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Abstract In the local population of kea in Mount Cook
Village, New Zealand, some keas open the lids of rubbish
bins with their bill to obtain food scraps within. We inves-
tigated the extent to which this innovation has spread in
the local population, and what factors limit the acquisition
of bin opening. Only five males of 36 individually recog-
nised birds were observed to have performed successful
bin opening. With one exception there were always other
keas present, watching successful bin opening. Seventeen
additional individuals were seen to have benefitted from lid
opening. Their foraging success was less than that of the
bin openers. Social status of bin openers did not differ from
scrounging males. Among the individuals that were regu-
larly seen at the site of the bins but were not successful in bin
opening, social status and the ratio of feeding directly from
open bins correlated with the amount of opening attempts.
We conclude that scrounging facilitated certain behavioural
aspects of bin opening rather than inhibiting them. The fact
that only 9% of opening attempts were successful, and the
long period of time required to increase efficiency in lid
opening shows that mainly individual experience, and to a
lesser extent insight and social learning, play key roles in
acquisition of the opening technique. The results indicate
that the spread of innovative solutions of challenging me-
chanical problems in animals may be restricted to only a
few individuals.
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Introduction

Innovative behaviour recorded by ornithologists in the field
has become one of the standard parameters for compara-
tive studies of bird cognition (Lefebvre and Bolhuis 2003).
Lefebvre and his co-workers, after scanning avian be-
haviour journals, found positive correlations between the
number of records of innovative behaviour per parvorder
for: the size of neurological structures (Lefebvre et al. 1998;
Timmermans et al. 2000), tool use (Lefebvre et al. 2002),
individual learning (Gossette 1968; Sasvari 1985), prob-
lem solving and an inverse degree of neophobia (Webster
and Lefebvre 2001; ‘cognitive’ traits reviewed in Lefebvre
and Bolhuis 2003 considered here only). Whereas similar
analyses on data of primates showed an additional correla-
tion of innovation rate and social learning reports (Reader
and Laland 2002), so far there is no clear relationship be-
tween innovation and social learning in birds (Lefebvre
2000; Lefebvre and Bolhuis 2003). The impact of this dif-
ference on behavioural innovation as a driving force in the
evolution of primates and birds is not clear, but ‘the ability
to invent new behaviour may have played a pivotal role
in primate and avian-brain evolution’ (Reader and Laland
2003, p. 22).

The aim of this paper was to provide a case study to
which extent an innovation was spread in a local popula-
tion of wild kea (an endemic mountain parrot) in Mount
Cook National Park, New Zealand, in 2003, and to eval-
uate the behavioural mechanisms involved in acquisition
of this behaviour. The innovation considered here is lid
opening of rubbish bins. It is regarded as being innovative
because we know that only two out of seven local pop-
ulations of keas topple over the lids of wheely bins for
the food scraps within and wheely bins provide a phylo-
genetically very recent source of food. (The type of bins
provided during the time of our study was introduced in
Mount Cook Village in the early 90s.) Keas do turn over
stones of more than 1 kg of weight in order to obtain
access to larvae of insects in the alpine grassland (per-
sonal observation). Thus, it is not uncommon for a kea to



move heavy objects and this is necessary in opening bin
lids. In this respect, bin opening refers to Lee’s (1991)
definition of innovation: Introduction of a novel mode
of coping with the environment by performing new be-
haviour or by applying an existing behaviour in a novel
context.

According to the correlative findings of Lefebvre and
his co-workers summarized earlier, and due to the kea’s
neophilia (Keller 1975; Kubat 1992) and problem-solving
ability (Johnston 1999; Huber et al. 2001), this parrot
species should provide a good model for innovative be-
haviour in birds. Parrots have a relatively large brain and
they are represented in Lefebvre et al.’s (1998) anal-
ysis as innovative birds in general. In spite of these
facts and although keas are well known in New Zealand
for their innovative problem-solving abilities, there are
very few scientific reports about innovative behaviour in
this species from the field (Marriner 1908; Beggs and
Mankelow 2002).

Keas open the lids of rubbish bins outside the kitchen of a
large multi-storey hotel in Mount Cook Village where they
regularly gather during night and in the early morning. Ho-
tel staff have encountered keas attempting to open bins for
several years. However, none of the hotel kitchen staff that
we talked to has observed the birds in the process of open-
ing a bin lid completely. Although the start of bin opening
in the local population was not witnessed by us, we focus on
aspects of bin opening as innovation sensu process (i.e. the
origin of a new skill in a particular individual; Wyles et al.
1983; cited in Reader and Laland 2003) by analysing the be-
haviour of opening attempts and considering alternative hy-
potheses as to why only a small part of the local population
is performing successful bin opening. If the frequency of
successful bin openers is small, even though other birds ob-
serve successful lid opening, it has to be evaluated whether
scrounging opportunities prevent other birds from learning
how to open the bins (see Laland 2004 for a review): It may
not be worthwhile for scroungers to open bins themselves
if the payoff for scrounging and bin opening is equal. We
call those individuals scroungers that use the behavioural
investment of other keas in lid opening to obtain food
(Bernard and Sibly 1981) but are never observed to open
bins successfully themselves. Bin openers in the present
case opened bins on their own but also consumed food from
bins opened by other keas. Thus, we call bin openers oppor-
tunists (Vickery et al. 1991). Scroungers may also not open
lids because they have no opportunity to do so due to asym-
metries in competition for access to bins, or asymmetries in
the physical strength required to open the bins. Finally, the
analyses of unsuccessful lid-opening attempts gives an indi-
cation whether the ‘idea’ (Rogers 1995; cited in Reader and
Laland 2003) of lid opening seems novel to the individual
and whether lid opening provides a challenging mechani-
cal problem for which the birds may have an inappropriate
physical cognition that prevents them from opening the bins
successfully.

Methods
Study animals

Free-ranging keas regularly frequent a large multi-stored
hotel in Mount Cook Village in South Island, New Zealand
(elevation 725 m, annual rainfall approximately 5000 mm).
In March 2002, we began banding the birds with colour
bands as a means of individual identification. Age class and
sex were determined according to phenotype (Mallet, cited
in Bond et al. 1991; Higgins 1999). We made no mistakes
with sexing according to the phenotype, when compared
with the DNA sex determination technique through blood
samples we collected from birds in the field (G. K. Gajdon,
N. Fijn and B. Robertson, unpublished data).

Description of rubbish bins

Observations were conducted outside the kitchen of a hotel
where approximately a dozen bins were wheeled out and
placed close together near the kitchen entrance. The bins
were of standard type used worldwide in industrial coun-
tries for automatic disposal with rubbish trucks. There were
two bin sizes: small bins of 120 1, bin height 90 cm; and
large bins of 240 1, bin height 107 cm. Bins of both sizes
were successfully opened by keas. The dimensions of the
lid from front to hinge was 51 cm (large bins: 68 cm) and
43 cm from side to side (large bins: 55 cm). About 400 g
(measured on several bins with a spring weight) had to be
lifted in order to open the lid at its front edge (large bins:
800 g), and 500-600 g (large bins: 900-1000 g) in order to
open it where the handles were located, about 15 cm away
from the front corner of the lid. Median body weight of keas
measured during the period of observation was 730 g for
females (quartiles: 675-760 g, N =8) and 945 g for males
(quartiles: 875-1000 g, N = 16). The distance between the
front edge of a lid in vertical position and the front edge of
the open bin was 70 cm (large bins: 90 cm). The maximum
height a kea can reach with its bill in standing position is
40-45 cm. There was only a thin rim around a closed lid
measuring 1-3 cm at its thinnest location and 6-7 cm at
its largest dimension at the front corner of the bin. Wooden
logs (approx. 3 kg) were placed on top of the bins by the
kitchen staff as an attempted preventative measure against
keas opening the bins. The kitchen staff also cleaned food
scraps from the concreted ground on a daily basis. Figure 1
shows relative dimensions of a kea engaged in bin opening.

Observational method

Bin-opening behaviour was systematically recorded be-
tween 18 December 2002 and 30 January 2003. Bin open-
ing was performed regularly during that period. Keas
stopped frequenting the area outside the kitchen on a regular
basis after that period and no further bin opening occurred



Fig. 1 Kea engaged in bin opening (drawn from a photo)

during that season. We conducted observation sessions in
the early morning, from dawn (when there was adequate
light to positively identify individual colour bands on the
birds), until the birds left the kitchen area (partially due to
disturbance from increasing activity of kitchen staff in the
vicinity). Keas were present at the kitchen area during 35
morning sessions for a median duration of 1:21 h (quartiles:
1:02-2:05 h).

Nine additional sessions of night observations were per-
formed from dusk until dawn. In contrast to the morning
sessions, where we stood near the kitchen area when record-
ing data, we were seated in a campervan, using it as a bird
hide, during night sessions. We parked the campervan in
a car park adjacent to the kitchen area. The bins were il-
luminated for most of the night by outdoor lights, or by a
strong torch run from a car battery. The torch pointed to
the ground and was switched on when we failed to iden-
tify the colour bands of birds present due to insufficient
illumination.

At the start of each observation session, we scanned for
all individuals that were present at the kitchen area and
recorded their main activity. Identity of further individuals
landing at the kitchen area or flying away were continuously
recorded, as well as identity of all individuals that were ob-
served to exhibit successful (toppling over lids in a way
to keep the bins open) and unsuccessful opening attempts
at bin lids (seizing lids without opening success or drop-
ping them so that the bins remain closed). Furthermore,
all feeding events of individuals from inside and around
the bins were recorded. Food scattered on the floor was
removed by the birds from the bins and was left outside the
bins after eating the most nutritious parts (meat and butter)
whilst leaving bones, butter containers or bread. Since keas
chew all food into tiny pieces before consuming it, feeding
events were enduring, easily detectable events. Unsuccess-
ful attempts at lifting lids that were blocked in some way
(e.g. because the bird was standing on the same lid) were
recorded separately. Moving and pushing off wooden logs

from the top of the bins was also recorded, but this was not
considered as an opening attempt. From the end of Decem-
ber onwards, we also recorded the degree of lid opening
during unsuccessful attempts (categorised as lid remaining
closed, being opened less than half way, about half way and
more than half way).

Since the start of our observations in Mount Cook Na-
tional Park in March 2002, we continuously recorded social
interactions, including displacements in agonistic interac-
tions. Individual colour combinations of bands were iden-
tified with binoculars, if needed. All data was spoken onto
dictaphones during observation in the field.

Data analyses

Clutton-Brock-indexes (Clutton-Brock et al. 1979; ‘domi-
nance index’ in the following) for individuals’ overall suc-
cess in agonistic interactions was calculated on data col-
lected from 20 March 2002 until 30 January 2003 (1594
agonistic interactions in total). The numerator of the index
for any individual i/ contains the number of other birds i
displaced plus the number that those other birds displaced
plus 1. The denominator is the number of other birds that
displaced i plus the number that displaced them plus 1.
Non-parametric two-tailed statistical tests (Mann—Whitney
U test, Fisher’s exact test and Spearman rank correlation of
SPSS 10.0.7 for Windows) and a 0.05 level of significance
were used if not stated otherwise. The results are presented
as median and quartiles Q1 and Q3.

Results
Birds observed

A total of 36 individually banded keas were recognized in
the vicinity of the kitchen area during 44 observation ses-
sions (21 individuals during nine night sessions and 34 indi-
viduals during 35 morning sessions. Two individuals were
seen in night sessions only). Due to our banding efforts, we
only rarely failed to individually identify the birds present:
median total number of keas seen per morning session was
13 (quartiles 9-15) and two (quartiles 1-3) for unbanded
birds; for night sessions the median total number of keas
seen was eight (quartiles 3—12) and zero (quartiles 0-0.5)
for unbanded birds.

Twelve of the individually banded birds were classified
as females and 23 as males (sex of one banded kea was un-
known). This male-biased sex ratio is consistent with male
sex biases found for kea at the rubbish dump at Arthur’s
Pass, New Zealand (Jarret and Wilson 1999; Diamond and
Bond 1991). Six birds were fledglings (two males, four
females), nine birds were juveniles (seven males, two fe-
males), three birds were subadults (two males, one female)
and 18 birds were adults (12 males, five females, one of
unknown sex). The number of sessions in which individ-
ual birds were present at the kitchen area was not statis-
tically different between juveniles and adults or between



females and males (fledglings and subadults were not con-
sidered because fledglings just started to visit the village
during the period of observation and only three individuals
were subadults. (Statistics: median (quartiles): juveniles:
16 (2.5-32); adults: 9 (1-15.75); Mann—Whitney U test:
U=54,N1=9,N2=18, P=0.126; males: 11 (3-25); fe-
males: 5 (1.25-17.25); Mann—Whitney U test: U=112,
N1=23, N2=12, P =0.364; fledglings: 3.5 (1.75-10.5);
subadults: 3 (1-25).

Dominance indexes (see ‘Methods’) were different be-
tween females and males (Mann—Whitney U test: U =48,
N1=10, N2=23, P=0.009; for two females no index
could be calculated because they were never observed in an
agonistic interaction). Ranked index of different age classes
of males or females did not differ. (Statistics: median (quar-
tiles) of index rank: fledgling males: 10.25 (3—17.5), N =2;
juvenile males: 11 (7-19), N = 7; subadult males: 17 (14—
20), N =2; adult males: 14 (6.5-22.75), N=12; Mann—
Whitney U test for juvenile versus adult males: U =39,
N1=7, N2=12, P=0.800; fledgling females: 25.5, 25—
26, N=2, no index for two female fledglings; juvenile
females: 23.5, 15-32, N =2; subadult female: 21, N=1;
adult females: 29 (14-30.5), N =5).

General opening attempts

We observed a total of 478 opening attempts performed
in 22 morning (median 8.5, quartiles 2.75-22.5) and eight
night sessions (median 28.5, quartiles 8—40). Fifteen known
individuals were involved in all opening attempts (median
attempt per individual: 8; quartiles 5—40; unidentified indi-
viduals performed 15 attempts in total). All these individu-
als were seen feeding at the bin area. Ninety-one attempts
were performed by five individually known juveniles (me-
dian 8, quartiles 3.5-38), 29 attempts by two subadults (4
and 25 attempts) and 343 attempts by eight adult keas (me-
dian 13, quartiles 5—49.75). There is no statistical difference
in the number of individual opening attempts between ju-
veniles and adults (Mann—Whitney U test: U =74, N1 =9,
N2 =18, P =0.698). Four hundred and fifty-seven attempts
were performed by 13 individually known males that were
older than fledglings (median 20, quartiles 5-46) and six
attempts were performed by two females. This difference
in number of opening attempts between males and females
is not significant (Mann—Whitney U test: U =42, N1 =21,
N2 =38, P=0.03, o* =0.025; o : Bonferroni-corrected o
level for testing once on age and once on sex differences).

Successful bin opening

We recorded a total of 41 successful bin openings (9% of
all attempts) performed in 11 morning sessions (median
1, quartiles 1-3) and six night sessions (median 3.5, quar-
tiles 1.75-5). Successful bin opening was performed by
five individuals only: 17 times by a 4-year-old male, 16
and 5 times by two males aged at least 20 and 17 years,
respectively, and once each by another 4-year-old and a
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Fig. 2 Bin-opening efficiency (proportion of successful openings
from all opening attempts) of the five opportunists in relation to age.
The two older keas were banded by staff from the Department of
Conservation as juvenile and adult keas in 1988. Thus, for the latter
bird the age indicated represents minimal age

3-year-old male. We failed to recognise the bands of a bird
that opened a lid on one occasion during a night watch
(there were indications that it was the 20-year-old male
reported above that had 16 successful opening attempts).
Thus, bin opening was performed only by males, never by
juveniles and just three individuals performed almost all
successful occurrences of bin opening. Birds that opened
bins were also observed to consume food from bins opened
by other keas and thus are called opportunists. Dominance
indexes were not different between males that were ob-
served to open bins successfully and males that did not
(median (quartiles) of opportunists: 14 (5-28); scroungers:
12.5 (6.75-19.75); Mann—Whitney U test: U =40, N1 =5,
N2 =18, P=0.709). Within the small sample size of the
five opportunists, there is no significant correlation between
proportions of number of completely successful opening at-
tempts from all opening attempts and age of opportunists
(Spearman rank correlation: 7, =0.718, N=5, P =0.172),
but the two oldest opportunists were clearly the most effi-
cient bin openers (Fig. 2).

Payoff for bin opening and scrounging

In order to check whether only a few individuals performed
successful bin opening due to other birds’ easy access to
food from scavenging at bins already opened, we examined
how often opportunists and scroungers were seen feeding
to give an indication of the payoff of these two foraging
strategies. If scrounging birds were seen feeding at least as
often as the opportunists then this is an indication that there
is no advantage for scroungers to open bins themselves.
Opportunists were seen feeding more often than
scroungers (median (quartiles) of opportunists: 25 (12.5—
28), N1 = 5; scroungers: 9 (4-13), N2= 17). The some-
what trivial effect of individuals that were only very
rarely present and therefore not having the opportunity to



perform many opening attempts (or feeding events), can be
removed by considering only individuals that were present
during at least 10 sessions. With this restriction, as well as
the exclusion of fledglings because they were never seen
attempting to open the bin lids, no significant correlation
between number of sessions present and opening attempts
was found (Spearman rank correlation: 7, =0.411, N =15,
P =0.128). The number of observed feeding events but not
the dominance index was significantly different between
four opportunists and 11 scroungers of this subset of in-
dividuals. (Statistics: median (quartiles): feeding events
of opportunists: 26 (20.5-28.5); scroungers: 12 (8—18);
U=1.5,P=0.007; * =0.025; dominance index of oppor-
tunists: 18.5 (4.25-30.5); scroungers: 13 (7-22); U= 1.5,
P =0.602. o*: Bonferroni-corrected o level for testing once
on number of feeding events and once on dominance in-
dex).

Among this group of 11 scroungers that were frequently
present at the bin area, there were significant correlations
between the dominance index and the number of opening
attempts (r; =0.934, P<0.001, «*=0.017), and the bin-
foraging ratio (r=0.773, P =0.005, o* =0.017) but not
the number of total feeding events (r;=0.624, P =0.04,
a* =0.017; o*: Bonferroni-corrected o level for triple test-
ing). The bin—foraging ratio is the event-ratio of taking food
out of a bin versus feeding on food scraps that were left by
other birds outside the bins after feeding on it.

Opening behaviour

When successfully opening a lid, a bird grasped the lid at its
front edge with the bill while often standing on an adjacent
bin. They lifted the lid above their breast and made a few
small steps toward the hinge until the lid was in a position
where it started to drop backwards. Keas did not attempt
to open the bin from the inappropriate location close to the
lid’s hinge. Only in three events did we observe simultane-
ous opening attempts of two birds at the same lid. Bin lids
were opened less than half way in these cooperative-like
attempts.

In order to prevent the kea opening the lids, the kitchen
staff put wooden logs on bin lids (see section ‘Dimension
of Rubbish Bins’ in ‘Methods’). A lid with a log on top is
too heavy for a kea to open. Indeed, we recorded only three
times that a kea attempted to open a bin with a log on top.
We did not record the availability of bins with or without a
log on top, but the kitchen staff took care to place logs on
most of the lids in the evenings and many logs were lying on
the ground in the mornings. The keas were strong enough to
push the logs off with their head and bill. We observed four
opportunists and six scroungers pushing logs off (median
(quartiles) number of logs pushed off by opportunists: 3.5
(2.25-10,75); by scroungers: 3.5 (1-9.25)). However, only
in 11 of the 52 observed events of pushing a log off, was
there an opening attempt immediately afterwards at the
same bin. This indicates that the kea just pushed a lot of
logs off and this decreased the likelihood that they would
try to open a lid with a log on it.

There were other inappropriate opening attempts per-
formed, such as opening attempts while standing on the lid
of the same bin (25 attempts) or while another bird was
standing on the bin (two attempts). On seven occasions
we observed repeated opening attempts at a lid that was
blocked by a neighbouring bin in an obvious way to the hu-
man observer. Sometimes the lid of an opened bin was held
in an upright position by a taller adjacent bin or wall. On 12
occasions, we saw a bird moving an already opened lid and
in six additional cases the lid was closed again by a bird.
Thus, about every 10th unsuccessful opening attempt con-
sisted of one of the inappropriate attempts described earlier.
Scroungers that unsuccessfully attempted to open lids as
well as opportunists made these mistakes and there was no
statistical difference in the proportion of such inappropri-
ate attempts between these birds (Mann—Whitney U test:
U=22,N1=10,N2=5, P=0.708; median (quartiles) of
unsuccessful attempters: 0.08 (0-0.26); opportunists: 0.07
(0.04-0.12)).

Thus, the majority of unsuccessful opening attempts were
not due to bins that were blocked in some way. The weight
of the lids may have provided a challenge to birds, but they
seem to be not too heavy for males at least. Keas are known
to be able to move stones of several kilograms of weight.
Furthermore, after we started to record the degree of bin
opening, we were able to collect data of eight scroungers
that manipulated the lids but were never observed to open
a bin completely. From all opening attempts at unblocked
lids the proportion of manipulations that led to no lifting
of the lid was low in all birds (Fig. 3). In most attempts,
scroungers and opportunists lifted the lid less than half way.
Only the proportion of attempts with the lid being opened

Group
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-2 scroungers

Proportion of attempts
S

zero half way

< half way > half way

Degree of lid opening

Fig. 3 Relative number of opening attempts at unblocked lids
for four different degrees of lid opening, dissected separately for
scroungers and opportunists. Note: Only data of four opportunist and
eight scroungers were available because recording of degree of lid
opening started later in the field season. The boxes indicate the in-
terquartile ranges with the medians, whiskers indicate the range of
data without outliers



more than half way was significantly larger in opportunists
than scroungers (median (quartiles) of opportunists: 0.33
(0.13-0.53); scroungers: 0 (0-0.05), Mann—Whitney U test:
U=2.0,N1=4,N2=8, P=0.022).

Birds watching bin opening

With one exception there were always scroungers present
at the kitchen area at the time of the 41 successful bin open-
ings we observed (median number of scroungers present:
4, quartiles 2-8). In 17 of these openings, we saw clear
signs that other keas watched the successful performance:
in six events one other opportunist was watching, in 11
events one scrounger, and in two events, each, two and three
scroungers. With 186 bird counts for scroungers, calculated
from the data earlier, and 49 bird counts for additional op-
portunists present at the kitchen area at time of successful
bin opening, this gives a very similar proportion of counts
for opportunists (0.122) and scroungers (0.113) watching
successful bin opening.

It was not systematically recorded which birds watched
unsuccessful opening attempts, but it happened frequently.
Beside the three events reported earlier when two birds
attempted to lift the same lid at the same time, there were
another 12 events when a watching bird approached and
attempted to lift the same lid after the first bird had released
it. On four other occasions, watching birds approached and
attempted to lift the lid of an adjacent bin rather than the
same lid.

Discussion

We found that only 14% (5/36) of the observed individ-
uals in Mount Cook Village successfully opened the lids
of rubbish bins. Another 47% (17/36) of the observed in-
dividuals were seen to scrounge from bins opened by the
opportunists or from food scraps taken out of the bins.
Thus, in total 61% of the individuals had some profit from
bin opening. In the following, we discuss possible reasons
for the low frequency of opportunists.

Implications of scrounging opportunities

The question of whether scrounging opportunity inhibits
or facilitates other birds to learn new behaviour is of cru-
cial relevance for the spread of innovations (Giraldeau and
Lefebvre 1987; Caldwell and Whiten 2003; Laland 2004).
In contrast to other foraging tasks in which producer and
scrounger tactics are not fully compatible (Barnard and
Sibly 1981), such a constraint is unlikely for bin opening
as no split attention is required to detect opportunity for
either of the two tactics. Thus in terms of the model of
Vickery et al. (1991), the sum of relative abilities for the
two tactics fully overcompensate each single relative abil-
ity; a condition in which a population of pure opportunists

is favoured by the model. Yet this was not the case in bin
opening performed by the kea.

Also, the small frequency of successful bin openers in
the local population was unlikely to be simply the result of
scrounging opportunity. Opportunists had a higher payoff
than scroungers in terms of both the number of observed
feeding events at the kitchen area, and the proportion of
feeding food from the bins rather than of the food scattered
around the bins. Because food was left outside the bins after
taking the preferred energy-rich parts like fat and meat, it is
reasonable to assume that food left outside the bins was less
nutritious for keas than food chosen and taken out of a bin.
Thus, it would have been advantageous for scroungers to
open the bins themselves. This is also demonstrated by the
fact that 59% (10/17) of the scrounging individuals were
seen to attempt to open the bin lids.

It may be that a scrounger’s payoff being considerably
smaller than the opportunists’ payoff is still profitable be-
cause by scrounging only, the bird does not have to pay the
energetic costs of acquiring the technique how to open bins.
According to this argument, less successful scroungers
would be expected to do more opening attempts than more
successful scroungers because, in comparison to more suc-
cessful scroungers, their gain is more likely to outweigh
their costs. Our finding is contrary to this: unsuccessful
individuals who were regularly seen at the kitchen area
(during 10 sessions at least), who had a low dominance in-
dex and were seen less often to scrounge directly from open
bins were seen less often to perform opening attempts than
unsuccessful individuals with a high dominance index and
high foraging in bin ratio. Given the fact that dominance
indexes do not differ between scroungers and opportunists,
it is unlikely that the low frequency of opportunists is the
result of a simple asymmetry in competition for access to
closed bins.

In summary, increased scrounging opportunity can
facilitate certain aspects of finding solutions as it was
found in ravens (Fritz and Kotrschal 1999) and marmosets
(Caldwell and Whiten 2003), for example to manipulate
bin lids rather than to prevent such attempts (Giraldeau
and Lefebvre 1987).

Lid opening as mechanical problem

Pfeffer et al. (2002) found a similar independency of social
status from innovator status in an operant task for free-
ranging graylag geese as we did in lid opening. In contrast,
the study of Kothbauer-Hellman (1990) showed an impact
of the social status of titmice that opened milk bottles in a
flock. This difference may be explained by the fact that bin
opening provides a more challenging mechanical problem
than opening of milk bottles with one strike of the beak.
The fact that only 9% of all opening attempts resulted in
complete lid opening demonstrates that the invention of bin
opening is new for most individuals and that it is not eas-
ily solved by applying the bird’s usual behavioural reper-
toire of foraging techniques. Keas performed inappropriate
opening attempts at bin lids that were blocked in some



way. We know only of one study to date that investigated
how animals push off a large object that covers a reward.
Similar to our findings, there was little evidence for co-
operative turning over heavy stones in Petit et al.’s (1992)
study with macaques. Capuchins, like keas, tried to lift a
cover while sitting on it (E. Visalberghi, 27 August 2003,
personal communication). Since the keas often pushed a
log off a bin without attempting to open that bin after-
wards, it is not clear whether the birds have a functional
understanding of logs as an object preventing lid opening.

However, the relatively small proportion of unsuccessful
opening attempts at lids that were blocked in some way
(about one out of 10 unsuccessful attempts) shows that
blocked bin lids were not the main reason for unsuccessful
opening attempts. Also, the low proportion of lid manipula-
tions performed by unsuccessful birds during which the lid
remained completely closed (Fig. 3) indicates that the op-
portunists were unlikely to be the only birds strong enough
to cope with the weight of the bin lids.

Instead, we assume that the unsuccessful keas did not
consider that they have to move the lid towards the hinge
in order to bring it into an upright position where it starts
to drop over backwards. Because the keas are too small in
order to open a bin completely by lifting the lid with the bill
at the front part of the bin (see Fig. 1), they needed to make
afew small steps toward the hinge when the lid is about half
way up. In fact, only the proportion of attempts with the lid
being opened more than half way was significantly larger in
opportunists than scroungers. Such a failure to consider the
relative position of an object in space or in relation to other
objects is not surprising as it requires similar problem-
solving abilities to tool-use behaviour, e.g., the trap-tube
paradigm—a cognitively challenging task (Visalberghi
and Limongelli 1994; Povinelli 2000; D. M. Fragaszy,
27 August 2003, personal communication, see also Funk
1996 for failure of Golden-crowned parakeet to spatially
relate objects to one another). Similarly, but in some
contrast to captive keas, the keas at Mount Cook Village
had difficulties in solving a task where they had to remove
a tube by pushing it to the end of an upright pole (Gajdon
et al. 2004). The kea’s natural foraging technique to turn
over stones in the alpine grassland might explain their im-
pressive persistence in attempting to open bin lids (see also
Winkler and Leisler 1999). However, stones that kea turn
over do not have the dimensions of bin lids with hinges.
Keas just have to move stones in order to turn them over.

Impact of social learning

The bin-opening efficiency of the oldest opportunists was
much greater than the efficiency of considerably younger
adult opportunists. This suggests the need for an extended
period of individual trial-and-error learning to master the
mechanical problem. Thus, asocial learning of bin opening
is costly and social learning can be assumed to be advan-
tageous (Laland 2004). Contrary to this assumption, the
same result indicates that individual experience rather than
social learning may have played a pivotal role in the acqui-

sition of the bin-opening technique. There was also lack of
evidence that the birds used social information for solving
a task of removing a tube from an upright pole (Gajdon
et al. 2004), even though there were other birds watching
in proximity. Both techniques are conspicuous and easily
seen in the field, even from a great distance.

Nevertheless, we should not classify keas as being in-
capable of social learning. Enhancement effects (Spence
1937; Thorpe 1956) are not considered here. It is one of the
key features of keas to involve objects in social interactions
(Diamond and Bond 2004) and the kea’s reliance on the
parts of an object that were manipulated by a conspecific
was already demonstrated with captive keas (Huber et al.
2001). Rather it seems that stimulus or local enhancement
did not considerably increase the likelihood of solving the
task of bin opening because the opening requires a spe-
cial technique. Huber et al. (2001) also found that the keas
did not copy the behaviour of their respective models but
rather paid attention to the affordances of the objects ma-
nipulated, providing evidence for the capacity of a very
intelligent form of social learning (emulation; Tomasello
1990, 1998; Klein and Zentall 2003). The keas’ focus on
affordances is in accordance with Diamond and Bond’s
(1999) conclusions from their survey of kea biology where
they integrated the findings of their field studies. The low-
success performance of kea in bin opening or removing a
tube from an upright pole indicates that at least wild keas do
not depict from observation the information of relative ob-
ject position for solving a task. This was not required in the
study of Huber et al. (2001) because parts of the locks were
close together and the locks could be opened by learning
that they can be ‘demolished’ somehow. Also, the extended
period required for acquiring an efficient bin-opening tech-
nique is no indication for impoverished cognition in keas
because even chimpanzees need a long time to improve in
nut cracking (Matsuzawa et al. 2001).

The keas observed probably many more unsuccessful
opening attempts than successful ones because of the small
proportion of successful lid openings. This might have in-
terfered with learning socially the technique how to open
the lids. However, in the test phase of the field experiment
where the birds had to remove a tube from a pole (Gajdon
et al. 2004), the keas watched successful attempts in the
majority of cases and, nevertheless, there was no indica-
tion for social learning.

General conclusions

Contrary to the hypothesis that a ‘time of plenty’ favours
innovations (Kummer and Goodall 1985), we assume that
food deprivation was a driving factor for the invention of
bin opening. We do so because the season of bin opening
starts during wintertime, a period of food scarcity (Jackson
1969). During this season, reproducing kea males have the
additional foraging pressure to provide a breeding female
and chicks with food. Thus, the fact that only males opened
bin lids might be in accordance with the explanation for
general sex differences in foraging innovation due to



differential parental investment (Reader and Laland 2003).
The keas’ natural foraging technique of turning over
stones, opportunity to scrounge and enhancement effects
when observing other birds opening bin lids may provide
the motivational and behavioural basics for birds to attempt
to move the lids of rubbish bins. By persistently doing
opening attempts for a long period and by random success
when doing so, the birds slowly learn to increase their
efficiency in bin opening. Birds of island populations are
regarded to be less neophobic than birds of the mainland
because they suffer from predation pressure less and
benefit in detecting new food sources that are more likely
to become rare on islands (Haemig 1989). This scenario
seems to fit for kea (Diamond and Bond 1999).

The finding that juveniles did not successfuly open bin
lids is in accordance with Diamond and Bond’s (1991,
1999) finding that adult keas are the most capable scav-
engers that engaged more in excavating foraging activities
than other age classes in a refuse dump. However, not only
juveniles but also the majority of older males failed to open
the bin lids successfully. For the reasons described earlier,
we do not think that this is a matter of differing strength in
different males and that this indicates the mechanical chal-
lenge bin opening provides even for attempting adult males.

The data of failed opening attempts indicates that it is
unlikely that scroungers would be able to substitute missing
bin openers within a short time (for producer replacement
in pigeons see Giraldeau and Lefebvre 1986). This may
happen in the future. But due to park management reasons,
the bin system was changed later in 2003 in order to prevent
keas from opening the bins. Nevertheless, our data indicate
that the spread of innovations in animals may be restricted
to a few individuals when innovations concern challenging
mechanical problems.
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