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Cognitive abilities have been found to vary widely among parrots, within and between species, and seem to be
related to motor lateralization. Indeed, as shown in Australian parrots and other species, lateralized psittacines
perform better in cognitive tests than non-lateralized subjects. The aim of this study was to assess foot preference
of seven macaws of three different species (red-and-green macaw, Ara chloropterus; blue-and-yellow macaw, A.
ararauna, scarlet macaw, A. macao) during two string-pulling tasks of different complexity (Experiment 1: par
allel string, Experiment 2: crossed strings). We also investigated the correlation between the foot preference and
the performance of the macaws (as proportion of correct choices during the first pulling-up of the string of the
apparatus). Per experiment and per subject, we did ten 1 -h sessions. We video-recorded all pulling-up events
during the interaction with the apparatus and collected data from the videorecording using a continuous focal
animal sampling. In both experiments, all macaws that interacted with the apparatus solved the tasks. The
percentage of correct pulling-up responses ranged from 86 % to 100 % in Experiment 1 and from 40 % to 79 % in
Experiment 2. We found foot preferences at the individual level in most of the macaws in both experiments, with
the presence of right-footed, left-footed and ambi-preferent subjects. No group-level biases were found. No
correlation between foot preference’s indices and the percentage of correct choices emerged, suggesting that
neither the direction nor the strength of lateralization seem to affect the performance of the subjects. However, as
most of the macaws were lateralized and were able to solve the tasks, particularly in Experiment 1, there is a
possible correlation with lateralization on the cognitive performance at individual level. Our results increase the
knowledge of parrots’ cognitive abilities. However, future studies should be done to increase the sample size and
investigate the effect of age, sex and species on foot preference during specific tasks in macaws.

1. Introduction
Studying motor asymmetries such as limb lateralization or eye
preferences during different tasks or in different contexts may represent
a helpful non-invasive tool to investigate cerebral lateralization in ani
mals. Right or left hemispheres process respectively different stimuli and
situations, leading to a preferential use of the contralateral side of the
body (Rogers, 2009; Rogers et al., 2013).
Research on lateralization of foot use in psittacines revealed a het
erogeneous picture of their motor asymmetries, as some species show a
population-level left-foot preference (Friedmann and Davis, 1938;
Rogers, 1980; Psittacula krameri: Randler et al., 2011), whereas other

species are characterized by a right bias or by an equally proportion of
left, right and ambi-preferent individuals (Australian parrots: Magat and
Brown, 2009; Brown and Magat, 2011a, 2011b).
The cognitive abilities of psittacines have been found to vary within
and between species (Pepperberg, 2004; Gajdon et al., 2006; Liedtke
et al., 2011; Cussen and Mench, 2014) and a possible explanation can
reside in their cerebral lateralization (Rogers, 1996; Magat and Brown,
2009; Brown and Magat, 2011a,b). Indeed, in Australian parrots, in
dividuals with stronger limb and eye preferences performed better than
non-lateralized subjects in problem solving tasks requiring the birds to
find food among pebbles and manipulative skills, specifically the
string-pulling task (Magat and Brown, 2009). Similar findings were
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reported also in pigeons (Columba livia) (Gunturkun et al., 2000), do
mestic chicks (Gallus gallus) (Rogers et al., 2004) and across vertebrates,
in which the evolution of cerebral lateralization seems to be associated
with enhanced cognitive abilities (Rogers, 2000; Rogers et al., 2004). In
Australian parrots, the strength rather than the direction of lateraliza
tion seems to be relevant in determining a functional advantage during
problem solving (Magat and Brown, 2009). However, little is known on
laterality and cognitive performance in neotropical parrots such as
macaws.
The string-pulling task is used to test the ability of individuals to
reach for an item suspended from a string. The string-pulling task in
volves the integration of different movements in a specific sequence to
successfully solve a problem and requires coordination between beak
and feet as well as a series of actions involving pulling and grasping of
the string to reach the reward (Heinrich, 1995; Magat and Brown, 2009;
Krasheninnikova et al., 2013; Jacobs and Osvath, 2015; Gaycken et al.,
2019). The ability to solve string-pulling tasks with several strings
having different orientations spontaneously and on the first exposure
suggests an understanding of means-end relationships between the
string and the food (Heinrich, 1995; Pepperberg, 2004; Heinrich and
Bugnyar, 2005; Bagozkaya et al., 2010). This ability has been found in
corvids and parrots, that were able to solve these tasks spontaneously,
although with interindividual and interspecific variation (Kra
sheninnikova & Wanker, 2010; Krasheninnikova et al., 2013). Kra
sheninnikova and colleagues tested spectacled parrotlets (Forpus
conspicillatus),
rainbow
lorikeets
(Trichoglossus
haematodus),
green-winged macaws (Ara chloroptera) and sulphur-crested cockatoos
(Cacatua galerita triton) in different string-pulling tasks, including tasks
with parallel and crossed strings. The authors found that 75 % of the
birds solved the task with parallel strings on their first trial, whereas
over 60 % of birds solved the task with crossed strings at the first trial,
although macaws of the study performed less well than parrotlets, lor
ikeets and cockatoos (Krasheninnikova et al., 2013). Similarly,
red-and-green macaws (Ara chloropterus) were able to solve single
pull-up string tests, in which they were asked to reach for food on a
single string, but failed in a pull-down apparatus, requiring non-intuitive
actions with less clear or traceable visual feedback (Gaycken et al.,
2019).
Regarding the use of the string-pulling task in the study of laterali
zation, research on different species of Australian parrots (cockatiel:
Nymphicus hollandicus; budgerigar: Melopsittacus undulatus; galah: Eolo
phus roseicapilla; gang-gang cockatoo: Callocephalon fimbriatum; redtailed black cockatoo: Calyptorhynchus banksia; sulphur-crested cocka
too: Cacatua galerita; king parrots: Alisterus scapularis and superb parrots:
Polytelis swainsonii) revealed that strongly lateralized birds, regardless of
the direction of the bias, performed better than non-lateralized subjects
in solving the string-pulling task, supporting the hypothesis that later
ality could enhance cognition (Magat and Brown, 2009). However, more
studies on different species of parrots with distinct foraging strategies
and occupying various ecological niches are needed to better understand
the link between laterality and cognitive skills.
Studies on parrots’ lateralization focused mainly on species such as
Australian parrots (Magat and Brown, 2009; Brown and Magat, 2011a)
and Amazon parrots (Amazona spp.) (Cussen and Mench, 2014).
The aim of this study was to assess the foot preference of three
species of zoo macaws in two string-pulling tasks of different
complexity. We also investigated the relationship between the foot
preference and the performance of the macaws, scored as the proportion
of correct choices during the first interactions (pulling up of the string)
with the apparatus. We gave the string-pulling tasks to red-and-green
macaws (Ara chloropterus), scarlet macaws (A. macao) and blue-andyellow macaws (A. ararauna), housed together in a mixed-species avi
ary. We recorded the foot used to pull the string (pulling up) and noted
whether the choice of the string was correct (string with peanut) or not
(empty string). Little is known on individual-level and group-level biases
in foot use in macaws. However, based on previous research on other

parrots, we expected that: 1) most of the individuals would show a foot
preference to solve the task; 2) lateralized macaws would have an
advantage in solving both string-pulling tasks.
2. Material & methods
2.1. Study subjects and area
Subjects of this study were seven adult macaws of different species:
four red-and-green macaws (Ara chloropterus), one blue-and-yellow
macaw (Ara ararauna) and two scarlet macaws (Ara macao) (Fig. 1).
All subjects were born in zoos and parent reared. Macaws of the study
were housed together in a 400 m2 mixed-species free-flight aviary built
on a sloping area, containing a variety of trees and shrubs, rocks, several
perches, a small waterfall and a pool. An old female blue-and-yellow
macaw was housed in the aviary with the study macaws but was not
involved in the study due to the lack of interaction with the apparatus.
Visitors could see the macaws from a window on one side of the aviary.
The main meal of the macaws was made of seeds, fresh fruits, vegetables
and legumes, whereas food items such as peanuts, nuts, cornflakes, corn,
crackers and carobs were provided as environmental enrichments. Food
was provided once a day in three feeding points in the middle of the
aviary. Macaws were involved in an environmental enrichment program
and received different types of enrichment devices five to seven times a
week. Enrichment devices could be paper cup or cloth bundles filled
with food rewards, whole (or big pieces of) fruit hung around in the
aviary and fresh browse. Water was available ad libitum. The zoo
keepers entered the enclosure only for husbandry procedures (feeding
and cleaning) and direct physical interaction between humans and
macaws was not allowed.
2.2. Apparatus and experiments
The study apparatus was a bamboo rod (approximately 25 cm long,
with a diameter of approximately 1 cm) with two strings on the

Fig. 1. Study macaws. For each macaw of the study, the figure reports the
identification letter, the species and the total number of interactions (pulling
up) with the apparatuses.
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collection did not interfere with the spontaneous activities of the ma
caws. During this preliminary observation period, the observer learned
to recognize the study macaws through live observation and through the
observation of the video-recordings. For each experiment (E1 in June
and E2 in July), we did ten 1 -h sessions, one session per day for
non-consecutive random ten days, recording from 11.00–12.00. All
experimental equipment was removed at the end of each session. We
analyzed each session for each macaw and collected 600 min of re
cordings per subjects per period. We recorded the foot use for all actions
directed toward the apparatus, specifically manipulation of the rod or
the string, pulling up the string (thereafter referred simply to “pulling
up”) and reaching for the peanut (when present). However, we recorded
enough data for analyses only for pulling up, and that was therefore the
only action considered to assess foot preference in the current study. We
did not score foot preference in situations in which the foot work was not
clearly observable (e.g., when a bird turned its back to the observ
er/camera). Macaws could also use the beak to pull the string, but we
only scored events performed with the foot. Foot preference was eval
uated considering two measures: 1) all interactions: that is the number of
right- and left-foot pulling-up events over all sessions; 2) first in
teractions: that is the number of right- and left-foot pulling-up events
during the first interaction only with each of the apparatus explored by
each macaw, over all sessions. In other words, if a macaw approached an
apparatus and pulled the string on its right and immediately after pulled
the other string, only the first pulling-up event was considered for this
measure. First interactions were collected every time a macaw started to
pull up the string of a different apparatus, so that more pulling-up in
teractions per session could be collected. The comparison of foot pref
erence during first interactions and all interactions would allow
verification of whether and how practice could affect the foot use in the
study macaws.
To assess the performance of the macaws, per subject and per
experiment, we also recorded the frequency of correct (and incorrect)
choices, scored as the number of times each macaw used one foot to pull
up the string with or without the peanut. As for foot preference during
first interactions, we considered correct choices only those choices made
during the first pulling-up event with each apparatus (consecutive
choices on the same apparatus were not included).Hereafter "correct
choice" refers to the individual bird choosing the right string that carries
a peanut. To evaluate whether a macaw solved the task, we used the
Binomial sign test to compare the number of correct choices with the
total number of choices, to be sure that correct choices were not due to
chance. Thus, only macaws scoring the number of correct choices
significantly higher than the number of incorrect choices were consid
ered successful in solving the string-pulling task. First choices were
recorded every time each macaw pulled up a string of a different
apparatus. We decided to consider only first choices between the two
strings to evaluate the performance of the macaws as previous studies
using the string-pulling task suggested that birds which successfully
complete this problem on first exposure demonstrate cognitive skill and
are more likely to show means-end comprehension, especially in the
crossed-string paradigm (Pepperberg, 2004; Heinrich and Bugnyar,
2005; Magat and Brown, 2009; Jacobs and Osvath, 2015). The same
observer (S.B.) collected data during both experiments.
The study procedure was in accordance with the EU Directive 2010/
63/EU and the Italian legislative decree 26/2014 for Animal Research.
No special permission to use animals in the current ethological noninvasive study is required, as zoological gardens in Italy are expected
to carry out behavioral observations of individuals in their care (D.
Lgs.73/2005).

extremities. The strings were approximately 30− 35 cm long and each
string was fastened to one extremity of the rod (Fig. 2). All strings
consisted of natural hemp twines. We fixed a peanut at the end of only
one of the two strings, while the other end was empty. We tied the
apparatus on the underside of horizontal bamboo perches and branches
placed in the central area of the aviary through a natural hemp twine
string fixed in the middle of the bamboo rod. In almost all cases, macaws
could only access the apparatus by landing on the top of it, while the
peanut was hanging down. However, if macaws were able to access the
apparatus from the side or in different ways, data on foot preference
were discarded. We carried out the experiment in the study aviary and
all macaws could decide freely whether to interact with the apparatus or
not. To avoid competition between individuals, for each session, we
provided 24 bamboo rods to the macaws (approximately three rods per
subject) and to each rod a piece of apparatus was attached. The mini
mum distance between two rods was one meter. Rarely, two birds
decided to interact with the same apparatus. As this interaction could
affect their choices of the string and their performance, we did not score
data in these ambiguous circumstances. In Experiment 1 (E1), the two
strings were parallel (Fig. 2A) whereas in Experiment 2 (E2) the strings
were crossed (Fig. 2B). To reach for the suspended peanut, macaws had
to pull up the correct string with the foot and/or with the beak to get
closer to it. The position of the peanut (on the right or on the left string)
was randomized across apparatus. The experimental equipment was
provided in the morning before the feeding time. However, macaws
were not starving as bowls with remaining fruits/vegetable and seeds of
the day before the experiment were removed only when new food was
provided.
2.3. Procedure and data collection
The study was carried out in June and July 2018. Experiment 1 was
carried out in June, Experiment 2 in July. Both experiments took place
in the same aviary and bamboo rods were placed in the same area (long
perches and branches). All sessions were video-recorded and we ob
tained data from the recordings using a continuous focal animal sam
pling (Altmann, 1974). We used a digital video camera (Sony Handycam
FDR-AX53) on a tripod that was fixed and wide angle, with a view of the
central area of the aviary with the experimental equipment (approxi
mately 75 % of the aviary). Only one observer (S.B.) carried out the data
collection in both experiments. The observer and the camera were
placed at the main window of the aviary, on the visitors’ path, in front of
the perches with the experimental equipment. Thus, we collected data
on all birds that interacted with the apparatus. The macaws were used to
the presence of the camera and the observer thanks to a preliminary
observation period of approximately one month, so that the data

2.4. Data analysis
We used non-parametric statistical tests to perform all the analyses
and all tests were two tailed. To evaluate the performance of the macaws
between the two tasks, we compared the % of correct choices between

Fig. 2. schematic representation of the string-pulling tasks provided to the
study macaws. On the left: the apparatus used in Experiment 1 (parallel
strings). On the right: the apparatus used in Experiment 2 (crossed strings).
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For each macaw (Ara spp.), the table reports the identification letter and the species. For each experiment and for each subject, the table reports the total number of first interactions collected (N), the Laterality Index (LI),
the z-score and p-value from Binomial tests, the preference (Pref.) (Right: z-score > 1.96, Left: z-score < -1.96, ambi-preferent: -1.96 < z-score < 1.96) and the percentage of correct choices (string with the peanut) during
the first interactions with the apparatuses. # insufficient number of data.
*
Correct choice significantly more than wrong choice (Sign test: p < 0.05).

Left
Right
Left
Right
Ambi
#
Ambi
p < 0.001
p < 0.001
0.009
p < 0.001
0.215
#
0.581
− 4.48
4.67
− 2.60
5.03
1.24
#
− 0.55
− 0.74
0.70
− 0.36
0.84
0.25
− 1.00
− 0.23
39
47
59
38
32
7
13
79*
60
69*
56
77*
#
40
Left
Right
Ambi
Right
Right
#
#
p < 0.001
0.002
0.243
p < 0.001
0.022
#
#
− 3.47
2.85
− 1.17
4.23
2.22
#
#
− 1.00
1.00
− 0.22
0.85
0.69
#
0.20
14
10
36
27
13
0
5
100*
100*
100*
100*
100*
86*
100*
Left
Right
Left
Right
Ambi
#
#
0.004
0.000
0.011
0.012
1.000
#
#

p-value
z-score

− 2.80
3.62
− 2.50
2.41
0.00
#
#
− 0.60
0.62
− 0.57
0.82
− 0.05
− 1.00
− 0.50
25
37
23
11
19
7
8
chloropterus
chloropterus
chloropterus
chloropterus
ararauna
macao
macao
A.
A.
A.
A.
A.
A.
A.

When pooling together data of Experiment 1 and 2 (overall foot
preference), the median (IQR) LI was -0.26 (1.02) and the median ABSLI was 0.44 (0.64). At the individual level, 5 of 7 macaws showed a
significant foot preference: the A. chloropterus (2 left-foot and 2 rightfoot-preferent) and one A. macao (left-foot preferent), whereas the
A. ararauna was ambi-preferent (Table 2). The one-sample sign-test
revealed no group-level bias in overall foot preference (p = 0.1).

A
B
C
D
F
G
H

z-score
LI
N
N

LI

Experiment 2

3.1. Foot preference in macaws

LI

Table 1
Foot preference for first interactions in the study macaws.

Pref.

% correct choices

In Experiment 1, all macaws (N = 7) interacted with the apparatus
and solved the task. The percentage of correct choices during the first
interaction ranged from 86 % to 100 % (median [IQR]: 100 [0])
(Table 1). In Experiment 2, all macaws except for G (N = 6) interacted
with the apparatus and three of them successfully solved the tasks. The
percentage of correct choices ranged from 40 % to 79 % (65 [25.5])
(Table 1). Overall, regardless of the experiment, the percentage of cor
rect choices ranged from 68 % to 92 % (86 [14]) (Table 1). When
comparing the % of correct choices between the two experiments, we
found that macaws chose the correct string more in Experiment 1 than in
Experiment 2 (Wilcoxon test: W = 0, p < 0.05, N = 6).
The LI for all interactions were positively correlated with the LI for
first interactions, indicating that the first foot used to fish for the string
was representative of further interactions (Overall: r = 0.964, p =
0.0005; E1: r = 0.857, p = 0.014; E2: r = 0.829, p = 0.042). Thus, all
analyses to determine foot preference were done considering all in
teractions with the apparatus.

Experiment 1

3. Results

N

z-score

p-value

Pref.

% correct choices

Overall (Exp 1 + Exp 2)

p-value

Pref.

% correct choices

the two experiments using the Wilcoxon test.
At the individual level, we assessed foot preference using the Later
ality Index (LI) given by the formula (right foot events – left foot
events)/(right foot events + left foot events). The LI is similar to the
Handedness Index used in the study of hand preference and ranges be
tween -1.00 (left preference) and +1.00 (right preference) (Hopkins,
1999). The absolute values of the LI (ABS-LI) indicate the strength of the
foot preference (Hopkins, 1999, 2013). To classify the macaws based on
the foot use, we used binomial z-scores to classify the subjects as left-foot
preferent (z ≤ -1.96), right-foot preferent (z ≥ 1.96) or ambi-preferent
(-1.96 < z < 1.96) (McGrew and Marchant, 1997; Michel et al., 2002).
For the individual-level analyses, for both first interactions and all in
teractions, we calculated the z-score only for macaws that performed a
minimum of ten pulling-up interactions (Meguerditchian and Vauclair,
2009; Meguerditchian et al., 2010; Spiezio et al., 2016). We used this
criterium to analyze data of both experiments pooled together (overall
foot preference) and within each experiment.
To verify whether and how practice could affect the foot preference
of macaws, we used Spearman correlations to compare the LI values
relative to the first interactions with the LI values relative to all in
teractions. We used the one-sample sign-test to test the symmetry of the
LI distribution for overall foot preference and in each experiment (e.g.,
Meunier et al., 2011; Spinozzi et al., 1998). We used Spearman corre
lations to assess the degree of concordance among different foot pref
erence measures (overall vs. per experiment). Bonferroni adjustment
was used to correct the p-value for multiple comparisons (adjusted
p-value for three comparisons: p = 0.017).
To test whether foot lateralization could be related to the problemsolving ability of the macaws, for each experiment, we correlated the
LI and the ABS-LI of first interactions with the % of correct choices (N◦ of
pulling-up events on the string with a peanut/total number of pulling-up
events) using Spearman correlations. We performed the same analysis
with data of both experiments pooled together (overall LI and ABS-LI
and overall number of correct choices). Significance level was set at p
< 0.05. In the Results, we reported medians and interquartile ranges
(IQR).

92*
91*
81*
68*
91*
86*
77*
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Table 2
Foot preference in the study macaws.
Experiment 1
A
B
C
D
F
G
H

A.
A.
A.
A.
A.
A.
A.

chloropterus
chloropterus
chloropterus
chloropterus
ararauna
macao
macao

Experiment 2

Overall (Exp 1 + Exp 2)

N

LI

z-score

p-value

Pref.

N

LI

z-score

p-value

Pref.

N

LI

z-score

p-value

Pref.

42
50
39
14
31
10
12

− 0.48
0.36
− 0.59
0.86
− 0.23
− 1.00
− 0.67

− 2.93
2.40
− 3.52
2.94
− 1.08
− 2.85
− 2.02

0.003
0.016
<0.001
0.003
0.280
0.004
0.043

Left
Right
Left
Right
Ambi
Left
Left

29
18
56
45
19
0
7

− 0.72
0.67
− 0.04
0.91
0.68
#
0.14

− 3.71
2.59
− 0.13
5.96
2.75
#
#

<0.001
0.010
0.897
<0.001
0.006
#
#

Left
Right
Ambi
Right
Right
#
#

71
68
95
59
50
10
19

− 0.58
0.44
− 0.26
0.90
0.12
− 1.00
− 0.37

− 4.75
3.52
− 2.46
6.77
0.71
− 2.85
− 1.38

0.000
0.000
0.014
<0.001
0.478
0.004
0.168

Left
Right
Left
Right
Ambi
Left
Ambi

For each macaw (Ara spp.), the table reports the identification letter and the species. For each experiment and for each subject, the table reports the total number of
interactions with the apparatuses (all interactions) collected (N), the Laterality Index (LI), the z-score and p-value from Binomial tests, the preference (Pref.) (Right: zscore > 1.96, Left: z-score < -1.96, ambi-preferent: -1.96 < z-score < 1.96) and the percentage of correct choices (string with the peanut) during the first interactions
with the apparatuses. # insufficient number of data.

In Experiment 1, the median (IQR) LI was -0.48 (1.03) and the me
dian ABS-LI was 0.59 (0.50) (Fig. 3). At the individual level, 6 of 7
macaws showed a significant foot preference: the A. chloropterus (2 leftfoot and 2 right-foot preferent) and both A. macao (left-foot preferent)
whereas the A. ararauna was ambi-preferent (Table 2). The one-sample
sign-test revealed no group-level bias in foot preference (p = 0.453)
(Fig. 3).
In Experiment 2, the median (IQR) LI was 0.40 (0.95) and the median
ABS-LI was 0.68 (0.95) (Fig. 3). At the individual level, 6 of 7 macaws
interacted with the apparatus. The only A. macao that interacted with
the apparatus did not perform enough events to be included in the
individual-level analysis. Thus, 4 of 5 macaws showed a significant foot
preference: 3 A. chloropterus (2 right-foot, 1 left-foot preferent) and the
A. ararauna (right-foot preferent) whereas 1 A. chloropterus was ambipreferent (Table 2). The one-sample sign-test revealed no group-level
bias in foot preference (p = 0.688) (Fig. 3).
When focusing on the degree of concordance among different foot
preference measures (overall vs. per experiment), we found that the LI
for overall foot preference were positively correlated with the LI of
Experiment 1 (Spearman corr.: r = 0.893, p = 0.007, N = 7, Bonferroni
adjusted p-value: 0.017) but not with the LI of Experiment 2 (r = 0.886, p
= 0.019, N = 6, Bonferroni adjusted p-value: 0.017). No correlation was
found between the LI of Experiment 1 and 2 (r = 0.714, p = 0.111, N =
6).

3.2. Foot preference and problem-solving performance
When pooling together data of both experiments, we found no sig
nificant correlation between the LI and the percentage of correct choices
(Spearman corr.: r = -0.342, p = 0.452, N = 7). We found the same result
considering the ABS-LI (r = 0.036, p = 0.939, N = 7).
In Experiment 1, we found no significant correlation between the LI
and the percentage of correct choices (Spearman corr.: r = 0.612, p =
0.144, N = 7). We found the same result considering the ABS-LI (r =
0.612, p = 0.144, N = 7).
In Experiment 2, we found no significant correlation between the LI
and the percentage of correct choices (Spearman corr.: r = -0.486, p =
0.329, N = 6). We found the same result considering the ABS-LI (R =
0.464, p = 0.354, N = 6).
4. Discussion
The string-pulling task has been extensively used for studies of
cognitive function and motor lateralization in avian species, including
psittacines (Magat and Brown, 2009; Jacobs and Osvath, 2015; Kra
sheninnikova, 2013; Gaycken et al., 2019), but there are few if any in
vestigations on this topic in macaws. All macaws of the study interacted
with the apparatus and solved the string-pulling task with parallel
strings (Experiment 1), choosing to pull the correct string on average 98
% of the times. In Experiment 2, in which the strings were crossed and
the difficult to solve the task increased, not all macaws interacted with
the apparatus (6 out of 7) and half of them successfully solved the task,

Fig. 3. Foot preference (LI) (A) and strength of the foot preference (ABS-LI) (B) of the study macaws in the two experiments. Horizontal lines within boxes indicate
the medians, boundaries of the boxes indicate the first and third quartile, crosses indicate the mean. Whiskers extend up from the top of the box to the largest data
element that is less than or equal to 1.5 times the interquartile range (IQR) and down from the bottom of the box to the smallest data element that is larger than 1.5
times the IQR. Values outside this range are outliers and are drawn as points.
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pulling the correct string. In this experiment, macaws varied in their
performance and chose the correct string on average 63 % of the times,
with the number of correct choices above chance level (p < 0.05). The
percentage of correct choices was significantly higher in Experiment 1
than in Experiment 2, indicating that macaws needed a greater number
of trials to solve the crossed-string task (p < 0.05). These results suggest
that macaws have more difficulty to understand the relation between the
string and the reward and have a higher failure rate in the crossed-string
condition. Our results add to previous research on avian cognition
suggesting that these neotropical parrots share similar cognitive abilities
with other birds, particularly corvids and psittacines (Schuck-Paim
et al., 2009; Taylor et al., 2009, 2010; Krasheninnikova et al., 2013;
Jacobs and Osvath, 2015; Gaycken et al., 2019).
Since the foot used by macaws in the study in the first interactions
with the apparatus was the same used in all other interactions, it seems
that they chose the preferred foot at first and this can become a welldefined action pattern (Goldberg and Costa, 1981; Regaiolli et al.,
2015).
When considering the overall foot preference (all interactions,
Table 2), we found individual-level biases, with approximately 86 % of
the macaws showing a preferential use of one foot when interacting with
the apparatus. At the group level, no foot preference was reported as
both right-footed and left-footed individuals were present in the study
sample. Our results are not consistent with studies highlighting a pop
ulation level foot preference in parrots (Friedmann and Davis, 1938;
Psittacula krameri: Randler et al., 2011) but this could be due to our small
sample size.
Lateralization has been linked to cognition in different animal spe
cies (Rogers, 2000), including parrots tested on the string-pulling tasks
similarly to those adopted in the current study (Magat and Brown,
2009). We did not find relationships between the foot preference (LI)
and its strength (ABS-LI) and the performance of the macaws when
choosing the correct string and retrieving the suspended reward sug
gesting that the strength and the direction of laterality might be shaped
also by ecological variables (Brown and Magat, 2011b). However, ma
caws of the current study were generally able to solve the tasks, espe
cially in Experiment 1, with a high proportion of correct choices (98 %
and 63 % in Experiment 1 and 2, respectively) and were also signifi
cantly lateralized, so that the presence of individual-level lateralization,
regardless to the direction of biases, could have played a role in the
success of the macaws in the two experiments (Magat and Brown, 2009;
Cussen and Mench, 2014). Our findings seem to support the evolu
tionary hypothesis suggested by results from studies on Australian
psittacines, according to which laterality in these species could have
been shaped by few events in their history. In particular, the authors
suggested that cerebral lateralization might provide a fitness benefit to
larger bodied species that extract seeds from seedpods using coordinated
foot–beak actions and this seem to be also the case of Ara parrots, too
(Brown and Magat, 2011b).
In conclusion, when interacting with string-pulling tasks of different
complexity, most macaws of the study were able to solve the simple task,
half of them were able to also solve the complex task and they showed a
foot preference at the individual level. Thus, the ability to solve a task
and the lateralization of the individual seem to be linked. The direction
of lateralization seemed not to affect the performance of the subjects as
right and left-footed birds were randomly distributed within each
experiment. Despite the small number of macaws, our findings improve
the knowledge on macaws’ cognition and motivate future research on
lateralization and cognitive performance in macaws, investigating the
effect of factors such as age, sex, and species.
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