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ABSTRACT: The tendency of fish to perceive the Ebbing- haus illusion was 

investigated. Redtail splitfins (Xenotoca eiseni, family Goodeidae) were trained to 

discriminate between two disks of different sizes. Then, fish were pre- sented with 

two disks of the same size surrounded by disks of large or small size (inducers) 

arranged to produce the impression (to a human observer) of two disks of different 

sizes (in the Ebbinghaus illusion, a central disk surrounded by small inducers 

appears bigger than an identical one surrounded by large inducers). Fish chose the 

stimulus that, on the basis of a perception of the Ebbinghaus illusion, appeared 

deceptively larger or smaller, consistent with the condition of training. These results 

demonstrate that redtail splitfins tend to perceive this particular illusion. The results 

are discussed with reference to other related illusions that have been recently 

observed to be experienced by fish (such as the Navon effect), and with regard to 

their possible evolutionary implications.  

 

 

Introduction 

 

Visual illusions are instances of systematic discrepancy between the physical 

properties of the external world and their representation in the visual system. Thus, 

visual illusions offer insight into the brain mechanisms that integrate the visual 

stimulation in a coherent percept, through its representation in the visual system 

(Mascalzoni and Regolin 2011; Vallortigara 2004, 2006, 2009, 2012; Vallortigara et 

al. 2010; Wade 2005, 2010). The compar- ative study of visual illusions provides us 

with information on the evolution of visual systems and the principles of perceptual 

organization. In geometric size illusions, the appearance of the properties of a target 

stimulus (e.g., length, width or diameter) is distorted by the surrounding context, 



providing an important tool for the study of per- ceptual integration of local elements 

into the global context created by the surrounding visual elements. Geometrical 

illusions such as the Ponzo, the Mu ̈ller-Lyer and the hori- zontal–vertical illusion, 

seem to be perceived by species as distant as apes (chimpanzees, Fujita 1997), 

monkeys (e.g., Barbet and Fagot 2002; Bayne and Davis 1983; Suganuma et al. 

2007; Tudusciuc and Nieder 2010; see also Fujita 1996), ungulates (e.g., horses, 

Timney and Keil 1996) and birds (domestic chickens, Winslow 1933; Rosa Salva et 

al. 2013; ring doves, Warden and Baar 1929; pigeons, Fujita et al. 1991, 1993; 

Nakamura et al. 2006, 2009; and gray parrots, Pepperberg et al. 2008).  

Despite the paucity of research on geometric illusions in fish, they are a promising 

model for the comparative investigation of such phenomena (see Agrillo et al. 2014; 

Rosa Salva et al. 2014 for reviews). In fact, redtail splitfin, goldfish and two species 

of reef fish have been found to be susceptible to perceptual phenomena such as 

amodal com- pletion and perception of illusory contours (Darmaillacq  et al. 2011; 

Sovrano and Bisazza 2008, 2009; Wyzisk and Neumeyer 2007; see Fuss et al. 2014 

for evidence in elas- mobranchs; see Regolin and Vallortigara 1995; Regolin et al. 

2004; Forkman and Vallortigara 1999 for similar evidence in other taxonomic 

groups). This is particularly remarkable in light of the phylogenetic distance between 

these three fish species (Steinke et al. 2006) and from other vertebrates (Kumar and 

Hedges 1998).  

Studies on visual illusions in fish species are very informative about the phylogenesis 

of these traits. The susceptibility of this taxonomic group to amodal comple- tion and 

illusory contours suggests a conserved trait rather than a case of convergent 

evolution in fish, birds and mammals. Within fish, illusory contours are perceived by 

teleosts as distant as Ostariophysi (redtail splitfin fish, Xenotoca eiseni) and 

Acanthopterygii (goldfish, Carassius auratus) (Sovrano and Bisazza 2009; Wyzisk 

and Neu- meyer 2007). Similarly, amodal completion is observed in two species of 

Acanthopterygii (Variola louti and Scarus niger), in addition to the redtail splitfin fish 

(Darmaillacq et al. 2011; Sovrano and Bisazza 2008). Recently, it has been found 

that even cartilaginous fish (bamboo sharks, Chiloscyllium griseum) are susceptible 

to amodal comple- tion and illusory contours (Fuss et al. 2014). Surprisingly, redtail 

splitfins also recognized illusory shapes created by phase shifts or by interruption of 

diagonal lines (Sovrano and Bisazza 2009), whereas in another study, goldfish did 

not recognize phase-shifted illusory shapes (Wyzisk and Neumeyer 2007). However, 



this may be due to a method- ological problem in the stimuli of Wyzisk and 

Neumeyer (2007), which consisted of very thin lines, reducing the strength of the 

illusory perception.  

Fewer attempts have been made to test fishes’ tendency to perceive geometrical 

optical illusion. Two existing studies have failed to demonstrate susceptibility to the 

Mu ̈ller-Lyer illusion in either bamboo sharks (Fuss et al. 2014) or goldfish (Wyzisk 

2005). Contradictory results have been obtained in animals with regard to the 

perception of the Ebbinghaus illusion (or Titchener circles): In this display, a central 

circle surrounded by large circular inducers is perceived as smaller than an identical 

circle surrounded by small inducers (Aglioti et al. 1995; Choplin and Medin 1999; 

Coren and Enns 1993; Ebbinghaus 1902; de Grave et al. 2005; Girgus et al. 1972; 

Massaro and Anderson 1971; Weintraub 1979). It is one of the strongest and most 

robust geometric size illusions spontaneously reported by human observers (de 

Fockert et al. 2007), apparent already in pre-verbal infants (Yamazaki et al. 2010; 

but see Happe ́ 1996; Kaldy and Kovacs 2003; Phillips et al. 2004). The Ebbinghaus 

illusion has initially been studied in baboons (Parron and Fagot 2007) and pigeons 

(Nakamura et al. 2008), revealing a different per- ception of the Titchener circles 

than that in the human  species (see also Murayama et al. 2012 for a preliminary 

study on a single bottlenose dolphin). While baboons were not affected by the 

illusory display, estimating the size of the central target accurately, pigeons 

responded to the Ebbinghaus illusion in an opposite way with respect to humans, 

overestimating the size of a target surrounded by large inducers and underestimating 

that of a target encir- cled by small inducers. This suggested an assimilation effect in 

the study of Nakamura and colleagues, with the size of the central circle assimilated 

to that of the inducers. These results led to theories that the perceptual mecha- 

nisms at the basis of our perception of the Ebbinghaus illusion were evolved in 

primates (Parron and Fagot 2007). In particular, the neural substrate determining the 

percep- tion of the Ebbinghaus illusion is thought to be located in the human 

neocortex, where the two independent neural pathways, the dorsal and the ventral 

stream, are responsible for visual awareness and for action control (Goodale and 

Milner 1992). This could explain why the Ebbinghaus illusion is reduced when tested 

through motor tasks (Agl- ioti et al. 1995; Danckert et al. 2002). In non-mammalian 

species, the neural circuits composing the visual pathways are differently organized 

than that in mammals (e.g., birds, Shimizu 2004; Shimizu and Bowers 1999; but see 



Reiner et al. 2005). These differences have been claimed to be the cause of the 

different processing of the Ebbinghaus illusory configuration in mammalian and non-

mammalian species (Nakamura et al. 2008; see Rosa Salva et al. 2013 for a 

discussion focused on avian species).  

In humans, the Ebbinghaus illusion is believed to reflect the action of perceptual 

grouping mechanisms, i.e., the fact that human subjects perceive objects in relation 

to the surrounding context. This is supported by the negative correlation of the 

target-inducers’ distance with the mag- nitude of the illusion (Roberts et al. 2005). 

Moreover, erasing the distant portions of larger inducers reverses the effect of the 

illusion (Oyama 1960; Weintraub 1979). This indicates that when humans perceive 

only the immediate surroundings of the target, they also perceive the Ebbing- haus 

illusion as an assimilation illusion. It has thus been proposed that human’s globally 

oriented perceptual ten- dencies (Navon 1977) determine their perception of the 

Ebbinghaus illusion as a ‘‘contrast illusion,’’ in which the size of the central target is 

contrasted with that of the inducers. Conversely, species characterized by a more 

locally oriented perceptual style would be immune to the illusion or perceive it in the 

opposite direction, assimilating the size of the central circle to that of the inducers, 

since they would focus only on the target and the parts of the inducers that are 

located in its close proximity (Nakamura et al. 2008, 2014). Previous studies indicate 

that some non- human species, including pigeons and baboons, could have a more 

locally oriented perception than humans (Cavoto  and Cook 2001; Cerella 1980; 

Chiandetti et al. 2014; Deruelle and Fagot 1998; Fagot and Deruelle 1997; Ushi- tani 

et al. 2001).  

However, it would be an extreme oversimplification to draw a clear dichotomy 

between globally oriented humans and other locally oriented species. In both 

humans and non- human animals, the level of processing adopted in a given 

moment is flexibly influenced by context and task demands (Cook 1992; Cook et al. 

1996; Fremouw et al. 1998; Kimchi 1992; Wasserman et al. 1993). Of particular rele- 

vance for the present paper, redtail splitfin fish (X. eiseni) have been recently shown 

to prefer processing of hierar- chical stimuli at the global rather than that at the local 

level (Truppa et al. 2010). The organization of the visual system of redtail splitfins is 

certainly not more human-like than that of pigeons or baboons. Thus, we can dismiss 

the argumentation according to which a human-like visual system is needed for 

globally oriented perception. More likely, the test procedures adopted by Truppa et 



al. (2010) favored a globally oriented perception, contrary to most previous 

researches. In this study, fish learned to use hierarchical patterns as a cue for 

orientation in a square tank, in order to locate the exit from it and to reach a more 

comfortable environment.  

The view that human and non-human animals may or may not show globally 

oriented perception depending on contextual variables (e.g., Fremouw et al. 2002; 

Kinchla and Wolf 1979; Kinchla et al. 1983; Pomerantz 1983; Robertson et al. 1993) 

is strongly supported by two recent studies on domestic chickens that used two 

radically dif- ferent procedures, obtaining opposite results within the same species 

(Rosa Salva et al. 2013; Nakamura et al. 2014). In the study of Rosa Salva et al. 

(2013), few-day-old chicks of the hybro strain learnt during rearing, according to an 

observational-learning paradigm, to find food in proximity to either a big or a small 

circle. When tested with illusory displays, subjects that were used to finding food 

near the small circle approached the configuration with big inducers, whereas 

subjects habituated to food near the big circle approached the configuration with 

small inducers, indicating a contrast illusion analogous to that reported by humans. 

On the other hand, Nakamura et al. (2014) trained three adult bantam chickens to 

classify screen-presented circles as ‘‘small’’ or ‘‘large’’ by pecking appropriate keys 

in an operant conditioning chamber. This is the same procedure previously used by 

Nakamura et al. (2008) with pigeons, and in this case too, it resulted in the illusion 

being apparently perceived in the opposite way than in humans. These discordant 

results could theoretically be due to the different age and breed of the subjects in the 

two studies, or to the limited sample size tested by Nakamura and col- leagues. 

However, a much more likely explanation involves the use of training and testing 

paradigms based on operant conditioning of pecking responses, causing an 

inclination to pay attention to local details of the configu- ration. Given that pecking is 

the main manipulative response of birds, it is tempting to draw an analogy with the 

human literature showing reduction or absence of the illusion when associated with 

grasping (Aglioti et al. 1995; Danckert et al. 2002). More importantly, the procedure 

adopted by Nakamura et al. (2008, 2014) required the subjects to peck at the target 

central circle before emitting the choice response. This is likely to promote focalized 

attention toward the target and its immediate surroundings (see also Chiandetti et al. 

2014, for evidence of a locally oriented perceptual style in chicks trained on touch 

screen- based pecking tasks).  



Thus, the overall evidence suggests that the perceptual processes leading to the 

perception of the Titchener circles as a contrast illusions might be present in both 

mammals and birds and that the previously apparently discordant results are just a 

by-product of the testing procedure employed. This could be due to convergent 

evolution in the two classes of tetrapoda, or it could reflect the presence of 

conserved mechanisms inherited by a common ancestor in different taxonomic 

groups of vertebrates, including fish species (whose divergence may date back to 

approximately 450 million years ago, Kumar and Hedges 1998). In order to test this 

hypothesis on the evolutionary origins of the neural substrate of the Ebbinghaus 

illusion, we thus pro- ceeded to investigate its perception in redtail splitfin fish, 

according to a procedure analogous to that of Truppa et al. (2010).  

 

 

Methods 

 

Subjects 

 

Subjects were eight male mature fish (ranging 3–5 cm in length) of the species X. 

eiseni from a stock maintained in our laboratory within vegetation rich 

(Ceratophyllum sp.) large tanks (55–120 l) provided with artificial illumination, 14 h 

per day. Water temperature was maintained at 25 ± 2 °C. Fish were daily fed dry fish 

food (Sera GVG- MixÒ ).  

 

Apparatus  

 

The apparatus was located in a darkened room and was identical to the apparatus 

used in Sovrano and Bisazza (2008, 2009; see Fig. 1). It consisted of a square tank 

(15 cm long, 15 cm wide and 15 cm high), with uniform white walls and lit centrally 

with a 75-W light bulb. The testing tank was inserted in a larger tank (60 cm 9 36 cm 

9 25 cm) so as to create an external surrounding  region with vegetation and food, 

where the test fish was located together with other two conspecifics (females were 

not tested) that provided motivation for social reinstatement.  

In two diagonally opposite corners of the square appa- ratus, a small tunnel (2.5 cm 

in length, 2 cm in size, 3 cm in height, located 4.5 cm from the floor of the tank) of 



white plastic material was inserted, allowing the fish to pass through it to rejoin 

conspecifics in the surrounding region in the outer tank (see Fig. 1). At the end of 

each tunnel was a door (2.5 9 3.5 cm) made of a sheet of an opaque plastic material 

on top and of a transparent very flexible plastic material on the bottom. The two 

doors were visually identical, but only one door could be opened, the other being 

blocked with an external plastic transparent panel. Fish could thus open the correct 

door to rejoin conspecifics by pressing on it with the snout; choices for each door 

were clearly visible from video recordings, because of characteristic movements of 

the tail and the most caudal part of the body of the fish that remained visible outside 

the tunnel.  

The stimuli used for visual discrimination learning and for the illusion test were 

located below each door (see Fig. 2). The stimuli were made of a plastic material 

designed to resist the aquatic environment. Transparent screens (9 9 4 cm) were 

located 2.3 cm in front of the stimuli, so that the fish saw the stimuli at a certain 

distance; this was done because visual exploration of the stimuli in close proximity 

could prevent Gestalt-like perception of the overall pattern. During training, the 

stimuli to be dis- criminated consisted of a large (9 mm of diameter), a medium (6.5 

mm) and a small (4.5 mm in diameter) orange disk, situated below a line of linearly 

or circularly  

arranged gray inducer disks of alternating sizes (the bigger disks were 4 mm in the 

circular condition and 4.5 mm in the linear condition; the smaller disks were 1 mm in 

diameter in both conditions). During the testing of the Ebbinghaus illusion, the stimuli 

consisted of orange disks (4.5 mm in diameter) that were bordered by large or small 

gray disks (9 and 3 mm in diameter, respectively). Across conditions, the gray disks 

(inducers) varied in number and in the distance to the target disk (see Fig. 3).  

Fish were trained to discriminate between two orange disks of different size. After 

the end of training, fish were presented with two stimuli in which the size of the two 

orange disks were identical, but the context in which they were inserted (size, 

number and spacing of the gray inducers) was changed in such a way to produce 

the impression (to a human observer) of two disks of different dimensions.  

 

 

 

Procedure  



 

 

Before testing, for at least one week, fish underwent a ‘‘shaping procedure’’ in their 

home tank (30 9 40 9 20 cm). We used a partition that divided their home tank in two 

halves, one (‘enriched’) with food and vegetation and the other (‘unenriched’) without 

any food and vegetation. Two tunnels, with moveable doors identical to those sub- 

sequently used during testing, were positioned on the par- tition, allowing the fish to 

move between the two compartments. This made the fish accustomed to the use of 

the moveable doors before testing. Below the two tunnels, we placed the stimuli 

(disks of different dimensions, large for one group of fish and small for another 

group) that were then used during the subsequent training. This accustomed  the fish 

to the stimuli and facilitated training. The stimuli used were a large or a small orange 

disk, surrounded by a row, linear or curved, of alternating large and small gray  

disks (see Fig. 2). Note that during this phase, both moveable doors were associated 

with the figures later reinforced during training and both allowed the fish to move 

from one compartment to the other. Selective rein- forcement by blocking one door 

was done only during the subsequent training phase, in which the two stimuli of 

different size were presented together. Fish previously exposed to the large orange 

disk were then rewarded for approaching the large orange disk, while fish exposed to 

the small orange disk were rewarded on the small one.  

The experiment comprised two parts: training and test. During training, the fish were 

required to discriminate between the two orange disks of different dimension. The 

animals were first trained on an easy discrimination (large vs. small disk), followed 

by a difficult discrimination (medium vs. small disk) (Fig. 2). Training on the difficult 

discrimination started only after the completion of training on the easy one. Two pairs 

of stimuli were employed for training on the easy discrimination (pair 1, Fig. 2a vs. 

2c; pair 2, Fig. 2d vs. 2f) and two other pairs for training on the difficult discrimination 

(pair 3, Fig. 2b vs. 2c; pair 4 Fig. 2e vs. 2f).  

Four animals were trained with the large disk as positive (reinforced); four animals 

with the small disk as positive. Fish were given daily sessions of ten trials. During 

each session, the two pairs of stimuli employed for the currently trained 

discrimination were alternated in blocks of two consecutive trials, except that for the 

last two trials, in which the two different pairs were alternated. For example, for the 

easy discrimination, the training schedule could be as follows: pair 1, pair 1, pair 2, 



pair 2, pair 1, pair 1, pair 2, pair 2, pair 1, pair 2. The precise ordering was 

randomized between sections.  

Training on the discrimination continued until fish reached the learning criterion (70 

% of correct choices in two consecutive sessions).  

In each trial, the fish was placed in the inner tank by gently inserting it into a 

transparent plastic cylinder placed in the center. After 20 s, the cylinder was 

removed. In each trial, the number of choices of the two doors was video- recorded, 

until the fish was able to exit and rejoin con- specifics (the maximum time was 15 

min). During training, a correction method (Sutherland and Mackintosh 1971) was 

used: if the fish made a wrong choice, it was allowed to change it until it was able to 

exit or until the overall time allowed for the trial elapsed. This standard correction 

method has been used in previous works (e.g., Sovrano and Bisazza 2008, 2009; 

Truppa et al. 2010), since initial observations revealed that it is optimal for learning in 

this task. The inter-trial interval was of 7 min after a correct choice and 3 min if fish 

choices showed mixed responses (incorrect and correct). During the inter-trial 

interval, the fish was allowed to remain in the external surrounding region 

(reinforcement time). Occasionally, food (the same as that used in the home tank) 

was given in the outer tank after a correct choice but not more often than twice in 

each daily session. After every two trials, the test tank was rotated 90° clockwise, in 

order to avoid any possible ref- erence to the use of extra-tank cues.  

After reaching the learning criterion, the fish performed test trials in which they faced 

two stimuli: two orange disks of identical diameter, differing only in their context, in 

terms of size, number and spacing of the gray inducers: one stimulus consisted of a 

orange disk (4.5 mm, diameter), surrounded by six large gray disks (9 mm, 

diameter), that could be compared with four types of stimuli: all composed of the 

same central orange disk (4.5 mm, diameter), but varying in the size (3 mm, 

diameter) and the number (either six or eight) of gray small circles of the context and 

the spacing from the central circle (exactly the same of the big context condition—

3.5 mm—and adjacent to the cen- tral circle—0.5 mm) (see Fig. 3).  

The test consisted of four single sessions of ten trials (each trial lasting 2 min), one 

session for each of the four test conditions (comparison between the large context 

condition with each of the small context conditions). During the test, both doors were 

closed. If animals did not make a choice in the 2 min allotted for each trial, they were 

left in the test tank up to a maximum of 15 min, or until they produced at least one 



choice. This is the standard procedure employed for this task in previous studies 

(Sovrano and Bisazza 2008, 2009; Truppa et al. 2010), which keep the animal 

motivated to make a choice in order to avoid staying in the central tank for long 

periods. A minimum of two trials with the same stimuli as those used during training 

were inter-mixed every 2–3 test trials, in order to reinstate the motivation of the 

animals (these trials were, of course, discarded in the test data analyses). In order to 

proceed to the next test trials, fish had to perform correctly in both the trials with 

familiar stimuli. If this was not the case, training trials were repeated until the fish 

performed correctly two times consecutively.  

The order of presentation of the test stimuli was ran- domized between animals.  

The first choice made in each trial and the number of choices given to each of the 

two stimuli during the 2 min of test were recorded for each animal. From these 

figures, the percentage of first choices and of overall choices for the configuration 

with large inducers was computed. We expected that the choice for the figure in 

which the central orange circle appears smaller would be above chance level in the 

fish rewarded on the smaller circle, and below chance level in the fish rewarded on 

the bigger circle.  

The data were submitted to an analysis of variance with type of stimuli used during 

the test (comparison between large subjective condition with each of four small sub- 

jective conditions) as a within-subjects factor and the reinforced stimulus (large disk 

vs. small disk) used during training as a between-subjects factor. Significant 

departures from random choice (50 %) were estimated by one-sample two-tailed t 

tests.  

 

 

 

 

Results 

 

The results of training are shown in Fig. 4. There was no difference in the number of 

trials needed to reach the learning criterion between the two groups, rewarded with 

the large or the small orange disk (small disk:  

 

mean ± SEM 20 ± 8.6; large disk: mean ± SEM 20.5 ± 7.37; t(6) = 0.091 P = 0.93).  



The results of the tests are shown in Fig. 5a–d, sepa- rately for each reinforcement 

condition and for the four type of test stimuli. Data were analyzed as percentage of 

choices for the figure with large inducers.  

The analysis of variance with type of test (comparison between large subjective 

condition with each of four small subjective conditions) as a within-subjects factor 

and type of stimulus used during training (big or small orange circle) as between-

subjects factor revealed a significant main effect of type of training, considering both 

only first choices (F(1,6) = 174.545 P B 0.0001) and total choices (F(1,6) = 52.808 P 

B 0.0001). There were no other sta- tistically significant effects [first choices: type of 

test: (F(3,18) = 1.533 P = 0.24), type of test 9 type of train- ing: (F(3,18) = 1.577 P = 

0.23); total choices: type of test: (F(3,18) = 0.168 P = 0.917), type of test 9 type of 

training: (F(3,18) = 0.993 P = 0.418)].  

Thus, in further analyses, we collapsed the data of all the four types of test stimuli, 

running separate statistical tests for the two reinforcement conditions. One-sample t 

tests, comparing both the percentage of first choices and that of overall choices (2 

min of observation) to chance level, revealed that fish significantly chose the orange 

disk that appeared larger or smaller (to a human observer), consis- tent with the 

training phase. Results were as follows: fish rewarded on the bigger orange circle 

chose to approach the perceptually bigger stimulus significantly more than expected 

by chance (first choice, t(3) = 10.247 P = 0.002, overall choices t(3) = 4.607 P = 

0.019); whereas fish rewarded on the smaller orange circle chose the perceptually 

bigger stimulus significantly less than expected by chance level (fisrt choice t(3) = -

9.000  P= 0.003; overall choices t(3) = -5.690  P= 0.011).  

 

 

Discussion 

 

 

In the present experiment, redtail splitfin fish that had been trained to exit from the 

test arena through the exit marked by a bigger orange circle preferred to approach 

the circle that appeared perceptually bigger in the Ebbinghaus dis- play (i.e., the 

orange circle surrounded by small gray inducers). Similarly, fish rewarded on the 

smaller orange circle preferred to approach the illusory display in which the central 

circle appeared perceptually smaller (being surrounded by big inducers). This 



behavior indicates that our subjects perceive the Titchener circles as a contrast 

illusion. To the best of our knowledge, this is the first demonstration of the perception 

of geometric contrast illusions in teleost fish.  

 

T he results obtained here in fish parallel those shown in humans (e.g., Choplin and 

Medin 1999; Coren and Enns 1993; Ebbinghaus 1902; de Grave et al. 2005; Girgus 

et al. 1972; Massaro and Anderson 1971; Weintraub 1979) and domestic chicks, 

when tested with appropriate procedures (Rosa Salva et al. 2013). Similar 

perceptual and neural mechanisms as those observed in our species seem thus to 

be available across vertebrates, including so-called lower vertebrates, suggesting 

the presence of homologous traits inherited from a common ancestor (however, for 

evidence of perception of illusory contours or even geometrical illusions in insects, 

see Geiger and Poggio 1975; Horridge et al. 1992). Avian species have also 

revealed similarities with humans in the way testing modalities affect the per- ception 

of the illusion. When chicks and pigeons are required to peck at the stimuli, they 

seem to perceive the Titchener circles as an assimilation illusion (Nakamura et al. 

2008, 2014), whereas the same display is perceived by chicks as a contrast illusion 

in a task not involving direct actions on the stimuli or their close observation from a 

short distance (Rosa Salva et al. 2013). Likewise, in humans, grasping responses 

are less affected by the illusory display than explicit conscious judgements (Aglioti et 

al. 1995; Danckert et al. 2002). Also, Ebbinghaus displays in which the distant 

portion of the larger inducers has been erased (simulating the effect of close visual 

inspection) cause the perception of assimilation illusions in human observers 

(Oyama 1960; Weintraub 1979). In this regard is noteworthy that we employed 

training and testing proce- dures that did not force the subjects to manipulate or 

inspect stimuli from a very close distance. In the present study, fish learnt to use the 

size of a target disk as a visual cue to find the exit from a square tank. Two identical 

doors were present in the test tank, only one of which could be opened by the fish to 

exit from the tank. Animals could identify the correct door by the size of the target 

disk placed above it. This procedure allowed fish to move freely in the environment 

before emitting their response, choosing the viewing distance that better suit their 

spontaneous processing style. A very similar task was employed in previous 

research, demonstrating globally oriented per- ception and amodal completion in X. 

eiseni (Sovrano and Bisazza 2008; Truppa et al. 2010). This is in contrast with the 



procedures used by studies that have failed to demon- strate a human-like 

perception of the Ebbinghaus illusion in other species. For example, Nakamura et al. 

(2009, 2014) trained birds to respond to small and large circles by pecking at 

different keys in an operant conditioning chamber. We believe that the approach that 

we employed with fish in this study could be more informative with regard to the 

perceptual mechanisms available to different species in ecologically relevant 

settings.  
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Figures and caption 

 

 

 

Fig. 1 Schematic representation and measures of the apparatus used in the 

experiment: a bird’s-eye view of the inner and outer tanks, with an experimental 

subject portrayed in the center of the inner tank; the dotted lines indicate the tunnels 

connecting the inner and the outer  tank (one of which was blocked preventing fish 

passage), b front view of one of the tunnel’s doors as seen from the subjects’ 

perspective within the inner tank; one of the test stimuli is visible below the door  

  



 

 

 

Fig. 2 The stimuli used in the training tanks located below the two doors  

  



 

 

 

 

Fig. 3 Pairs of stimuli used during the test: the orange disk surrounded by six large 

gray disks (on the top) was paired with each one of orange disks surrounded by 

small gray disks  

  



 

 

 

Fig 4. Number of trials needed to reach the learning criterion in fish trained with the 

bigger orange circle or the smaller orange circle as positive during training (group 

means with SEM are shown)  

  



 



Fig5. Percentage of choices for the configuration represented on the X axis below 

each group of bars. Thus, the two leftward columns represent the percentage of 

choice for the configuration with bigger inducers, and the two rightward columns 

represent choices for the configuration with smaller inducers. Blue bars represent the 

performance of subjects trained on the smaller target, whereas red bars represent 

subjects trained for the bigger target (group means with SEM are shown). In each 

figure, the top graph represents the percentage of first choices, the bottom graph 

represents the percentage of total choices. Each graph summarizes performance in 

one of the four testing conditions, in which number and spacing of the smaller 

inducers were varied:  a condition with six inducers distant from the central circle, b 

condition with six inducers near to the central circle,  c condition with eight inducers 

distant from the central circle, d condition with eight inducers near to the central 

circle  

 


