correctly process the test
(except in Brock, Sudwarts, Daggett, Parker, & Brennan,
2017; Mueller & Neuhauss, 2012), the present testing device
was fully automated to prevent any fish disturbance. To mea-
sure behavior, automating procedures are commonly used in
non-human primates and birds where subjects are required to
make an active choice with touchscreen technologies and in-
crease the reliability and standardization (within and between
laboratory) (Brock et al., 2017). Our device brings for the first
time in fish a reliable automated tool closer to the those used in
other species, increasing both the flexibility and translational
relevance of the results (Horner et al., 2013). This setup can be
added to the existing repertoire of testing devices suitable for
the investigation of simple (decision-making, object
recognition) to more complex (working memory, numerical
rules, categorization) cognitive abilities in fish.

Forced-choice test: One stimulus

The major challenge in the pretraining procedure was to create
an association between a visual stimulus positioned behind
one trigger (out of two) and the activation of the respective

Fig. 4 Median (quartiles: 25%, 75%) percentages of correct responses
during the first and last sessions for each stage: habituation to trigger
activation, blue shapes as S- (stage 1), black shape as S- (stage 2, only
step 1 is presented), objects as S- (stage 3) and other fish species as S-
(stage 4). A photograph of a trout is presented as S+ in each two-

alternative forced-choice test task test. Each color is dedicated to a stage,
and dots represent the proportion of correct responses provided by the
five individuals. The black dotted line represents chance level. Medians
were compared between the first and last sessions using theWilcoxon test
(*: P<0.05; ns: nonsignificant; N = 5)
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trigger, which only then delivered food. Here, the rewarded
stimulus was different shapes of different colors that changed
between trials. After a total of 540 trials, no fish reached the
learning criterion. Previous studies report that cichlids re-
quired 40 ± 20 trials (Schluessel et al., 2012), horses required
between 840 and 1,100 trials (Gabor & Gerken, 2012), and
goats needed approximately 1,000 trials (Langbein et al.,
2004) to learn a similar task but using only one or two differ-
ent black symbols. The presentation of only one similar stim-
ulus (or two) may have helped the fish to focus on the correct
trigger and reach the learning criterion more easily in this task.
However, a recent study showed that zebrafish were able to
make a 2-AFC task by moving directly from the habituation
stage to the 2-AFC paradigm without any presentation of a
unique stimulus (Bloch et al., 2019). Therefore, pretraining
using only one stimulus displayed on the screen may not have
been necessary in our experimental design. Indeed, when the
2-AFC test began with a photograph of a conspecific as S+
and a distracting stimulus (S-) displayed on either side, fish
started to respond above chance level. As predicted by Fuss,
Bleckmann, and Schluessel (2014), they seemed more
attracted by a biologically relevant stimulus than to any kind
of abstract shape. They also possibly needed the presence of a
distracting stimulus, allowing the possibility to show a relative
preference for the reinforced image of fish. Similarly, sharks
need twice as many sessions to discriminate between a posi-
tive stimulus and a blank screen than between two distinct
stimuli (Fuss et al., 2014). This is in accordance with
Catania (1975), who demonstrated a preference for the avail-
ability of alternatives over unique stimuli in pigeons exposed
to choice tests.

Alternative forced-choice test: Two stimuli

When the 2-AFC started, the distracting stimuli were repre-
sented by four blue shapes (and images of conspecifics as S+),
and no fish performed successfully within 30 sessions. Blue
has been shown to be one of the preferred colors of rainbow
trout (along with green) when given a choice (Luchiari &
Pirhonen, 2008; Maia et al., 2017). This visual preference
for blue color may have caused a conflict of interest between
the two stimuli presented on the screen, and affected the dis-
crimination performance, as observed in zebrafish (Oliveira
et al., 2015; Roy et al., 2019). Moreover, blue shapes were
also presented as S+ in the pretraining procedure and could
have acted as a reversal instruction, increasing the conflict of
interest between blue shapes as S- and images of conspecifics
as S+. To increase the visual contrast between stimuli and
because other species succeeded when using only one or
two shapes as S- for a similar study design (Gabor &
Gerken, 2012; Langbein et al., 2004; Schluessel et al.,
2012), a unique black shape was ultimately chosen as S- in
stage 2. This constituted a success since all the fish tested with

this last combination met the learning criterion in a range of
126 ± 42 trials (10.5 ± 3.5 sessions). Therefore, when given
the appropriate stimuli, rainbow trout are able to learn a 2-
AFC task as quickly as higher-order vertebrates (horses:
Gabor & Gerken, 2012; goats: Langbein et al., 2004).
Similar cognitive performance has also been demonstrated in
other fish species. Cichlids took 116 ± 90 trials (11.6 ± 9
sessions) and goldfish took 2,000–3,500 trials (20–35 ses-
sions) to discriminate between a square and a triangle
(Schluessel et al., 2012). The gray bamboo shark needed 98
± 50 trials (9.75 ± 5.04 sessions) (Fuss et al., 2014) to reach a
75% correct response level in the same task (discriminating a
square from a triangle). In a 2-AFC test based on color dis-
crimination (red and green), five sessions were sufficient for
zebrafish to meet the learning criterion (Bloch et al., 2019).
Here, we show for the first time similar discriminative abilities
between two different visual stimuli (a black star and photo-
graphs of conspecifics) in a selected farmed fish species –
while other studies used principally wild fish or fish from
pet stores.

The fish decision strategy could have been to avoid S- on
the basis of its characteristics instead of associating the pho-
tograph of a conspecific with a reward, as previously observed
in Peters’ elephant-nose fish (von der Emde & Fetz, 2007).
However, four individuals (out of five) were successful in
discriminating between images of conspecifics and objects
in 7 ± 5 sessions in stage 3. This indicates that the fish did
not simply learn to avoid the black star in the previous stage
but rather chose the S+ because of its positive association with
the reward.We cannot exclude that an innate visual preference
for photographs of conspecifics has explained this result.
These preferences can be very strong and affect discrimination
performance, as shown in other fish species (Oliveira et al.,
2015; Roy et al., 2019). However, the fact that performance
significantly changed between the first and the last sessions
suggests the role of learning here. Also, trout failed to reach
the learning criterion in stage 1 and stage 4, which suggests
that they have no innate preference for the photographs of
conspecifics presented as S+. To validate this finding, it would
be interesting to use the photographs used here as S+ as the S-
in a future study. The individual that did not succeed in this
task was tested again in stage 2 to control for its overall per-
formance in the 2-AFC task, and it discriminated again be-
tween the black star and the images of conspecifics in nine
sessions. This confirms that this individual did not stop being
motivated to use the apparatus but was unable to perform
correctly in stage 3, illustrating the intraspecific variability in
behavioral responses existing in rainbow trout. We noticed
that this individual was easily stressed, and any perturbation
(here, a novel stage) was sufficient to induce behavioral inhi-
bition, resulting in the stress-coping style described in highly
responsive strains of rainbow trout (Overli et al., 2007). The
60 objects used as S- in stage 3 were all taken from the internet
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and were as various as a clock, an armchair, a computer, a
desk, and a bottle. No object was particularly preferred/more
often chosen by the fish during all the sessions, and the only
common feature among them was their nonbiological rele-
vance for fish. Schluessel et al. (2012) showed that the
African cichlid Pseudotropheus sp. distinguished between
two mental categories (“fish” and “snail”) by examining the
entire stimulus rather than individual features. The authors
consider that since predators, prey, conspecifics, and objects
(shelters or landmarks) present in a habitat may vary in size,
shape, and color, using general similar features provides fish
with a certain degree of flexibility to react appropriately. Here,
fish might have distinctly memorized or classified the two
categories “objects” and “fish” in their entirety as nonbiolog-
ically relevant and biologically relevant, or non-fish and fish,
respectively.

When discrimination difficulty increased in stage 4, where
photographs of other fish species were displayed as S- (and
conspecifics as S+), performances dropped to the chance
threshold. In this case, the visual difference between S- and
S+ was not as obvious as that between a fish and an object,
and all individuals failed in the two-discrimination task.
However, we know that teleost fish are able to see complex
and contrasting patterns (Ben-Simon et al., 2012; Champ
et al., 2014; Gierszewski et al., 2013), but note that none of
these studies have specifically focused on the visual acuity of
rainbow trout. Rainbow trout recognize visually their conspe-
cifics (Höjesjö et al., 2015; Johnsson & Åkerman, 1998), but
no study investigated whether rainbow trout can discriminate
them from heterospecifics. Here, we considered that the fish
recognized the general outline of a conspecific as a fish but
similarly recognized the shape of any other fish species. If
trout learned the category "fish" (all species combined be-
cause of biological relevance) rather than remembering the
four photographs of their conspecifics, this could explain the
poor performance observed in stage 4, linked to the shared
features between the positive and the negative stimulus.
However, three scores reached the 75% level of correct re-
sponses but in nonconsecutive sessions. A maximum of ten
sessions was chosen for this stage since the instruction given
(discriminating between two images of fish) was considered to
be too ambiguous and more than ten sessions would have
perhaps cancelled the initial positive association of an image
of a trout with a reward and could have acted as a reversal
learning, as shown in zebrafish (Kuroda et al., 2017).
Therefore, perhaps a few more sessions would have been nec-
essary to know with accuracy whether rainbow trout are able
to visually distinguish between conspecifics and other fish
species in this experimental set up. An extra experiment run-
ning stage 4 for more than ten sessions is necessary and is
currently planned to elucidate this question. Another explana-
tion for this failure in stage 4 concerns the use of static images
displayed on screen monitors in the investigation of live

animal discrimination. Many fish species – including rainbow
trout (Höjesjö et al., 2015; Johnsson & Åkerman, 1998) – are
able to recognize live conspecifics individually using visual
cues (Culumber, 2015; Griffiths & Magurran, 1999; Roux
et al., 2016). However, when males and females of the pea-
cock blenny (Salaria pavo) were presented with a live con-
specific male or a video of the same individual, the video
images failed to elicit appropriate behavioral responses
(Goncalves, Oliveira, Korner, Poschadel, & Schlupp, 2000).
In the case of anemonefishes (Johnston & Dixson, 2017) and
Lake Malawi cichlid species (Knight & Turner, 1999), it was
shown that a combination of visual and other senses stimuli
(chemical cues) can be fundamental in conspecific recogni-
tion. The importance of olfactory versus visual cues in con-
and hetero-specifics recognition varies across species
(Santacà, Busatta, Lucon-Xiccato & Bisazza, 2019). As in
other fish species (coral reef damselfish: Holmes &
McCormick, 2010; zebrafish: Speedie & Gerlai, 2008; cich-
lids: Vavrek & Brown, 2009), rainbow trout can perceive
conspecifics using chemical cues (Brown & Smith, 1997). In
the motionless 2-D images displayed on the screen, rainbow
trout could perceive neither behavioral features nor other sen-
sory cues (olfaction or mechanoreception) present in live fish.
In this way, 2-D images may not be appropriate for rainbow
trout to recognize between con- and hetero-specifics.

Interestingly, an effect of trout’s running order was ob-
served only at this stage. An individual tested at the last place
(fifth) presented weaker performances than when tested earli-
er. One could have predicted the opposite result, fish being
tested earlier in the day (closer to their last feeding) being less
motivated to receive the food-reward than others. However,
the overnight food-deprivation period varied between fish
from 18 h to 24 h (depending on their running order), which
is a duration long enough for all of them to ensure a similar
food motivation. More importantly, when a stage appeared
easier to the fish (stages 2 and 3), running order did not affect
the conditioned responses. The time of passage possibly inter-
fered with the stress accumulated by repeated netting in the
rearing tank, affecting the score of the last fish netted at stage 4
only, when the instruction given required all fish attention.
Indeed, acute stress is known to impair fish attention and
learning performance (Gaikwad et al., 2011). To control for
their overall performance in the 2-AFC task, the black star was
again presented as S-, and four individuals (out of five)
regained the criterion level in stage 2-step 3. Again, the failure
to discriminate between two images of fish (con- and hetero-
specifics) was thus not simply due to a lack of motivation to
answer.

In training procedures, the success of a few individuals is
sufficient to generalize proven cognitive abilities to the whole
species. In some cases, even one individual completing a task
is adequate, meaning that the brain of the members of the
species is endowed with neurocognitive systems that likely
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support the resolution of the task (Agrillo & Bisazza, 2014).
As in the present experiment, animal cognitive studies gener-
ally include few experimental subjects (archerfish: six individ-
uals tested: Newport, Wallis, & Siebeck, 2015; sheep: eight
individuals tested: Knolle et al., 2017; horses: seven individ-
uals tested: Gabor & Gerken, 2012). We can therefore consid-
er that in our experimental paradigm, rainbow trout species are
capable of discriminating in a 2-AFC task between a photo-
graph of conspecifics and a black star (five individuals
succeeding) and between conspecifics and any other object
(four individuals succeeding). This finding adds to the body
of evidence that fish have good learning skills, even in the
absence of a neocortex, the cerebral region involved in learn-
ing processes in mammals (Seger & Miller, 2010), and pre-
sents a novel method with which to study a diverse range of
fish discrimination abilities.

Rainbow trout cognitive performance under farming
conditions

The present study demonstrates that a farmed fish species is
capable of object recognition and likely possesses categoriza-
tion learning abilities. Distinguishing items in the environ-
ment – i.e., conspecifics and objects (pipes or landmarks)
present in the rearing tank – in an organized manner
(categories) allows fish to solve problems, communicate in
groups, and obtain information (Oliveira et al., 2015). Their
ability to visually recognize different items present in the en-
vironment and to memorize them might reduce costly efforts
to consider as a new information the same item when
encountered again. Individual recognition may even help
to decrease aggression by ensuring a stable social hier-
archy since trout avoid repeating costly social interac-
tions when they have already confronted each other’s
(Johnsson, 1997; Johnsson & Akerman, 1998). Finally,
distinguishing those items without ambiguity certainly
allows rainbow trout to spend time on other essential
activities (foraging, exploring) and reduce stress due to the
inherent unpredictability of captive environments.

The performance exhibited by rainbow trout while using
the conditioned device opens new perspectives concerning the
possible cognitive enrichments to be developed in future farm-
ing systems. Cognitive enrichment, also known as occupa-
tional or psychological enrichment, represents the possibility
for animals to meet moderate challenges by using their cog-
nitive abilities and/or to actively interact with their environ-
ment (Manteuffel et al., 2009; Meehan & Mench, 2007;
Oesterwind et al., 2016). Challenges range from simple ma-
nipulations (devices to obtain food) to more complex chal-
lenges (puzzle solving) tailored to the ecology of the species.
It mainly aims at reducing psychological monotony of often-
impoverished environments by introducing predictable and/or
animal-controllable variations (Naslund & Johnsson, 2016).

Reducing the psychological monotony of impoverished envi-
ronments might become more important after highlighting the
complex cognitive performance displayed by rainbow trout
through this experiment. This knowledge could be applied to
provide stimulations for engaging their advanced cognitive
capacities, in order to improve their rearing conditions. For
instance, novel cognitive enrichments could include visual
stimulations inside the tanks or “improved” self-feeders (de-
livering food only when a goal is achieved), and would en-
hance fish welfare under future farming conditions.

These findings are also important in a welfare context since
evidence that farm animals have cognitive skills comparable
to those of so-called higher vertebrates encourages social
awareness of the need to improve their welfare.

Conclusions

To conclude, rainbow trout rapidly learned how to operate a
self-feeder individually in conditions of social isolation. This
reliable automated tool closer to the operant setup used in
higher species can be added to the existing repertoire of testing
devices suitable for the investigation of cognitive abilities in
fish. We also showed that rainbow trout are able to discrimi-
nate a pool of four recurrent conspecifics from a unique black
shape and from different objects but not from other fish spe-
cies. Whether the trout needed more than ten trials to demon-
strate their ability to discriminate visually between con- and
hetero-specifics, if they learned a category “fish shape” or
“biologically relevant” and thus could not distinguish between
the positive and negative stimuli presented because of shared
features, or if they instead needed to see the two “fish” stimuli
live to perceive any behavioral or other sensory features, still
needs to be further tested in dedicated experiments. With the
visual items chosen for the 2-AFC task, we cannot completely
exclude that at some of the results were due to innate visual
preferences for the photographs of conspecifics, but the
fact that the performance increased between the first and
the last session suggests the role of learning here. The
ability to visually recognize different items present in
the environment and to memorize them reduces costly
efforts to consider as new information the same item
when encountered again.

This study sheds new light on the mental capacities of
rainbow trout, a farmed animal often forgotten in public con-
cerns. Its success in operating self-feeders in a complex situ-
ation may help us to develop species-specific ethological-
based tools, or cognitive enrichments, in order to increase
the welfare of the fish in future farming systems.
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