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greater flamingos and Chilean flamingos
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aParco Natura Viva - Garda Zoological Park, Bussolengo, Verona, Italy; bDepartment of
Agricultural and Food Sciences, University of Bologna, Bologna, Italy; cCentre for Mind/Brain
Sciences, University of Trento, Rovereto, Italy

ABSTRACT
Many studies have highlighted evidence of lateralized behaviours in vertebrates
and invertebrates, indicating that cerebral lateralization might not be uniquely
human. Flamingos, as highly social species, might represent an interesting
model in the study of lateralization, as this trait appears to be useful in
gregarious animals. This study aims to investigate the presence of lateralized
behaviours in zoo flamingos. The subjects of this study were 41 greater
flamingos (Phoenicopterus roseus) and 29 Chilean flamingos (Phoenicopterus
chilensis). Ten 20-minute observation sessions per subject were carried out,
using focal animal sampling method. Bouts of side preferences were recorded
for foraging, neck resting and preening. Moreover, bouts and duration of leg
use for postural support during unipedal standing (leg stance) were also
collected. Results highlighted a group-level right-side preference for foraging
in the whole sample as well as within each species. Within greater flamingos,
group-level right-side preferences were also reported for neck resting and leg
stance. Differences between the two flocks were found, with greater
flamingos displaying right preferences to a greater extent than Chilean
flamingos. Males showed a more pronounced right preference than females
for some categories. This study adds to previous literature highlighting the
presence of group-level behavioural lateralization in flamingos.
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Introduction

Lateralization has been defined as the asymmetrical preference of the right or
left side of the body and has been reported in several animal taxa ranging
from invertebrates (Frasnelli, Vallortigara, & Rogers, 2012; Rogers & Vallorti-
gara, 2008; Versace & Vallortigara, 2015) to vertebrates (Rogers & Vallortigara,
2015; Vallortigara, Chiandetti, & Sovrano, 2011; Vallortigara, Rogers, & Bisazza,
1999). Many studies have investigated behavioural and brain lateralization in
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birds, highlighting a left-hemisphere specialization for stimuli categorization,
such as food discrimination tasks, whereas the right hemisphere mainly con-
trols social and vigilance behaviours as well as fear and escape responses (see
Rogers & Kaplan, 2019; Vallortigara, 2000).

Flamingos are highly social animals living in large and dense flocks of thou-
sands of birds (Johnson & Cézilly, 2007; Ogilvie & Ogilvie, 1986). Population-
level lateralization has been found to be more likely in social species as it
may provide an underlying social function to group-level behaviours, favour-
ing synchronization and cohesion between individuals (Bisazza, Cantalupo,
Capocchiano, & Vallortigara, 2000; Casey & Martino, 2000; Frasnelli et al.,
2012; Rogers, 1991; Rosa Salva, Regolin, Mascalzoni, & Vallortigara, 2012; Val-
lortigara & Rogers, 2005). Moreover, theoretical models suggest that lateraliza-
tion may have evolved as an Evolutionarily Stable Strategy (ESS) in group-
living species (Ghirlanda & Vallortigara, 2004; Ghirlanda, Frasnelli, & Vallorti-
gara, 2009; Vallortigara, 2006; Vallortigara & Rogers, 2005). Therefore,
flamingos with their remarkable sociality, could be a good model for the
investigation of lateralization, and studies involving different species might
be helpful to understand the evolution and adaptive value of behavioural
asymmetries in these birds.

Different species of flamingos have been involved in studies of behavioural
lateralization, focusing mainly on side biases in the use or in the position of
the head and legs during various activities (see Table 1). Unipedal stance is
common in aquatic birds, especially in long-legged wading birds such as
flamingos and might serve for thermoregulation by reducing heat loss from
the legs (Anderson & Laughlin, 2014; Anderson & Williams, 2010; Bouchard
& Anderson, 2011) and to diminish energy expenditure, as standing on one
leg requires little active muscular force (Chang & Ting, 2017). In some birds,
unipedal posturing has been found to be lateralized, as individuals can prefer-
entially stand on one leg rather than the other. For example, some species of
wildfowls and waders (Randler, 2007) and Magellanic penguins (Spheniscus
magellanicus) (Stor, Rebstock, García Borboroglu, & Boersma, 2019) showed
a preference to hold the body weight or to thermoregulate with the right
leg/foot. Lateralization during this posture has been investigated also in
flamingos, in which studies reported a lack of lateral preference for unipedal
standing in greater flamingos (Phoenicopterus roseus) (Vidal et al., 2018),
Chilean flamingos (Phoenicopterus chilensis) (Anderson & Laughlin, 2014)
and Caribbean flamingos (P. ruber) (Anderson & Ialeggio, 2013; Anderson &
Robinson-Drummer, 2015; Anderson & Williams, 2010; Anderson, Reeves, &
Foster, 2019).

Flamingos show different foraging techniques, involving rotation of the
body and asymmetrical positioning of the head and the legs (Figure
1a) which have been investigated in behavioural lateralization studies
(Jenkin, 1957; Johnson & Cézilly, 2007). Previous research reported right-
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biases in leg preferences for rotation and postural support during stamping, a
complex feeding technique, in wild greater flamingos (P. roseus) (Table 1)
(Vidal et al., 2018), whereas individual-level preferences were reported in
zoo Caribbean flamingos (Peluso & Anderson, 2014), suggesting that task
complexity may be relevant for lateralization in these species.

In addition, other authors investigated the lateralization of the neck-
looping behaviour: when resting flamingos curve their long neck to the
right or the left, lying the head along their back, making a loop on one side
of the body (Figure 1b) (Johnson & Cézilly, 2007; Vidal et al., 2018). Evidence

Table 1. Previous studies on laterality in flamingos (Phoeniconaias minor and
Phoenicopterus sp.). The table shows studies of different authors and years performed
with various species of flamingos. Studies are listed in chronological order. For each
study, the table reports the behaviours that were investigated and the presence (right
or left) or lack of group-level side biases (Bias) that were found.
Study Species Behaviour Bias

Anderson, 2009 Lesser flamingo
(Phoeniconaias minor)

Neck resting Right

Anderson et al., 2009; Williams &
Anderson, 2012

Caribbean flamingo
(P. ruber)

Neck resting Right

Anderson et al., 2010 Caribbean flamingo
(P. ruber)

Neck resting Right

Anderson & Williams, 2010 Caribbean flamingo
(P. ruber)

Leg stance No bias

Anderson et al., 2011 Caribbean flamingo
(P. ruber)

Neck resting Right

Anderson & Ialeggio, 2013 Caribbean flamingo
(P. ruber)

Neck resting Right

Leg stance No bias
Anderson & Laughlin, 2014 Chilean flamingo

(P. chilensis)
Neck resting No bias

Leg stance No bias
Hughes et al., 2014 American flamingo

(P. ruber ruber)
Neck resting No bias

Peluso & Anderson, 2014 Caribbean flamingo
(P. ruber)

Foot scratching No bias

Head-pivot stamp feedinga No bias*
Body-pivot stamp feedingb No bias*

Anderson & Robinson-Drummer,
2015

Caribbean flamingo
(P. ruber)

Neck resting No bias

Neck resting (during
unipedal standing)

Right

Leg stance No bias
Vidal et al., 2018 Greater flamingo

(P. roseus)
Neck resting No bias

Stamp-feeding Right
Leg stance No bias
Preening No bias
Twist preen (courtship) No bias*

Anderson et al., 2019 Caribbean flamingo
(P. ruber)

Neck resting Right

Leg stance No bias

*Only individual-level side biases.
aThe head/neck is the pivot around which the body/legs rotate.
bThe body/legs are the pivot around which the head/neck rotate.

ASYMMETRIES OF BRAIN, BEHAVIOUR, AND COGNITION 3



of a right bias in neck-looping position has been found in Caribbean flamingos
(Anderson & Ialeggio, 2013; Anderson, Williams, & Bono, 2010; Anderson, Wil-
liams, & O’Brien, 2009; Anderson, Urbine, Wilson, & Calabro, 2011; Anderson
et al., 2019) and wild lesser flamingos (Phoeniconaias minor) (Anderson,
2009). However, other authors failed to detect a right-side preference for
neck looping in wild greater flamingos (Vidal et al., 2018), Chilean flamingos
(Anderson & Laughlin, 2014), Caribbean flamingos (Anderson & Robinson-
Drummer, 2015) and American flamingos (Hughes, Cauthen, & Driscoll,
2014) (Table 1).

The sex of the subjects has been found to be important for the degree of
lateralization in different animal species including birds (domestic chick: Adret
& Rogers, 1989; Mench & Andrew, 1986; Regolin & Vallortigara, 1996; Rogers,
1997; Vallortigara, Regolin, Bortolomiol, & Tommasi, 1996; zebra finch: Alonso,
1998; yellow-legged gull: Romano et al., 2015). Sex-specific selection and hor-
monal differences between females and males can influence brain develop-
ment and therefore behavioural asymmetries (Pfannkuche, Bouma, &
Groothuis, 2009; Sarasa, Soriguer, Serrano, Granados, & Perez, 2014; see for
reviews Rogers, Vallortigara, & Andrew, 2013; Vallortigara & Versace, 2017).
To our knowledge, previous literature on flamingos failed to revealed sex
differences in behavioural lateralization of these species (greater flamingos:
Vidal et al., 2018; Caribbean flamingos: Peluso & Anderson, 2014).

More studies are needed to investigate lateralization of different beha-
viours and postures of flamingos, to improve our understanding of how inter-
specific and intraspecific factors (e.g., sex) can affect behavioural asymmetries
in these species or more generally in birds. Consequently, this study aimed to
investigate the lateralization of zoo-housed greater flamingos and Chilean
flamingos, by examining side preferences during foraging, neck resting and

Figure 1. Behavioural categories collected in the current study: (a) foraging; (b) neck
resting; (c) preening.
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preening, and choice of the leg for unipedal standing. Moreover, the effects of
species and sex on the lateralization were evaluated, to understand whether
and how these factors can affect lateralization in flamingos.

Materials and methods

Study subjects and area

The study was carried out with a flock of 41 greater flamingos and 29 Chilean
flamingos housed together in the same enclosure at Parco Natura Viva –
Garda Zoological Park in Italy. Thus, the study sample was made of 70 birds
and all birds were captive born and parent reared. Individual flamingos
were identified through leg bands differing in colour and letters (three-
letter combination). The sex of the younger birds was determined through
genetic analyses. Census, sexing, and ringing of the juvenile flamingos were
done once a year, before the beginning of the breeding season. At this
time, health check and feather trimming were performed on all birds of the
colony. Feathers of both wings were cut symmetrically (approximately five
primary remiges per wing). As invasive and asymmetrical techniques of
deflighting such as pinioning and tendonectomy have been found to have
no effect on flamingos’ lateral preferences (Anderson & Robinson-Drummer,
2015), it seems unlikely that feather trimming of both wings adopted in the
current study can impact lateral preference of the flocks. Yearly health
checks guaranteed that no birds had a history of foot-related problems pre-
viously described in zoo flamingos and that could affect their lateralization
(Anderson & Robinson-Drummer, 2015; Nielsen, Nielsen, King, & Bertelsen,
2010). It was not possible to sex the juvenile birds that hatched in the study
breeding seasons, before the annual census. Within the greater flamingo
flock, it was possible to identify 13 females and 24 males (four birds were
of undetermined sex). Within the Chilean flamingo flock, 13 females and 13
males were identified (three birds were of undetermined sex). Thus, in the
whole sample of flamingo (N = 70), it was possible to identify 26 females
and 37 males. The analyses of overall side biases and the comparison
between species were performed considering the whole sample, regardless
of sex (N = 70), whereas sex effect on lateralization was investigated by con-
sidering the subgroups of birds of known sex (N = 63).

Flamingos were housed in a 1100 m2 open-topped enclosure. The enclo-
sure included grassy and muddy areas as well as a water pool to meet the
flamingos’ breeding and locomotory needs. The enclosure contained also
trees, nest mounds, bushes and rocks and was made of different zones, allow-
ing flamingos to display a wide array of natural behaviours. Food was pro-
vided once a day in a long concrete feeding point (5 × 1 metres). No direct
interactions between humans and flamingos were allowed. Flamingos were
fed on a bespoke complete diet that provided for nutritional requirements.
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The expanse of the enclosure and size of the flamingo’s pool allowed for
natural filter feeding to also occur.

Data collection

The study was carried out from March to June 2007. Before the beginning of
the data collection, a habituation period of approximately two months was
done, to allow the observer to prepare the ethogram and to learn how to dis-
tinguish all flamingos’ behaviours. Data on both species were collected by one
observer through the live observation of the flamingos within the flock, during
their daily routine activities. The behavioural ethogram (Table 2) of the study
was prepared based on previous literature on flamingos (Anderson et al.,
2009; Anderson & Laughlin, 2014; Brown & King, 2005; Johnson & Cézilly,
2007; Vidal et al., 2018) and on preliminary observations of the study flocks
carried out during the habituation period. Lateralized behaviours involving
the use of the head/bill for the categories of foraging, neck-looping behaviour
during resting (thereafter “neck resting”) and preening were recorded
(Table 2, Figure 1), regardless whether the flamingos were in the water or
on the ground. Regarding foraging, we considered asymmetrical reaching
bouts, collecting the orientation of the flamingo head (on the left or on the
right of the body axis) during feeding (Table 2, Figure 1a). For neck resting
the neck was considered on the right side (or on the left side) when it was
curved to the right (or to the left) of the bird sagittal plane (Anderson et al.,
2009; Anderson & Laughlin, 2014; Johnson & Cézilly, 2007; Vidal et al., 2018)
(Table 2, Figure 1b). Preening was intended as twisting the head and cleaning
the right or left body side with the bill (Vidal et al., 2018) (Table 2, Figure 1c).
Moreover, lateral preference for postural support (leg stance) was collected,
recording the leg that was holding the body weight during unipedal standing,
regardless of the behaviour that was performed (Table 2) (Anderson et al.,
2009; Vidal et al., 2018). A continuous focal animal sampling method was
used to collect bouts of head use/positioning for different actions and leg

Table 2. Ethogram. Behaviuoural categories and postures of the flamingos collected in
the study.
Behaviour Definition

Foraging Flamingos retrieve food/prey either in the water or on the ground. The head can be
oriented on the left or on the right of the body axis.

Neck resting Flamingos stand motionless with the head lying on their back and their neck curved on the
right or the left of their barycentre (Anderson et al., 2009; Anderson & Laughlin, 2014;
Johnson & Cézilly, 2007).

Preening Flamingos twist the head and clean the right or left body side with the bill (Vidal et al.,
2018).

Posture
Leg stance Flamingos stand on one leg. While performing different activities, one leg can be holding

the body weight while the other one is raised (Anderson et al., 2009; Vidal et al., 2018).
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preference for postural support (Altmann, 1974; Martin & Bateson, 1986). A
bout was intended as the first of a series of events of the same action, regard-
less of whether the bird changed its side preference later during the perform-
ance of the same behaviour: in other words, if a flamingo started feeding with
the head on the right of the body axis and then switched to the left side
without postural changes or without performing other behaviours, only the
right foraging bout (first event) was collected, as following events might be
dependent upon the first one (e.g., Anderson & Robinson-Drummer, 2015;
McGrew & Marchant, 1997). Thus, we did not record more than one response
of the same action if it was not separated by a different behavioural event or
postural change of the subject. For postural support, we recorded both bouts
and durations of right and left leg stance, to verify the relationship between
the two measures. Data collection was done daily from 9.30 am to 12.45
pm and from 2.00 pm to 4.30 pm. Per subject, ten 20-minute observation ses-
sions were carried out. The data sampling order of the flamingos varied daily,
so that each subject was observed during the entire observation period,
both in the morning (9.30-12.45) and in the afternoon (2.00-4.30). The mean
(± SD) number of bouts collected for each subject was 52 ± 32.9 for foraging,
23.7 ± 9.8 for neck resting, 83.6 ± 33.4 for preening and 88.1 ± 41.4 for
leg stance.

The study was carried out using non-invasive techniques, through the
observation of the birds from the visitor path, outside the flamingo enclosure.
The research procedure was conducted in accordance with the EU Directive
2010/63/EU and the Italian legislative decree for Animal Research.

Statistical analyses

The number of bouts collected for different behavioural categories and for leg
stance for each individual were used to calculate a Laterality Index score (LI)
given by the formula LI = (R – L)/(R + L), with R indicating the number of bouts
of right preference and L the number of bouts of left preference. This index
ranges from −1 (100% left preferences) and +1 (100% right preferences)
and can be a useful tool to manage unbalanced number of data across sub-
jects (Anderson et al., 2009; Anderson & Laughlin, 2014; Hopkins, 2013). More-
over, the absolute values of the Laterality Index score of each subject (ABS-LI)
was used to characterize the side preference strength, independent of the
direction of lateral bias (Hopkins, 2013). For leg stance, to analyse whether
flamingos used the legs asymmetrically for unipedal standing, we calculated
the percentage time spent on the right leg (% R) and left leg (%L) on the total
time spent on one leg. We performed a sign test using the % R and % L to
assess biases in the duration of leg use during unipedal standing.

Kolmogorov-Smirnov goodness-of-fit tests revealed that not all data were
normally distributed, and therefore non-parametric statistic tests were used.
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To assess the presence of biases for each behaviour and for leg stance at the
group level, a one-sample two-tailed sign-test was used with the LI serving
as dependent variable. The Mann-Whitney test was used to compare the LI
and the ABS-LI between the two species (greater flamingos vs. Chilean
flamingos) and between females and males, to assess whether the sex of
the bird might affect their behavioural lateralization. These analyses were
performed considering the whole sample of flamingos (data of greater
flamingos and Chilean flamingos pulled together) as well as separately for
each species. Regarding leg stance, the percentage duration of right-leg
use for postural support was correlated with the percentage number of
bouts of leg preference using Spearman correlation, to verify the relationship
between the two measurements. Finally, Spearman correlations were per-
formed to verify potential relationships between neck resting, preening
and leg stance in the whole sample, as when resting and preening
flamingos can stand on one leg and this might affect the side preference
of these behavioural categories (Johnson & Cézilly, 2007). In the result
section and in tables, median LI, ABS-LI and relative interquartile range
(IQR) are reported.

Results

Leg stance preference

First, we investigated leg stance preference in the whole sample, pulling
together data of greater flamingos and Chilean flamingos (N = 70). The per-
centage mean duration (± SD) of time spent on the right leg (% R) was 53
± 25 s (% L: 47 ± 25 s). The sign test revealed no significant differences in
the % time spent on the right and left leg (z =−0.5, p = 0.617). In the case
of bouts, the median (IQR) LI for leg stance was 0.10 (0.68) and one-sample
sign-test revealed no group level bias (z =−1.554, p = 0.120). Then, we
verified whether the duration and frequencies of bouts of leg use during uni-
pedal standing were related. A significant positive correlation was found
between the percentage duration of right-leg use and the percentage
number of bouts of right-leg preference for postural support (rho = 0.771;
p = 0). Thus, further analyses involving leg stance were performed considering
only bouts (LI) of this category.

We then verified whether leg stance preference could affect neck-
resting position and preening side preferences. No significant correlation
was found between the LI of neck resting and leg stance (rho = 0.182,
p = 0.132), as well as between the LI of preening and leg stance (rho =
−0.087, p = 0.476).

Within greater flamingos, a group-level right bias was found in the distri-
bution of the LI of leg stance (z =−2.499, p = 0.013) (see Figure 2 for
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median and IQR). On the contrary, within Chilean flamingos, no group level
bias was reported in the distribution of the LI of leg stance (z =−0.371, p =
0.710) (see Figure 2 for median and IQR).

Side preferences for foraging, neck resting and preening in flamingos

First, we investigated side preferences in the whole sample, pulling together
data of greater flamingos and Chilean flamingos (N = 70). The median (IQR) LI
was 0.09 (0.18) for foraging, 0.16 (0.77) for neck resting and 0.02 (0.15) for
preening. The one-sample sign-test revealed a significant right bias when con-
sidering foraging (z =−4.729, p < 0.001), whereas no bias was found for neck
resting (z =−1.445, p = 0.148) and preening (z =−1.354, p = 0.176).

Within greater flamingos (N = 41), significant group-level right biases in the
LI were found for foraging (z =−4.484, p < 0.001) and neck resting (z =
−2.499p = 0.013) but not for preening (z =−1.460, p = 0.144) (see Figure 2
for median and IQR). Within Chilean flamingos (N = 29), a significant group-
level right bias in the LI was found for foraging (z =−2.457, p = 0.013) but

Figure 2. Side preference (Laterality Index) in greater flamingos and Chilean flamingos.
The horizontal lines within the box indicate the medians, crosses within the indicate
means, boundaries of the box indicate the first and third quartile. The 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 smal-
lest data element that is larger than 1.5 times the IQR. Values outside this range are con-
sidered outliers and are drawn as points. *Significant difference between group (p <
0.05), **Highly significant difference between groups (p < 0.001).
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not for neck resting (z =−0.567, p = 0.571) and preening (z =−0.189, p =
0.850) (see Figure 2 for median and IQR).

Greater flamingos vs. Chilean flamingos

Then we compared the side preferences between greater flamingos and
Chilean flamingos. The median (IQR) LI of different behavioural categories
and leg stance of greater flamingos and Chilean flamingos are shown in
Figure 2. The Mann-Whitney tests between the two species revealed that
the LI was significantly higher in greater than in Chilean flamingos regarding
neck resting (U = 396.5, p = 0.018) and leg stance (U = 405, p = 0.024),
whereas no significant differences were found for foraging (U = 504, p =
0.281) and preening (U = 590, p = 0.957) (Figure 2). Regarding the strength
of the side preference, the median (IQR) ABS-LI of different behavioural cat-
egories and leg stance of greater flamingos and Chilean flamingos are
shown in Figure 3. The Mann-Whitney tests between the two species
revealed no significant differences (foraging: U = 576.5, p = 0.830; neck

Figure 3. Strength of the side preference (ABS-LI) in greater flamingos and Chilean
flamingos. The horizontal lines within the box indicate the medians, crosses within the
indicate means, boundaries of the box indicate the first and third quartile. The 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 smal-
lest data element that is larger than 1.5 times the IQR. Values outside this range are con-
sidered outliers and are drawn as points. *Significant difference between group (p <
0.05), **Highly significant difference between groups (p < 0.001).
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resting: U = 511.5, p = 0.322; preening: U = 544, p = 0.547; leg stance: U = 568,
p = 0.752) (Figure 3).

Females vs. males

To evaluate the influence of sex on the side preference of flamingos, we com-
pared both LI and ABS-LI between females and males considering the whole
sample and each species separately. When considering the whole sample, the
median LI (IQR) of behavioural categories and leg stance for females (N = 26)
and males (N = 37) are shown in Figure 4. Mann-Whitney tests revealed that
the median LI was significantly higher in males than in females for neck
resting (U = 287, p = 0.007) and leg stance (U = 274, p = 0.004), whereas no sig-
nificant differences were found for foraging (U = 391, p = 0.209) and preening
(U = 399, p = 0.252) (Figure 4). No significant differences between females and
males were found considering the ABS-LI (foraging: U = 420.5, p = 0.398; neck
resting: U = 369, p = 0.118; preening: U = 455, p = 0.717; leg stance: U = 450, p
= 0.665) (Figure 5).

Figure 4. Side preference (Laterality Index) in females and males. The horizontal lines
within the box indicate the medians, crosses within the indicate means, boundaries of
the box indicate the first and third quartile. The 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 considered outliers and are
drawn as points. *Significant difference between group (p < 0.05), **Highly significant
difference between groups (p < 0.001).
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Within greater flamingos, Mann-Whitney tests revealed no significant
differences between females and males considering both the LI
(see Table 3 for all median, IQR and statistical values) and the ABS-LI
(see Table 4 for all median, IQR and statistical values).

Figure 5. Strength of the side preference (ABS-LI) in females and males. The horizontal
lines within the box indicate the medians, crosses within the indicate means, boundaries
of the box indicate the first and third quartile. The 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 considered outliers and
are drawn as points. *Significant difference between group (p < 0.05), **Highly signifi-
cant difference between groups (p < 0.001).

Table 3. Laterality in female and male flamingos. For each species (Gr.F = greater
flamingos, Ch.F = Chilean flamingos), the table reports median (IQR) Laterality Index of
females and males for different behavioural categories and for leg stance. Below the
medians are reported the U and p-values of the Mann-Whitney tests used to compare
the Laterality Index between females and males.

Foraging Neck resting Preening Leg stance

Gr.F Females (N = 13) 0.09 (0.27) 0.17 (0.88) 0.04 (0.15) 0.01 (0.79)
Males (N = 24) 0.13 (0.16) 0.28 (0.40) 0 (0.15) 0.31 (0.51)
U, p-value 147.5, 0.787 95, 0.052 103, 0.092 97, 0.061

Ch.F Females (N = 13) 0.06 (0.17) −0.45, 0.91 0 (0.17) −0.19 (0.47)
Males (N = 13) 0.09 (0.24) 0.09 (0.76) −0.01 (0.15) 0.23 (0.60)
U, p-value 61, 0.228 54, 0.118 79, 0.778 48, 0.061

12 B. REGAIOLLI ET AL.



Within Chilean flamingos, Mann-Whitney tests revealed no significant
differences between females and males considering both the LI (see
Table 3 for all median, IQR and statistical values) and the ABS-LI (see
Table 4 for all median, IQR and statistical values).

Discussion & conclusion

The main findings of this study are (1) a group-level right-leg bias during uni-
pedal standing and neck resting in greater flamingos; (2) a group-level right
bias for foraging in the whole sample of flamingos as well as within each
species; (3) higher values of the LI (right bias) in greater flamingos than in
Chilean flamingos for neck resting and leg stance; (4) a more pronounced
right-side preference in males than in females for neck resting and leg
stance, considering the whole sample of flamingos.

When considering data of greater and Chilean flamingos together, we
found no leg preference during unipedal standing, considering both duration
and bouts of leg use. This result agrees with studies on greater flamingos
(Vidal et al., 2018), Caribbean flamingos (Anderson et al., 2019; Anderson &
Ialeggio, 2013; Anderson & Robinson-Drummer, 2015; Anderson & Williams,
2010) and Chilean flamingos (Anderson & Laughlin, 2014), suggesting that
ambidexterity in leg stance might be necessary to allow a better thermoregu-
lation and to avoid preferential exposure of one leg to aversive air and water
conditions (Anderson & Laughlin, 2014; Anderson & Williams, 2010). However,
within greater flamingos, a significant preference was reported for providing
postural support with the right leg. This right-leg preference is consistent with
previous studies on unipedal stance in other bird species, specifically some
wildfowl and waders when resting (Randler, 2007) as well as Magellanic pen-
guins, showing a tendency to extend the right foot for thermoregulation (Stor
et al., 2019). Moreover, in the current study, a significant difference between
species in leg stance was found, with greater flamingos showing higher LI

Table 4. Strength of laterality (ABS-LI) in female and male flamingos. For each species
(Gr.F = greater flamingos, Ch.F = Chilean flamingos), the table reports median (IQR)
absolute values of Laterality Index (ABS-LI) of females and males for different
behavioural categories and for leg stance. Below the medians are reported the U and
p-values of the Mann-Whitney tests used to compare the Laterality Index between
females and males.

Foraging Neck resting Preening Leg stance

Gr.F Females (N = 13) 0.12 (0.28) 0.38 (0.45) 0.07 (0.14) 0.38 (0.30)
Males (N = 24) 0.15 (0.14) 0.30 (0.36) 0.07 (0.07) 0.31 (0.46)
U, p-value 151.5, 0.886 135.5, 0.514 151, 0.874 130, 0.408

Ch.F Females (N = 13) 0.11 (0.09) 0.57 (0.42) 0.09 (0.08) 0.26 (0.47)
Males (N = 13) 0.12 (0.20) 0.36 (0.47) 0.07 (0.06) 0.29 (0.44)
U, p-value 58, 0.174 54, 0.118 66.5, 0.356 73, 0.555
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(right bias) than Chilean flamingos, showing no bias. Flamingos have been
found to alternate the exposition of each leg to the air or to the water to main-
tain a stable body temperature (Anderson & Williams, 2010; Bouchard &
Anderson, 2011) and to avoid chronic stress to a single leg due to high salinity
exposure and other aversive conditions of their habitats (Anderson & Laugh-
lin, 2014; Anderson & Williams, 2010). Thus, a speculative explanation of our
results might reside in biological and ecological differences between
greater and Chilean flamingos. Even if both species can travel up to several
hundreds of kilometres to find suitable habitats, Chilean flamingos are
smaller, have shorter legs and can be found at high elevations on the
Andes, sometimes breeding on the mountains (Perrins & Harrison, 1979;
Perrins & Middleton, 1985; Soothill & Soothill, 1982). Moreover, Chilean
flamingos’ habitats are characterized by high alkaline, barren, desert-like
environments (Campbell & Lack, 1985; Perrins & Harrison, 1979; Perrins & Mid-
dleton, 1985). To explain our results, it is possible that for this species it might
be more advantageous to display leg-stance ambidexterity rather than a later-
alized leg use, as that reported in our study flock of greater flamingos.
However, more research on different species of flamingos in the wild and in
controlled environments is needed to understand whether and how ecologi-
cal and biological factors might be determinant for lateralization of these
birds. Moreover, future studies should investigate whether leg stance asym-
metries may be affected by the substrate in which the posture is performed
(e.g., on the ground or in the water).

A right-side preference for foraging was observed considering the whole
sample of birds as well as within each species, suggesting that both greater
and Chilean flamingos prefer to forage by orienting the head on the right
side of the body (Figure 1a). Previous research on wild greater flamingos
reported a population-level lateralization in stamping, with birds using prefer-
entially the right leg to start circling when looking for food in the mud (Vidal
et al., 2018). Also, Caribbean flamingos showed a possible right-leg advantage
in supporting the body during stamping, even if only at the individual level
(Peluso & Anderson, 2014). Our findings support the hypothesis of a right-
side preference in flamingos in feeding contexts. Similar biases during
feeding have been extensively described in birds (e.g., Brown & Magat,
2011; Rogers, 2010; Ventolini et al., 2005) as well as in other taxa (for review
see Rogers, 2009; Ströckens, Güntürkün, & Ocklenburg, 2013) and have
been linked to the left-brain hemisphere involvement in controlling feeding
behaviour such as prey/food discrimination and manipulation (MacNeilage,
Rogers, & Vallortigara, 2009; Vallortigara & Rogers, 2005). Other possible expla-
nations for the lateralization in foraging could be social synchronization and
task complexity, as suggested by Vidal et al. (2018) for wild greater
flamingos. In the first case, as wild flamingos live in large and dense flocks
(Johnson & Cézilly, 2007; Ogilvie & Ogilvie, 1986), population level
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lateralization while feeding might be imposed by the presence of con-
specifics, representing a strategy to avoid disturbance among individuals
(Cooch, 1965; Vallortigara & Rogers, 2005; Vidal et al., 2018). In the second
case, the lateralization of foraging might be due to the complexity of this
activity, requiring more coordination and discrimination skill than less cogni-
tive demanding activities such as resting and preening (Fagot & Vauclair,
1991; Versace & Vallortigara, 2015; Vidal et al., 2018).

No group-level biases for neck-resting were reported when considering the
whole sample of flamingos. This result is consistent with previous studies on
wild greater flamingos (Vidal et al., 2018), zoo Chilean flamingos (Anderson &
Laughlin, 2014) and American flamingos (Hughes et al., 2014), failing to detect
neck-looping preferences. As for leg stance, flamingos might need to change
the neck-resting side due to muscular tiredness, as resting on the same side
might be exhausting for the neck muscles (Vidal et al., 2018). On the other
hand, when considering only greater flamingos, a significant preference for
curving the neck to the right when resting was reported. This finding is con-
sistent with previous research highlighting a rightward neck-looping prefer-
ence during resting in wild lesser flamingos (Anderson, 2009) and zoo
Caribbean flamingos (Anderson & Ialeggio, 2013; Anderson et al., 2010,
2011, 2019; Anderson et al., 2009; Williams & Anderson, 2012). The lateraliza-
tion in neck resting in these species might serve a social function similar to
that described for foraging/stamping behaviour. As wild flamingos live in
numerous and dense colonies, flock density could impose a specific direction
of bird neck due to the lack of space availability (Anderson et al., 2009; Hughes
et al., 2014). On the other side, group lateralization may promote social cohe-
sion within the flock (Anderson et al., 2010; Casey & Martino, 2000; Frasnelli
et al., 2012; Rogers, 1991; Williams & Anderson, 2012), that would be funda-
mental for highly gregarious species such as flamingos, in which sociality is
the base for reproductive success (Johnson & Cézilly, 2007; Ogilvie &
Ogilvie, 1986). For example, Williams and Anderson (2012) illustrate that
more strongly paired Caribbean flamingos tend to have more consistent
lateral neck-resting preferences with their partners than do more weakly
paired birds. Also, Anderson et al. (2010) show that most Caribbean
flamingos prefer to neck-rest to the right, and that those that prefer the left
are more likely to be involved in aggressive encounters. On the other hand,
the study Chilean flamingos showed ambidexterity in neck-resting position,
as reported in another study on this species in zoo (Anderson & Laughlin,
2014). This inter-species discrepancy might be explained with differences in
the ecological and biological factors mentioned above for leg stance,
although more studies on wild and zoo flamingo species are needed to
draw this conclusion.

No side preference for preening was found considering both the whole
sample and each species separately. This finding is consistent with previous
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literature on wild greater flamingos (Vidal et al., 2018) and zoo American
flamingos (Peluso & Anderson, 2014) showing that preening postures and
foot use for scratching were performed on either side, probably to allow a
better bilateral monitoring of the environment as well as of conspecifics.
More simply, as flamingos have feathers all over the body, they need to
clean and smooth their plumage on the right as well as on the left.

We found that the Laterality Index of neck resting and leg stance were sig-
nificantly higher in males than in females, although only when considering
the whole sample of flamingos and not separately for each species. As pre-
vious studies on flamingo behavioural lateralization failed to reveal sex differ-
ences in greater flamingos (Vidal et al., 2018) and Caribbean flamingos (Peluso
& Anderson, 2014) we did not expect any difference in laterality between
sexes. Our results add to previous literature on domestic chicken chicks
(Gallus gallus), in which lateralization appeared stronger in males than in
females, even anatomically (see Rogers et al., 2013) and in different avian
species, in which males were more strongly lateralized than females in the
eye use in cognitive tasks (Adret & Rogers, 1989; Alonso, 1998; Ariyomo &
Watt, 2013; Reddon & Balshine, 2010; Regolin & Vallortigara, 1996; Rogers,
1997; Vallortigara et al., 1996). Differences in lateralization between sexes
may be due to different social and sexual motivation in females and males
(Bisazza, Facchin, Pignatti, & Vallortigara, 1998; Reddon & Balshine, 2010) as
well as to the need of both sexes to coordinate behaviours during reproduc-
tion and courtship displays (Lemaire, Viblanc, & Jozet-Alves, 2019). In addition,
adaptations to ecological and sexually selected traits may influence the devel-
opment of cerebral structures, leading to anatomical asymmetries in the brain
structure that can affect behavioural lateralization in females and males
(Ariyomo & Watt, 2013; Gonzalez-Voyer & Kolm, 2010; Reddon & Hurd, 2008).

The behaviour of flamingos as well as of other species in controlled
environment may differ from that reported in the wild. Therefore, comp-
lementary to captive studies, more research on wild flamingos is needed to
have a clear picture of their lateralization and detect inter-specific differences
in side biases.

In conclusion, our findings seem to add to previous literature on flamingos,
highlighting the presence of behavioural group-level biases in these species.
Such biases could presumably be related to hemispheric specialization, task
complexity and/or social factors. In the latter case, flock-level lateralization
promoting social synchronization and cohesion among group members
seems to be particularly plausible in highly gregarious species like
flamingos, living in large and dense flocks and performing ritualized synchro-
nous group courtship displays that are relevant for pair-bonding and breeding
success. Moreover, differences between species were found for behavioural
categories such as neck resting and for the leg used for unipedal standing,
with greater flamingos showing right-side preferences more than Chilean
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flamingos. Thus, although different species of flamingos have similar habitats,
climate adaptations and morphology, it seems possible that biological and
ecological factors can play an important role in determining behavioural later-
alization in these birds. However, further research is needed involving a
greater number of birds of different sex and species, in the wild and in con-
trolled environments, to better investigate pattern of lateralization in
flamingos, assessing the role of different factors in determining postural
and behavioural asymmetries.
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