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Abstract

The ability to discriminate numbers is widespread across taxonomically diverse animals. Some animals may have evolved
enhanced numerical abilities to cope with specific social or ecological challenges. Peafowl (Pavo cristatus) are one exam-
ple in which enhanced numerical abilities could be useful because peacocks have colorful trains that exhibit many eyespot
feathers and females may evaluate the number of eyespot feathers to assess their mates. We therefore tested the numeri-
cal discrimination abilities of captive peafowl using a custom touchscreen apparatus. Peafowl were presented with two
squares that contained a different number of circles (one to eight) and they received a reward for pecking on the square that
contained more circles. To examine whether quantity factors aside from numerosity were influencing their performance,
we varied the size, density or surface area of the circles. We found that the peafowl’s performance was largely driven by
numerosity rather than the other quantity factors. The peafowl generally performed at levels above chance regardless of the
size, density or surface area of the circles. Their performance was also consistent with the Weber—Fechner Law, in which
numerical discrimination is related to the ratio between numbers rather than the absolute difference. The results suggest
that peafowl can discriminate among numbers and they could potentially use that ability during courtship or other contexts.

Keywords Avian cognition - Cognitive ecology - Numerosity - Numerical cognition - Sexual selection - Weber—Fechner
law

Introduction

Numerical competence is the ability to represent, discrimi-
nate, and process numerical quantity information (Nieder
2020). The ability to discriminate among numbers is com-
mon across many different animals (Butterworth et al. 2018;
Nieder 2020; Regolin et al. 2025). While some suggest that
humans and other animals process small and large num-
bers using different mechanisms (Feigenson et al. 2004),
others report that animals use a single mechanism (Beran
2001; Cantlon and Brannon 2006; Tomonaga 2008). The
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evolutionary factors shaping numerical competence are not
well studied (Nieder 2020).

Some animals exhibit superior numerical abilities that
may have evolved to meet specific social and ecological
challenges. For example, cowbirds (Molothrus ater) are
brood parasites and only the females select host nests. As
predicted based on these sex-specific reproductive roles,
female cowbirds are better than males at discriminating
among numbers within the range of clutch sizes of their
hosts (1-6 eggs; Guigueno et al. 2025). Similarly, American
coots (Fulica americana) engage in conspecific brood para-
sitism in which females lay their eggs in conspecific nests.
As a countermeasure to raising unrelated offspring, females
count the number of eggs that they perceive as their own and
reject the rest (Lyon 2003). And, in another example, North
Island robins (Petroica longipes) are a scatter-hoarding bird
that need to track and retrieve many caches. They exhibit
exceptional numerical abilities by accurately discriminating
between large quantities (Garland et al. 2012).

Peafowl (Pavo cristatus) are a highly social species that
could benefit by having enhanced numerical cognition.
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During courtship, males display colorful trains that can have
nearly 180 eyespot feathers (Petrie et al. 1996). Some stud-
ies have found that females evaluate the number of eyespot
feathers to select a mate (Petrie et al. 1991; Petrie and Halli-
day 1994; Dakin and Montgomerie 2011) while others have
not (Takahashi et al. 2008). Aside from courtship, numeri-
cal abilities are likely also useful in foraging, navigating
and avoiding predators (Nieder 2020), suggesting that such
numerical abilities might benefit peafowl in those situa-
tions as well. Determining the numerical abilities of pea-
fowl would be valuable in assessing whether they can use
these abilities in courtship or other contexts. A recent study
(Sakamoto and Ogura 2025) tested the numerical abilities of
peafowl using a two-choice apparatus that displayed vary-
ing numbers of black circles (up to five) printed on white
paper. They found that some of the peafowl! discriminated
among some of the number combinations at levels signifi-
cantly above chance while others did not (and the results
were similarly mixed when surface area was controlled).
For example, 3 out of 4 peafowl] discriminated between 1
versus 2 circles but none of three peafowl discriminated
between 2 versus 3 circles. In some instances, the peafowl
may have performed poorly due to disturbances from con-
specifics. Additional work that tests the abilities of peafowl
on a wider range of numbers and more number combina-
tions as well as controls for additional quantity factors and
increases sample sizes (both number of individuals tested
and number of trials per individual) would further enhance
our understanding of quantity discrimination in this species.

We therefore examined quantity discrimination in pea-
fowl using a custom touchscreen apparatus that allowed
us to test peafowl on a relatively wide range of numbers
across all number combinations while investigating mul-
tiple quantity factors. Captive peafowl were presented with
two squares on a touchscreen monitor that contained dif-
ferent numbers of circles (ranging from one to eight). They
received a reward when they pecked at the square that con-
tained more circles. We conducted a series of experiments to
identify the quantity factors that influenced their decisions.
The circles within the squares were the same size (Experi-
ment 1) or varied in size (Experiment 2), density (Experi-
ment 3), or surface area (Experiment 4). We analyzed the
accuracy levels relative to both the absolute difference
between the numbers as well as the ratio to test whether
their performance was consistent with the Weber—Fechner
Law (Nieder 2005). According to the Weber—Fechner Law,
discrimination is based on ratios rather than absolute dif-
ferences. For example, it should be easier to discriminate 3
versus 5 (ratio: 0.60; absolute difference: 2) compared with
8 versus 10 (ratio 0.80; absolute difference: 2) even though
the absolute differences are the same.
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Methods
Subjects

We tested adult peafowl (6 female and 2 male) on the
numerosity experiments in 2024 and 2025 in College Sta-
tion, TX, USA (30.56°N, 96.41°W). Likely due to old age,
two of the females died prior to completing all experiments;
one female stopped participating prior to completing all
experiments. The subjects were housed in an outdoor avi-
ary (18.3x24.4x2.1 m) with up to 26 conspecifics; they
had ad libitum access to food, water, and shelter. The pea-
fowl were originally captured from feral populations in the
United States. The experiment occurred within a section
(6.1x6.1 m) of this outdoor aviary (‘experimental area’)
that was surrounded by plywood boards. The experimen-
tal area had water and shelter but no food (aside from the
food rewards, see below, and any insects or plants within
the experimental area). The peafowl were not food or water
restricted prior to participating.

Apparatus

The touchscreen system was similar to that used in Liao
et al. (2023). A monitor (Dell 24” gaming monitor; model:
G2422HS; 1920x 1080 pixels; refresh rate: 165 Hz) with
an infrared touchscreen frame (Optir touch screen overlay;
Touch Screens, Inc.) was mounted in a custom plastic box.
To prevent the birds from damaging the monitor, a sheet
of clear tempered glass was overlaid atop the monitor. We
used custom Matlab scripts with Psychtoolbox (Brainard
1997) on a laptop (Dell Rugged Latitude 5430) to control
the experiment and dispense rewards. The rewards were
bacon-flavored pellets (BioServ 190 mg Bacon Yummies)
that were dispensed using a pellet dispenser (Med Associ-
ates ENV-203-190IR, SG-230R, and SG-500T) controlled
by a USB relay. The birds only received these pellets when
they interacted with the touchscreen. We stacked two cin-
der blocks on each side of a wooden platform that was
positioned in front of the monitor so that the birds could
only participate while standing in front of the middle of the
monitor. Opaque plastic bins were positioned on either side
of the cinder blocks to reduce outside visual distractions. A
wooden board was positioned perpendicular to the reward
receptacle to prevent the subjects from standing on the
receptacle and inadvertently activating the touchscreen with
their neck feathers. Experimenters monitored the subjects
during the experiment using video cameras (Babysense
baby monitors) but were not visible to the subjects. Figure 1
displays the touchscreen apparatus.
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Fig. 1 (A) A peahen in front of the
touchscreen apparatus that is display-
ing the central dot. (B) A peacock
pecking at the central dot (the reward
receptable is visible below the
monitor)
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Procedure

Subjects participated individually and voluntarily by walk-
ing into the experimental area. The experimenters then
closed off the experimental area so that only one subject was
inside at a given time. After the subject was done partici-
pating (i.e., moved away from the touchscreen apparatus),
the experimenter opened the experimental area so that the
subject could return to the main aviary. Because the subjects
participated voluntarily, they participated for as little as a
few minutes to as much as several hours during each day.

To begin their training, subjects were rewarded for peck-
ing on a black circle (500 pixels radius) that was presented
towards the top center (centered horizontally 960 pixels
from the left and right side but 270 pixels from the top) of
a white background that became progressively smaller each
time they pecked it (it shrank by 46 pixels in radius with
each peck). After successfully learning to peck within the
shrinking black circle, they received a reward for pecking
at a small black dot (70 pixels radius) in the center of the
screen toward the top (centered horizontally but not verti-
cally: the center of the dot was 270 pixels down from the
top of the screen and 960 pixels from the left or right side).
The central dot was positioned toward the top of the screen
to minimize the chances that subjects accidentally activated
the touchscreen with their crest feathers. In the last step of
their initial training, they received a reward for pecking at
the central black dot and then pecking at one of two gray
squares (576 pixels x 576 pixels) that appeared on either
side of the central dot (the center of the squares was 480
pixels to the left and right of the center of the dot). When-
ever subjects pecked correctly, a medium-pitched tone
played (500 Hz); whenever subjects pecked incorrectly, a
low-pitch tone played (350 Hz). These preliminary training
procedures were continued until we qualitatively judged
the subjects reliable in completing them (i.e., they success-
fully performed the training with few errors over multiple
training sessions). Some subjects required minimal training
because they were already proficient given their participa-
tion in previous touchscreen experiments (Liao et al. 2023);
other subjects required extensive training.

After subjects were qualitatively considered reliable on
the preliminary training procedures above, they completed
their formal training in five phases. This formal training,
with specific accuracy criteria to advance to subsequent
training phases, ensured that our qualitative assessments
of their performance during the preliminary training were
accurate. The first phase was the same as above, involv-
ing a central black dot (70 pixels radius) appearing and the
subjects needing to peck it to receive a reward. After com-
pleting 10 trials of this phase with at least 80% accuracy,
they moved onto phase two. Phase two was also the same as
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the initial training, in which they received a reward if they
pecked a central black dot (70 pixels radius) and then one of
two gray squares (576 pixels x 576 pixels) that appeared on
either side of the central dot (center of the squares was 480
pixels from the center of the dot). After completing 20 trials
with at least 80% accuracy, they moved onto phase three.
During phase three, they received a reward if they pecked
a central black dot and then one of two gray squares that
appeared on either side of the central dot; the gray squares
each contained the same number (up to eight) of black cir-
cles within them. After completing 20 trials with at least
80% accuracy, they moved onto phase four. Phase four was
the same as phase three except that the number of circles
(up to eight) within the squares varied and the difference
in number of circles between the squares was at least four
(e.g., one square had 2 circles and the other had 6 circles).
The subjects only received a reward if they pecked within
the square that contained more circles than the other square.
After completing this phase with at least 90% accuracy over
50 trials, they began the fifth phase. Phase five was similar
to phase four except that the difference in number of cir-
cles between the squares was at least one. Subjects needed
to have at least 85% accuracy over 100 trials to complete
phase five. In all of the training procedures, the circles were
randomly positioned within the gray squares and the circles
were the same size (18 pixels radius).

Experiments 1-4 began after the subjects successfully
completed their formal training and the experiments were
completed sequentially. The experiments were designed
similarly to those in Tomonaga (2008). Experiment 1 was
identical to training phase five: subjects received a reward
for pecking a central dot and then within the square that
contained the larger number of circles (up to eight circles
appeared in random positions within each square and the dif-
ference in number of circles between the squares was at least
one; Fig. 2). The distance between the center of any circle
to the center of any other circle within the same square was
at least three times the radius of the circles (i.e., 3 x 18 pix-
els=54 pixels apart). The circles were positioned within a
section (426 % 426 pixels) centered within each gray square.
The subjects completed 12 blocks of 112 trials for a total of
1344 trials. Each block contained four repetitions of the 28
possible pairwise combinations of circles (4 repetitions x 28
combinations=112 trials). For each pairwise combination
in Experiment 1 (and in subsequent Experiments 2—4), the
larger number of circles appeared on the left square in half
of the repetitions and the right square in the other half of the
repetitions (i.e., the correct answer appeared equally often
on each side).

Experiment 2 was similar to Experiment 1 except the size
of the circles varied. The radius of the circles was small (9
pixels), medium (18 pixels), or large (36 pixels). Experiment
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Central Fixation Dot
(until pecked)

Numerical Choice
(until pecked)

Delay
(1.5s)

Fig.2 Sequence of a trial in Experiment 1. The subjects initially peck a central fixation dot and then need to peck within the square with the larger
number of circles (in this example, the square on the right) to earn a reward

2 had five conditions: (1) the circles in both squares were
small, (2) the circles in both squares were medium, (3) the
circles in both squares were large, (4) the circles were large
in the square that had more circles and small in the square
that had less circles (congruent), and (5) the circles were
small in the square that had more circles and large in the
square that had less circles (incongruent). The distance
between the center of any circle to the center of any other
circle within the same square was at least three times the
radius of the circles (i.e., for small circles, 3 X9 pixels=27
pixels apart; for medium circles, 3 x 18 pixels=56 pixels
apart; for large circles, 3 x 36 pixels=108 pixels apart). The
subjects completed 12 blocks of 280 trials for a total of 3360
trials. Each block contained two repetitions of the 28 pos-
sible pairwise combinations of circles for each condition (2
repetitions x 28 combinations x 5 conditions =280 trials).
Experiment 3 was similar to Experiment 1 except the
density of circles varied. The density of the circles was
dense or sparse. Experiment 3 had four conditions: (1) the
circles in both squares were dense (‘both dense’), (2) the
circles in both squares were sparse (‘both sparse’), (3) the
circles were sparse in the square that had more circles and
dense in the square that had less circles (‘sparse/more &
dense/less’), and (4) the circles were dense in the square
that had more circles and sparse in the square that had less
circles (‘dense/more and sparse/less’). For the dense circles,
the distance between the center of any circle to the center
of any other circle within the same square was at least two
times the radius of the circles (i.e., 2 x 18 pixels=36 pixels
apart); for the sparse circles, the distance between the center
of any circle to the center of any other circle within the same
square was at least five times the radius of the circles (i.e.,
5x 18 pixels=90 pixels apart). The dense circles were posi-
tioned within a smaller section (120 x 120 pixels) centered
within the gray square compared to the sparse circles that

were positioned within a larger section (526 %526 pixels)
centered within the gray square. The subjects completed 12
blocks of 224 trials for a total of 2688 trials. Each block
contained two repetitions of the 28 possible pairwise com-
binations of circles for each condition (2 repetitions x 28
combinations x 4 conditions=224 trials).

Lastly, Experiment 4 was similar to Experiment 1 except
the surface area varied. Experiment 4 had three conditions:
(1) the circles in both squares were the same size (and thus
the total surface area of the circles was greater on the side
with more circles; ‘same size’), (2) the total surface area
of the circles on both sides was the same (‘area X number
incongruent’), and (3) the total surface area of the circles
on the side with more circles was greater than the side with
less circles (‘area X number congruent’). In condition 2 and
3, the size of the circles varied between the two squares but
were the same size within each square. Each condition had
three sizes (small, medium, and large). For condition 1, the
radius of the circles was 9 (small), 18 (medium), and 36
(large) pixels. For condition 2, the total surface area of the
circles on both sides was 4071 (small), 16,286 (medium)
or 65,144 (large) pixels. For condition 3, the total surface
area of the circles on the sides with more circles was 4071
(small), 16,286 (medium) or 65,144 (large) pixels; the total
surface area of the circles on the sides with less circles was
half of the surface area of the other side (e.g., if the total
surface area of the circles on the sides with more circles
was 4071, then the total surface area of the circles on the
sides with less circles was 2035). The distance between the
center of any circle to the center of any other circle within
the same square was at least three times the radius of the
circles. The subjects completed 12 blocks of 504 trials for
a total of 6048 trials. Each block contained two repetitions
of the 28 possible pairwise combinations of circles for each
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condition and each size (2 repetitions x 28 combinations % 3
conditions X 3 sizes=1504 trials).

Statistical analysis

Representations of sensory magnitude (e.g., numerical mag-
nitude) are known to obey the Weber-Fechner Law (e.g.,
Nieder 2005) such that task performance is linearly propor-
tional to the logarithm of the difference ratio (Tomonaga
2008). We conducted simple regression analyses on data
from Experiment 1 using only the log,,(difference ratio) as
the independent variable and accuracy as the dependent vari-
able, for each subject separately. The 75% discrimination
threshold (DL) on the basis of logarithmic simple regres-
sions were used to calculate the Weber fraction, W=DL/
(1-DL), and averaged across subjects (e.g.Nieder and Miller
2004a, b; Tomonaga 2008; Van Oeffelen and Vos 1982).

We performed generalized linear mixed models with
repeated measures (Proc GLIMMIX with a binary distri-
bution) to examine accuracy levels. Across Experiments
1-4, we ran two separate models for each experiment to
test whether subject responses were consistent with the
Weber-Fechner Law. The dependent variable was whether
the subject correctly pecked the correct square or not in each
trial (accuracy level; 1=correct, 0=incorrect). In the first
model, the independent variables were the numerical dif-
ference (difference between the large and small numbers;
log,, transformed), larger number (the value of the number
that was larger), sex of subject, correct side (whether the
square with more dots was to the left or right of the central
fixation dot), latency to respond (amount of time to peck on
the screen after the two squares appeared), and condition
(except in Experiment 1 because there was only one condi-
tion). In the second model, the independent variables were
the same as the first model except we used the difference
ratio (difference between the large and small numbers and
then divided by the large number; log,, transformed) rather
than the numerical difference. We performed pairwise com-
parisons to determine whether the conditions differed from
each other within each experiment and used the Holm—Bon-
ferroni method to evaluate statistical significance. Lastly,
we performed additional generalized linear mixed models
with repeated measures to assess whether the accuracy level
was above chance (50%) at each numerical difference value
for each condition within each experiment.

Results
Eight peafowl participated in the study. Five birds com-

pleted all trials of Experiments 1-4. One female passed
away before completing Experiment 2 and another female
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Table 1 Number of trials per bird in each experiment

Bird ID Sex Experiment

1 2 3 4
S020 F 1344 3360 2688 6048
S035 F 1344 3360 2688 6048
S040 F 1344 3360 2688 6048
S043 F 1344 3360 643 0
S052 M 1344 3360 2688 6048
S061 M 1344 3360 2688 6048
S065 F 1344 3360 576 0
S100 F 1344 1996 0 0
Total 10,752 25,516 14,659 30,240

Table 2 Results of simple logarithmic regression analyses in Experi-
ment 1

Subject log;, Intercept Adjusted  75% dis- ~ Weber
(differ- R-squared crimination frac-
ence threshold  tion
ratio)

S020 58.235 100.796 0.847 0.361 0.565

S035 50.205 97.842 0.728 0.351 0.541

S040 49.115  96.112 0.775 0.372 0.592

S043 54223 94.301 0.855 0.441 0.789

S052 53.637 97.585 0.817 0.379 0.610

S061 59.844 99.513 0.793 0.389 0.637

S065 52.267 95.828 0.783 0.399 0.664

S100 55.343  97.676 0.796 0.389 0.637

Mean 0.385 0.629

passed away before completing Experiment 3. An additional
female stopped participating during Experiment 3 (Table 1).
The total number of completed trials was 81167.

For all subjects in Experiment 1, significant regressions
were obtained and the Weber fraction, averaged across sub-
jects, was 0.629 (Table 2; Fig. 3). Across all experiments,
accuracy levels were influenced by numerical differences
(»<0.0001) and the larger number (p<0.0001; Table 3;
Figs. 4, 5, 6 and 7). Similarly, accuracy levels were related
to the difference ratio (»p<0.0001; Table 3; Figs. 4, 5, 6 and
7). Males exhibited higher accuracy levels than females in
Experiment 2 (p=0.01) but they exhibited similar accuracy
levels in the other experiments (p>0.05). Subjects were
more accurate when the correct choice was on the right
rather than left side in Experiments 1 and 4 (»p<0.03) but the
opposite was the case in Experiments 2 and 3 (p<0.0001).
The latency to respond did not impact accuracy levels in
any experiment (p>0.20). The mean latency to respond
(mean +standard error) was less than three seconds (Experi-
ment 1: 2.63+0.14 s; Experiment 2: 2.38+0.035 s; Experi-
ment 3: 2.32+0.087 s; Experiment 4: 2.45+0.070 s).

Accuracy levels varied based on conditions but were all
above chance (50%; Table 4). Based on pairwise compari-
sons (Table 5), in Experiment 2, peafowl subjects performed
best on the ‘Area x Number Congruent’ condition and worst
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Table 3 The effect of numerical difference, difference ratio, larger number, sex, correct side, latency to respond, and condition on accuracy across

all experiments

Variable df F(p) F(p) Fit (numerical  Fit (dif-
difference) ference
ratio)

Experiment 1 log;, (numerical difference) 1, 10,746 990.35 (<0.0001) -

log,, (difference ratio) - - 984.49 (<0.0001)

Larger number 1, 10,746 136.55 (<0.0001) 52.44 (<0.0001)

Sex 1, 6.092 0.02 (0.90) 0.02 (0.90)

Correct side 1,10,746  5.63 (0.018) 5.62 (0.018)

Latency to respond 1, 10,746 1.01 (0.31) 1.52 (0.22)

Condition - - -

— 2 Res Log Pseudo-Likelihood 51255.65 51217.06

Generalized Chi-square 10359.09 10354.09

Generalized Chi-square/DF 0.96 0.96
Experiment 2 log,, (numerical difference) 1, 25,506 2053.02 (<0.0001) -

log;, (difference ratio) - - 2042.63 (<0.0001)

Larger Number 1,25,506  384.09 (<0.0001) 47.45 (<0.0001)

Sex 1, 6.181 13.28 (0.010) 13.32 (0.010)

Correct side 1, 25,506 17.16 (<0.0001) 17.17 (<0.0001)

Latency to respond 1, 25,506 0.58 (0.45) 0.82 (0.36)

Condition 4,25,506  285.73 (<0.0001) 285.6 (<0.0001)

— 2 Res Log Pseudo-Likelihood 120519.4 120472.2

Generalized Chi-Square 24716.87 24725.56

Generalized Chi-Square/DF 0.97 0.97
Experiment 3 log,, (Numerical Difference) 1, 14,650 1288.14 (<0.0001) -

log,, (Difference Ratio) - - 1276.22 (<0.0001)

Larger Number 1, 14,650 257.54 (<0.0001) 24.14 (<0.0001)

Sex 1,3.098 8.03 (0.064) 8.09 (0.063)

Correct Side 1, 14,650  29.25(<0.0001) 29.17 (<0.0001)

Latency to Respond 1, 14,650 1.02 (0.31) 1.11 (0.29)

Condition 3,14,650  90.33 (<0.0001) 90.2 (<0.0001)

— 2 Res Log Pseudo-Likelihood 69674.74 69638.68

Generalized Chi-Square 14245.18 14265.3

Generalized Chi-Square/DF 0.97 0.97
Experiment 4 log;, (Numerical Difference) 1,30,232 2789.95 (<0.0001)

log,, (Difference Ratio) - - 2764.82 (<0.0001)

Larger Number 1,30,232  402.1(<0.0001) 138.46 (<0.0001)

Sex 1,3.003 0.45 (0.55) 0.45 (0.55)

Correct Side 1,30,232  5.03 (0.025) 5.03 (0.025)

Latency to Respond 1,30,232 1.43 (0.23) 1.91 (0.17)

Condition 2,1 9.34 (0.23) 9.32(0.23)

— 2 Res Log Pseudo-Likelihood 145776.4 145659.1

Generalized Chi-Square 28748.59 28,764

Generalized Chi-Square/DF 0.95 0.95

F-values are displayed with p-values in parentheses. The fit of the models (numerical difference and difference ratio) are also displayed

on the ‘Area x Number Incongruent’ condition. Their accu-
racy on the ‘Area x Number Congruent’ was the highest of
all the conditions in any experiment. They performed simi-
larly on the ‘Small Circles’ and ‘Large Circles’ and better on
the “‘Medium Circles.” In Experiment 3, they performed best
on ‘Dense/More & Sparse/Less’ and worst on ‘Sparse/More
& Dense/Less.’ Their accuracy was similar on ‘Both Dense’
and ‘Both Sparse.’ Lastly, in Experiment 4, they performed
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similarly on ‘Same Size’ and ‘Area x Number Incongruent’
but worst on ‘Area x Number Congruent.’

Peafowl subjects performed at levels above chance (50%)
in nearly all conditions at different numerical differences of
all experiments (Table 6). The only exceptions being that
they did not perform at levels above chance in Experiment
2 in the ‘Area x Number Incongruent’ condition when the
numerical difference was one or two; similarly, they did
not perform at levels above chance in Experiment 3 in the
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Fig.4 Accuracy in Experiment 1 relative to (left) numerical difference and (right) difference ratio. An example of the stimuli is also displayed

‘Sparse/More & Dense/Less’ condition when the numerical
difference was one.

Discussion

Peafowl subjects accurately performed quantity discrimina-
tions that were consistent with the Weber—Fechner law. In
Experiment 1, when discriminating between sets with dif-
ferent numbers of circles, subjects selected the sets with
more circles at levels above chance. While the numerical
difference between the sets (large minus small number) was
positively related to accuracy levels, the value of the larger
number impacted accuracy levels. In particular, the accuracy
levels across all numerical differences were lower when the
larger number was higher. In contrast, the accuracy level
relative to the difference ratio (large minus small number
divided by large number) was less impacted by the value of
the larger number. This pattern suggests that representations
of sensory magnitude in peafowl obey the Weber—Fechner
Law (Nieder 2016). Similarly, numerical representations
consistent with the Weber—Fechner law are present in taxo-
nomically-diverse animals, such as other birds (crows: Ditz
and Nieder 2016; pigeons: Wu et al. 2025), insects (bees:
Skorupski et al. 2018), fish (angelfish: Gomez-Laplaza and
Gerlai 2011), apes (chimpanzees: Tomonaga 2008; humans:
Moyer and Landauer 1967), and monkeys (Jordan and
Brannon 2006).

While peafowl subjects’ accuracy was largely driven by
numerosity, other quantity factors did impact their assess-
ments. In Experiment 2, subjects were most accurate when
the surface area of the set with more circles was greater than
the surface area of the set with less circles (‘area x num-
ber congruent’). However, even when this was reversed

(the surface area of the set with more circles was less than
the surface area of the set with more circles; (‘area x num-
ber incongruent’), subjects still mostly performed at levels
above chance; only when the numerical difference was very
low (difference of one or two), subjects did not accurately
select the correct choice. In addition, when the surface
area of the sets on both sides was matched in Experiment
4 (‘area x number incongruent’), the subjects’ performance
was unaffected, further suggesting that surface area was not
the primary factor in their choices. Subjects were also influ-
enced by density. In Experiment 3, subjects performed best
when the set with more circles was dense and the set with
less circles was sparse (‘dense/more vs. sparse/less’). Their
accuracy was worse in the opposite condition (the set with
more circles was sparse and the set with less circles was
dense; ‘sparse/more vs. dense/less’) but they still performed
at levels above chance.

Because we designed this study on peafowl to closely
match the methods used to examine numerosity in chim-
panzees (Tomonaga 2008), we can directly compare the
performance of these taxonomically-disparate species. Both
species exhibited high levels of accuracy in discriminating
quantities. Overall, the accuracy of peafowl subjects was
lower than chimpanzees but still well above chance. Both
the chimpanzees and peafowl subjects performed better
(chimpanzees: 94% correct; peafowl: 86% correct) when
the surface area of the set with more circles was greater
than the surface area of the set with less circles. In contrast,
chimpanzees performed worse when the surface area of the
sets of both sides was matched while the peafowl subjects
were unaffected. Both the chimpanzees and peafowl sub-
jects had the highest accuracy in the density manipulations
when the set with more circles was dense and the set with
less circles was sparse (chimpanzees: 93% correct; peafowl:
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Fig. 5 (continued)

84% correct). Pigeons (Emmerton 1998), but not humans
(Allik and Tuulmets 1991), are also influenced by density
manipulations in the same way as the peafowl subjects
and chimpanzees. The Weber fraction for numerosity dis-
crimination was 0.629 in peafowl subjects, which is about
three to four times worse than that for chimpanzees (0.187;
Tomonaga 2008) and humans (0.162; Van Oeffelen and
Von 1982), respectively, and almost two times worse than
that for rhesus macaques (0.35Nieder and Miller 2004a, b).
Ditz and Nieder (2016) reported Weber fractions of 1.12
and 1.51 on a delayed match to sample task with carrion
crows using seven possible numerosities (1, 2, 4, 7, 12, 20,
and 30). Using the same task, but this time with numerosi-
ties one through five, they reported Weber fractions of 0.51
and 0.47 (Ditz and Nieder 2015). Given that our task used
numerosities one through eight in a two-alternative forced
choice manner, it seems that relative numerosity discrimina-
tion is similar between crows and peafowl subjects. Given
the strong cognitive skills of corvids (Emery and Clayton
2004), it is intriguing that peafowl may be on par with cor-
vids in terms of relative numerosity discriminations, sug-
gesting that peafowl may indeed have advanced numerosity
abilities. Additional comparative work with similar designs,
especially in species with relatively fewer social or ecologi-
cal numerical challenges, would be valuable. For example,
it would be informative to examine quantity discrimina-
tion in closely-related Galliformes, like turkeys or chick-
ens (Jaiswal et al. 2018), in which males do not have large
numbers of eyespot feathers. Day-old domestic chickens,
for example, perform well on small and large numerosity
discriminations (Rugani et al. 2014).

We found that peahen and peacock subjects performed
similarly on quantity discriminations when other quan-
tity factors were not controlled (Experiment 1). However,
peacock subjects generally performed better than peahen
subjects when the surface area and density factors were var-
ied. One important caveat is our low sample size, with two
males and six females. Further studies with larger sample
size of both sexes would be necessary to confirm sex differ-
ences in numerosity abilities. Interestingly, peacocks also

perform better in a problem-solving task (Yorzinski et al.
2017), suggesting that males may have superior cognition
more broadly.

Our results are somewhat consistent with a recent study
examining numerosity in peafowl (Sakamoto and Ogura
2025). That study tested peafowl’s ability to discriminate
among a smaller range (numbers one through five) and com-
bination of numbers compared to this study. They found that
some (but not all) of the peafowl could discriminate among
some of the number combinations. We found that peafowl
subjects performed at levels above chance regardless of the
numerical difference (Experiment 1). They also found that
peafowl sometimes performed at chance levels when the
surface area was matched between the sides. Contrary to
their results, we did not find that matching the surface area
hindered performance (Experiment 4: Same Size vs. Area x
Number Incongruent). Our results may have differed from
Sakamoto and Ogura (2025) due to differences in design
and sample size.

We note several limitations in our study. First, our sam-
ple size is relatively low, with eight subjects participat-
ing overall but only five of those subjects completing all
of the experiments. Future experiments with larger sample
sizes could strength conclusions regarding species-level
numerical abilities in this species. Second, the subjects in
this study were extensively trained prior to beginning the
experiments. As such, the findings could reflect learned
discrimination strategies acquired through repeated rein-
forcement rather than spontaneous numerical competence
(Agrillo and Bisazza 2014). The training could have shaped
their attention toward specific cues, promoted rule learning,
or influenced the features they used for decision-making
(Zentall and Riley 2000; Agrillo and Bisazza 2014; Bisazza
et al. 2014). It is also possible that numerical performance
exhibited after training involves neuro-cognitive sys-
tems unrelated to number processing (Barnard et al. 2013;
Hauser et al. 2000). Additional studies will be crucial to test
whether peafowl spontaneously use numerical abilities in
ecologically-relevant conditions. Lastly, all of the subjects
were trained to select the stimuli with more circles. In other
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Fig. 6 Accuracy in Experiment 3 relative to (left) numerical difference and (right) difference ratio. Examples of the stimuli are also displayed
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Fig.7 Accuracy in Experiment 4 relative to (left) numerical difference and (right) difference ratio. Examples of the stimuli are also displayed

species, including humans, chimpanzees and black bears,
selecting stimuli with more may be easier than selecting
stimuli with less (Estes 1976; Boysen and Berntson 1995;
Boysen et al. 2001; Vonk and Beran 2012). Such biases to
select more can sometimes be eliminated by using abstract
stimuli (rather than food stimuli; Boysen et al. 1999) but not
always (Vonk and Beran 2012). Future studies could exam-
ine whether peafowl perform better when selecting more
rather than less.

The ability of peafowl to discriminate quantities likely
has adaptive value across many contexts in the wild but

future studies would be necessary to demonstrate whether
peafowl use such discrimination abilities in those con-
texts. It could be useful in foraging, navigation, predation,
or reproduction (Nieder 2020). Peafowl are omnivorous
(Ali and Ripley 1969) and being able to prioritize larger
patches of food could maximize their energy intake. In
terms of navigation, peafowl have relatively small home
ranges (1-92 ha; Yasmin 1995; Cunningham et al. 2016) but
may travel longer distances to join new groups (Cunning-
ham et al. 2016). Enumerating landmarks could be useful
to peafowl in navigating within their home ranges or when
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Table 4 Accuracy levels for each condition across experiments
Condition Mean percent correct SE df t p-value

Experiment 1 - 78.05 0.00 7 38.35 <0.0001

Experiment 2 Small circles 76.31 0.01 7 14.3 <0.0001
Medium circles 79.28 0.01 7 19.01 <0.0001
Large circles 75.22 0.01 7 19.74 <0.0001
Area x number congruent 86.22 0.00 7 13.86 <0.0001
Area x number incongruent 58.90 0.01 7 2.69 0.0311

Experiment 3 Both dense 76.86 0.01 6 12.82 <0.0001
Both sparse 78.66 0.01 6 22.49 <0.0001
Sparse/more & dense/less 68.31 0.01 6 5.1 0.0022
Dense/more & sparse/less 84.16 0.01 6 9.92 <0.0001

Experiment 4 Same size 80.49 0.00 6 12.82 <0.0001
Area x number incongruent 79.45 0.00 6 22.49 <0.0001
Area x number congruent 78.16 0.00 6 20.32 <0.0001

P-values in bold indicate that the accuracy level is statistically significant above 50% chance level

Table 5 The effect of numerosity and other quantity factors on per-
formance

Condition Condition df t (p-Value)
Experi- Small Circles ~ Medium Circles 25,506 3.78
ment 2 (0.0002)
Small Circles  Large Circles 25,506 1.37(0.17)
Small Circles ~ Area x Number 25,506 13.25
Congruent (<0.0001)
Small Circles  Area x Number 25,506 19.65
Incongruent (<0.0001)
Medium Large Circles 25,506 5.14
Circles (<0.0001)
Medium Area x Number 25,506 9.61
Circles Congruent (<0.0001)
Medium Area x Number 25,506 23.13
Circles Incongruent (<0.0001)
Large Circles ~ Area x Number 25,506 14.54
Congruent (<0.0001)
Large Circles ~ Area x Number 25,506 18.37
Incongruent (<0.0001)
Area x Number Area x Number 25,506 31.18
Congruent Incongruent (<0.0001)
Experi- Both Dense Both Sparse 14,221  1.94
ment 3 (0.052)
Both Dense Sparse/More & 14,221 8.56
Dense/Less (<0.0001)
Both Dense Dense/More & 14,221 8.14
Sparse/Less (<0.0001)
Both Sparse Sparse/More & 14,221 1045
Dense/Less (<0.0001)
Both Sparse Dense/More & 14,221  6.23
Sparse/Less (<0.0001)
Sparse/More & Dense/More & 14,221 16.3
Dense/Less Sparse/Less (<0.0001)
Experi- Same Size Area x Number 30,232 1.94
ment 4 Incongruent (0.053)
Same Size Area x Number 30,232 4.31
Congruent (<0.0001)
Area x Number Area x Number 30,232 237
Incongruent Congruent (0.018)

Pairwise comparisons of conditions across experiments. P-values in
bold are statistically significant

@ Springer

expanding into new areas. Peafowl are prey to a variety of
predators, including eagles, jackals, and tigers (de Silva et
al. 1996; Avinandan et al. 2008). By preferentially joining
larger groups of conspecifics, peafowl could reduce their
chances of predation through collective vigilance (Lima
1995), the dilution effect, or the confusion effect (Dehn
1990). Quantity discrimination could also be beneficial to
peafowl during reproduction. Because peahens often eval-
uate multiple males before mating (up to five males in a
feral population; Petrie et al. 1991), they could be adopt-
ing a best-of-n approach (Janetos 1980) in which they select
the preferred male among the males they have assessed; if
they use that approach, it would be important for the pea-
hens to be aware of how many different males they have
evaluated before making their mating decisions. In addi-
tion, both females and males potentially use the number of
eyespot feathers (ranging from 105 to 177 feathers; Loyau
et al. 2005; Petrie et al. 1996) on displaying peacocks to
make decisions about mates and rivals, respectively; being
able to accurately assess the number of eyespots would be
critical for these assessments. An interesting future study
could examine whether peafowl have superior abilities in
discriminating among large number quantities given the
potential importance of such discriminations to their repro-
ductive success. Importantly, additional studies would need
to test whether peafowl use quantity discriminations during
foraging, navigation, predation, or reproduction. Relatedly,
a scatter-hoarder songbird, the North Island robin (Petroica
longipes), exhibits advanced numerical abilities, which may
be linked to the ecological importance of hiding and retriev-
ing large numbers of cashes (Garland et al. 2012). Examin-
ing numerical competence from a comparative perspective
would be valuable in enhancing our understanding of the
factors underlying variation in numerosity across species.
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Table 6 Accuracy levels for each condition at each numerical difference across experiments

Condition Numerical difference Mean percent correct df t p-value
Experiment 1 - 1 61.32 7 9.25 <0.0001
2 72.15 7 16.45 <0.0001
3 81.47 7 21.19 <0.0001
4 87.70 7 25.28 <0.0001
5 92.64 7 19.68 <0.0001
6 94.92 7 17.16 <0.0001
7 97.66 7 11.06 <0.0001
Experiment 2 Small Circles 1 60.31 7 7.31 0.0002
2 63.18 7 6.76 0.0003
3 77.94 7 8.76 <0.0001
4 86.03 7 10.97 <0.0001
5 90.81 7 10.69 <0.0001
6 94.38 7 8.25 <0.0001
7 96.75 7 7.73 0.0001
Medium Circles 1 63.18 7 6.76 0.0003
2 73.70 7 12.33 <0.0001
3 82.28 7 17.72 <0.0001
4 88.79 7 11.16 <0.0001
5 92.43 7 8.76 <0.0001
6 97.98 7 8.78 <0.0001
7 98.54 7 6.05 0.0005
Large Circles 1 60.63 7 7.23 0.0002
2 69.03 7 10.76 <0.0001
3 77.62 7 11.65 <0.0001
4 84.26 7 8.53 <0.0001
5 88.87 7 10.09 <0.0001
6 92.03 7 12.64 <0.0001
7 94.00 7 8.54 <0.0001
Area x Number Congruent 1 75.67 7 10.25 <0.0001
2 84.45 7 9.51 <0.0001
3 88.75 7 8.24 <0.0001
4 91.43 7 11.35 <0.0001
5 94.57 7 12.18 <0.0001
6 97.81 7 10.62 <0.0001
7 98.90 7 6.33 0.0004
Area x Number Incongruent 1 41.09 7 2.44 0.0446
2 51.68 7 0.52 0.6221
3 62.95 7 2.81 0.0262
4 70.22 7 4.82 0.0019
5 72.54 7 4 0.0052
6 81.47 7 8.9 <0.0001
7 90.85 7 7.83 0.0001
Experiment 3 Both Dense 1 60.74 6 6.37 0.0007
2 73.75 6 9.09 <0.0001
3 79.39 6 9.95 <0.0001
4 81.89 6 6.26 0.0008
5 89.59 6 7.04 0.0004
6 93.73 6 10.47 <0.0001
7 96.10 6 6.92 0.0005
Both Sparse 1 60.94 6 6.48 0.0006
2 74.35 6 12.84 <0.0001
3 81.19 6 14.44 <0.0001
4 90.49 6 11.97 <0.0001
5 93.54 6 8.11 0.0002
6 96.05 6 9.89 <0.0001
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Table 6 (continued)

Condition Numerical difference Mean percent correct df t p-value
7 92.50 6 5.53 0.0015

Sparse/More & Dense/Less 1 50.59 6 0.13 0.8986
2 61.70 6 2.56 0.0432
3 73.83 6 3.85 0.0085
4 82.25 6 6.95 0.0004
5 87.32 6 5.8 0.0011
6 93.68 6 9.75 <0.0001
7 96.07 6 6.89 0.0005

Dense/More & Sparse/Less 1 72.01 6 7.72 0.0002
2 81.25 6 8.19 0.0002
3 85.97 6 6.84 0.0005
4 87.66 6 10.85 <0.0001
5 94.50 6 12.67 <0.0001
6 96.46 6 9.73 <0.0001
7 97.77 6 5.59 0.0025

Experiment 4 Same Size 1 62.42 4 10.42 0.0005

2 76.31 4 17.12 <0.0001
3 84.27 4 13.14 0.0002
4 90.72 4 10 0.0006
5 95.17 4 9.75 0.0006
6 97.50 4 14.75 0.0001
7 98.91 4 5.54 0.0052

Area x Number Incongruent 1 63.57 4 12.81 0.0002
2 74.42 4 9.42 0.0007
3 82.95 4 9.35 0.0007
4 88.37 4 13.56 0.0002
5 94.47 4 14.08 0.0001
6 94.37 4 13.46 0.0002
7 97.11 4 8.49 0.0011

Area x Number Congruent 1 61.69 4 6.52 0.0029
2 73.40 4 11.34 0.0003
3 81.30 4 8.22 0.0012
4 88.20 4 16.59 <0.0001
5 91.34 4 10.22 0.0005
6 96.45 4 10.71 0.0004
7 96.07 4 6.28 0.0033

P-values in bold indicate that the accuracy level is statistically significant above 50% chance level
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