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Abstract
Tanimbar corellas, an important model in comparative cognition research, are endemic to the
Tanimbar Islands, Indonesia, but were also introduced to several other locations with a tropical
climate. Introduced psittacines offer valuable opportunities to test hypotheses at large temporal
and spatial scales, such as geographic distribution of behaviours. Here, we report two opportunistic
observations of Tanimbar corellas combining small wooden fragments with two types of tropical
fruit (Ketapang and Pong-pong) in Singapore. The observations were recorded and uploaded to
YouTube by a local bird-watcher. We analyse the behavioural similarities and differences between
object combinations with the Pong-pong fruit in Singapore and extractive tool use on the Wawai
fruit in Indonesia. Repeated insertions of the wooden fragment into the fruit and visible ingestion
suggest that the combinatory behaviours were most likely related to foraging. This report provides
first insights into the presence of advanced technical abilities in geographically separated Tanimbar
corellas.
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838 Dynamic object-fruit combinations in Tanimbar corellas

1. Introduction

The observation of psittacines (parrots and cockatoos; order Psittaciformes),
while undoubtedly captivating, can often present challenges when attempting
to detect individuals visually. Psittacines are distinct among birds due to their
extensive exploratory behaviours and manipulatory abilities that stem from
unique morphological adaptations to foraging on seeds and nuts, a high level
of coordination between different body parts (including the powerful yet
sensitive beak, dexterous tongue, and grasping zygodactyl feet; Homberger
& Brush, 1986; Demery et al., 2011; Homberger, 2017), as well as from
relatively large brains and advanced cognitive abilities (for a review, see
Auersperg & von Bayern, 2019).

Behavioural observations of forest-dwelling species are challenging to
obtain as most activity typically occurs high in the tree canopy (Collar, 1997;
Morand-Ferron et al., 2016). Therefore, most reports of complex behaviours
in wild psittacines refer to species that are easy to observe owing to their
conspicuously large size (Hyacinth macaws, Anodorhynchus hyacinthinus;
e.g., Schneider et al., 2006; Palm cockatoos, Probosciger aterrimus; e.g.,
Wood, 1984; Heinsohn et al., 2017), boldness towards humans (Kea, Nestor
notabilis; e.g., Diamond & Bond, 1999; Gajdon et al., 2004), temporary
placement in capture-release aviaries (Tanimbar corellas, Cacatua goffini-
ana; Rössler & Mioduszewska et al., 2020; O’Hara et al., 2021), or their
occupancy of easily accessible environments (e.g., urban areas; Yellow-
headed parrots, Amazona oratrix; Martens & Woog, 2017; Sulphur-crested
cockatoos, Cacatua galerita; Aplin et al., 2021; Klump et al., 2021).

The Tanimbar corella (Cacatua goffiniana; alternative common name:
Goffin’s cockatoo; indigenous Tanimbarese name: Manik tilgnoi; hereafter:
Goffin) is a medium-sized (30–32 cm) white corella species from the cock-
atoo family (Eaton et al., 2016). It is endemic to the remote Tanimbar
Islands in southeast Indonesia and is encountered primarily in dense, sea-
sonal tropical forests and agricultural fields (Jepson et al., 2001; O’Hara et
al., 2019; Mioduszewska et al., 2022). The Goffin is an important model in
comparative research due to its advanced cognitive skills in the technical
and social domains (Auersperg & von Bayern, 2019). Captive hand-raised
Goffins exhibit a strong intrinsic motivation for varied combinatory object
play (including insertions of objects into the substrate) and exploratory
behaviours, which reportedly support flexibility and innovation in problem-
solving through technical information gathering (Gardiner, 2010; Auersperg
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et al., 2015; Bjorklund & O’Hara & Auersperg, 2017). Goffins are also
known for advanced problem-solving skills as well as innovative, flexible
use and manufacture of several types of tools for multiple functions (for a
review, see Auersperg, 2015).

In their natural habitat, Goffins are opportunistic feeding generalists con-
suming a variety of partially seasonal food sources, including some that
require extraction (e.g., young coconuts or papayas; Mioduszewska et al.,
2018, 2022; O’Hara et al., 2018). Notably, the presence of extractive forag-
ing has been associated with the capacity to innovate tools (for a review, see
Parker, 2015; Huber & O’Hara, 2016). In line with the extractive foraging
hypothesis (Parker & Gibson, 1977), Goffins on the Tanimbar Islands were
recently observed to manufacture and use complex tools (a tool set) to access
the embedded seed matter of a tropical fruit (Wawai, Cerbera manghas;
O’Hara et al., 2021). In addition to the native population, introduced Goffins
can be found in several locations with a tropical climate (Calzada Preston
& Pruett-Jones, 2021). Groups can be observed in urban parks and gardens
in Singapore (Neo, 2012) and Taiwan (Lin & Lee, 2006), whereas sightings
of a few individuals were also reported in Puerto Rico (Falcón & Tremblay,
2018) and Hawaii, among other locations (for a review, see Calzada Preston
& Pruett-Jones, 2021). Introduced psittacine populations provide valuable
opportunities to study adaptation to urban habitats and to test hypotheses at
large temporal and spatial scales, such as life history traits (for a review, see
Kiacz & Brightsmith, 2021) or geographic distribution of behaviours.

Object combinations represent one category of behaviours of significant
scientific value, as they provide an externally observable measure of techni-
cal intelligence skills (Seed & Byrne, 2010; Sugasawa et al., 2021). Object
combinations are a type of complex object manipulations that involve plac-
ing an object in relation to another object (Westergaard & Suomi, 1994)
or substrate (Fragaszy & Adams-Curtis, 1991). Furthermore, such combi-
nations can either establish a static spatial relationship (e.g., placement of a
wooden fragment on top of a fruit) or produce dynamic mechanical interac-
tions (e.g., repeated insertions of a wooden fragment into a fruit; St Amant
& Horton, 2008; Fragaszy & Mangalam, 2018). Observations of object com-
binations in free-ranging individuals are not always anticipated, especially
during opportunistic encounters.

Anecdotes (here referred to as ‘opportunistic observations’ to avoid
anthropomorphic associations) are somewhat diversely defined as either rare
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(or even single) records of behavioural events (McGrew, 2004), narrative
descriptions of unique or frequent behaviours (Mitchell et al., 1997), or
reports of behaviours that occur regularly but are challenging to observe
(Sarringhaus et al., 2005), such as birth or predation attempts. Opportunis-
tic reports have been proposed as the most feasible method (other than
ad libitum sampling) for revealing unanticipated events (for a review, see
Ramsay & Teichroeb, 2019). Therefore, they are considered a valuable
source of information on animal behaviour and cognition that helps identify
behavioural variants across geographical locations and facilitate compara-
tive analysis (Rollin, 2000; Sarringhaus et al., 2005; Bates & Byrne, 2007;
Nelson & Fijn, 2013; Ramsay & Teichroeb, 2019). However, opportunistic
observations need to be discussed with care to avoid overinterpretation of
limited data or misleading overgeneralisations (Sarringhaus et al., 2005; for
a recent example on ‘tool use in seabirds’ and the associated debate, see
Auersperg et al., 2020; Farrar, 2020; Sándor & Miklósi, 2020). To avoid
these risks, opportunistic reports should be carefully evaluated, highlight
alternative explanations for the observed events, and be ideally supported
by confirmatory data (photographs or videos, which do not necessarily have
to be collected by scientists; Krueger et al., 2019; Sándor & Miklósi, 2020).

Citizen science, the collection and sharing/uploading of data by the gen-
eral public (for a review, see Dickinson et al., 2010), has become an impor-
tant tool in scientific research. One section of citizen science projects is based
on data from public footage repositories (Jagiello et al., 2019). Specifically,
YouTube, a popular video-sharing platform, has proven to be a valuable ini-
tial source of behavioural footage to further investigate known ethograms
(e.g., Burn, 2011; Nelson & Fijn, 2013; Dylewski et al., 2017; Jagiello
et al., 2019; Tryjanowski et al., 2020), explore rare behaviours (otherwise
not suited for standardised observation methods due to their low frequen-
cies, short durations, or animal elusiveness; e.g., Krueger et al., 2019, 2021;
Pokharel et al., 2022), or provide evidence for the occurrence of previously
unobserved behaviours (e.g., Osuna-Mascaró & Auersperg, 2018).

Here we report two opportunistic observations of introduced Goffins in
Singapore manipulating small wooden fragments and combining them with
a Ketapang (Sea almond; Terminalia catappa) and a Pong-pong (Cerbera
odollam) fruit, originally uploaded to YouTube by a local bird-watcher.
Some of the recorded behaviours resemble the wooden fragment interac-
tions observed during tool use by wild Goffins on the Tanimbar Islands. We
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conducted a descriptive comparative analysis of the recorded behaviours and
provide the most likely interpretation as well as potential alternative expla-
nations.

2. Methods

2.1. Study species

Singapore is one of few locations worldwide hosting naturalised Goffins
(Calzada Preston & Pruett-Jones, 2021). They were introduced after 1980
(exact date unknown; Neo, 2012) and established a small but stable breeding
population (Yeo & Chia, 2010; Jeyarajasingam, 2012; Neo, 2012; Nature
Society Singapore Bird Group Records Committee, 2021), which is con-
sidered to possibly comprise several hundred individuals (F.E.R., personal
observation). Goffins in Singapore likely stemmed from individuals wild-
caught on the Tanimbar Islands that were either released by their owners,
accidentally escaped from the pet trade (psittacines are one of the most heav-
ily traded bird groups worldwide; Scheffers et al., 2019), or were released at
Buddhist religious ceremonies during the Vesak Day holiday (Agoramoorthy
& Hsu, 2007; Neo, 2012). Pet cockatoo keeping has been a popular hobby
in Singapore in recent years (Chiok & Chng, 2021) and Goffins are actively
traded (although they are seemingly not a common choice; J. Lee, personal
communication, 23 May 2022). Therefore, it cannot be entirely excluded that
home-bred or wild-caught individuals might occasionally join the introduced
population (W.X. Chiok, personal communication, 26 April 2022).

2.2. Data collection

After the first observation of tool use in wild Goffins, we sought to collect
more data on the potential presence and frequency of this behaviour in other
populations of Goffins. Singapore has an active bird-watching community
which posts videos and photographs online. We checked footage available
via the Bird Ecology Study Group (BESGroup; a bird-watching group of the
Nature Society — Singapore) blog, YouTube and eBird (a popular online
database of bird sightings), as well as conducted a photographic search via
the Google search engine. Our primary focus was obtaining original unedited
video material (‘raw footage’) through YouTube™ as the majority of public
content uploaded to this platform consists of either few or single shots of
raw footage that has been minimally or not edited (Nelson & Fijn, 2013).
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We searched for keywords related to object manipulation, foraging, fruit and
Goffins.

2.3. Footage

Through the online search, we encountered video footage of an introduced
Goffin combining a small wooden fragment with an immature Pong-pong
fruit in Singapore, recorded and uploaded to YouTube by Joyce Chia, a
local bird-watcher. After contacting the bird-watcher via the BESGroup, she
kindly provided us with the original footage, additional information about
the recordings, and permission to analyse the videos. Furthermore, two more
videos from the same Pong-pong fruit interaction event (19 February 2018,
10:24–10:32 am) were supplied, totalling four short videos (38 s, 77 s, 17 s
and 39 s; total duration: 171 s) with small recording gaps (recording started
at 10:24, 10:26, 10:29, 10:32 am). The bird-watcher also provided a single
video (27 s) from another opportunistic observation of a Goffin handling
a mature Ketapang fruit (6 November 2017, 9:52 am), modifying a small
wooden fragment, and combining it with the fruit. Both observations were
recorded in Labrador Park at the Berlayer Creek Boardwalk, Singapore, a
popular medium-sized (16.8 ha) park. Due to the opportunistic nature of
the collected data, the identity and attribute information (e.g., origin, sex,
age, personality type; Rutz & Webster, 2021) about the recorded Goffins
is unknown. It is possible that the same individual was recorded in both
instances, as both recordings were obtained in the same medium-sized park.
No further members of the BESGroup reported observing object-fruit com-
binations in Goffins.

2.4. Video analysis

The footage quality was high (Ketapang fruit: 1920 × 1080, 1080p, Full
High Definition; Pong-pong fruit: 1280 × 720, 720p, High Definition),
recorded with a Canon EOS 70D Digital Single-Lens Reflex (DSLR) camera.
In most Pong-pong footage, the focal individual and its behaviours were fully
visible (for an example, see Figures 1 and 2). However, on two occasions, the
subject repositioned itself with the back facing the camera, which limited the
visibility of object and fruit manipulations (for an example, see Video 2 at
10.6084/m9.figshare.23668938). On three occasions, the recording moved
away from the subject to briefly record a juvenile individual nearby. Once
the wooden fragment was inserted into a fruit, it was no longer visible.
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Figure 1. Comparison of shapes, sizes, and maturation states of (A) Ketapang, (B) Pong-
pong and (C) Wawai fruit manipulated by Goffins in Singapore (A–B) and on the Tanimbar
Islands (C). Panel B presents the opportunistically recorded event in Singapore where only
the upper part of the fruit was removed by the individual. In contrast, Panel C presents the
typical fruit handling recorded on the Tanimbar Islands, where all flesh was always removed
before engaging in tool use (the photograph depicts an individual removing fruit flesh until
the inner endocarp is exposed). Photo credits: A–B, Joyce Chia; C, Mark O’Hara.

Figure 2. Similarities and differences between wooden fragment manipulations observed
(A) in Singapore and (B) on the Tanimbar Islands (O’Hara et al., 2021). Both individuals
hold a wooden fragment by pushing it against the upper mandible with the tongue. During
the opportunistically observed event in Singapore (A), the fragment was inserted into the
midsection of a partially-exposed Pong-pong fruit and stabilised by a foot against a branch
(clamping). On the Tanimbar Islands (B), the fragment (used as a tool) was inserted into
the dorsal fissure of a fully exposed Wawai endocarp, which was held and lifted in the foot
(grasping). Arrows indicate the wooden fragments held inside the beak. Photo credits: A,
Joyce Chia; B, Mark O’Hara.
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In the Ketapang footage, the focal individual was fully visible during the
whole duration of the recording. Hugh Tan, a botanical specialist from the
National University of Singapore, was consulted to identify the fruits visible
in the footage. Behavioural analysis of the video recordings was conducted
by implementing an adjusted ethogram developed to code the tool use and
manufacture in wild Goffins on the Tanimbar Islands (O’Hara et al., 2021).
Behaviours related to fruit and wooden fragment manipulations (Table A1
in the Appendix at 10.6084/m9.figshare.23668938) were coded frame-by-
frame in BORIS software (v.7.9.8; Friard & Gamba, 2016).

3. Results

The (chronologically first) Ketapang fruit interaction lasted the whole dura-
tion of the recording (27 s). The individual manipulated a Ketapang fruit
partially opened prior to the recording (Figure 1A; Video 1 at 10.6084/m9.
figshare.23668938), removed bark from a small wooden fragment held in
the beak, shortened the length of the fragment, and briefly inserted it into the
fruit before discarding both the fruit and the wooden fragment.

During the (chronologically second) Pong-pong fruit interaction, the focal
individual was visible in 67% of the recording (115.08 out of 171 s). The
individual manipulated a Pong-pong fruit with a partially removed pericarp
(it was unclear whether the endocarp was exposed as the inside of the fruit
was not visible due to the angle of the recording; Figure 1B; Video 2 at
10.6084/m9.figshare.23668938). The individual visibly combined wooden
fragments with the middle section of the exposed part of the fruit (Table 1)
and the wooden fragment seemed to be inserted into the fruit (although the
effect the object had on the fruit was not evident in the footage). Ingestion
occurred once (a small piece was attached to the wooden fragment after it
was inserted; it was unclear whether residual fruit flesh or seed matter was
ingested), and licking of the wooden fragment occurred twice. Additionally,
a potential levering of a wooden fragment inserted into the Pong-pong fruit
was observed once shortly before the ingestion (Video 2 at 10.6084/m9.
figshare.23668938) but not included in the analysis as the action was brief,
not repeated, and not clearly visible.

The complete action sequences were not recorded during these oppor-
tunistic observations. Despite this limitation, most behaviours related to the
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Table 1.
Observed behaviours related to fruit and wooden fragment manipulations.

Fruit Category Behaviour Duration

Freq. s Mean (s) SD

Pong-pong Fruit Holding 4 115.505 28.876 20.167
Inspection 1 NA NA NA
Biting 6 28.88 4.813 2.66
Locomotion 2 6.68 3.34 2.97
Ingestion 1 NA NA NA

Wooden Probing 1 2.16 2.16 NA
fragment Interaction 5 48.825 9.765 7.638

Modification 1 3.88 3.88 NA
Combination 3 13.2 4.4 3.229
Insertion 3 NA NA NA
Subsequent 1 NA NA NA
Flipping 1 NA NA NA
Licking 2 NA NA NA
Dropping 1 NA NA NA

Focal Proximity 2 131.16 65.58 6.93

Ketapang Fruit Holding 1 10.240 10.240 NA
Wooden Interaction 1 8.520 8.520 NA
fragment Modification 1 2.760 2.760 NA

Combination 1 5.240 5.240 NA
Insertion 1 NA NA NA

fruit (5/6 coding categories) and the wooden fragment (9/14 coding cate-
gories) were observed during the Pong-pong fruit interaction. The unob-
served behaviours included: beak insertions into the endocarp, manufacture
(the detachment of the wooden fragment from the branch), vertical motions
of the wooden fragment (employed likely for piercing through the inner
seed coating during Wawai foraging), horizontal head and wooden fragment
motions (employed for removing large pieces of seed matter during Wawai
foraging), extraction of seed matter, and saving (the whole action sequence
is needed to properly evaluate the presence of this category).

4. Discussion

Introduced Goffins in Singapore were opportunistically observed to modify
and combine wooden fragments with two types of tropical fruit, a mature
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Ketapang and an immature Pong-pong. The online data collection revealed
only two, relatively short, opportunistic observations of object–fruit combi-
nations. This small number might stem from the fact that combinatory activ-
ities are rare or location-specific (Ramsay & Teichroeb, 2019), the behaviour
is challenging to record in free-ranging Goffins due to its inconspicuous
nature (such as intraoral handling of the wooden fragments (Mioduszewska
et al., 2022); the bird-watcher who provided the recordings only noticed
the wooden fragment combinations after the authors indicated and described
them), or other behaviours attract more attention (such as foraging on large
food sources; Osuna-Mascaró & Auersperg, 2018). Goffins in Singapore are
comparatively more visible (due to less dense habitat and habituation to
humans) and thus easier to observe than their wild counterparts on the Tan-
imbar Islands (B.M., personal observation). However, they do not closely
approach humans as some large cockatoo species living in urban parks do
(Sulphur-crested cockatoos; e.g., Kirksey et al., 2018; Klump et al., 2021).
Therefore, the arboreal lifestyle and relatively small body size of Goffins
might limit the possibility of opportunistic observations (Bates & Byrne,
2007).

The comparative evaluation focused on the recorded Pong-pong fruit
interactions because no ingestion or licking was observed during the Keta-
pang fruit interaction. The fruit was also already open during the recording,
which might have influenced the short duration of this object-fruit combina-
tion. Additionally, Goffins might be able to crack open the endocarp of the
Ketapang fruit because of its relatively small size, a corky rind, and numer-
ous tiny air cavities in the outer part of the endocarp (van Valkenburg &
Waluyo, 1991).

4.1. Comparative evaluation

The behaviours involved in the manipulation of wooden fragments observed
in Singapore are not entirely novel as they resemble actions performed
during tool use on the Tanimbar Islands (O’Hara et al., 2021). The repli-
cability of behaviours first reported as novel is crucial for understanding
animal behaviour and cognition (Sarringhaus et al., 2005). Therefore, this
report adds information on the presence of advanced technical abilities in
free-ranging Goffins from geographically separated locations, supporting the
potential for independent tool use development. Similarities in the fruit mor-
phology of the taxonomically related Pong-pong and Wawai plants might
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result in similar affordances (what an environment offers an animal; Gibson,
2015). Specifically, they might allow playful manipulation and combina-
tion of objects with the textured surface of the endocarps. Such affordance
overlaps limit action possibilities available to the individuals and could
shape spontaneous object-assisted foraging innovations (tool use) in a similar
direction. Pong-pong and Wawai trees are typically planted for ornamen-
tal reasons only, as the fruits are highly toxic to humans (Khanh, 2001; for
more details, see the Appendix at 10.6084/m9.figshare.23668938). However,
psittacines are known to consume food sources with measurable toxicity
levels without harmful effects, and tropical fruit seeds are generally highly
nutritious, thus potentially providing survival benefits (Gilardi & Toft, 2012).

Conversely, marked differences were also observed between the recorded
object-fruit combinations in Singapore and the tool use behaviours observed
on the Tanimbar Islands, as well as between the handling of Pong-pong and
Wawai fruits (Figure 2). The focal individual feeding on the Pong-pong fruit
held it against the branch, whereas the Wawai fruit was freely held in one
foot. Additionally, in contrast to the Wawai foraging, where all fruit flesh
was removed to expose the embedded endocarp, only half of the Pong-pong
fruit flesh was removed, which is also atypical because psittacines usually
remove seed coating before feeding. Differences in the fruit anatomy and
maturity stages (for more details, see the Appendix at 10.6084/m9.figshare.
23668938) likely contributed to the observed differences in fruit handling
and the extent of the removed pericarp. Firstly, Pong-pong fruit are generally
larger and rounder than Wawai fruit (Figure 1B–C), likely making them more
challenging to handle for pericarp removal. Secondly, Wawai fruit contain
endocarps that are transitional to the fibres of the inner mesocarp (fruit flesh).
In contrast, Pong-pong fruit lack a clear distinction between mesocarp and
endocarp (Tomlinson, 2016), which might make their flesh harder to remove.

4.2. Behavioural interpretation

Opportunistic observations present limited data and should not be used to
argue about mental processes (Sándor et al., 2021). Therefore, we focus
on the directly observable aspects of the recorded behaviours (St Amant &
Horton, 2008) and refrain from making inferences about potential underlying
mechanisms involved in the emergence of the observed behavioural forms.
We also avoid describing the recorded behaviours as tool use (or ‘tooling’,
where a body-plus-object system creates a biomechanical interface between
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a held object and the target; Fragaszy & Mangalam, 2018), because the
whole action sequence was not recorded and the exact target (fruit flesh or
seed matter) could not be identified. Instead, we focus on the potential onset,
which may include accidental occurrence, play, or foraging activity. We also
discuss possible causes for the absence of visible seed material extraction.

Unanticipated behaviours might stem from a singular coincidence that
does not provide reliable information on animals’ behavioural repertoire
(McGrew, 2004; Bates & Byrne, 2007). However, the probability that an
observed behaviour was accidental decreases with the number of times it
was observed (Bates & Byrne, 2007). The level of repetition can vary and
be either within one recorded event (repetitions of actions observed within
one encounter) or between recorded events (how many independent events
were recorded). Although only two object-fruit combination events were
recorded, the Pong-pong fruit interaction involved multiple (three) inser-
tions of a wooden fragment into the fruit. Therefore, it is unlikely that the
observed object-fruit combinations were accidental (or a “lucky coincidence
of events”; Sándor et al., 2021).

Alternatively, some object combinations might resemble a deliberate use
of objects but also seem playful (Shumaker et al., 2011). Play behaviour
is challenging to define due to its nontypical nature, although various cri-
teria were proposed to differentiate play from other behaviours. These cri-
teria include: (1) intrinsic motivation; (2) serving no purpose (incomplete
functionality); (3) repeated performance; (4) voluntary initiation under (5)
relaxed conditions (when all needs are fulfilled); and (6) positive mood
during the behaviour (for a review, see O’Hara & Auersperg, 2017). In
non-human animals, play is commonly categorised into social, solitary/loco-
motor, and object play. Object play describes events where objects are held
or manipulated without any clear purpose (Shumaker et al., 2011), hence in
a non-foraging context as play is thought to discontinue when an individual
is hungry (Bateson & Martin, 2013).

The persistent and repeated insertions of the wooden fragment into the
Pong-pong fruit, combined with the presence of ingestion and licking of the
wooden fragment, suggest that the observed behaviours were most likely
related to foraging. The absence of visible inner seed material extraction
might have resulted from several potential circumstances: (a) the record-
ing depicted the final foraging stages where the inner seed material was
already depleted, (b) the behaviour was not fully formed and therefore was
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not successful/efficient in extraction, or (c) the recorded behaviour was a
“malfunction” (Sándor & Miklósi, 2020) where the individual performed
the correct behavioural sequence but on an incorrect substrate (wrong type
of fruit).

Another indicator that the observed foraging might not have been entirely
optimal was the employed ‘clamping’ fruit handling technique. During
clamping (or tether-footing), the food item is clasped between the holding
foot and the substrate (perch or the ground; for a review, see Harris, 1989).
However, clamping can decrease vigilance as the head is often lowered and
must be repeatedly raised to scan the area for danger. In contrast, during
‘grasping’ (or prehensile-footing), the food item is held in the foot and lifted
towards the beak, which is lowered to meet the foot halfway (Collar, 1997).
This technique is used during most feeding events in psittacines, making the
endocarp easier to carry and manoeuvre during seed matter extraction.

4.3. Future directions

Complex object manipulations were suggested to be potential precursors
for tool use in human infants and non-human primates (for a review, see
O’Hara & Auersperg, 2017). Goffins have the potential to develop complex
behaviours individually, and innovative spontaneous tool-mediated problem-
solving has also been reported to be within this species’ cognitive capacity
(Auersperg et al., 2012). The emergence of advanced technical skills has
been suggested to result from a complex interplay between several factors
(for a review, see Kenward et al., 2006; Bandini & Tennie, 2020; Tennie et
al., 2020; Mioduszewska et al., 2022): (1) the genetic setup of an individ-
ual (inherited traits, morphology, species-specific motor repertoire, general
behavioural tendencies, such as persistent object manipulations and combi-
nations), (2) cognitive mechanisms (individual and social learning, memory,
motivation, attention, physical cognition, causal reasoning, information pro-
cessing), (3) pre-experience (encounters with objects in different contexts),
and (4) environmental conditions (ecological opportunities).

Opportunistic observations can be highly valuable for revealing interest-
ing behavioural forms before larger projects can be conducted (Sarringhaus
et al., 2005) and directing studies into potentially fruitful areas of research
by generating new research questions and hypotheses (Bates & Byrne, 2007;
Nelson & Fijn, 2013; Dechaume-Moncharmont, 2020). However, to avoid
misleading overgeneralisations to a population level (Sándor & Miklósi,
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2020), more behavioural data is needed to explore the complexity and preva-
lence of object-fruit combinations within and between various populations
of Goffins. Additionally, further research is needed to compare the anatomi-
cal features of Pong-pong and Wawai fruits (crucial for understanding their
affordances), their nutritional and toxic contents, and whether insects are
commonly encountered inside the fruit (and could thus be a potential target
of object-fruit combinations). Controlled experiments are needed to investi-
gate the mechanisms and relative contributions of various factors underlying
the emergence of such complex behaviours, for example, by providing naïve
individuals with ecologically-relevant materials (Bandini & Tennie, 2017) or
by exploring the ontogeny of object manipulations in Goffins (for a review,
see Kenward et al., 2011; Rutz & St Clair, 2012).

4.4. Conclusions

Rapid publishing of opportunistic observations is valuable for immediate
knowledge transfer, which contributes to deciphering the overall behavioural
variability of a species (McGrew, 2004; Pokharel et al., 2022). Footage
posted on YouTube was considered to be “scraps, detritus”, but “some of
it also treasure” (White, 2006: p. 3), as is the case with recorded unantici-
pated behavioural events (Nelson & Fijn, 2013). This report also emphasises
the value of citizen science in collecting opportunistically recorded unan-
ticipated events, which help chart the geographical distribution of complex
behaviours and thus contribute to our understanding of the evolution of
advanced animal technology.
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