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RESUMO

O zebrafish (Danio rerio) é uma espécie de peixe que vem sendo cada vez mais utilizada como
modelo animal para o estudo de fenômenos comportamentais. O desenvolvimento de modelos de
impulsividade  com  tais  sujeitos  encontra-se  em  fase  inicial,  com  apenas  um  modelo  já
desenvolvido,  baseado  na  tarefa  5CSRTT.  Modelos  de  ampla  difusão  na  literatura,  como o  de
desconto temporal, ainda não se encontram adaptados para tal espécie. O objetivo deste trabalho é a
adaptação de um modelo de impulsividade, usando o zebrafish como sujeito, a partir de modelos já
desenvolvidos para roedores. O trabalho está organizado em três artigos. No primeiro efetuou-se
uma revisão de literatura de modelos animais de comportamento do tipo impulsivo. Embora os
resultados apontem mais de 27 modelos diferentes, mais da metade dos artigos revisados usaram
dois modelos, a saber, o paradigma de desconto temporal e a 5CSRTT, que correspondem a modelos
de escolha impulsiva e ação impulsiva, respectivamente. Dado já haver modelo baseado na 5CSRTT
adaptado  para  o  zebrafish,  optou-se  pela  adaptação  de  um modelo  de  desconto  temporal.  No
segundo artigo estudou-se o responder do zebrafish sob um esquema de peak procedure. Os sujeitos
não adquiriram o padrão típico de respostas em tal  esquema,  mas demonstraram discriminação
temporal num esquema anterior de intervalo-fixo.  Argumenta-se que os resultados negativos no
peak procedure se devem a efeitos da idade dos sujeitos, devido à longa duração da coleta. No
terceiro artigo estudou-se discriminação de quantidades de alimento pelo zebrafish. Os sujeitos não
demonstraram discriminação em nenhuma das proporções testadas (1 vs. 2, 1 vs. 3, 1 vs. 4 e 2 vs. 3
itens). Embora tais sujeitos possam não discriminar quantidades de alimento, já se demonstrou que
são capazes de discriminar quantidades de membros de sua espécie em cardumes. Conclui-se que,
apesar dos resultados negativos encontrados por este estudo, seria possível o desenvolvimento de
um  modelo  baseado  em desconto  temporal  usando-se  cardumes  de  tamanhos  diferentes  como
reforçadores. Futuras pesquisas deveriam se concentrar em procedimentos diferentes dos adotados
por este estudo.

Palavras-chave: comportamento animal, peixes, modelo animal, impulsividade.
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ABSTRACT

Zebrafish (Danio rerio) is becoming a very popular model for the study of behavioral phenomena.
The development of impulsivity models using this species is only beginning, with only one model –
based on the 5CSRTT – already adapted.  Widespread models such as delay-discounting were not
adapted  yet.  The objective  of  this  work  is  the  adaptation  of  a  rodent  impulsivity  model  using
zebrafish as subjects. The work is organized into three articles. In the first one, we performed a
review of  impulsive-live  behavioral  models.  Although  the  results  show more  than  27 different
models, more than half of the reviewed papers used either one of two models: delay-discounting
and 5CSRTT, which are models of impulsive choice and impulsive action, respectively. Because
there is already a model based on the 5CSRTT adapted for the zebrafish, we decided to adapt a
delay-discounting model for the species. In the second article, we investigated zebrafish responding
under a peak procedure. The subjects did not acquire the typical response pattern in that task but
showed time discrimination under a fixed-interval schedule. We argue that our results are due to the
aging  process  of  the  subjects,  given  the  long  duration  of  training.  In  the  third  article,  we
investigated the discrimination of food quantities by zebrafish. The subjects did not discriminate
between two different quantities in any of the ratios tested (1 vs. 2, 1 vs. 3, 1 vs. 4 e 2 vs. 3 items).
Although such subjects may be unable to discriminate between different quantities of food, it has
been shown that they are able to discriminate between different quantities of conspecifics in shoals.
We conclude that, despite our negative results, the development of a delay-discounting based model
using different shoal sizes as reinforcement could be possible. Future research should concentrate
on different procedures than those adopted here.

Keywords: animal behavior, fish, animal model, impulsivity.
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Impulsivity can be defined as “actions that appear poorly conceived, prematurely expressed, 

unduly risky, or inappropriate to the situation and that often result in undesirable consequences” 

(Daruna & Barnes, 1993). Although some impulsive behavior can be beneficial to an individual, 

high levels of impulsivity can be considered harmful, as it is directly mentioned as a diagnostic 

criteria for several psychiatric disorders and is implied in the criteria for others, including Antisocial

Personality Disorder, Borderline Personality Disorder, Substance Abuse, Bipolar Disorder, and 

Attention Deficit Hyperactivity Disorder (Moeller, Barratt, Dougherty, Schmitz, & Swann, 2001). 

Thus, the development of animal models of impulsivity is important, especially because animal 

models are an essential component of pharmaceutical research.

Although rodents have been the animals of choice for the development of behavioral models

in general, zebrafish (Danio rerio) is a teleost which is rapidly gaining acceptance in biomedical 

research (Gerlai, 2014). Its high fecundity, short generation time, transparent embryos and easy 

breeding protocols are often quoted as justification for its choice as a model in genetics (Müller, 

2005). It is 4 cm long when fully grown and it prefers to stay in close proximity to its conspecifics, 

a behavior that allows investigators to house a large number of zebrafish in small fish tanks (Gerlai, 

2014). It presents huge genetic homology with humans (Howe et al., 2013). It is a diurnal species 

that strongly relies on its vision, allowing for the manipulation of visual cues in experiments 

(Gerlai, 2014).

In behavioral sciences, the zebrafish has been shown as a promising model. It has been 

successfully used as subject in classical and operant conditioning procedures (Valente, Huang, 

Portugues, & Engert, 2012), has been trained to discriminate visual (Colwill, Raymond, Ferreira, & 

Escudero, 2005; Mueller & Neuhauss, 2012) and spatial cues (Karnik & Gerlai, 2012; Sison & 

Gerlai, 2010), and to avoid aversive stimuli (Xu, Scott-Scheiern, Kempker, & Simons, 2007). There

has been also studies in the field of memory (Cognato et al., 2012; Gaikwad et al., 2011; Williams, 
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White, & Messer, 2002). Finally, it has been used as a subject in several anxiety-like behavior 

models (see Maximino et al., 2010 for a review).

When it comes to impulsivity models, however, very few studies have utilized zebrafish as a

subject. We found only one adaptation of a rodent model for the zebrafish, that is, a 3-choice Serial 

Reaction Time Task (3CSRTT) (Parker et al., 2013; Parker, Millington, Combe, & Brennan, 2012). 

This model measures one aspect of impulsivity which has been classified as impulsive action (“the 

inability to withhold from making a response“) (Winstanley, Eagle, & Robbins, 2006). Another 

aspect of impulsivity, not covered by this model, is what is called impulsive choice. As there are 

several successful models of impulsivity with rodents covering both aspects (see Winstanley, 2011 

for a review), but only one adapted to the zebrafish, and covering only one aspect of impulsivity 

(i.e., impulsive action), our main objective was to adapt at least one of the several other existing 

models, especially trying to cover the lack of impulsive choice models. We understand that the field

of impulsivity can greatly benefit from the introduction of a new species, especially one with so 

many advantages such as the zebrafish.

Thus, this work is organized into three articles. The first one is a review of animal models of

impulsive-like behavior. Although there were previous reviews of impulsivity models (Dent & Isles,

2014; Winstanley, 2011), they were focused on rodent models only. As we were interested in 

developing a model for the zebrafish, a broader review, including other species, would be more 

useful. The objective of that article was to review the literature for animal behavioral models of 

impulsivity, to better understand the different existent models and to describe their measures. This 

would also help us to select one or more models to adapt. In that article we explore in more detail 

the concept of impulsivity, providing definitions for its aspects and classifications for the several 

models found. The article will be presented in the next section and the implication of its results to 

this work will be then discussed. The rationale for the second and third articles will be then 
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presented, as well as their full text. A final discussion then follows, bringing together the results of 

all studies here presented.
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3. Brief discussion of review results and outlining of a model adaptation

Although the results of the previous article show more than twenty-seven different models, 

more than half of the papers reviewed used one of either two paradigms: delay-discounting models 

(Rachlin, Raineri, & Cross, 1991) or the 5-choice Serial Reaction Time Task (5CSRTT) (Carli, 

Robbins, Evenden, & Everitt, 1983) . The former (with 130 citations found in the review) measures 

impulsive choice, while the later (with 88 citations) measures impulsive action. As mentioned 

earlier, the only model adapted for the zebrafish is the 3CSRTT, and it is a simplified version of the 

5CSRTT. Thus, we decided to adapt for the zebrafish the most cited model in the literature, that is, 

the delay-discounting model.

In delay-discounting tasks, the subject usually chooses between smaller immediate 

reinforcement and larger delayed reinforcement. The choice for the smaller but immediate 

reinforcement is called impulsive choice. There are two distinct causes for this preference: either an 

increased aversion to delay, or a decreased sensitivity to reinforcement size (McClure, Podos, & 

Richardson, 2014).  In order to adapt such a model, it would be necessary to verify whether the 

zebrafish is (a) sensible to delay and (b) sensible to reinforcement size or quantity. These two 

specific objectives were discussed in the second and third articles.

The second article investigated the performance of zebrafish under a peak-interval timing 

task (or peak procedure) (Roberts, 1981). This procedure is an operant task commonly used to 

investigate temporal control of behavior. It has been shown that rats that showed greater 

discrimination in a peak interval task showed less impulsivity in a delay discounting task which 

kept the reinforcement size constant (McClure et al., 2014). If we could demonstrate temporal 

discrimination in zebrafish, we could then cross such data with delay discounting. 

In the third article, we investigated whether zebrafish could discriminate between two 

different quantities of food. This ability is necessary for the adaptation of delay discounting models 
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for the zebrafish. In the following sessions, we present the second and third articles and, afterward, 

a general discussion about our results.
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4. Zebrafish Performance Under a Peak Procedure1

Guilherme Chirinéa

Universidade Federal da Bahia

Universidade Federal do Pará

Amauri Gouveia Jr.

Universidade Federal do Pará

Kazuchika Manabe

Nihon University

Abstract

The peak procedure is a task commonly used to investigate time discrimination. Most studies 

employing this procedure utilized rats or pigeons as subjects, but none of them used zebrafish as 

subjects. Zebrafish is considered a promising model in behavioral studies, thus this study 

investigated peak procedure performance in zebrafish. Twenty-six adult zebrafish were trained to 

perform a peak procedure task. Only three fish completed training. The typical result of peak-

procedure training is a curve showing the response rate within a trial reaching a maximum at about 

the time the reinforcement is delivered. None of the subjects in this study produced such curve. 

However, the same subjects have shown some time discrimination under a fixed-interval schedule. 

The lack of time discrimination during peak procedure sessions can be attributable to problems of 

experiment design and aging of the subjects. More studies using this procedure are needed to reach 

clearer conclusions. 

Keywords: peak procedure, zebrafish, time discrimination, learning.

1 Manuscript to be submitted to Psychology & Neuroscience (eISSN: 1983-3288).
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The peak procedure, sometimes called peak-interval procedure, is commonly utilized to 

evaluate time discrimination in animals. It was developed by Roberts (1981) based on a procedure 

first proposed by Catania (1970). It is a discrete-trial procedure with randomly mixed fixed-interval 

(also called food trials) and extinction (also called empty or probe) trials. On food trials, food is 

delivered after the first response after a set time has elapsed, and the trial ends. On empty trials, no 

food is given and the trial usually lasts twice or more than the set time for food trials. Empty trials 

usually last twice or three times longer than food trials. The typical result of peak-procedure 

training is a curve showing the response rate within a trial reaching a maximum at about the time 

the reinforcement is delivered (Roberts, 1981). The time of maximal responding is called peak time 

and the standard deviation of the function, the peak spread, grows in direct proportion of the 

interval being timed. The peak time is interpreted as a subjects estimate of the expected time of 

reinforcement, and the peak spread as a measure of confidence in the accuracy of this estimate 

(Matell & Portugal, 2007).

This procedure has been used to study time discrimination with pigeons (Roberts & 

Boisvert, 1998) and rats (Matell & Portugal, 2007; Wiener, Magaro, & Matell, 2008). There is at 

least one reported usage of this procedure in its respondent version with goldfish (Drew, Couvillon, 

Zupan, Cooke, & Balsam, 2005). However, so far no studies on time discrimination using this 

procedure have been done with zebrafish. Zebrafish is considered a promising model in behavioral 

sciences, having been used to study classical and operant conditioning (Valente, Huang, Portugues, 

& Engert, 2012), spatial learning (Karnik & Gerlai, 2012; Sison & Gerlai, 2010), visual 

discrimination (Colwill, Raymond, Ferreira, & Escudero, 2005; Mueller & Neuhauss, 2012), and 

active avoidance (Xu, Scott-Scheiern, Kempker, & Simons, 2007), to name a few examples. The 

study of time discrimination in zebrafish can open new possibilities of investigation, such as 

impulsivity models.

Thus, in this experiment, we investigate the performance of zebrafish under peak procedure.
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Method

Subjects

Twenty-six experimentally naÿve wild type zebrafish of both sexes were used. They were 

housed under two conditions: twelve of them individually and fourteen in pairs. The subjects kept in

pairs had a companion conspecific that was not exposed to the procedures. The individuals were 

housed in 1.2 l plastic tanks and the pairs in 3.45 l. The temperature of the water was maintained at 

26-28 °C, with constant mechanical and biological filtering. The tanks were additionally cleaned 

from debris three times a week. There was a 14 hr:10 hr light-dark cycle (fluorescent lights on at 6 

a.m.). The subjects were fed twice a day, one time during the procedures and the other in the 

opposite turn. The experiments were run 5 days a week, from Monday to Friday.

Apparatus

The apparatus used was similar to the described by (Manabe, Dooling, & Takaku, 2013). 

The response key consisted of a 2 mm-diameter-polymer-optical fiber for the presentation of color 

stimuli and a fiber sensor for detection of an approach to the response key. A tricolor LED 

illuminated the tip of the glass fiber. The apparatus was placed over a 1.2 l plastic tank (9 cm x 13.5 

cm x 10.5 cm) and the water column at 8.5 cm. The response key operated a feeder consisting of a 

servo motor, a brass tube with the inner diameter of 600 μm, a 406-μm-diameter electric-guitar wire

inserted in the brass tube, a vibrator and a white LED (feeder light). The reinforcement used was 

decapsulated brine shrimp eggs. During reinforcement the feeder light turned on, the servo motor 

pulled the wire, the vibrator operated and the food was loaded in to the brass tube, the servo motor 

pushed the food out of the tube and into the water. The feeder light then flashed 5 times at a 0.2-s 

interval.

Procedure

The response training (feeder training and auto-shaping) procedure followed the parameters 

described by Manabe et al., 2013. The subjects were transported from their tanks to the test tank and
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sessions would start after an acclimation period of 3 minutes. After each session, the subjects were 

returned to their tanks.

Feeder training. The subjects were trained to consume the shrimp eggs delivered from the 

feeder according to a variable-time (VT) 20-s schedule. Sessions ended after 80 reinforcement 

deliveries. Subjects were submitted to 5 sessions of feeder traning before the auto-shaping phase 

started.

Auto-shaping. During auto-shaping sessions, the LED at the tip of the response key was lit 

for 5 seconds according to a VT 20-s schedule. If the subject responded by swimming under the 

fiber session within the 5 seconds, reinforcement was delivered immediately. If no response was 

emitted during the 5 seconds, the reinforcement was delivered. Sessions ended after 80 

reinforcement deliveries. The training was complete after the subjects responded within the 5 

seconds in at least 75% of the trials.

Fixed-Ratio. After the response training was complete, a Fixed-Ratio (FR) 1 reinforcement 

schedule was implemented. Sessions lasted 80 reinforcement deliveries or 60 minutes, whatever 

happened first. If the subject received 80 reinforcements within-session for 3 consecutive sessions, 

the FR value was increased on the next session, according to the following progression: 1, 2, 3, 5, 7,

10. If the subject failed to respond enough to receive at least 60 reinforcements for 5 consecutive 

sessions, the FR value was decreased. After reaching the advancing criteria under FR 10, a Fixed-

Interval 10 s (FI 10) schedule was implemented.

Fixed-Interval. After the FI 10 schedule was implemented, if the subject received 80 

reinforcements for 3 consecutive 60 minutes sessions, the FI value was increased in 1 second on the

next session. Once the subjects reached FI 20, they were kept under this schedule until the response 

pattern was the typically observed under FI schedules (i.e., the fixed-interval scallop). This 

happened within 113 to 186 sessions. After this, the subjects were ready to be submitted to peak-

procedure sessions.
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Peak Interval. In this phase, subjects were submitted to the Peak Interval timing procedure 

with 80% Fixed-Interval (FI 20) trials and 20% unreinforced probe trials. Each unreinforced probe 

trial lasted 60 s. A mean inter-trial interval of 20 s was present. In each session, the first four trials 

are FI 20 ones, with the fifth being a probe trial. After the fifth trial, a probe trial is randomly 

inserted within each block of five trials.

Data analysis

For each subject, a response-rate function – the number of responses in each bin divided by 

the time spent in that bin (1 s) – was generated. 

Results

Of all twenty-six subjects submitted to the procedure, only three reached the last stage of 

training (peak procedure), two of them were housed individually and one housed in pairs. Some 

subjects did not advance to later stages, while others died during the process.

Figure 1 shows curves generated from the response rate for each 1-second bin during peak 

trials. The values shown are the mean rates of four sessions for each subject. For the sake of 

comparison, it also includes the curves generated from sessions 83-86 under the FI 20 schedule. The

response rates per second were converted to percentage of responses per second to make the 

comparison clearer.

Discussion

As mentioned earlier, the typical result of peak-procedure training is a curve showing the 

response rate within a trial reaching a maximum at about the time the reinforcement is delivered, 

then decreasing with the passage of additional time.

In our findings, none of the subjects generated such curve (Figure 1). The peak expected 

would be around 20 s, and the subject with the closest peak to this bin is I5a, with a peak around 24 

s. One subject (D4b) showed earlier peaks, around 1 and 11 s, and the other (I3) did not seem to 

show any clear sign of discrimination, even showing a 0 response rate around the 20-seconds bin.
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Figure 1. Performance of subjects I3, I5a and D4b under peak procedure and FI 20.

For peak procedure the response rates are a mean of four sessions. For FI 20, the 

response rates are a mean of sessions 83-86.
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Such results could mean that the subjects’ responding was not under control of the elapsed 

time. However, that did not seem to be the case under the FI 20 schedule. Figure 2 shows the curves

generated by each subject after 86 sessions under FI 20. For all three subjects, there is a high rate of 

responses before the time specified by the schedule, followed by a quick decline in the rate after 

such time. This illustrates that the responses were under at least some control of the elapsed time. 

The pattern was disrupted as sessions went by.

One possible explanation is the aging of the subjects. Unpublished data from the third author

suggests that 15-month-old subjects show poor or no discrimination of time under FI 20 schedule. 

In an active avoidance learning task, 7-month-old zebrafish showed increased learning ability 

compared to 15-month-old subjects (Yang, Kajiwara, Tonoki, & Itoh, 2018). Two-year-old zebrafish

showed learning deficits in a color discrimination paradigm for associative learning, while one-

year-old subjects showed no such deficits (Ruhl et al., 2015). In our study, the minimum number of 

sessions to reach the peak procedure phase was 177 sessions. As we ran experiments 5 days a week,

177 sessions would take aproximately 35 weeks or almost 8 months. Given the fact that the subjects

in our experiment were adult (90 days at least), some fish were at least 11 months old when 

reaching the peak procedure phase. Their performances were thus probably hindered by their aging 

process.

Our results should not be taken as a sign that zebrafish cannot discriminate time under peak 

procedure. Instead, it is rather a sign of difficulties with the procedure. Our experiment was 

performed along an overly extended period of time, partly due to demanding criteria for advancing 

from one phase to another. As we established three consecutive sessions of 80 reinforcements as a 

criterion for advancing from one schedule to another, any subject would take at least 39 sessions to 

reach the FI20 schedule. Many subjects took more than three sessions to advance from one schedule

to another, sometimes having to regress to earlier schedules when failing to respond enough to 

receive at least 60 reinforcements for 5 consecutive sessions. The high number of training sessions 
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can be lowered with less demanding advance criteria. For instance, preliminary results from the 

third author’s laboratory show that zebrafish show responding with a peak time of 20 seconds an FI 

20 schedule with as few as 20 sessions of training in that schedule.

It is also possible that the size of the interval was too big for the subjects. For instance, 

subject’s D4b response rate shows a peak around 10 seconds. Maybe a smaller interval (FI 10 or FI 

5) could yield better results. It has been shown that zebrafish can acquire responding when the 

response produced a reinforcer after a 0.5 and 1-s delay (Kuroda & Mizutani, 2018). It seems that 

zebrafish is sensitive to delay of reinforcement up to a 6-s limit. Moreover, unpublished results from

the first author’s laboratory of experiments with zebrafish submitted to DRLL schedules show that 

these subjects can discriminate time intervals up to 5-s. A smaller FI value would also make the 

traning period shorter, possibly reducing the effects of aging over the learning abilities of the 

subjects.

In conclusion, in this study we investigated the performance of zebrafish under a peak 

procedure. Our subjects failed to produce the typical response pattern under this procudedure. 

Although it could indicate that zebrafish are unable to discriminate time intervals, our results with 

the FI 20 schedule, with high response rates around the 20-s bin, indicates that zebrafish responding

can be brought under the control of time intervals. Future studies should focus on different training 

procedures to evaluate whether a comparable performance can be achieved under peak procedure.
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Abstract

The ability to discriminate quantities is widespread among non-human animals and is present in 

mammals, birds, fish, and insects. There are few quantity discrimination studies using zebrafish as 

subjects, most using conspecifics as choice stimuli, but none using food items. In this study, we 

evaluated if zebrafish can discriminate between sets with different quantities of food items. The 

subjects were divided into four groups, each with different contrasting ratios (1 vs. 2, 1 vs. 3, 1 vs. 

4, and 2 vs. 3 items) and were exposed to 5 daily forced-trial sessions and 5 daily free-trial sessions.

The subjects were unable to discriminate between food quantities in all ratios. Their performance 

did not improve along the sessions. The results seem to contradict previous ones that showed 

quantity discrimination in zebrafish. Such contradiction can be attributed to differences in the 

procedures and nature of the task.

Keywords: quantity discrimination, food choice, zebrafish.

2 Manuscript submitted to Psychology & Neuroscience (eISSN: 1983-3288), EMID:8ec05866255877b0.
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The ability to discriminate quantities is widespread among non-human animals, being 

present, for instance, in mammals such as monkeys (Beran, 2008), dogs (Macpherson & Roberts, 

2013), and horses (Uller & Lewis, 2009), birds such as domestic chicks (Rugani, Regolin, & 

Vallortigara, 2008), and insects, such as honey bees (Howard, Garcia, Greentree, & Dyer, 2018). 

Such abilities are also present in several species of fish (see Agrillo & Bisazza, 2018 for a review). 

Of particular interest, the zebrafish (Danio rerio) is a model organism for genetics, physiology and 

development research, with increasing applications in behavioral studies (Gerlai, 2014). However, 

only a few studies assessed quantity discrimination in zebrafish.

For instance, in a study investigating the influence of shoal size and activity in shoal choice 

(Pritchard, Lawrence, Butlin, & Krause, 2001), zebrafish have been shown to prefer larger shoals. 

The test subjects were placed in the center of a tank with two smaller stimulus tanks, positioned at 

either end of the test tank, and the time spent near either stimulus tank was recorded. The stimulus 

tanks held different shoal sizes: one side held four fish, while the other held one, two, three or four 

fish. The level of activity of the stimulus shoal was also manipulated through changes in water 

temperature, with more or less active shoals placed in warm or cold water. The subjects in this study

have been shown to prefer the larger shoal when faced with 4 vs. 1 and 4 vs. 2 ratios. The level of 

activity of the stimulus shoal also played a role in the preference, with zebrafish preferring the more

active shoal.

Another study (Potrich, Sovrano, Stancher, & Vallortigara, 2015) has shown that male 

zebrafish prefer the larger of two female shoals. The male subjects were placed at the center of a 

plastic rectangular tank with two isolated sectors located in either short side of the tank. Those 

sectors held different numbers of female individuals. One part of the two sectors was transparent, 

allowing for the stimulus fish to be fully observed by the test fish in the center, while the other part 

was opaque. In each trial, test subjects were placed within a transparent cylinder at the center of the 

test tank allowed to observe the two different stimuli shoals during a short period (5 or 30 s). At the 
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end of the observation period, a number of females (depending on the shoal size) was moved to the 

opaque part of the isolated sector, so that only one fish was visible in either side of the tank. The test

fish was then released and the first choice for either side was recorded. In this experiment, subjects 

prefered the larger shoal in ratios of 2 vs. 1, 3 vs. 2, 4 vs. 2, 4 vs. 6 and 8 vs. 4 individuals, but 

shown no significant preference in 4 vs. 3, 6 vs. 4 or 8 vs. 6 individuals.

A third study (Seguin & Gerlai, 2017) has demonstrated that zebrafish chose the larger shoal

for contrasted ratios above or equal to 2:1. In this study, subjects were placed in the center of a tank 

with two containment areas created by perforated plexiglass dividers placed 5 cm away from each 

short side. The time spent in the zones near each containment area and the number of entries in each

zone were recorded. The following contrasts were used for stimuli shoals: 4 versus 0, 4 versus 1, 8 

versus 2, 6 versus 2, 6 versus 3 and 8 versus 4. The subjects in this study have shown significant 

preference for the larger shoal in all contrasts except when each of the two contrasted shoals had at 

least 4 members (8 vs. 4 stimulus fish). Thus, even though there is not a clear agreement between 

all reports when it comes to ratios, it seems that zebrafish have some ability to discriminate 

quantities, at least when the choice stimulus is a shoal of conspecifics.

Zebrafish have also been successfully trained to discriminate between different quantities of 

abstract items (Agrillo, Petrazzini, Tagliapietra, & Bisazza, 2012). In this study, subjects of five 

different species (Xenotoca eiseni, Poecilia reticulata, Betta splendens, Pterophyllum scalare and 

Danio rerio) were placed in a rectangular tank and presented with two sets of black geometric 

figures differing in numerosity inserted in a white background. Soon after the stimuli were inserted 

into the tank, reinforcement (nauplii of A. salina) was released near the reinforced numerosity. Half 

the subjects received reinforcement to the larger numerosities and the other half received 

reinforcement to the smaller numerosities. After 12 training trials, the subjects were tested in 12 

probe trials with the same numerosities presented during training and 8 probe trials to observe 

generalization to small (2 vs. 4 ) and large (25 vs. 50) numbers. The dependent variable was the 
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proportion of time spent in the choice areas during probe trials. Zebrafish in this study successfully 

learned to discriminate between 5 vs. 10 items and 6 vs. 12 items. However, only six out of forty-

eight fish reached the learning criterion. Those that learned were able to generalize to sets of 8 vs. 

12 items.

It seems the ability to discriminate quantities of food has not been studied in zebrafish. 

Other species of fish such as guppies (Poecilia reticulata) have been shown to prefer the larger 

quantity of similar-sized food items up to a 2:1 to ratio (4 vs. 1 and 4 vs. 2, but not 3 vs. 2 or 4 vs. 3 

items) (Lucon-Xiccato, Miletto Petrazzini, Agrillo, & Bisazza, 2015). They also seem to prioritize 

the item size over the total amount, selecting the set with larger items even when the other set with 

smaller items contained the double quantity of food. No such data is available regarding zebrafish 

behavior.

Thus, in this study, we investigate whether zebrafish can discriminate between different 

quantities of food items. This ability has clear survival advantages as it benefits foraging efficiency.

Method

Subjects

Twenty-four adult zebrafish of both sexes were used. They were housed individually in 1,2 l 

tanks with gravel bottom in a system with shared water with mechanical and biological filtering. 

The temperature of the water was maintained at 26-28 °C. There was a 14 hr:10 hr light-dark cycle 

(fluorescent lights on at 6 a.m.). The subjects were fed twice a day, only during the procedures.

Apparatus and stimuli

The experimental apparatus (Figure 1) was a glass tank (40 cm length, 10 cm width and 10 

cm height) with a 10 cm long wall in the middle of one of its shorter walls, dividing it into two 

chambers. Two plastic guillotine doors were used, one to isolate the fish at ¼ of the tank’s length 

(10 cm) at the beginning of each trial, and a smaller one to isolate one of the choice chambers 
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during forced trials. The tank was placed inside a cardboard box to avoid distracting stimuli from 

outside the tank.

The stimuli were small pieces of commercial food flakes (Bettagran, Sera GmbH, 

Heinsberg, Germany). The items used were of the same size for each trial.

Procedure

The subjects were divided into 4 groups with 6 subjects. Each group was submitted to a 

different discrimination ratio: 1 vs. 2, 1 vs. 3, 1 vs. 4, and 2 vs. 3 items. Each group was submitted 

to two types of sessions: forced-trial sessions were used to teach the subjects the amount of food to 

be found in each side and free-trial sessions were used to evaluate the subjects preference for either 

side.

Figure 1: Diagram of the test tank used as seen from above (A) and in a three dimensions (B), showing 

the choice chambers in one of the short walls
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During forced-trial sessions, the subjects were placed in the test tank and after 1 minute of 

free exploration, they were brought to the side opposite to the choice chambers and held there with 

a plastic guillotine door placed at ¼ of the tank’s length (10 cm) for one minute. During that period, 

one of the choice chambers was closed with a plastic guillotine door and food was placed on the 

surface of the water in the other choice chamber, close to the outer corner. After the inter-trial 

period, the guillotine door holding the subject was removed and it was given one minute to 

consume the food in the opened choice-chamber. After this period, the subject was brought back to 

the side opposite to the choice chambers and a new trial begun. The food was placed on alternate 

sides for each trial, 3 times on the right and 3 times on the left, for a total of 6 forced trials. One side

would always have more food than the other. Half the subjects would receive the larger amount on 

the left side and the other half on the right side.

During free-trial sessions, the procedure was the same, but instead of closing one of the 

choice chambers during the intertrial period, food was placed on both choice chambers, which were 

left open. When the subject was released and chose one side, the guillotine door was placed on the 

opposite side to prevent the subject from eating the food placed there. Each session lasted for a total

of five trials.

For each group a total of 10 sessions was conducted over 6 days, 5 forced-trial sessions (in 

the afternoon) and 5 free-trial sessions (in the morning).

Data analysis

The number of choices made by each subject on either side was recorded. Percentage of 

choices for the side with the larger number of food items were computed for each fish. One-sample 

two-tailed t tests were used to assess whether the preference for either number of items and either 

side was greater than chance (50%) for each group (ratio). We also conducted analyses of variance 

(ANOVAs) to compare the preference for the larger number of items among all groups (ratios) for 

each session and among days for each group (ratio).
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Results

Subjects chose the side with the larger quantitiy in 54.89 ± 23.82 % of the trials when facing

choices of 1 vs. 2 items, 54.00 ± 26.34 % when facing 1 vs. 3 items, 48.67 ± 17.17 % when facing 1

vs. 4 items, and 48.00 ± 31.34 % when facing 2 vs. 3 items. None of these preferences were greater 

than chance (1 vs. 2, t(29) = 1.12, p = 0.272; 1 vs. 3, t(29) = 0.83, p = 0.412; 1 vs. 4, t(29) = -0.43, p

= 0,674; 2 vs. 3, t(29) = -0,35, p = 0,729).

To assess if subjects had a preference for a given side, regardless of the quantity present in 

either of them, a one-sample two-tailed t test was performed between the percentage of choices for 

each side in all groups. Subjects in the 1 vs. 2 group chose the right side in 46 ± 24 % of the trials 

(t(29) = -0,96, p = 0,345), 48 ± 27 % for the ones in the 1 vs. 3 group (t(29) = -0,41, p = 0,683), 51 

± 17 % in the 1 vs. 4 group (t(29) = 0,21, p = 0,833) and 43 ± 31% for the subjects in the 2 vs. 3 

group (t(29) = -1,19, p = 0,243). Even though three out of four groups showed a higher preference 

for the left side, none of these preferences were above chance level.

As the subjects were submitted to forced-trial sessions every day, some learning effect could

be expected, with more choices for the larger quantity as the days passed. That was not the case, as 

shown in Figure 2. A session by session analysis within groups shows the choice for the larger 

quantity was higher in the last day, compared to the first one, for the 1 vs. 2 group, equal for the 2 

vs. 3 group and lower for 1 vs. 3 and 1 vs. 4 groups. However, none of these differences were 

statistically significant (F(12, 80) = 1.17, p = 0.321).



76

Finally, the ANOVAs performed for each session using groups as a between-subjects factor 

revealed no significant effects (one way ANOVA, Session 1: F(3, 20) = 0.37, p = 0.778; Session 2: 

F(3, 20) = 1.40, p = 0.273; Session 3: F(3, 20) = 0.16, p = 0.919; Session 4: F(3, 20) = 2.98, p = 

0.056; Session 5: F(3, 20) = 0.54, p = 0.661), as shown in Figure 3.

Figure 2. Percentage of choice for the larger set of food items in each session for all four groups (1 vs. 2, 1 vs. 3, 

1 vs. 4 and 2 vs.3 items). The graphs show the mean preference and the standard deviation. There was no 

statistically significant difference between sessions in none of the groups (p < 0.05).

1 vs. 2 1 vs. 3

1 vs. 4 2 vs. 3
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Discussion

The results reported by this study seem to contradict earlier results on quantity 

discrimination in zebrafish (Agrillo et al., 2012; Potrich et al., 2015; Pritchard et al., 2001; Seguin 

& Gerlai, 2017). Even though this species has been demonstrated to discriminate the larger quantity

of conspecifics in sets of several different ratios, in our experiment, zebrafish failed to discriminate 

between food quantities in all ratios tested. There are differences between these studies, especially 

regarding the procedures and the choice stimuli. The reasons for the difference between the results 

could then be explained by aspects of the procedure and nature of the task.

Most of the experiments that investigated quantity discrimination in zebrafish used 

conspecifics as choice stimuli, and the procedures did not require previous training as they were 

based on shoaling (Pritchard et al., 2001; Seguin & Gerlai, 2017) or courtship-based (Potrich et al., 

2015) behavior. Our experiment, however, used food as choice stimuli and relied on training 

because the subjects faced a choice between different quantities of food that were visible only after 

Figure 3. Percentage of choice for the larger set of food items in each group session by session. The graphs show the 

mean preference and the standard deviation. There was no statistically significant difference between groups in none of 

the sessions (p < 0.05).
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the fish was released from the initial enclosure, at the start of each trial. The food was placed on the 

surface of the water, and it is possible the fish could not see all items when choosing one side or the 

other for the first time. The forced-trial sessions served as training for the subjects, so even if the 

fish failed to see all the items in some trials, the repetition of forced trials should expose them to the

different amounts in each side. Thus, it is possible that part of the difficulty of the subjects in 

discriminating the different quantities of food came from difficulties in learning the task. For 

instance, Agrillo et al. (2012) argued that one reason why only six out of forty-eight zebrafish 

reached the learning criteria in their experiment was attributable not to “a specific deficit of 

zebrafish regarding numerical skills”, but to “a more general inability of this species in 

discrimination learning”. They mention zebrafish performed much worse than the control species 

(redtail splitfin) in a simple shape discrimination task. Moreover, in our experiment, we saw no 

improvement in the performance (that is, increase in choices for the larger quantity of food items) 

as the number of training sessions increased. As the subjects were exposed to only 5 training 

sessions, it is possible that a longer training period would be necessary for the discrimination to be 

learned.

It also should be noted that we only investigated the ability to discriminate discrete 

quantities. As mentioned earlier, guppies prioritize item size over total amount when discriminating 

quantities (Lucon-Xiccato et al., 2015). Thus it is possible that zebrafish are not able of 

discriminating quantities based on number, but could be capable of discriminating based on item 

size. That possibility remains to be investigated.

Given that the ability to discriminate larger sources of food is of clear importance to the 

success of foraging strategies, the results here presented should encourage new studies to confirm or

deny them, possibly with different procedures and extended training. The further investigation of 

whether zebrafish are able to discriminate quantities based on item size is also recommended.
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6. General Discussion

Our main objective was to adapt a model of impulsivity from the rodent literature to the 

zebrafish. In order to select a model to adapt, we performed a review of the literature of animal 

models of impulsive-like behavior. We found a variety of more than twenty-seven different 

impulsivity models. However, more than half of the papers used either delay-discounting tasks or 

the 5CSRTT. Each of those models represents one aspect of impulsivity: impulsive choice or 

impulsive action. From all those models, only one was already adapted for the zebrafish, that is, the 

3CSRTT, a variation of the 5CSRTT with lesser choices. Because this model was of the impulsive 

action kind, we decided to adapt an impulsive choice model for the zebrafish based on the delay- 

discounting paradigm.

In delay-discounting tasks, the subject chooses between a smaller but immediate quantity of 

reinforcement and a larger but delayed quantity. Thus, two variables are manipulated in such tasks: 

reinforcement size and delay duration. It is then necessary to subjects in such tasks to be sensible to 

both manipulations. We then studied the timing and quantity discrimination abilities of zebrafish in 

two separate articles.

To study zebrafish’s timing abilities, we used a peak procedure. In such procedures subjects 

have to respond in discrete trials under two randomly alternating schedule: in some trials, the 

subjects respond under a fixed-interval schedule (or food trials) and in some other trials (called 

empty or probe trials) under an extinction schedule (Roberts, 1981). The typical result of this task is

a Gaussian or peak-shaped curve showing the average response rate in probe trials. The time of 

maximal responding in these trials, the peak time, falls close to the criterion duration (the fixed-

interval value in food trials), while the standard deviation of this function, or peak spread, grows in 

direct proportion of the interval being timed. The peak is interpreted as the subject’s estimate of the 

expected time of reinforcement. (Matell & Portugal, 2007).
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In our study, zebrafish were trained to respond under a FI 20 schedule and then were 

submitted to peak procedure sessions. Of twenty-six subjects submitted to the procedure, only three 

reached peak procedure training. Their responding did not generate the mentioned Gaussian curve. 

While one subject showed a peak around some time intervals within the probe sessions, this peak 

time was earlier than the set time.

This can be interpreted as the subjects responding not being under control of the elapsed 

time. However, under FI 20 the subjects showed peak times around 20 seconds, even if their 

responding rate in earlier times was also high. This and other unpublished results show that 

zebrafish can learn to discriminate time intervals. Our hypothesis is that the duration of the whole 

training was too long (8 months in some cases) and the subjects learning abilities were hindered by 

their aging process.

Our results should not be taken as a sign of the impossibility of developing impulsivity 

models based on time discrimination by zebrafish. For instance, it has been shown that zebrafish 

can acquire responding when the response produces reinforcers with delays up to a 6-s limit 

(Kuroda & Mizutani, 2018). Moreover, unpublished results from our laboratory show that zebrafish 

trained in a DRLL procedure are able to discriminate time in 5-s intervals. It is possible then that 

smaller intervals, of 10 or maybe 5-s, could yield better results.

We also trained zebrafish in a quantity discrimination procedure. Our subjects were exposed 

to choices between 1 vs. 2, 1 vs. 3, 1 vs. 4 and 2 vs. 3 items. The subjects could not discriminate 

between quantities above chance level in any of these ratios. Our result could mean that zebrafish 

are unable to discriminate between different quantities of food, but it does not mean that this species

is not capable of discriminating quantities at all. There are reports that zebrafish are able to 

discriminate between different quantities of conspecifics (Potrich, Sovrano, Stancher, & 

Vallortigara, 2015; Pritchard, Lawrence, Butlin, & Krause, 2001; Seguin & Gerlai, 2017). This is 

important for the development of impulsivity models based on impulsive choice because it has also 



82

been shown that the sight of conspecifics has reinforcing properties (Al-Imari & Gerlai, 2008; 

Pather & Gerlai, 2009).

Given that zebrafish have been shown to be sensitive to delay of reinforcement and that 

conspecifics can work as reinforcement for zebrafish’s responses, a delay-discounting model could 

be developed using sight of conspecifics as reinforcement, varying shoal and delay sizes. However, 

it should be noted that while most zebrafish could acquire responding with delays of 0, 0.5 and 1-s, 

only a few could do it up to 3s and even fewer could do it up to 6-s (Kuroda & Mizutani, 2018). It 

should also be noted that even if some zebrafish were capable of discriminating between two 

different shoal sizes, only six out of forty-eight subjects reached the learning criteria (Agrillo, 

Petrazzini, Tagliapietra, & Bisazza, 2012). According to the authors of that study, the reason why so

few subjects learned the task could be attributed to a general inability of the species in 

discrimination learning. In that sense, it is possible that even a delay-discounting model using 

conspecifics as reinforcement could be difficult for zebrafish to learn.

In conclusion, even though zebrafish has been proven a useful model in behavioral sciences,

being capable of learning several different tasks, the only impulsivity task that has been successfuly 

developed for this species is the 3CSRTT (Parker et al., 2013, 2012). Future studies on the subject 

should concentrate on different tasks and take into account the fact that this species, at least 

according to our procedures, has difficulties discriminating between different quantities of food.
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