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Abstract
Fish rival birds andmammals inmany of their cognitive skills, and have been shown to successfully discriminate between a range
of stationary and moving objects. The present study tested the ability of Pseudotropheus zebra to recognize unique movement
patterns shown in the form of a single moving dot, point displays (PDs), point-light displays (PLDs), and videos of moving
organisms in two alternative forced-choice experiments. Cichlids successfully distinguished between (1) different directions of
movement, (2) a biological vs. a randommovement, (3) a biological (humanwalking) vs. a scrambledmotion pattern, and (4) two
biological motion patterns (human walking to the left vs. to the right). Following training in (3), it was tested if the walking
human was also correctly identified when either the positive, the alternative, or both stimuli were altered or presented inverted;
following training in (4), stimuli were presented inverted ormoving backwards.With the exception of the presentation of inverted
and backwards-moving stimuli, fish excelled at these tasks. Furthermore, cichlids successfully discriminated between videos of
different organisms such as eel vs. trout, human vs. dog, eagle vs. bat, and dolphin vs. shark. Following each training, a series of
transfer tests elucidated whether P. zebra could also recognize these organisms when shown in transfer test trials (a) from a
different perspective (front or sideways), (b) enlarged or downsized, or (c) as PDs.With few exceptions, all individuals learned all
tasks and significantly often chose the previously reinforced (but altered) training stimulus over the alternative one during transfer
tests. This indicates that cichlids have the ability to recognize a familiar organism under new conditions, for example, based on its
movement alone, which may be helpful in recognizing approaching predators early on.

Significance Statement
Fish can solve a variety of learning and memory tasks including visual discrimination of objects. Here it was tested if cichlids
(Pseudotropheus zebra) can distinguish between pairs of videos featuring individually moving dots, dot patterns and moving
organisms. Overall, fish were very successful and solved most of the presented tasks. They differentiated between movement
directions and movement types, recognized stimuli in transfer tests under altered conditions, and identified familiar organisms
when shown resized, from new perspectives or in form of point displays. To be able to recognize movement and to identify
organisms based on their specific movement patterns (alone) in the wild is essential to individual survival, as predators, conspe-
cifics and/or prey are usually mobile. Additionally, predators are often encountered at night or when light levels are low, making it
harder to successfully distinguish general body features such as coloration and adding significance to being able to quickly
recognize motion cues. It should be equally advantageous to be able to recognize organisms such as predators from unfamiliar
perspectives. Stimuli used in this study were not of any ecological relevance; they were chosen purely for their characteristic type
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of movement and just served as vectors to determine transfer abilities of gained knowledge onto new situations. Nonetheless,
having excelled at tasks using these stimuli, it seems quite likely that cichlids would perform even better under ecologically
significant conditions.

Keywords Cognition . Operant conditioning . Learning . Point-light display . Fish .Memory

Introduction

Behavioral experiments assessing visual abilities of fish have
come a long way in the last century. After initial experiments
revealed that teleosts can see color (e.g., Schiemenz 1924;
Schaller 1926) and can distinguish between geometric figures,
sizes, surface areas, contrasts, and numerous other variables
(reviewed in Herter 1953), fish have been the subject of a wide
range of diverse discrimination experiments. From size and
form constancy (Douglas et al. 1988; Schuster et al. 2004;
Frech et al. 2012; Schluessel et al. 2014a, b) to object recog-
nition and categorization (e.g., Neri 2012; Schluessel et al.
2012), to recognition of symmetrical symbols (Schluessel
et al. 2015), optical illusions (e.g., Wyzisk and Neumeyer
2007), numerical competency (e.g., Agrillo et al. 2014;
Mehlis et al. 2015), and the ability for amodal completion
(e.g., Sovrano and Bisazza 2008; Darmaillacq et al. 2011),
fish have excelled in many cognitive tasks, both in the labo-
ratory and in the wild, in training tasks as well as innate pref-
erence tests (reviewed in Herter et al. 1953; Brown et al. 2011;
Schluessel 2015). Still, surprisingly few studies have used
moving stimuli to assess movement perception and discrimi-
nation abilities on a cognitive level (e.g., Sashar et al. 2005;
Baldauf et al. 2009; Gori et al. 2014; Nakayasu and Watanabe
2014; Schluessel et al. 2015; Fuss et al. 2017) or in studies
unrelated to cognitive investigations (e.g., Clark 1981; Orger
et al. 2000; Turnell et al. 2003; Gerlai et al. 2009; Abaid et al.
2012a, b).

Biological motions describe characteristic movement pat-
terns of living organisms (Johansson 1973). These are usually
visualized in the form of white dots on a black background
(point-light display, PLD), where the dots are situated in stra-
tegically important places such as joints, the spine, and the
head. Themore dots, the greater the information content; how-
ever, in most cases, five to ten dots are sufficient for
humans to recognize human movement (Johansson 1973).
Apart from just movement, humans can also recognize many
additional features from human PLDs, such as emotion, gen-
der, friends, and even themselves (Cutting and Kozlowski
1977; Kozlowski and Cutting 1977; Beardsworth and
Buckner 1981; Mather and Murdoch 1994). Humans use bi-
ological motion information furthermore to identify activities,
gestures, and other motions. This can be specifically useful in
social or cultural situations, andmay also be important to other
(social) species, including fish. Biological motion perception
has been studied in several non-human species so far, e.g.,

primates (e.g., Siegel and Andersen 1988; Tomonaga 2001;
Parron et al. 2007; Brown et al. 2010; Vangeneugden et al.
2010), rats (e.g., MacKinnon et al. 2010; Foley et al. 2012),
cats (Blake 1993), dolphins (Hermann et al. 1990), birds (e.g.,
Dittrich and Lea 1993; Dittrich et al. 1998; Regolin et al.
2000; Vallortigara et al. 2005; Vallortigara and Regolin
2006; Ortega et al. 2009; Troje and Aust 2013), and fish
(Orger et al. 2000; Nakayasu and Watanabe 2014;
Schluessel et al. 2015; Fuss et al. 2017). All of the assessed
species were successful in either discriminating between bio-
logical and scrambled motions or in more advanced tasks
involving complex manipulations. However, not all animals
were able to generalize learned knowledge (e.g., MacKinnon
et al. 2010).

Studies using PLDs or point displays (PDs) in fish are rare
(Orger et al. 2000; Nakayasu and Watanabe 2014; Schluessel
et al. 2015; Fuss et al. 2017). Schluessel et al. (2015) studied
two teleost species in regard to the discrimination of simple
and complex movement patterns of dots and objects, includ-
ing biological motion patterns using PDs and PLDs. Cichlids
successfully differentiated between most stimuli presented
but, surprisingly, failed to recognize familiar organisms when
shown as PDs, i.e., when the information content of the stim-
ulus was reduced to the movement of the organism. A similar
study on juvenile bamboo sharks gave comparable results;
sharks successfully discriminated between videos of dots
moving in different directions and videos of moving organ-
isms (Fuss et al. 2017) but in most cases failed to transfer the
learned information to new forms of stimulus presentations,
i.e., when these were shown from new perspectives, enlarged
or size reduced or in the form of PDs. However, as opposed to
the cichlids in the study by Schluessel et al. (2015), sharks
recognized two of their training stimuli, i.e. Beel^ and Btrout^
when presented as PDs.

As the results of the first study on cichlids (Schluessel et al.
2015) were generally promising but could not provide direct
support for the fishes’ ability to transfer learned information to
PD presentations, the present study was designed to explore
this topic in greater depth. Two aims were formulated; first, it
was assessed whether cichlids can distinguish between differ-
ent combinations of biological and scrambled biological mo-
tion (presented as dot patterns) and whether the learned infor-
mation can be applied to new or altered stimulus presentations
(e.g., new proportions, inverted, walking backwards).
Previous studies have shown that once a PLD is presented
upside down, humans’ ability to recognize the stimulus is
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strongly impaired (e.g., Sumi 1984; Pavlova et al. 2002;
Chang and Troje 2008). Similar inversion effects were also
observed in several other species, such as cats (Blake 1993)
and chickens (Vallortigara and Regolin 2006), and at least to
some degree in pigeons (Troje and Aust 2013).

An interesting aspect about the observed inversion effects
in terrestrial animals is the role of gravity. In humans, it was
shown that the direction of gravitational acceleration experi-
enced by upper and lower limbs, and particularly by the feet of
a walking individual, provides a strong cue that validates the
visual stimulus as being animate and potentially interesting
(Troje and Westhoff 2006; Hirai et al. 2011a, b; Troje and
Chang 2013). Gravitational acceleration forms a visual invari-
ant that constitutes a general detection system that draws at-
tention to other animals even if they appear in the very periph-
ery of the visual field (Thompson et al. 2007). It triggers
orientation responses (Hirai et al. 2011a, b) and seems to be
present already in newborn babies (Simion et al. 2008) as well
as in newly hatched chickens (Vallortigara and Regolin 2006).

In aquatic environments, gravity plays only a minor role in
locomotion and the terrestrial Blife detector^would be useless.
In that context, we are interested in exploring if fish are sen-
sitive to inversion effects in biological motion at all. If they
are, then it is likely not a response to inverted gravity, but
rather demonstrating sensitivity to configural aspects of per-
ceived body shape.

The second part of the study aimed at examining
whether cichlids can recognize videos of different organ-
isms and altered variations thereof (i.e., shown from new
perspectives, enlarged or size reduced or in the form of
PDs). Models were chosen based on motion similarity
between pairs (e.g., bats and birds generally feature a
similar type of movement yet different enough to be told
apart) and dissimilarity among different pairs (terrestrial,
aquatic, aerial) as to assess different types of movement.
Variation in the type of movement was considered to be
more important than ecological relevance of individual
stimuli, as the overall aim was to test if organisms, even
naturally unfamiliar ones, can be identified (after a train-
ing exposure) based on biological motion itself. Previous
studies have shown that cichlids have profound categori-
zat ion abi l i t ies (Schluessel et a l . 2012, 2014a,
b) indicating that they can solve tasks without paying sole
attention to selected stimulus features, such as edges or
lines, but to the stimulus as a whole. This ability should
theoretically aid or enable cichlids also to recognize fa-
miliar objects when presented under altered conditions.
Furthermore, considering that fish constantly move in a
three-dimensional world, the ability to recognize organ-
isms from new, previously not encountered perspectives
and based on characteristic movements alone would be
highly advantageous and is therefore expected.

Material and methods

Animals

The subjects were eight Malawi cichlids (Pseudotropheus
zebra) obtained from a commercial aquarist shop. All but
one individual had already participated in other behavioral
experiments. All individuals were bred in captivity and ranged
between 6.0 and 7.0 cm in total length. Sex could not be
determined phenotypically. The number of animals used var-
ied between the individual experiments and is provided at the
beginning of each respective section.

Setup

The cichlids were individually housed in 50-L aquaria
(62 cm × 31 cm × 31 cm), filled with aerated and filtered
water and kept at a temperature of 25–26 °C. The aquar-
ium served both as a holding as well as an experimental
tank (see Fig. 1). The walls and floor of each tank
consisted of light gray polyvinylchloride, while the front
was made of white frosted plastic. A partition was
inserted into the middle of the tank, separating a back
from a front compartment. The back compartment
contained a pump and filter system (Duetto Cobra DJC
50) as well as a heating element. In the center, the gray
partitioning was fitted with a small transparent guillotine
door, controlled remotely by a hand-operated device. In
the absence of testing, the door was kept open and the fish
could move freely between compartments. Prior to train-
ing, the door was closed, restricting the fish to the back
compartment. On the inside of each aquarium front, two
feeders were installed (Fig. 1), consisting of two small
pieces of plastic pipe that were attached to the wall with
suckers. Into each pipe, a hose filled with food (food
pellet, ©Sera, Germany) was inserted. On the other end,
the hose was connected to a syringe through which the
food delivery was controlled remotely. The front compart-
ment was further divided into a right and a left compart-
ment; parallel to the front wall, a line indicated a 5.0-cm-
wide area, which together with the right and left divisions
created two areas into which the fish had to swim in order
for its stimulus choice to be valid. Stimuli (black shapes
on a light gray background) were projected onto the acryl-
ic glass front of the tank just below the feeders, using an
LCD projector (ES 521 Optoma, DLP®, China), which
was located in front of the tank and connected to a laptop
computer. Markings on the acrylic glass guaranteed a pro-
jection onto the same fixed area in each session. The
stimuli were projected at the same height as the guillotine
door to ensure that individuals could immediately see
them when exiting the door.
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Experimental procedure

Experiments were conducted during daylight hours; there was
a natural light:dark cycle. All experiments were conducted as
two alternative forced-choice experiments. Individuals had to
choose between two videos, forming a stimulus pair. One
video presented the Bpositive^ stimulus and choosing it was
rewarded while choosing the alternative, Bnegative^ stimulus,
was unrewarded. Sessions were conducted daily and approx-
imately at the same time of day with each animal. Each session
consisted of ten trials (these were termed Bregular^ trials to
distinguish them from Btransfer test^ trials, which are de-
scribed in the BTransfer tests^ section). Both feeders were
baited in each trial to prevent olfactory cues guiding the fish.
Stimuli were projected onto the milk-colored front. Locations
of the two stimuli were counterbalanced. The order was ran-
domized; however, the same configuration was not shown
more than twice in a row.

At the beginning of each trial, the fish was in the back
compartment. The guillotine door was opened and the fish
was allowed to enter the front compartment. Once the door
was opened, the fish had to make a choice within 2 min;
otherwise, the trial was terminated and no response was reg-
istered. A response was recorded as soon as the fish crossed
over the decision line as indicated by markers. A correct
choice was rewarded with a food pellet. Immediately follow-
ing an incorrect choice or after consuming the reward, the fish
was ushered back into the back compartment with the help of
a small net. Intertrial time was 30 s. Training ended when the
learning criterion was reached which was established at
performing successfully in at least seven out of ten trials (≥
70% correct choices; one exception: nine out of 12, i.e., ≥ 75%
in E6) in three consecutive sessions (χ2 (1) test, p ≤ 0.05). If
the learning criterion was not reached within 30 sessions, the
task was classified as not learned. For each session, the aver-
age trial time and the percentage of correct choices were re-
corded. Trial time was defined as the time the fish needed to
swim through the guillotine door and cross the line in front of
the food holders. Time was recorded using a stopwatch.

Pretraining

Prior to training, the fish had to get used to the apparatus and
to feeding from the feeders. The guillotine door was open, the
feeders were in place, and the fish were only fed at the feeders.
In a second step, the door was closed and only opened when
the fish pressed against it or waited in front of it. After the fish
had learned to swim through the open door and approach the
feeders while the projector was on, training started.

Training

With the exception of experiment 1 (in which group 1 (N = 4)
was trained to prefer the horizontally moving stimulus and
group 2 (N = 4) the vertically moving stimulus), the designat-
ed positive stimulus was always the same for all individuals
(N = 8) in each experiment. In total, there were eight experi-
ments, each featuring a different stimulus pair. Please refer to
the following section on Bstimuli^ for construction of these;
screenshots of the stimuli (videos) are provided in Figs. 2, 3, 4,
5, 6, 7, 8, and 9, and experimental conditions are summarized
in Table 1. Please see supplementary videos E1–E8 for com-
plete stimulus presentations (videos are named after the ex-
periments; there is only one video per experiment; however,
during the sessions, two identical versions were used in which
only the position of the positive stimulus varied (either on the
right or on the left).

Experiments E1–E4 assessed the ability of cichlids to dis-
criminate dots moving in different directions (E1a, b; Fig. 2),
biological* (the asterisks denotes the positive stimulus from
here onwards) vs. random motion (E2; Fig. 3; video ESM_1),
biological* (human walking) vs. scrambled motion (E3;
Fig. 4a–d; videos ESM_2, ESM_3), and right-facing point-
light walkers* from left-facing point-light walkers (E4;
Fig. 5a–c; video ESM_4), (Table 1). In E3, additional transfer
tests (see below) were performed, in which stimulus pairs
were shown featuring (a) an altered positive stimulus (Bbig^
human instead of Bnormal^ sized), (b) an altered alternative
stimulus (different dot pattern), (c) both stimuli altered as in a
and b (video ESM_3), and (d) both stimuli inverted (Fig. 4).
Training in E4 consisted of three parts, i.e., as the fish had
difficulty distinguishing the stimuli, the speed of movement
was consecutively reduced from normal, veridical speed (1.0)
to speeds that were either 0.7 or 0.4 times the veridical speed.
Transfer tests in E4 tested whether point-light walkers (speed
0.4) could still be identified when they were (a) inverted or (b)
moving backwards (Fig. 5).

In the second set of experiments, the fish had to discrimi-
nate between videos showing the silhouettes of moving organ-
isms, i.e., eel* vs. trout (E5, Fig. 6a–e; videos ESM_5,
ESM_6), human* vs. dog (E6, Fig. 7; videos ESM_7,
ESM_8), eagle* vs. bat (E7, Fig. 8; videos ESM_9,
ESM_10), and dolphin* vs. shark (E8, Fig. 9; videos

Fig. 1 Experimental apparatus
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ESM_11, ESM_12; Table 1). Following each training, four
sets of transfer tests T1–T4 (see below) were conducted for
each experiment (E5–E8) in which the organisms were shown
(a) enlarged, (b) size reduced, (c) in the same color (only E5),
(d) from a new perspective (front or sideways, E6–E8), and (e)
in the form of a PD (see respective Fig. 7b–e; videos ESM_6,
ESM_8, ESM_10, ESM_12). In E6, training stimuli consisted
of two different sets of videos, one in which the human and
dog were of Bnormal^ size and one in which the human was
reduced to the height of the dog (Fig. 7). As the two stimuli
varied considerably in height, this attempted to take the focus
away from height as a deciding factor. Both versions were
presented within each session in a random order but equally
often (n = 5; n = 6 in E6).

Transfer tests

Transfer test trials elucidated whether the fish could apply
previously gained knowledge during training to a new situa-
tion. Transfer tests were only conducted if the learning crite-
rion was reached. As the transfer tests were unrewarded, they
also served as a control to determine if baiting had any un-
wanted effect on the stimulus selection process. After the fish
reached the learning criterion in the regular trials, an 80%
rewarding scheme was introduced. From then on, food was
only provided in a maximum of eight (out of ten) correct trials;
prior to each session, it was randomly determined which two
trials would remain unrewarded (regardless of choice). This
served to prepare the fish for the subsequent introduction of

the unrewarded transfer test trials, i.e., by keeping the fish
from realizing that only these trials were unrewarded and
therefore not worth participating in. If performance during
the 80% rewarding scheme remained unaffected, transfer trials
started [n = 10 (E3–E4) and n = 20 (E5–E8) per individual].
Two transfer trials were randomly interspersed with the ten
Bregular^ trials within a session.

Stimuli

Dot pattern (experiment E1)

To generate the artificial dot pattern, a sinusoidal frequency
was applied to the motion of single dots/points using
MATLAB (R2011a). The amplitude of the point motion was
determined in proportion to the image size and frequency
given in hertz (see also Schluessel et al. 2015).

Biological vs. random movement (experiment E2)

Both animations were created using MATLAB (R2011a).
Seven moving dots were arranged to mimic the motion of a
stationary human runner presented from a sagittal viewpoint.
The dots forming the Blegs^ were joint at a central dot point,
which was moved up and down in a sinusoidal motion. Each
Bleg^ consisted of two dots, indicating knee and foot. The
rotational velocity of the knee joints around the central point
was sinusoidal, with the knee joints swinging backwards and
forwards. The rotational velocity of the feet around the knees
was also sinusoidal, with the feet swinging backwards and
forwards. In the case of the randommotion, the animation also
consisted of seven moving dots, with a central point providing
the attachment site of the Bknees^ and the Bfeet.^ However, as
opposed to the biological motion depicting a Brunner,^ the
rotational velocity of knees and feet was not sinusoidal but
random.

Motion PLDs (experiments E3 and E4)

Biological motion point-light displays were based on generic
walking obtained by averaging 50 male and 50 female walk-
ing sequences that were recorded using optical motion capture
(Troje 2002, 2008). For stimuli design, the program

Fig. 2 Stimulus pairs (videos) for
E1. a A vertically moving dot vs.
a horizontally moving one. b A
diagonally moving dot vs. a di-
agonally moving dot moving in
the opposite direction. There were
two groups differing in regard to
the positive stimulus

Fig. 3 Stimulus pair (videos) for E2. Random dot movement vs. biolog-
ical (repetitive) movement*
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BBiomotionlab^ (NF Troje) was used. The veridical gait fre-
quency of the walker was 1.05 Hz. In E4, speed was slowed
down by factors 0.7 and 0.4. All walkers in E3 were shown in
front view and in E4 in profile view (either left facing or right
facing), walking stationary as if on a treadmill. Walkers
consisted of 11 dots representing major joints of the body
(two ankles, two knees, one hip, two wrists, two elbows, one
shoulder) as well as the center of the head. The dots were
white on a black background and had a diameter of 1 mm
on the computer screen, but were larger (2.5 mm) once pre-
sented to the fish via the projector (from now on, only the size
of the dots as seen by the fish is provided). Each walker dis-
play measured 9 cm × 4 cm. Videos were generated at 25 fps.
They were encoded with the MPEG4 codec and were played
back with Windows Media Player embedded into MS
PowerPoint. The scrambled biological motions in E3 were
based on the point-light walkers described above. They were
created by randomly displacing the individual trajectories of
the walkers within the area covered by the walker, then ran-
domizing the phase relations between the dots. For the transfer
tests in both experiments, the individual trajectories of the dots
were changed according to the specific task.

Eel vs. trout (experiment E5)

A real trout and eel were filmed from below in a flow channel
(working section: width 28 cm, height 40 cm, length 100 cm,
water level 28 cm, flow 0–8 cm/s). Video data were processed
with MATLAB (R2011a). First, a background image was
subtracted and a threshold used to convert the video to a black
and white format. A series of equidistant points was created
through the centerline of the real fish with a straight posture.
Points were plotted—without the image of the fish—for each
frame to produce the PD. The dots measured 5 mm in
diameter.

Other pairs of organisms (experiments E6–E8)

Prefabricated 3D models of each organism were downloaded
from the website www.cadnav.com and imported into the
program BAutodesk Maya 2015^ (Autodesk Inc., San
Rafael, CA). Imported organisms first appeared onscreen as
black templates into which seven or more joints in
strategically important body positions were added. Joints
and skin were connected in preparation to create movement.

Fig. 4 Stimulus pairs (videos) for E3. a Training stimuli, scrambled vs. biological movement*. b–d Transfer stimuli. b New positive stimulus (big
human), c new alternative stimulus, d both original stimuli inverted

Fig. 5 Stimulus pairs (videos) for E4. a Training stimuli, human walking towards the right* vs. human walking towards the left. b–c Transfer stimuli. b
Both stimuli inverted, c both stimuli walking backwards. Arrows denote the direction of movement (not visible in presentations)
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Frames were constructed and standard settings used. Each
video consisted of 200 frames and was integrated into
PowerPoint as an infinite loop. Prior to constructing a video,
a virtual camera was added to the processing area, which was
positioned as desired (here from the front and from the side).
Organisms were presented in a dark gray color against a light
gray background. All videos were exported as .avi formats
and then changed into MP4s, for integration in PowerPoint.
Point displays featured dots ranging from 3 mm (bird, bat,
shark, dolphin) to 4 mm (human and dog) in diameter.

Data analysis

Sessions were recorded by a webcam (Logitech Webcam
C210, Logitech, Apples). The learning criterion was
established to be ≥ 70% correct choices in three consecutive
sessions. The probability of achieving this by chance is less
than 5% (χ2 test, p < 0.05). A sign and binomial test was
performed to test whether the individual fish chose the posi-
tive stimulus significantly more often than the alternative one
during the transfer test trials. For all tests, a p ≤ 0.05 (two-
tailed test) was considered significant. For group results, gen-
eralized linear mixed models (GLMM) were run in R [maxi-
mum likelihood (Laplace Approximation) using individual as
random factor]. It was not possible to record data blind

because our study involved close observation of the reaction
of animals in the laboratory.

Results

E1a (horizontally vs. vertically moving dot, Fig. 2a)

Five out of eight fish reached the learning criterion within Ø
9.8 ± 7.5 (SD) sessions. The average trial time (±SD) was
1.53 ± 0.8 s. In group 1 (horizontally moving stimulus
rewarded), only one fish mastered the task (5 sessions), while
all four fish in group 2 (vertically moving stimulus rewarded)
were successful (4–22 sessions).

E1b (diagonally moving dots, moving in different
directions; Fig. 2b)

Six out of eight fish reached the learning criterion within Ø
14.33 ± 10.58 sessions. The average trial time was 1.22 ± 0.49.

E2 (biological* vs. random movement, Fig. 3; video
ESM_1)

All fish (N = 8) reached the learning criterion within Ø 23.38
± 8.77 sessions. The average trial time was 1.22 ± 0.62 s.

Fig. 6 Stimulus pairs (videos) for
E5. a Training stimuli, eel* vs.
trout. b–e Transfer stimuli. b
Enlarged positive stimulus or
size-reduced alternative stimulus,
c size-reduced positive stimulus
or enlarged alternative stimulus, d
same color scheme, e PD. Scale
bars in b and c indicate that
stimuli were enlarged or size
reduced to a ratio of 3:1 (not
visible in presentations)

Behav Ecol Sociobiol (2018) 72: 61 Page 7 of 16 61



E3 (walking human* vs. scrambled movement, Fig. 4;
videos ESM_2, ESM_3)

All fish (N = 8) reached the learning criterion within Ø 13.13
± 5.39 sessions. The average trial time was 1.09 ± 0.48 s. In
the trials of transfer test T1 (n = 80), the fish selected the Bbig^
human more often (68 times; 85%) over the alternative stim-
ulus (X2 = − 4.65, df = 1, p < 0.0001). The average trial time
was 1.09 ± 0.76 s. In the T2 trials (N = 80), the fish chose the
human significantly more often (64 times; 80%) than the al-
ternative stimulus (X2 = − 3.38, df = 1, p < 0.0001). The aver-
age trial time was 0.87 ± 0.5 s. In the T3 trials (N = 80), the
fish chose the Bbig^ human significantly more often (59 times;
74%) than the altered alternative stimulus (X2 = − 3.33, df = 1,
p < 0.0001). The average trial time was 1.03 ± 0.76 s. In the
T4 trials (N = 80), the fish chose the inverted human only 29

times (37%) and the inverted alternative stimulus 51 times;
this result was significant (X2 = 2.85, df = 1, p = 0.004). The
average trial time was 1.14 ± 0.85 s.

E4 (right walker vs. left walker, Fig. 5; video ESM_4)

Two out of eight fish reached the learning criterion within Ø
21.0 ± 4.0 sessions when speed 1 was used. The average trial
time was 1.6 ± 0.6 s. Due to the poor performance, the speed
of walking was reduced to 0.7 in the following training. Only
three fish participated; two reached the learning criterion in
10.5 ± 0.71 sessions. The average trial time was 1.17 ± 0.42 s.
When the speed was further reduced to 0.4, five out of eight
fish reached the learning criterion in 17.2 ± 8.20 sessions. The
average trial time was 1.22 ± 0.49 s. Transfer tests (n = 50)
showed that none of the fish could identify the right walker

Fig. 7 Stimulus pairs (videos) for
E6. a, b Training stimuli, human*
vs. dog (shown interchangeably
and equally often). c–g Transfer
stimuli. c Enlarged positive
stimulus or size-reduced
alternative stimulus, d size-
reduced positive stimulus or
enlarged alternative stimulus, e, f
new perspective (front), g PD.
Scale bars in c and d give the
original size of training stimuli
(not visible in presentations)
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correctly when both stimuli were shown inverted (group result
25:15; X2 = 0.839, df = 1, p = 0.402) or walking backwards
(group result 23:17; X2 = − 0.945, df = 1, p = 0.345).

E5 (eel* vs. trout, Fig. 6; videos ESM_5, ESM_6)

All fish (N = 7) reached the learning criterion withinØ 13.0 ±
8.12 sessions. The average trial time was 1.49 ± 0.73 s. In the
T1 trials (n = 140), the fish (as a group) selected the enlarged
eel* significantly often (126 times; 90%) over the size-
reduced trout (X2 = − 3.73, df = 1, p < 0.001). Only one indi-
vidual did not choose the stimulus significantly more often
(14*:6, p = 0.115), but still more often than the alternative.
In the T2 trials (n = 140), the fish (as a group) selected the
size-reduced eel* significantly more often (101 times; 72%)
than the trout (X2 = − 2.853, df = 1, p = 0.004). However, four
individuals chose according to chance (14*:6, p = 0.115;
13*:7, p = 0.263). In the T3 trials (n = 140), the fish (as a
group) selected the black eel* significantly more often (125
times; 89%) over the black trout (X2 = − 4.948, df = 1,
p < 0.0001). Only one individual did not choose the eel* sig-
nificantly more often (14*:6, p = 0.115). In the T4 trials (n =
140), the fish (as a group) selected the eel* shown as a PD
significantly more often (105 times; 75%) over the trout
shown as a PD (X2 = − 4.57, df = 1, p < 0.0001). However,

three individuals chose according to chance (13*:7, p =
0.263; 12*:8, p = 0.503).

E6 (human* vs. dog, Fig. 7; videos ESM_7, ESM_8)

All fish (N = 7) reached the learning criterion within Ø 7.0 ±
3.79 sessions. The average trial time was 1.20 ± 0.64 s. In the
T1 trials (n = 140), the fish (as a group) selected the enlarged
human* significantly often (129 times; 92%) over the size-
reduced dog (X2 = − 5.871, df = 1, p < 0.0001). In the T2 trials
(n = 140), the fish (as a group) selected the size-reduced hu-
man* significantly more often (94 times; 67%) over the dog
(X2 = − 3.67, df = 1, p = 0.0002). However, six out of seven
individuals chose according to chance (14*:6, p = 0.115;
12*:8, p = 0.503; 11*:9, p = 0.824). In the T3a trials (n =
140), the fish as a group selected the human shown from the
front significantly more often (122 times; 87%) than the dog
shown from the front (X2 = − 7.58, df = 1, p < 0.0001). In the
T3b trials (n = 140), in which the human and dog were of
equal height, the fish (as a group) selected the human shown
from the front also significantly more often (94 times; 67%)
than the dog shown from the front (X2 = − 2.481, df = 1, p =
0.013), but again, four individuals did not choose the positive
stimulus significantly more often than the alternative (14*:6,
p = 0.115; 10*:10, p = 1.176; 7*:13, p = 0.263). In the T4 trials

Fig. 8 Stimulus pairs (videos) for
E7. a Training stimuli, eagle* vs.
bat. b–e Transfer stimuli. b
Enlarged positive stimulus/size-
reduced alternative stimulus, c
size-reduced positive stimulus/
enlarged alternative stimulus, d
PD, e new perspective (side-
ways). Scale bars in b and c indi-
cate that stimuli were enlarged or
size reduced to a ratio of 3:1 (not
visible in presentations)
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(n = 140), the fish (as a group) selected the human* shown as a
PD significantly more often (118 times; 84%) than the dog
shown as PD (X2 = − 4.86, df = 1, p < 0.0001). Only one indi-
vidual chose according to chance (12*:8, p = 0.503).

E7 (eagle* vs. bat, Fig. 8; videos ESM_9, ESM_10)

All fish (N = 7) reached the learning criterion within Ø 6.0 ±
1.91 sessions. The average trial time was 1.48 ± 0.54 s. In the
T1 trials (n = 140), the fish (as a group) tended to select the
enlarged eagle* more often (87 times; 62%) than the size-
reduced bat (X2 = − 1.878, df = 1, p = 0.0604). The results for
only two of seven individuals were significant (17*:3, p =
0.003; 16*:4, p = 0.011). In the T2 trials (n = 140), the fish
(as a group) selected the size-reduced eagle* significantly
more often (127 times; 91%) than the enlarged bat (X2 = −
3.63, df = 1, p < 0.001). One individual chose according to
chance (13*:7, p = 0.263). In the T3 trials (n = 140), the fish
(as a group) selected the eagle shown sideways* significantly
more often (108 times; 77%) than the bat shown sideways
(X2 = −6.044, df = 1, p < 0.0001). One individual chose ac-
cording to chance (12*:8, p = 0.503). In the T4 trials (n =
140), the fish (as a group) selected the eagle* shown as a PD
significantly more often (92 times; 66%) than the bat shown as
PD (X2 = −3.654, df = 1, p < 0.001). However, five individuals

chose according to chance (14*:6, p = 0.115; 13*:7, p = 0.263;
12*:8, p = 0.503; 10*:10, p = 0.176).

E8 (dolphin* vs. shark, Fig. 9; videos ESM_11,
ESM_12)

All fish (N = 7) reached the learning criterion within Ø 3.29
± 0.49 sessions. The average trial time was 0.87 ± 0.36 s. In
the T1 trials (n = 134), the fish (as a group) selected the
enlarged dolphin* significantly more often (113 times;
84%) than the size-reduced shark (X2 = − 7.08, df = 1,
p < 0.0001). In the T2 trials (n = 136), the fish (as a group)
selected the size-reduced dolphin* significantly more often
(116 times; 85%) than the enlarged shark (X2 = − 6.605,
df = 1, p < 0.0001). One individual chose according to
chance (13*:7, p = 0.263). In the T3 trials (n = 132), the fish
(as a group) selected the dolphin shown sideways* signifi-
cantly more often (105 times; 77%) than the shark shown
sideways (X2 = − 6.042, df = 1, p < 0.0001). One individual
chose according to chance (13*:7, p = 0.263). In the T4
trials (n = 120), the five participating fish (as a group) se-
lected the dolphin* shown as a PD significantly more often
(84 times; 70%) than the shark shown as PD (X2 = − 5.768,
df = 1, p < 0.0001). Only one individual chose according to
chance (13*:7, p = 0.263).

Fig. 9 Stimulus pairs (videos) for
E8. a Training stimuli, dolphin*
vs. shark. b–e Transfer stimuli. b
Enlarged positive stimulus/size-
reduced alternative stimulus, c
size-reduced positive stimulus/
enlarged alternative stimulus, d
new perspective (sideways), e
PD. Scale bars in b and c indicate
that stimuli were enlarged or size
reduced to a ratio of 3:1 (not vis-
ible in presentations)
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A representative learning curve (E5) for fish 1 is shown in
Fig. 10. Table 2 gives an overview of what tasks were accom-
plished by the group and by individuals.

Discussion

Cichlids in the present study successfully learned to discrim-
inate between videos of moving dots, PLDs, and moving or-
ganisms in a series of experiments. Performance was high,
with six out of eight experiments (E2, E3, E5–E8) being suc-
cessfully accomplished by all individuals. In contrast to pre-
vious results, cichlids also successfully generalized learned
information and reliably identified altered training stimuli in
a range of transfer tests, with the exception of those in which
stimuli were presented inverted or moving backwards. Here,
performance dropped to chance level.

Discrimination of motion in PDs and PLDs

All fish learned to distinguish between a random vs. a biolog-
ical (E2) and a biological vs. a scrambled motion (E3).
Surprisingly, the fish needed quite a long time (Ø 23 sessions)
to distinguish between a biological and a random movement.
The literature suggests that biological motions are generally
and even innately preferred by most species, such as human
infants (Fox and McDaniel 1982; Kuhlmeier et al. 2010), me-
daka fish (Nakayasu andWatanabe 2014), commonmarmoset
(Brown et al. 2010), and chicks (Regolin et al. 2000;
Vallortigara et al. 2005). It had therefore been expected that
such a preference would also exist in Pseudotropheus and aid
the decision-making process. As no spontaneous preference
tests were performed, it cannot be clarified whether
Pseudotropheus agrees with other species in this respect but
current data as seen from E2 do not immediately support such
an assumption. In the subsequent task (E3), the average ses-
sion number to reach the learning criterion decreased by al-
most 45% (Ø 13 sessions). However, this was probably
caused by previous training in E2 familiarizing the fish with
the type of experiment, rather than to a spontaneous prefer-
ence for the biological stimulus.

When either the positive or the alternative stimulus, or
when both stimuli, were exchanged for alternatives in selected
transfer tests (E3, T1–T3), the fish were still able to choose the
altered training stimulus reliably often. Results thereby con-
firm previous ones (Newport et al. 2013; Schluessel et al.
2012, 2015), in that fish learned and remembered not just
the meaning of the positive but also of the alternative stimulus.
Additionally, small alterations in both stimuli as seen in T3 did
not inhibit effective decision-making, suggesting that small
figural elements were not used (exclusively) for differentia-
tion, something also observed previously (Schluessel et al.
2012, 2014a, b).Ta
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Transfer test 4 (E3) showed that training stimuli were not
recognized anymore once they were presented inverted. This
result agrees with studies on other species such as humans
(Chang and Troje 2008) and cats (Blake 1993). There are
several theories as to why species across all assessed taxa have
difficulties recognizing upside down presentations of biolog-
ical motions. As stated previously, a Blife detector^ that de-
pends on gravity would be rather useless in aquatic environ-
ments, as gravity plays only a minor role in locomotion
(Chang and Troje 2008). Nonetheless, fish also encounter ob-
jects and other animals in characteristic positions or orienta-
tions, i.e., fish rarely swim Bupside down^ and bottom-
dwelling animals such as crustaceans maintain their position
in general. As in terrestrial animals, characteristic elements of
movements that are expected to occur in certain places (such
as the feet being close to the ground) may have not been found
anymore by the fish once the stimuli were inverted, thereby
providing confusing or conflicting information.

In a previous study (Gierszewski et al. 2013), cichlids dis-
tinguished between stationary images and their mirror image
counterparts when reflected vertically but not horizontally.
Overall performance was poor though, with only three out
of eight cichlids learning the task. It was hypothesized by
the authors that horizontally reflected images look too much
alike to be easily discriminated, a finding that was confirmed
in a subsequent experiment (transfer task), in which one indi-
vidual correctly chose a horizontally reflected image in place
of the training stimulus (indicating that they looked Bthe
same^ or similar) while a vertically reflected training stimulus
presumably looked too different to be selected. If present re-
sults are interpreted with these findings in mind, they in fact
provide additional support for the assumption that vertically
inverted stimuli in general, regardless if they are moving or
stationary, are not easily recognized as variations of the

training stimulus and therefore not chosen significantly more
often over an alternative stimulus. Interestingly though, in the
present study, the fish did not choose according to chance but
instead selected the vertically inverted alternative significantly
more often than the inverted positive stimulus. So, while the
inverted positive stimulus was not recognizable as the
rewarded training stimulus anymore, it was still distinguish-
able from the alternative. In this case, the (unlikely) reason for
choosing the alternative significantly often could have been
that the inverted alternative may have resembled the rewarded
training stimulus (walking human) more closely than the ac-
tual inverted human, at least in the form of dot numbers in the
lower and upper body half. As it is not supported by the
remaining results that fish based their distinction on single
figural elements such as dot position, this may simply have
been a replacement strategy.

Considering that cichlids did not successfully distinguish
between stationary images and their horizontally mirrored
counterparts (Gierszewski et al. 2013), the performance of
cichlids in E4 was in fact unexpectedly high, with two out
of eight fish distinguishing between a right- vs. a left-
walking human (horizontal mirror images of one another)
when speed was 1.0 and five out of eight fish when speed
was reduced to 0.4. Movement obviously presents a crucial
cue for fish to base recognition on; however, the poor results
of both studies still suggest that identification of mirror image
counterparts is unlikely a biologically relevant task for cich-
lids and probably fish in general (probably owing to the rare
occurrence of reflections in aquatic environments) and as such
not easily learned by most individuals.

Surprisingly, one of the poorest performances was
achieved in the introductory tasks (E1a, E1b), in which only
single dots moving in two different directions had to be dis-
tinguished from one another. These tasks were accomplished

Fig. 10 Representative learning
curve for fish 1 in E5 (eel* vs.
trout). Shown are the correct
choices (%) per session (black
circles) and average trial time (s,
±SD) per session (white circles).
The line depicts the 70%
threshold. The learning criterion
was reached in session 11;
transfer tests were conducted
starting in session 15
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by only five and six (out of eight) individuals, respectively.
The only other experiment seeing individuals fail was E4, in
which PLDs of right- vs. left-walking humans were shown.
All three tasks shared a common feature, i.e., they were the
only ones in which the two stimuli within a pair were identical
(dots or PLD of human walking sideways), varying only in the
direction of movement. This may have been a problem for
some individuals. Even though unlikely, it is possible, that
participation in previous experiments caused a preference in
a few of the experienced fish for some movement cues over
others. A small indication of this is provided by the fact that
the only naive fish (trained in the Bhorizontal^ group) and all
(experienced) fish in the Bvertical group^mastered E1 straight
away (5 and 4, 6, 12, 22 sessions, respectively), whereas the
three experienced fish in the Bhorizontal group^ did not learn
the task. It can be speculated that the movement in the vertical
plane was more conspicuous and thereby preferred by fish that
had previously been trained to choose (for example) a moving
stimulus over a stationary one, or a faster moving stimulus
over a slower one (i.e., always choosing Bmore^ movement
over less). Two of the three unsuccessful individuals in E1a
were also the unsuccessful ones in E1b and in E4, but they
succeeded in all other tasks.

In the last transfer test in E4, it was tested if cichlids could
correctly identify the training stimulus when stimuli were
shown walking backwards instead of forwards. Like rats
(MacKinnon et al. 2010), cichlids were not able to perform
this transfer. Later tests (E5–E8) suggest that at least one of the
factors cichlids learned to distinguish stimuli based on was
their characteristic movement, as fish were able to identify
training stimuli when shown as PDs. This may help to explain
why backwards (and inverted)-walking humans were not rec-
ognized anymore; the direction of movement had changed.
While the alternative stimulus was now walking in the
Bcorrect^ direction, movement of individual dots varied from
the original training stimulus though, yielding fish to not pre-
fer the alternative but choose according to chance level
instead.

Discrimination of organisms

In the second part of the experiments, cichlids were succes-
sively trained to distinguish between four pairs of organisms.
All fish reached the learning criterion in all four experiments,
irrespective of an aquatic, an aerial, or a terrestrial nature of the
displayed organisms, and group performance in transfer tests
strongly indicates that cichlids memorized each stimulus
based on several features and properties (including move-
ment) as opposed to single figural elements. As a group, cich-
lids excelled in all transfer tests, recognizing previously
rewarded training stimuli when size or color (only E5) was
altered, shown from a new perspective or in the form of a
point-light display. Looking at individual results (Table 2)Ta
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gives very similar results. Even when individuals chose ac-
cording to chance (< 15 times out of 20), they still chose the
Bcorrect^ stimulus more often than the alternative one in all
but two cases. Most mistakes were made in transfer tasks in
which the eagle* was enlarged, trout* and human* were size
reduced, and human* and dog were shown from a new per-
spective or in which eagle* and bat were shown in the form of
a PD. Judging from these results, there was no trend as to one
type of transfer task being more challenging for fish than
another or regarding the identification of terrestrial organisms
being harder than that of aquatic ones (Table 2).While cichlids
in a previous study were unable to recognize (the same) videos
of eel* and trout when shown as PDs (Schluessel et al. 2015),
four out of seven cichlids in the current study excelled at this
taskwhile another three chose according to chance level; how-
ever, they still chose the eel* most often. This shows that
while negative results are important and should be reported,
(over-)interpretation of null results should be considered with
caution as intraspecific differences as well as training level
may influence ability and performance of animals quite sig-
nificantly. The performance of cichlids in E7 and E8 transfer
tests, in which organisms were shown as PDs, was especially
impressive, as organisms and their respective movements
looked very similar, sometimes even making recognition hard
for the experimenter.

In a comparative study (Fuss et al. 2017), bamboo sharks
were presented with the same videos of organisms but perfor-
mance differed quite dramatically from the cichlids, with
sharks performing poorly in almost all transfer tests with the
exception of those in the eel* and trout experiment. Few indi-
viduals exceeded group performance and ironically bamboo
sharks did specifically poorly in the dolphin* vs. shark exper-
iment. While potentially confounding factors were considered
that could have negatively influenced the results, no actual
cause was identified and no other comparable study exists
on sharks to elucidate the data further.

Cichlids had already shown in another study (Schluessel
et al. 2014b) that three-dimensional objects were correctly
identified when rotated in different planes, indicating an abil-
ity of Pseudotropheus for form constancy. As expected, cich-
lids in the present study did extremely well recognizing or-
ganisms when shown from different perspectives, yielding
significant group results in all four experiments and individ-
uals achieving significant results in 21 out of 28 tasks.

Looking at the session numbers fish needed to reach each
learning criterion throughout all tasks, intraspecific variation as
well as general trends are observable. As in all previously men-
tioned studies on cognitive abilities of cichlids and other fish,
individuals varied greatly in their ability to solve two alternative
forced choice tasks, with fish ranging between 3 (minimum)
and 30 (maximum) sessions to reach the learning criterion.
Usually, the session number decreases after the first experiment
within a series, as fish know by then how to proceed and what

to expect. This was observed in the second part of the experi-
ment, were fish needed on average 13 sessions to distinguish
between the first organismic pair eel and trout, followed by only
seven sessions for the second, six for the third, and three for the
fourth (dolphin vs. shark) experiment. An alternative, but less
likely, interpretation is that cichlids learned more easily to dis-
tinguish between organisms shown from the front (E7 and E8)
than from top (E5) or from the side (E6). Additionally, the
difficulty of the task influences the session number. For exam-
ple, in the first task in which dot patterns instead of single dots
had to be distinguished (E3, random vs. biological), the session
number almost doubled to 23, from 10 in the first (E1) and 14 in
the second experiment. In the subsequent experiment (E4), it
decreased again to 13.

It is difficult to speculate on the ecological significance of
the stimuli used, but if there is any, it is likely to be low.
However, as explained previously, it was not important to
use ecologically meaningful stimuli for the outcome of this
study, as we did not test for a certain behavior in a natural
setting but for a generalized application of a cognitive ability
instead. Judging from the results, it seems reasonable to as-
sume that ecologically better-suited stimuli would have result-
ed in an even better performance of fish. There is no reason to
presume that unnatural stimuli would elicit a stronger reaction
than meaningful ones.

Functional significance

Cognitive abilities underlie natural selection, as do any other
behavioral, physiological, or morphological trait. While com-
peting with energy demands for other vital systems such as
reproduction and foraging (Striedter 2005), cognition is still a
significant driver of fitness, enabling individuals to respond
appropriately to threats and challenges as well as to make
situation-dependent decisions on a wide variety of topics.
Being able to not only perceive and detect motion but to assess
it cognitively on a higher level seems advantageous to just
about any individual subjected to pressure from predators or
living in social groups or communities. It may enable individ-
uals to quickly identify approaching animals and classify them
according to their movement pattern, possibly reducing poten-
tially dangerous encounters or situations under conditions
where other visual cues (such as body coloration for example)
may be harder to make out, e.g. at low light levels.
Unfortunately, results of this study do not provide any infor-
mation about a potential fitness gain for Pseudotropheus by
possessing cognitive abilities such as the ones studied here.
African cichlids, such as Pseudotropheus, provide the most
diverse extant animal radiations (Seehausen 2006) featuring a
unique system of animals to study cognition, potential ecolog-
ical drivers, and fitness tradeoffs, while controlling for phy-
logeny and lifestyle. While the current study only focused on
the presence and the extent of cognitive skills in an individual
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species in regard to a very specific task, future studies should
assess ecological and phylogenetic relationships in more detail.
One way could be to assess cognitive abilities and brain size in
cichlids with different environmental demands comparatively.
Studies across several avian and mammalian species have
shown that overall brain size and cognitive abilities usually
correlate positively (e.g., Reader and Laland 2002; Sol et al.
2005; Deaner et al. 2007) and that closely related species occu-
pying different niches may feature distinct differences in the
size of certain brain areas, related to differences in cognitive
abilities (Tebbich and Bshary 2004). Even within species, such
as guppies, where individual selection lines were bred for larger
brain size, cognitive differences were observed (Kotrschal et al.
2013a, b, 2014). In cases of known ecological demands, phy-
logenetic signals as well as cognitive abilities and brain anato-
my, one could discuss the potential fitness gain to be obtained
for individuals of a particular species by possessing a specific
ability in much greater detail than under current conditions.

In conclusion, cichlids can learn to distinguish between
movements in different directions (horizontal vs. vertical; diag-
onal vs. diagonal), biological vs. random or scrambled motion,
and horizontal mirror-image movements. While stimulus alter-
ations do not significantly affect performance, inverted or
backwards-moving stimuli are not recognized. Finally, cichlids
can successfully recognize familiar organisms based on their
movement alone and when shown from new perspectives.
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