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A B S T R A C T

Many animals show evidence of cerebral lateralisation, i.e. morphological differences and functional speciali-
sation in two separate hemispheres of the brain. Laterality in behaviour is commonly used as an indicator of
cerebral lateralisation, as asymmetry in actions often mirrors asymmetry in the brain. It has been predicted that
species that habitually use limbs to manipulate food or resources will develop strong limb preferences, and data
in a limited set of taxa support this prediction. However, relatively few species have been studied, limiting our
understanding of how taxonomically widespread such behavioural asymmetries might be, and thus how such
preferences evolve. Here, we test for limb preference within a new taxon, the rails, using the pukeko (Porphyrio p.
melanotus), a species that frequently uses its feet while feeding. We quantified foot-use of 359 individual pukeko
and found that though some individuals show preferences, there was no overall side preference at the population
level - roughly equal numbers of individuals showed a left preference, a right preference, or no preference,
though we detected a weak preference in adults during long-use behaviours. We also found that the strength of
side preference weakened with increased observations of foot-usage. Finally, though patterns were similar when
looking at brief and longer foot uses, the within-individual relationships between preference in those contexts
was only significant in birds that used their feet at least five times. Together these findings question whether
habitual foot use will lead to side preference and suggest that the apparent wide-spread and prevalent nature of
this pattern in current literature may be due to a publication bias rather than the general presence of a re-
lationship. Studies that cover a great taxonomic spread are needed.

1. Introduction

Cerebral lateralisation, the segregation of the brain into two func-
tionally differing halves is a well-defined characteristic in humans and
is widespread through-out vertebrates and some invertebrate species
(Rogers, 1997; Bisazza et al., 1998; Byrne et al., 2004; Vallortigara and
Rogers, 2005; Jozet-Alves et al., 2012; Rogers et al., 2013; Karenina
et al., 2017). When lateralised, the hemispheres of the brain share some
functions, but each hemisphere also performs some specialised func-
tions preferentially (Bisazza et al., 1998; Ventolini et al., 2005; Rogers
et al., 2013). For example, with visual lateralisation, the right eye/left
hemisphere is generally more involved with the processing and co-
ordination of responses that require slower reactions and more con-
sideration (discrimination), whereas the left eye/right hemisphere is
more involved in the processing and coordination of responses re-
quiring rapid responses (e.g. vigilance) (Rogers et al., 2004, 2013). The
evolution of this lateralisation has allowed the division of labour and
has increased neural efficiency and capacity of the brain, leading to

lateralisation of the body and its behaviours, which can alter species
biology (Tommasi, 2009; Vallortigara and Rogers, 2005). For example,
in many mammalian species mother-infant behaviours occur more
often and are stronger on the left side of the body, suggesting that the
right hemisphere has dominance in processing social interactions
(Karenina et al., 2017). In parrots, strongly lateralised individuals
perform better in cognitive tasks (Magat and Brown, 2009). Findings in
parrots also indicates that lateralisation of foot use may be related to
evolutionary features such as body size and foraging mode (Brown and
Magat, 2011b). Additionally, studies have suggested that predator-
identification is improved on most species’ left side as this form of
processing is dominant in the right hemisphere, and as a result, animals
are slower to identify or respond to predators approaching on their
right side (Rogers et al., 2004).

Brain lateralisation often results in varying kinds of behavioural
asymmetries, where side preference can arise in behaviours where there
is a choice. For example, when a preference arises in the side is used for
an activity (e.g. left or right handed). Side preferences can be observed
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in many behaviours (Table 1), such as side-by-side interactions between
mother and infant (Karenina et al., 2017), coiling directions in snakes
(Roth, 2003), turn preference in fish (Bisazza et al., 2000), tool use and
manufacture in corvids (Weir et al., 2004) and hand or foot preference
in bird species, macropods, and primates (Elias et al., 1998; Hopkins
et al., 2003; Byrne et al., 2004; Brown and Magat, 2011a, 2011; Gilijov
et al., 2015). Limb preference or handedness is one possible product of
cerebral lateralisation, and because it is easily observed, it is commonly
used to test for evidence of brain lateralisation (McManus and Bryden,
1992). To date, in many species that show manipulative limb use, re-
searchers have reported strong side preferences (Table 1). This led
Walker (1980) to argue that extensive manipulative limb use, particu-
larly in food tasks, favours the development of limb preference. How-
ever, few species in the animal kingdom use their limbs in manipulative
actions, and some species studied show no strong preference (Table 1).
Consequently, we have a limited understanding of how phylogeneticly
widespread handedness, and thus the potential for cerebral lateralisa-
tion, might be. This difference across species may be due to evolu-
tionary history (phylogenetic constraints), ecological adaption, context
specific costs of laterality, difference in predator risk, or a lack of se-
lective pressure for specialised or manipulative limb use (Brown and
Magat, 2011a; Gilijov et al., 2015), suggesting that tests in a variety of
species is critical to greater understanding.

The bulk of evidence for handedness in birds stems from the
Psittaciformes or parrots, an order known for their intelligence and
learning. Within parrots, the majority of species examined show a
strong bias when manipulating food objects, only a few species show no
apparent side preference (Friedman and Davis, 1938; Rogers, 1980;
Harris, 1989; Brown and Magat, 2011a). Few studies have been com-
pleted outside this group, with the notable exception of corvids, a group
also noted for their intelligence and learning (Weir et al., 2004). The
pukeko (Porphyrio p. melanotus) is a sub-species of the Australasian
swamphen, a widely distributed, large, ground-feeding rail, and a
member of the Galliformes, among the oldest order of birds, and quite
distant from the parrots. Pukeko often use their feet while feeding,
using their toes to manipulate food such as grass stalks and tubers
(Pellis, 2011). They are an ideal species to investigate for presence of
side preferences and behavioural lateralisation in a distinct order of
vertebrates. Here, we observed free-foraging individuals and quantify
their foot-usage. We then test for a population preference, individual
preferences and age differences, and then explore the relationships
between the number of observations of foot-usage, and the strength of
the observed foot preference in different groups, to investigate the
overall patterns in side preference or handedness within this pukeko
population.

2. Methods

2.1. Field techniques

Data was collected from Tawharanui Regional Park (36.37 °S,
174.83 °E), a fenced sanctuary north of Auckland, New Zealand oper-
ating both recreationally and agriculturally. The area is free of invasive
mammalian predators, consists of pastoral, forested and swamp areas,
and has a high density of pukeko. Pukeko are highly territorial and
sedentary birds (Craig, 1979). Data was collected by systematically
moving through these territories and collecting data from each social
group, one individual at a time. Because of the territorial and sedentary
nature of pukeko, it is unlikely that any individual was sampled more
than once.

To quantify potential side preference in foot usage, each individual
bird was observed for 5min. Every instance of foot-usage was noted,
along with the type of usage: two types of food-to-beak behaviours,
scratch (foot used to scratch face or body), or hold down (using foot to
manipulate food item on the ground). During pilot studies we observed
that birds displayed two types of foot-to-beak, either bringing food

quickly to the mouth and returning the foot to the ground or standing
for a substantial amount of time holding and manipulating the food
item. Therefore, food-to-beak was split into transitory (< 3 s) and long
(> 3 s) categories If a bird was out of sight or stopped feeding for longer
than 30 s, timing was paused until feeding resumed. If the bird did not
reappear, observation ceased, and data was discarded. All observations
were made by R. Rodgers, using binoculars or a telescope. Observations
ran from November 2016 to February 2017 (Austral summer) and were
made between 9am and 5 pm. A general age classification (adult, ju-
venile or chick) based on basic physical characteristics in size, plumage
development and colour of the red frontal shield (black in juveniles)
was also identified for each individual (Marchant and Higgins, 1993;
Heather and Robertson, 2005). Behavioural data was recorded for a
total of 359 individuals; 314 adults, 38 juveniles, and 7 chicks.

2.2. Statistical analysis

We calculated total foot-use frequencies for each behavioural type.
Because scratches and hold downs were infrequent overall (80 in-
dividuals scratched; 39 individuals used their feet to hold food down for
manipulation), and almost always occurred only once during the ob-
servations period, we excluded these behaviours from further analyses.
Few chicks were observed, and they rarely used their feet (n=7), so
chick observations were excluded from all analyses. Food-to-beak was
the most common observation, and we used each individuals foot-use
frequencies to calculate a laterality index score (LI hereafter), the
proportion of total uses by the left foot (LI = (L–R)/(L+R))
(Richardson, 1976). The laterality index was scaled so that individuals
with a pure right preference scored -1, and pure left preference scored
+1; individuals showing no preference scored zero. We calculated a
separate score for transitory and longuse behaviour. Individuals that
did not ever show transitory or long foot-to-beak use were excluded
from each respective analysis. Birds were grouped for side preference
using their laterality indices: right preference (R)= −1.0:−0.25; am-
bidextrous= −0.25:0.25; left preference (L)= 0.25:1.0. These
boundaries require a bird to use one foot at least 75% of the time to be
considered lateralised (Friedman & David 1938; Weir et al., 2004).
Once again, these groups were determined separately for transitory and
long use. The degree of handedness (or strength of the preference) can
be evaluated using the absolute value of the side preference while the
sign indicates direction of preference. These groups are only used to test
for differences in foot use frequency and for figures.

We tested for differences in total observed foot-usages according to
age (adult / juvenile), and preference group (Right, Left,
Ambidextrous), using separate Generalized Linear Models with a
Poisson error distribution. To determine whether the number of foot-
usages was related to the strength of the foot preference, we tested for a
relationship between the total number of foot uses and absolute later-
ality index score (magnitude without regard for sign), and included
laterality group, and the interaction absolute index and group. In this
manner a strong left or right preference has the same score. These
analyses were repeated for both transitory and long use indices. Finally,
because animals may show different preferences when engaged in dif-
ferent activities, we then examined the relationships between transitory
and long laterality indices. This model included only individuals that
showed both types of behaviours at least once. Because we observed age
effects that might alter results, and because number of foot uses was
related to laterality index, we repeated all analyses after excluding ju-
veniles and after excluding individuals that failed to use their feet at
least 5 times during the observation period. For overall population la-
terality we also repeated this test using only individuals that engaged in
foot-to-beak uses at least 10 times, though this results in a very limited
dataset (N= 70). All analyses were conducted in JMP 14 (SAS
Institute). To visualise the relationships between frequency of foot-use
and strength of foot preference we have used funnel plots. Funnel plots
illustrate the dependence of apparent preference on the number of foot
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use observations per individual (Palmer, 2002). All figures were con-
structed in R 3.4 (Cran) using the “ggplot2″, and “funnelr” packages.

3. Results

3.1. Age differences in foot use and laterality

Individuals varied considerably in whether and how they used their
feet during the observation time. Of the 359 individuals we observed,
309 used their foot at least once during the observations period
(number of foot-uses: range, mean ± SE; 0–37, 6.24 ± 0.34 excluding
chicks). Adults used their feet more frequently than juveniles when
looking at the entire data set, but this difference was only marginal
when restricting the data to individuals that used their feet at least five
times (Five-use, Table 2a). Further, there were no age differences in
transitory or long use laterality indices (Table 2b & c). These patterns
were consistent when looking at all birds that used their feet (Full da-
taset) and Five-use birds.

3.2. No side preference found at population level, limited evidence of
individual level preference

Roughly similar proportions of the population were found in each
preference group, both for transitory and long-use (Table 2d & e). There
was no population level foot preference in either measure, though there
were individuals with strong preferences producing a distribution with
three peaks (Fig. 1a, c; Table 2c). Restricting the dataset to individuals
that use their feet at least five times reduces the number of birds with an
apparent side preference, producing a normal distribution of side pre-
ferences; but no overall population side preference was detected
(Fig. 1b, d; Table 2d & e). This pattern held across the datasets. How-
ever, there was a trend for adults to slightly prefer left feet in long-use,
but only when looking at the entire adult dataset, it was not observed in
the five-use data set. Further, it was not observed when restricting
transitory or long use to 10 or more uses (Long laterality score ± SE,
0.04 ± 0.07; t37 = 0.5, P=0.6; Transitory laterality score ± SE,
0.05 ± 0.1; t14 = -0.5, P= 0.6).

Birds that used their feet more were more likely to be ambidextrous
than have either left or right preferences in all of the datasets for
transitory use, and for long use - in the full and adult datasets, but not
five-use dataset (Fig. 2; Table 2f & g).

Table 2
Series of tests repeated for each of three datasets. Bold indicates significant relationships, italics indicate trends.

Question, test statistic Full dataset n= 244 (excludes chicks, and
adults that did not use feet at least once)
Test statistic, p-value

Adult dataset n= 279 (Full dataset
excluding juveniles) Test statistic, p-value

Five-use dataset n=153 (Full dataset
excluding individuals that did not use their
feet at least 5x)Test statistic, p-value

a) Age difference in total number of foot
uses GLM Poisson distribution.

Adult: n, mean ± SE; 223, 8.3 ± 0.42
Juveniles :n, mean ± SE; 21, 6.7 ± 1.38
GLM X2=6.8, Age B 0.11 ± 0.04,
P=0.009

NA Adult: n, mean ± SE 141, 11.67 ± 0.50
Juveniles: n, mean ± SE 12, 9.9 ± 1.71
GLM X2= 2.7, Age B 0.08 ± 0.05,
P= 0.10

b) Age differences in transitory use
laterality index GLM Normal
distribution

Adult: n, mean ± SE 221, 0.03 ± 0.05
Juveniles: n, mean ± SE 23, 0.05 ± 0.15
GLM X2=0.03 Age B -0.013 ± 0.08,
P=0.9

NA Adult: n, mean ± SE, 119, 0.002 ± 0.06
Juveniles: n, mean ± SE, 10,
-0.07 ± 0.19 GLM X2=0.15 Age B
0.04 ± 0.10, P=0.7

c) Age differences in long use laterality
index GLM Normal distribution

Adult: n, mean ± SE 215, 0.09 ± 0.05
Juveniles: n, mean ± SE 18,
-0.17 ± 0.17 GLM X2=2.2 Age B
0.58 ± 0.4, P=0.14

NA Adult: n, mean ± SE, 122, 0.04 ± 0.05
Juveniles: n, mean ± SE, 11,
-0.19 ± 0.17 GLM X2=0.16 Age B
0.90 ± 0.64, P=0.2

d) Population level side preference
Transitory laterality (Percentages in
groups and one-sample t-test on
indices)

Ambi, n= 57, 23.4% Left, n= 94, 38.5%
Right, n= 93, 38.1% laterality
score ± SE, 0.031 ± 0.05 t244=0.66,
P=0.5

Ambi, n= 51, 23.1% Left, n=85, 38.5%
Right, n= 85, 38.5% laterality
score ± SE, 0.029 ± 0.05 t221=0.58,
P= 0.56

Ambi, n= 41, 28.3% Left, n= 45, 31.0%
Right, n= 59, 40.7%; laterality
score ± SE, -0.025 ± 0.05 t160= -0.48,
P= 0.63

e) Population level side preference Long
laterality (Percentages in groups and
one-sample t-test on indices)

Ambi, n= 75, 32.1% Left, n= 94, 40.3%
Right, n= 64, 27.5% laterality
score ± SE, 0.07 ± 0.05 t215= 1.55,
P=0.12

Ambi, n= 65, 30.2% Left, n=90, 41.9%
Right, n= 60, 27.9% laterality
score ± SE, 0.09 ± 0.05 t215= 1.93,
P= 0.055

Ambi, n= 43, 28.9% Left, n= 50, 33.6%
Right, n= 56, 37.6%; laterality
score ± SE, 0.05 ± 0.06 t150=0.95,
P=0.25

f) Transitory laterality group differences
in total number of transitory food to
beak actions GLM Poisson *denotes
sig difference from Ambi

Ambi uses ± SE, 4.9 ± 0.4 Left
uses ± SE, 2.7 ± 0.3*Right uses ± SE,
3.2 ± 0.6*GLM X2=48.9, P <0.0001

Ambi uses ± SE, 5.0 ± 0.4 Left
uses ± SE, 2.8 ± 0.3*Right uses ± SE,
3.2 ± 0.3*GLM X2=42.7, P < 0.0001

Ambi uses ± SE, 6.1 ± 0.6 Left
uses ± SE, 4.3 ± 0.6*Right uses ± SE,
4.6 ± 0.6*GLM X2=13.3, P=0.001

g) Long laterality group differences in
total number of long food to beak
actions. GLM Poisson* denotes sig
difference from Ambi

Ambi uses ± SE, 7.6 ± 0.5*Left
uses ± SE, 4.4 ± 0.4*Right uses ± SE,
4.1 ± 0.5*GLM X2=95.1, P < 0.0001

Ambi uses ± SE, 7.6 ± 0.5*Left
uses ± SE, 4.54 ± 0.4*Right uses ± SE,
4.1 ± 0.5*GLM X2=81.4, P < 0.0001

Ambi uses ± SE, 9.1 ± 0.6 Left
uses ± SE, 9.5 ± 0.6 Right uses ± SE,
8.2 ± 0.6 GLM X2=2.9, P=0.2

h) Relationship between strength of foot
preference in transitory uses
(absolute index) and total number of
transitory uses. GLM Normal

GLM X2=329.5, P < 0.0001 Total
uses X2=59.3, P < 0.0001 Lat group
X2=268.1, P < 0.0001
Group x Total uses X2=55.0,
P < 0.0001

GLM X2=292.7, P < 0.0001 Total uses
X2=50.4, P < 0.0001 Lat group
X2=237.6, P < 0.0001 Group x Total
uses X2=47.5, P < 0.0001

GLM X2=152.8, P < 0.0001 Total
uses X2=18.7, P < 0.0001 Lat group
X2=127.3, P < 0.0001 Group x Total
uses X2=20.2, P < 0.0001

i) Relationship between strength of foot
preference in long uses (absolute
index) and total number of long uses.
GLM Normal

GLM X2=309.9, P < 0.0001 Total
uses X2=39.4, P < 0.0001 Lat group
X2=237.0, P < 0.0001 Group x Total
uses X2=29.9, P < 0 .0001

GLM X2=279.5, P < 0.0001 Total uses
X2=31.1, P < 0.0001 Lat group
X2=219.2, P < 0.0001 Group x Total
uses X2=24.0, P < 0.0001

GLM X2=151.8, P < 0.0001 Total
uses X2=10.8, P=0.001 Lat group
X2=134.1, P < 0.0001 Group x Total
uses X2=6.3, P=0.04

j) Relationship between transitory and
long use laterality indices Linear
regression

R2= 0.02, N=171 B = 0.01, P= 0.18 R2= 0.001, N=186 B = 0.12, P= 0.11 R2=0.05, N=141 B = 0.22, P=0.007
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3.3. Negative relationship between frequency of foot-use and strength of side
preference

We found a negative relationship between the strength of foot ab-
solute preference (absolute index) and the total number of foot-uses
(Table 2h & i). In other words, individuals that used their feet less often

showed stronger side preferences than those who used their feet more
often, but only in left and right groups; the overall effect was not pre-
sent in the Ambidextrous group (Fig. 2; Table 2g). This pattern held for
both transitory and long use behaviour.

Fig. 1. Top row - histograms illustrating transitory laterality indices of individuals according to laterality group for all individuals (a) that used their feet, and
individuals that use their feet at least 5 times during the observation period (b). Bottom row - histograms illustrating long-use laterality indices of individuals
according to laterality group for all individuals that used their feet (c), and individuals that use their feet at least 5 times during the observation period (d). Note that
the y-axis changes between the top and bottom rows.

Fig. 2. Funnel plots illustrating the relationship between strength of preference (% left uses) and total number of transitory uses (a) and long uses (b). Solid black line
indicates the 50% foot usage, curved lines indicate 95% confidence limits. Points above or below the curved lines are individuals that were significantly biased for left
or right foot use. Colours refer to index groups, red for left preference, green for ambidextrous, blue for right preference. Note that points are not jittered and often
overlap.
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3.4. Correlation between transitory and long use laterality indexes

There was no relationship between transitory and long use laterality
indexes in the Full or adult dataset. However, in the Five-use dataset,
there was a weak (R2=0.05), but significant (P= 0.007), relationship
(Fig. 3, Table 2j).

4. Discussion

4.1. Population and individual level preference

Regardless of the type of foot action performed (transitory or long
food-to-beak), and however we limited the dataset (at least 1 use, no
juveniles, at least 5 uses, at least 10 uses), we found no significant
population level foot preference in either direction (left or right).
Although some birds showed an individual preference, there were si-
milar amounts of left and right users overall, and an equal number
using both feet in roughly equal amounts, i.e. ambidextrous. According
to some definitions, only 51% of individuals in a population must be
lateralised in the same direction for a population to be considered la-
teralised (Bisazza et al., 1998). Even by this low bar, pukeko do not
appear to possess a population level side preference in foot-use, though
other forms of behavioural lateralisation and side preferences may
exist. This finding is in contrast to the most extensively researched birds
for limb use preference, parrots, of which most species show strong side
preference. Parrots and pukeko are distantly related and though both
use their feet extensively to manipulate food items, there are large
differences in ecology and behaviour.

Fewer studies have been done on limb preferences outside the
parrots, but there is a large body of work examining side preferences in
chickens, and other studies in pigeons, stilts, flamingos, crows, waders,
and some songbird species (Table 1; Vince, 1964; Rogers and Workman,
1993; Tommasi, 1999; Franklin and Lima, 2001; Weir et al., 2004;
Ventolini et al., 2005; Anderson et al., 2009). In each study, there is
some evidence of side preference, indicating potential lateralisation,
though these species rarely use limbs for manipulations, and these
studies rely on other forms of preference (e.g. preferred eye etc.).
Further, though studies generally report individual laterality, not all
species show population level laterality (e.g. 15 of 23 species in Brown
and Magat, 2011b; 11 of 16 species in Brown and Magat, 2011a). Limb
preference have been less well-studied in taxa outside of birds and
primates, but there is strong evidence for side preference and later-
alisation, both at the population and individual levels, within some fish,
mammals (placental and marsupial), reptiles, and invertebrate species
(Table 1). The majority of these studies examine side preferences more

generally rather than limb-use and many find individual preferences
without population level preference. For instance, horses and marmo-
sets both show population level side preferences in the absence of po-
pulation level limb preferences (Hook-Costigan and Rogers, 1998;
Austin and Rogers, 2012). In contrast, research on rodents and bi-pedal
marsupials that regularly use their front paws when feeding generally
show both individual and population preferences, while quadrupedal
marsupials, which do not use paws when feding, show no such pre-
ferences (Betancur et al., 1991; Gilijov et al., 2015). It is important to
consider here reasons for these patterns in the current research, and
whether they are due to a publication bias or are actually reflective of
the natural spread of lateralisation.

Because pukeko use their limbs extensively, particularly during
manipulation of food items which requires strong foot-eye coordina-
tion, we predicted a population level side preference, but found no
strong support for this possibility. However, we did find a weak trend
for left foot preference when looking at only long-use preferences
within adults (excluding juveniles and chicks), though not in the five-
use dataset. Long-use behaviours may be a better measure of side pre-
ference as they are more reflective of extended manipulation and true
skill, rather than an impulsive preference when quickly picking some-
thing up, for example. Although this preference was present, it was very
weak when compared to other species. During tool use, where longer
manipulation is required, New Caledonian crows (Corvus moneduloides)
individuals sho strong lateralisation, however the population could not
be considered lateralised due to an even spread of limb preference
between individuals (Weir et al., 2004). Additionally, handedness is
believed to be linked to visualisation in many behaviours in animals.
Brown and Magat (2011a) found strong correlation between foot and
eye preferences in parrots during manipulative activities. These points
suggest handedness may be most detectable, and most ecologically re-
levant, in the context of behaviours that require high levels of dexterity,
and this should be considered in future studies.

Although we found no overall side preference in this pukeko po-
pulation, roughly half of the population showed some individual pre-
ferences, but in equal number in either direction. A previous study by
Magat and Brown (2009) showed that across multiple parrot species,
within individuals, a stronger preference is related to a higher cogni-
tive/problem solving ability, suggesting birds with stronger preferences
may have improved cognitive ability. Similar results were also found in
guppy species, where more lateralised individuals showed higher nu-
merical skills (Dadda et al., 2015). It is possible that individual pukeko
that show little or no preference have more limited cognitive abilities
than birds with stronger preferences.

Fig. 3. Relationship between the strength of foot preference for transitory and long use. Panel a. includes all birds that have laterality scores for long and short uses,
panel b. is the subset that use their feet at least five times during the observation period; the line indicates the linear regression line. Points are jittered slightly for
visual clarity.
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4.2. Foot-use and strength of preference

We found a strong negative relationship between the frequency of
foot-use and the strength of side preference. This suggests two possi-
bilities. 1), that individuals using their feet less often have stronger side
preferences than those using their feet more; or 2), birds appear to have
stronger preferences when fewer observations are made as a by-produce
of limited sampling i.e. the apparent preference was a by-product of too
few observations. We used a single focal observation period for each
individual, and although we had a large sample size, the lack of repeat
sampling of individuals means that we cannot determine how re-
presentative the single observation period was of that individual’s
overall behaviour. These results underscore the importance of repeated
measures and multiple observation periods. For instance, Brown and
Magat (2011a) tested 16 parrot species for foot and eye preference,
including 10 replicate tests for each individual within every species.
This is more challenging in free-living animals, but possible when in-
dividuals are uniquely tagged or banded.

4.3. Lack of relationship between short and long hold laterality indexes

We found no clear relationship between the transitory and long use
indices. In other words, a strong preference in one context was not
predictive of preference in the other context. The lack of a strong re-
lationship between transitory and long use indices suggests that either
there are no overall limb preferences in pukeko, or that preference
between different types of tasks are unrelated. Tommasi (1999) argued
that in chicks, limb choice is based on maintaining postural and posi-
tional control by the grounded foot, rather than the behaviour being
carried out by the lifted foot. Evidence from the Tommasi (1999) study
indicates the brain hemisphere linked to the eye being used for visual
identification of objects is activated for posture, and the other hemi-
sphere takes control of manipulative action. However, if this were the
case in pukeko, we would expect consistency among individuals, with
the same foot to be used for either action (lifted or grounded), while
instead we see marked variation. Importantly, this lack of relationship
underscores the importance of examining foot use in a variety of be-
havioural contexts, as preference in one does not reflect preference in
another.

4.4. Varied use and age differences

In this pukeko population, we observed considerable variation in
the frequency of foot-use. Most individuals used their feet for manip-
ulative limb actions often, though a proportion did not use them at all.
We also found differences in foot-use between age groups, with adults
using their feet more often than juveniles. Age differences may indicate
that pukeko develop the ability to use their feet for feeding, either as a
learned or inherited/innate behaviour. There are mixed opinions on
handedness or side preference being an inherited or learned trait, with
evidence suggesting it is innate in some species, including humans, but
learned in other species, such as primates (Warren, 1980; Forrester
et al., 2013). Heritability studies in lab populations suggests there is a
strong genetic component to side preferences in some species (e.g. mice
- Betancur et al., 1991; teleost fish – Bisazza et al., 2005). Although the
‘adult’ birds in our study were of uncertain ages, if our observed pattern
persists, the individuals that seem to rarely use their feet were the
younger birds who may be still in the process of learning. Alternatively,
adults and juveniles may have different diets or preferred food types.
Chicks were rarely observed using their feet, likely due to development
of diet with age, and were excluded from analyses, so no conclusions
can be drawn on this possibility. Further studies including collection of
detailed data across developmental stages would be required. Im-
portantly, this study was conducted in a sanctuary free of mammalian
predators (though avian predators are still present), which may affect
the development and expression of some type of lateralised behaviours,

particularly processing the presence of a predator (Rogers et al., 2004).
Some of the observed variation in foot use within adults may have been
driven by individual differences in propensity to use feet while foraging
or by different food or vegetation types requiring differing amounts of
foot-usage. Different species of vegetation have different physical fea-
tures, therefore require varying levels of manipulation for consumption.
A future study including vegetative data is recommended, but was
outside the scope of this study.

5. Conclusion

A broader understanding of the taxonomic diversity of limb side
preference and cerebral lateralisation requires studies across taxa,
however, few species use their limbs to manipulate items, making this
breadth difficult to acquire. As indicated in Table 1, side preference
research is quite taxonomically biased, particularly in regards to limb
preferences, and given the number of positive findings, may show
stronger patterns due to publication bias. Pukeko provide an excellent
model for future research, as they are phylogenetically distant from
most other birds previously studied, yet show clear and well-developed
limb use for manipulation of food items. Our results suggest that pu-
keko may also be an ideal model for investigating development of foot-
use behaviours, the role of learning, and whether and to what extent
side preference reflects broader cognitive ability. Further, they may
represent a species that is somewhere along the continuum of later-
alised versus non-lateralised, and thus a good model for understanding
the evolution of lateralised limb preference or other behaviours.
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