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The study of animal behaviour and cognition would not be complete without
investigations of wild, free-ranging individuals in their natural environment.
However, direct observations of species living in dense habitats can be
challenging, leading many studies to focus on attracting target species to
pre-selected, monitored locations baited with food. So far, researchers have
rarely applied this approach to studying wild psittacines — an avian group of
high scientific interest due to their advanced cognitive skills and conservation
threats. We developed hoistable feeding platforms and tested their suitability
for reliably attracting groups of wild Tanimbar corellas (hereafter: Goffins),
opportunistic feeding generalists well-known for their advanced cognitive
skills. To this end, we recorded the visitation rates of free-ranging groups at
feeding platforms temporarily baited with dry corn. Moreover, we
investigated the effects of several weather-related measures, the temporal
distribution of foraging activity, and the effect of conspecific contact calls
(playback stimulus). The results indicate that Goffins accepted the feeding
platforms and reliably aggregated within their natural daily foraging bouts.
While group size during visitation bouts depended on rainfall and resource
abundance, platforms were still regularly visited by fewer, possibly locally
residing individuals. These results provide the first systematic investigation of
the temporal distribution and social dynamics of foraging bouts in wild
Goffins. This study presents a novel method for reliably attracting wild
opportunistic feeding generalist psittacines to a standardised, monitored
location. It provides a suitable approach for observing foraging
aggregations and, in the future, testing the problem-solving abilities of
free-ranging Goffins in their natural habitat.

KEYWORDS

behaviour, feeding platform, field methods, group foraging, playback, psittacines,
temporal distribution, visitation rate

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fevo.2023.1275949/full
https://www.frontiersin.org/articles/10.3389/fevo.2023.1275949/full
https://www.frontiersin.org/articles/10.3389/fevo.2023.1275949/full
https://www.frontiersin.org/articles/10.3389/fevo.2023.1275949/full
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fevo.2023.1275949&domain=pdf&date_stamp=2024-01-08
mailto:mark.ohara@vetmeduni.ac.at
https://doi.org/10.3389/fevo.2023.1275949
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://doi.org/10.3389/fevo.2023.1275949
https://www.frontiersin.org/journals/ecology-and-evolution

O'Hara et al.

1 Introduction

In order to gain a holistic understanding of animal behaviour
and cognition, it is crucial to investigate the actions of wild, free-
ranging individuals. Conducting such studies in the natural setting
is relevant for several reasons: they generate ecologically valid
information about how different mechanisms and environmental
factors interact and integrate, provide context in which cognitive
skills are employed during the daily lives of a species, and can
highlight evolutionary benefits of traits that improve survival and
reproduction (Thornton, 2014; Shaw et al, 2015; Bond and
Diamond, 2019; Janmaat, 2019; Rosati et al., 2022). The most
valuable data comes from video-recorded, unobscured, and
continuous close-range observations (McGrew, 1992). However,
wild individuals of species living in dense habitats can often remain
inconspicuous during their daily activities, making direct
behavioural observations challenging. Exploring this fieldwork
frontier demands approaches beyond tracking focal individuals
and conventional direct observations (Troscianko and Rutz, 2015).

Field experiments are considered essential elements of
ethological research programs (Fischer, 2022). Participation of
wild animals can be encouraged by linking empirical paradigms
to a familiar context (Healy and Hurly, 1995). Foraging is
fundamental to sustaining metabolism, providing energy, and
supporting reproduction (Pyke, 2019). Therefore, providing
feeding opportunities could present a reliable method for
attracting otherwise elusive, free-ranging species to a specific
location. The ability to predict the presence of target species
(McGrew, 1992) in a pre-selected, monitored location and their
activity times would significantly improve the efficiency of
behavioural data collection and allow the possibility of
conducting cognitive tests in the wild. However, intentionally
feeding wildlife is a topic of ongoing debate (for reviews, see
Fedigan, 2010; Hill, 2017), and empirical designs should be
carefully considered to prevent lasting modifications of the
natural behavioural repertoire within the target population
(McGrew, 1992; Rutz, 2018).

Intentional wildlife feeding encompasses varied practices (often
with overlapping definitions) that differ in their aims, durations,
and potential effects on the wild populations. These practices are
commonly used in conservation and wildlife management
programs, including artificial (e.g., supplemental, emergency, or
winter) feeding and baiting (for reviews, see Dunkley and Cattet,
2003; Sorensen et al, 2014). In research, two types of wildlife
feeding can be generally distinguished: provisioning and baiting.
During provisioning, researchers regularly provide natural or novel
food items to target animals, either directly (by hand) or indirectly
(at feedi.ng stations; Dubois and Fraser, 2013; Hill, 2017).
Historically, this method was used to facilitate the habituation of
primates to human observers and allow close-range direct
observations. During baiting, researchers temporarily place
natural or novel food resources in the environment to attract wild
animals to a specific area. This method typically allows
observations, facilitates engagement with experimental tasks, or
provides capture opportunities (Dunkley and Cattet, 2003; Fedigan,
20105 Sorensen et al., 2014). While provisioning has led to scientific
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breakthroughs on socio-ecology and technical intelligence in
primates (e.g., Goodall, 1986), baiting studies have provided
details of otherwise difficult-to-observe complex behaviours (e.g.,
Holzhaider et al., 2010).

Free-ranging individuals of various avian species can be attracted to
visit specific feeding locations. Examples of investigated topics related
to avian behaviour and cognition include diurnal foraging patterns of
songbirds (Farine and Lang, 2013), the spread of novel foraging
techniques in Great tits (Parus major; Aplin et al, 2015), reactions to
dead conspecifics in American crows (Corvus brachyrhynchos) and
Rock pigeons (Columba livia; Swift and Marzluff, 2015), responses to
novelty and risk in Jackdaws (Corvus monedula; Greggor et al, 2016),
or first insights into exploration and neophobia in Common buzzards
(Buteo buteo; Mioduszewska et al,, 2021). The approach of attracting
wild individuals to a specific location (baited tables or sites) was
perhaps most often used to study wild New Caledonian crows
(Corvus moneduloides; e.g., Hunt, 2000; Hunt and Gray, 2004; Hunt
et al,, 2006; Hunt and Gray, 2007; Hunt et al., 2007; Holzhaider et al,
20105 St Clair et al., 2015), an avian species of high scientific interest due
to their advanced cognitive skills as well as their proficiency in using
and crafting tools (for a review, see Hunt et al., 2013). As these crows
are sensitive to human presence and inhabit forested mountainous
regions of the New Caledonian islands, visibility is limited, and closely
following focal subjects is not feasible (Rutz et al, 2007). Supplemental
feeding is also part of a soft-release procedure, during which animals
are initially habituated to the release area and subsequently provided
with post-release support (food and water) until they become gradually
independent. Soft-release is preferred when reintroducing avian species
from rehabilitation centres (Jones, 2004), which allows the study of
released psittacines (e.g., problem-solving tasks in Blue-fronted
amazons, Amazona aestiva; Godinho et al, 2020). However, only a
handful of studies have used outdoor feeding stations to study the
behaviour of wild, free-ranging psittacines (e.g., ontogeny of innovative
abilities in Kakas, Nestor meridionalis; Loepelt et al., 2016).

Psittacines (parrots and cockatoos; order Psittaciformes) are of
significant scientific interest due to their advanced cognitive abilities
(for a review, see Auersperg and von Bayern, 2019) and
conservation threats (Olah et al, 2016; Forshaw and Knight,
2017). However, similarly to New Caledonian crows and arboreal
monkeys, the study of psittacines in the wild is known for its
considerable challenges, as most species are highly mobile and often
live in dense tropical forests (Struhsaker, 1975; Beissinger and
Snyder, 1992; Collar, 1997; Gilardi and Munn, 1998; McGraw and
Zuberbiihler, 2007; Perry and Manson, 2008; Morand-Ferron et al.,
2016). Therefore, most studies on the cognitive skills (other than
vocalisations) of wild psittacines were conducted on relatively
conspicuous species, either due to their large size (Hyacinth
macaws, Anodorhynchus hyacinthinus; e.g., Schneider et al., 20065
Palm cockatoos, Probosciger aterrimus; e.g., Wood, 1984; Heinsohn
et al, 2017), limited timidity around humans (Kea, Nestor notabilis;
e.g, Diamond and Bond, 1999; Gajdon et al., 2004), or habituation
to humans coupled with accessibility and frequent ground foraging
in urban environments (Sulphur-crested cockatoos, Cacatua
gﬁ.’er‘ita; e.g., Aplin et al,, 2021; Klump et al, 2021).

The Tanimbar corella (Cacatua goffiniana; alternative common
name: Goffin’s cockatoo; indigenous Tanimbarese name: Manik
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tilgnoi; hereafter: Goffin) has emerged as an important model
species in comparative cognition research, owing to its advanced
cognitive abilities in both the technical and the social domain (for a
review, see Auersperg and von Bayern, 2019). It also presents a
valuable model to study potential ecological precursors for the
emergence of domain-general intelligence and flexible problem-
solving skills due to their socio-ecology and island habitat (O'Hara
et al., 2018; Mioduszewska et al., 2022). Goffins are a medium-sized
(30-32 cm) corella species of the cockatoo family (Eaton et al,
2021). They are endemic to the remote Tanimbar Islands in
southeast Indonesia, where they can be mainly encountered in
dense, seasonal tropical forests and on agriculture fields (Jepson
et al, 2001; O'Hara et al, 2018; Mioduszewska et al., 2022).
Introduced Goffins can also be found in several locations with a
tropical climate, such as Singapore or Taiwan (for reviews, see
(Calzada Preston and Pruett-Jones, 2021; Mioduszewska et al.,
2023). The only published population estimates were conducted
in 1993 and reported between 231,500 and 347,088 individuals
(Cahyadin et al., 1994a; Cahyadin et al., 1994b; Jepson et al., 2001).
While these numbers may seem sufficient for maintaining a stable
population in the wild, these assessments could be considered
uncertain due to the wide range of population estimates (VEM,
2020). Considering these large ranges and the datedness of these
results, a reassessment is needed to establish the current population
trends of this remarkable species.

In the native habitat of the Tanimbar Islands, Goffins are
opportunistic feeding generalists, potentially engaging in two
main foraging bouts in the early mornings and late afternoons
(Cahyadin et al,, 1994b; O'Hara et al,, 2018). They consume various
partially seasonal food sources in the forest, such as seeds and fruit.
Depending on the foraging ecology of a species, agriculture fields
can provide localised, rich food sources for birds (Noske, 1980).
Goffins are known to take advantage of several (native and
introduced) crops, which has rendered them unpopular among
some local farmers (Mioduszewska et al., 2018). Particularly, corn
(Zea mays), thought to have been introduced to the Tanimbar
Islands around the 16™ century (Pesireron et al,, 2021), attracts
large groups of Goffins that repeatedly congregate for several days
on a field before moving to the next one (Cahyadin et al., 1994b;
B.M. & M.O., personal observations). Local farmers intermittently
protect their crops by chasing Goffins from cultivated areas or
capturing them in leg-noose traps hidden in the corn plants (B.M. &
M.O., personal observations). These practices likely associate
agriculture fields with certain risks for the Goffins (such as
harassment or injury; Hockings and McLennan, 2012). A similar
attraction to cornfields was also observed in other psittacine species,
such as Green parrots (Poicephalus senegalus; Weladji and
Tchamba, 2003), Red-fronted macaws (Ara rubrogenys; Pitter and
Christiansen, 1995), or Sulphur-crested cockatoo (Cacatua galerita;
Styche, 2000).

The Goffins’ natural diet also includes food sources that require
extraction (e.g., young coconuts or papayas; Mioduszewska et al.,
2018; O’Hara et al., 2018; Mioduszewska et al., 2022) and even
complex tools (a tool set; O'Hara et al., 2021). The first observation
of tool use in wild Goffins to extract the embedded seed matter of a
tropical fruit (Wawai, Cerbera manghas; O’Hara et al, 2021) was
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recorded in a field capture-release aviary, which enabled the
collection of extensive and detailed behavioural data. An
opportunistic observation in the dense tropical forest would have
been either exceedingly improbable or potentially unattainable due
to the small-scale, dynamic, and undercover characteristics
(intraoral processing and manipulation of small wooden
fragments) of this complex behaviour (O'Hara et al, 2018;
Mioduszewska et al, 2022). Potentially complex behaviours of
other psittacine species might likely face similar detection
limitations. Therefore, establishing a setup that can reliably attract
wild individuals to a specific, secure (beyond the reach of local
villagers), and monitored location is crucial for future detailed
investigation of behaviours under natural, free-ranging conditions.
Using playback calls of the target species could further enhance
the visitation rate of a feeding station (e.g, Goldberg and Ewald,
1991). Contact calls function to coordinate movements and activities
between individuals in a wide variety of social species (Kondo and
Watanabe, 2009; Berg et al., 2011) and are often individually
recognisable when visibility in the environment is low and repeated
interactions occur between familiar individuals (Berg et al, 2011).
Flocks of wild Goffins have also been observed to produce loud
screeching calls that seem to attract conspecifics to a specific location
(M.O., unpublished data). Most psittacine species are generally non-
territorial and social (for a review, see Bradbury, 2003). Therefore,
they are likely to respond to playback of conspecific calls as non-
territorial animals living in fission-fusion groups (i.e., groups that
flexibly change in size, typically due to changes in the availability of
resources across space and time or varying needs/activities of group
members) often produce loud contact calls to facilitate group
formation (Bradbury and Vehrencamp, 2011) and which typically
elicit a response from conspecifics (Bradbury, 2003). Therefore, loud
contact calls present a promising stimulus for playback sessions
(rebroadcasting signals to animals and observing their reactions;
McGregor, 1992), aiming to facilitate visitation of feeding sites.
Acoustic playbacks are frequently performed in ornithological field
conditions, with diverse applications, such as investigating
behavioural responses, population surveys, determining the
presence of rare/elusive species, or attracting individuals to a
location (for reviews, see Rosenthal, 2019; De Rosa et al., 2022).
Fieldwork projects depend on weather conditions, which also
significantly impact avian biology (Elkins, 2010). Climate change,
extreme weather conditions, and even minor-scale fluctuations can
have an effect. Brief or localised temperature, rainfall, or wind
changes can substantially influence individual behaviour, life
history, and physiology, impacting the population and species
levels (for a review, see Mainwaring et al, 2021). In terms of the
effects of specific abiotic factors on foraging, increased
environmental temperatures (>27°C) may elicit heat stress in
birds and led to a reduction of foraging activity in Western
Australian magpies (Edwards et al,, 2015). In psittacines, some
foraging behaviours are influenced by weather conditions (more
clay licking by various species on sunny than rainy mornings;
Brightsmith, 2004), whereas others (feeder visitations by Blue-
fronted amazons; Amazona aestiva) are not interrupted by
temperature, humidity, and luminosity (although morning visits
were best explained by variable humidity and afternoon visits by
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temperature and luminosity; Fraga et al, 2023). Overall, higher
daily maximum temperatures seem to reduce foraging activities and
increase rest time (Carnaby’s cockatoos, Zanda latirostris; Riley
et al., 2023).

We report implementing a novel feeding platform design to
attract and study wild, free-ranging psittacine species in situ. It
consisted of a hoistable feeding plate with attached perches,
monitored by a motion-detection camera. We present the first
systematic data on the foraging bouts of wild Goffins on the
Tanimbar Islands and the environmental factors affecting their
foraging activity. Based on previous behavioural observations, we
predicted that visitations to the feeding platforms would occur
mainly in the mornings and afternoons (Cahyadin et al., 1994b;
O’Hara et al., 2018). While primarily driven by nutritional needs,
daily recurring weather variation likely influences these foraging
bouts. Based on previous literature, we hypothesised that increasing
sunlight intensity and accompanying increase in temperature would
impact Goffin activity and might account for limiting foraging bouts
in open areas to relatively cooler times of the day. Furthermore, we
discuss potential mechanisms that may lead to reduced visitation
rates under adverse environmental factors, such as heavy rainfall
and winds. Finally, we explored whether acoustic playback had an
effect on attracting Goffins to a feeding location. Based on the
literature (Rosenthal, 2019; De Rosa et al., 2022), we expected that
contact calls at the platforms might increase the detectability of
these novel feeding sites and visitation rates.

2 Material and methods
2.1 Study site

The Tanimbar Islands are a relatively small island group (5440
km?) in the Maluku Province of southeast Indonesia. The islands were
formed from uplifted reef limestone during the Pleistocene (Monk
et al, 1997). The climate on the Tanimbar Islands is tropical wet and
dry, determined by seasonal monsoons (Beck et al, 2018). Two rain
seasons occur in December-March (West Monsoon) and May-
September (East Monsoon), whereas the main dry season occurs in
September-December and a short dry season occurs during the
shifting of wind directions in April (Laumonier and Nasi, 2018;
(O’Hara et al, 2018). Seasonal durations do not seem consistent
across years, and interannual rainfall variability is high.
Temperatures are stable (annual mean: 21°C, between 1977 and
2003), with the humidity typically remaining high (above 70%)
throughout the year (Laumonier and Nasi, 2018).

Our study site is located on Yamdena (7°36’S 131°25°E), the
largest island (approx. 3260 km?) in the Tanimbar archipelago. It is
relatively flat, with only low (120m-high) hills running down its
southeast side (Jepson et al., 2001). Its forest cover (approx. 70% of
the total surface area) includes seasonal evergreen, dry deciduous,
and moist deciduous forests (Jepson et al., 2001; Laumonier and
Nasi, 2018). Local villagers engage in swidden agriculture (shifting
cultivation or slash-and-burn farming), fishing, and hunting. Small
to medium-size, patchy agriculture fields (or gardens) consist of a
mixture of fruit tree plantations (e.g., papaya, bananas) and dryland
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farming (e.g., beans, com, or cassava; Cahyadin et al., 1994a).
Produce is used either for own consumption or selling at local
markets. Coconut (Cocos nucifera) plantations stretch along the
south-eastern seaboard (2-3 km inland), whereas agriculture fields
are situated in the area between these plantations and the forest
(Jepson et al., 2001) and interspersed (either near the forest edge or
in the forest; approx. 5km from the coastline) along the main road
traversing the island (B.M. & M.O., personal observations).
Swidden agriculture, the primary subsistence farming practice in
the tropics (for a review, see Li et al., 2014), involves the preparation
of a new field by cutting and burning a patch in the forest. Such
fields are typically used for three to six consecutive years until the
soil is depleted (Cahyadin et al., 1994b). Afterwards, they are moved
to a new location, and the abandoned field becomes overgrown
(fallow phase) with either shrub or alang-alang (Imperata
cylindrica) grasses. We established a research station on an old
field bordering the forest (7°48'59.3"'S, 131°22'41.2"'E) with the
permission and collaboration of local indigenous farmers from
Lorulun village and the local government. Old logging routes and
paths used by local hunters provide access to the primary and
secondary forest, whereas the main road provides access to
the station.

2.2 Feeding platforms

We piloted different feeding systems in our study area since
2018, optimised them, and gradually (December 2021-December
2022) established eight hoistable feeding platforms in the current
design (Figure 1A). Psittacines prefer tall perching spots, as they
provide all-round vision (Noske, 1980). Therefore, an elevated
platform setup (instead of lower feeding tables) was selected to
attract wild Goffins to new foraging locations. When raiding
agriculture fields, cockatoos prefer locations away from roads and
nearby trees (Noske, 1980; Bomford, 1992; O'Hara et al,, 2018; B.M.
& M.O., personal observations). Therefore, all platforms were
positioned in clearings at the forest edge (bordering either active
or abandoned agriculture fields) to ensure their conspicuousness
and availability of nearby trees for perching and potential hiding
opportunities. The spacing and locations of these feeding sites
mimicked the natural distribution of feeding opportunities
(O’'Hara et al., 2018), as food is generally distributed in an
environment in patches rather than uniformly (Pyke, 2019).

The feeding platforms were designed and custom-built to
resemble medium-high trees with dead branches, as Goffins often
aggregate on trees with dead branches (BM. & M.O., personal
observations). Long metal pipes (6m; coloured green for a natural
appearance; brown paint was not available) were erected by digging a
small container filled with stones and concrete mixture into the
ground (approx. Im deep) and placing the pipe inside the container.
This semi-permanent solution ensured the stability of the platform
structure despite the shifting of the ground after heavy rains and
strong winds. Additionally, the presence of the container allows for
the potential relocation of platforms. The pipe visible above the
ground measured 5m in height and held a platform constructed from
a wooden cross (made of two connected boards, each 70x25cm), with
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FIGURE 1

Feeding platforms at the field site. (A) Overview and orthographic map of the study site based on aerial imagery within a radius of approximately 2km
around the research station (indicated by the house symbol; red crosses indicate established feeding platforms). (B) The hoistable feeding platform
systern with long side perches and a camera holder on top of the feeding platform.

an attached plastic feeding plate (@ 60cm; green or brown colour fora
natural appearance), that allowed efficient cleaning. The plastic plates
were perforated with lateral holes to allow rainwater drainage. While
corn kernels did not absorb standing water during the rain, they
became wet and gradually dried once it stopped. The feeding plate
and platform had a central hole (@ 10cm) through which the
platform could slide along the pipe. Underneath the wooden cross,
four 35cm long, square (3x3cm) metal rods, containing two sets of
bearing wheels each, were attached, clasping the pipe. These rods with
wheels acted as rails, stabilising the platform and enabling smooth
up-and-down movement. Platforms were suspended on a 5mm steel
rope, which led from the top into the pipe (via a pulley) and exited
through a hole in the pipe’s lower section (approx. 50cm above the
ground). The rope’s end was affixed to a winch, which included a
safety breaker and a locking system with a padlock. This mechanism
enabled efficient platform operation and allowed comfortable
rebaiting, modification, and securing of the platform in place
(access was provided only to researchers; Figure 1B). Long
branches (approx. 1m) were attached at each side of the wooden
cross to provide natural perching locations. A scaffold (1.8m high)
made from 17 PVC pipes (@ 2.5cm) served as a holder for motion-
detection cameras. It did not obscure the visibility of the food on the
platform to passing Goffins.

2.3 Biosecurity

Providing concentrated food sources might unintentionally
facilitate pathogen transmission (for a review, see Becker et al,
2018). Therefore, the materials used to construct the feeding
platforms were selected to be reliable (withstanding the tropical
climate) and hygienic (easy cleaning to ensure birds’ welfare).

Frontiers in Ecology and Evolution

Goffins typically perched on the provided branches, the wooden
cross, and the plate edges. Perching on the camera holder above the
feeding platform occurred rarely and was always brief. Therefore,
contaminating corn with faecal matter did not pose a health hazard
to the foraging Goffins. Successfully applying clinical disinfection
protocols during fieldwork is challenging as field conditions lack the
controlled setting of a laboratory (such as quarantine barriers or
clean rooms; Fogell, 2019). Ensuring the required contact times
between disinfectants and surfaces in a hot and humid climate
might also necessitate repeated re-application of chemicals. To the
best of our knowledge, only one study has investigated the
effectiveness of disinfection of supplemental feeding stations used
in the conservation of wild Echo parakeets (Psittacula eques; Fogell,
2019). Results indicate that even intensified disinfection does not
reduce the probability of infection with a Psittacine Beak and
Feather Disease (PBFD) virus (common in wild psittacines;
Thomas et al., 2007). Instead, it hinders reproductive success by
negatively impacting egg hatching.

The feeding platforms were cleaned by removing food remnants
before baiting them with fresh corn. In terms of disinfection, to
avoid introducing potentially harmful chemicals (chlorine-based,
Virkon S, or F10 SC disinfectants; Das, 2002; Hangartner and
Laurila, 2012; F10 Products Limited, 2016) to the environment,
we relied on the strong daily ultraviolet (UV) radiation from the
sun, which reaches extreme levels on the Tanimbar Islands (UVI
range: 12-14; levels above 11 are categorised as extreme; Rehfuess,
2002). The elevated, open design of the feeding platforms and their
placement in clearings fully exposed them and corn to sunlight and
UV radiation. UV radiation has been considered a clean
disinfection process (not producing toxic compounds; Das, 2002)
and the primary germicide in nature (Lytle and Sagripanti, 2005).
Its efficiency was proven against bacteria (Coohill and Sagripanti,
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2009) and viruses found on surfaces (Lytle and Sagripanti, 20055
Nicastro et al, 2021). Notably, the PBFD virus (present on the
Tanimbar Islands within the Goffin population; M.O., unpublished
data) was estimated to be susceptible to deactivation through UV
after approximately 5 minutes of high-intensity sun exposure (Lytle
and Sagripanti, 2005).

2.4 Data collection

A total of eight feeding platforms were constructed, assembled, and
erected across the study area (Figure 1). The platforms were baited with
1kg of dry com (sourced from local farmers and hand-sieved for
quality control), which was uniformly spread on the feeding plate. The
feeding period overlapped with the locally-occurring corn harvest times
(naturalistic baiting schedule). Goffins are known for raiding cornfields
in large flocks, and corn seems to be the preferred food source during
the harvest season (Cahyadin et al, 1994a; Cahyadin et al,, 1994b;
Jepson et al, 2001). An average consumption speed was estimated to be
approximately nine corn kernels per minute (or 2g/min), with single
individuals potentially consuming as much as 60g of corn per foraging
bout (observations were conducted for approx. 30 minutes; Cahyadin
et al, 1994a). Considering a conservative average Goffin group size of
10 individuals, the daily corn consumption of a group could equate to
up to 1.2kg. Therefore, the amount of corn provided on the feeding
platforms was considerably less (1kg over 10 days) than what Goffins
would typically consume. Once corn was placed on the feeding
platforms (first baiting; Day 0), individuals could freely visit the
platforms for 10 days. After this period, a second baiting was
conducted with 1kg of corn, followed by a further 10 days of free
access. All platforms were baited on different days to allow for potential
maintenance (e.g., replacing damaged branches or feeding plates).

Research activities in the field, induding the mere human
presence, can influence the behaviour of study species (Fair et al.,
2010). Therefore, data was collected by deploying motion-detection
cameras (also known as camera traps; Bushnell Core NoGlow S 4K,
DS & DS 4), which are commonly used for monitoring wildlife
behaviour (for reviews, see O'Connell et al., 2011; Trolliet et al.,
2014; Rovero and Zimmermann, 2016). One device was attached to
the camera holder of each platform, providing an overhead view of
the plastic feeding plate. Cameras were configured to take three
images at medium image size and use a no-glow flash setting
adjusted for fast motion illumination in low-light conditions.
Intervals between image bouts were set to 3 minutes. Weather
data were recorded every five minutes by a weather station
(Sainlogic WS3500) installed at the research station. These data
comprised temperature (°C), wind speed (km/h), luminosity (Lux),
sunlight intensity (UVI), humidity (%) and rainfall (mm/min). The
weather station provided detailed reports at 5-minute intervals in
April 2022 and March-April 2023.

2.5 Playback sessions
We pseudo-randomly assigned half of our feeding platforms to

receive a playback session in the morning of Day 1 after the first
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baiting and the other half to receive a playback on Day 1 after the
second baiting. The playback setup included a camouflaged wireless
speaker (JBL Charge 5) concealed on trees or shrubs within 10m
proximity to a feeding platform and researchers (B.M. & M.O.)
positioned in a camouflaged hide (approx. 50m from the speaker).
Materials used to construct the hide included a paracord, cable
binders, camouflage nets, and natural vegetation, which provided a
flexible, breathable, and affordable system. The hide was
constructed the day before the playback session, whereas the
speaker was placed in a camouflage-patterned string bag and
positioned in the early morning (1h before sunrise) on the day of
the playback session. The playback stimulus consisted of a 19-
second sample of loud calls (recorded from a close distance with a
directional Sennheiser ME66 microphone and a Tascam DR-44WL
handheld audio recorder) produced by a Goffin flock foraging on a
cornfield while a second flock was approaching (for the audio file,
see “Playback.wav” in SM). The sample included multiple loud calls
from different individuals. Post-hoc measurements of sound
pressure levels from the speaker (measured with a dBMeter
phone application) revealed an average of 86.6dB and a
maximum of 92.3dB at a 3m distance. Playbacks were semi-
interactive, broadcasted once whenever a Goffin was spotted
within approximately 100m of the platform or heard nearby
unless another individual was already present within a 100m
radius. In addition, the playback stimulus was broadcasted once
every half hour between 06:00 and 08:00, except when individuals
were already present in the feeding platform area. Playback
broadcasts conducted at each feeding platform could not be heard
at the locations of nearby platforms due to the distance and
dense vegetation.

2.6 Data processing and scoring

Images from the motion-detection cameras were collected
during each baiting session. A list of image names and creation
date was derived with XnView software (ver. 1.4.3). Each image
series was loaded as an image stack in Fiji software (Image] v.
2.14.0/1.54f; Schindelin et al., 2012) with reduced file size (30%). We
created a z-composite image to centre the images and registered the
stack using the “TurboReg’ plug-in (Thevenaz et al., 1998). Based on
the registered stack, we created another z-composite image to create
a mask showing only the feeding plate and applied this mask to the
entire image stack. Finally, the number of individuals in each image
(within the visible unmasked area of the feeding plate) was counted
manually using the “Cell Counter’ plug-in.

2.7 Statistical analysis

As several weather measures were highly correlated
(Supplementary Figure 1), we employed a Principal Component
Analysis (PCA) to generate a composite score of recurring daily
weather measures: temperature, humidity, light intensity, and UV
index. The first principal component (PC1) of our PCA, based on a
correlation matrix of the weather measures, explained 88.43% of the
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variance in the data. This component was strongly negatively
correlated with humidity (-0.48) and positively related to
temperature (0.51), UV index (0.51), and illumination (0.51).

To estimate the effects of playback, correlated recurring daily
weather variation composed of temperature, luminosity and
humidity (as PC1), wind (km/h), rain (mm/h), days since baiting
(resource depletion), and assumed daily foraging patterns (all fixed
effects) on visitation rates, we employed a hurdle model. This model
treats zero- and non-zero outcomes as two separate categories
(Brooks et al., 2017a). Fitting a truncated Poisson distribution to
all cases with counts greater than zero examines the effects of
predictors on the number of individuals visiting the platforms.
Fitting a binomial distribution to non-zero outcomes (treated as
ones) and zero count cases allows for the evaluation of general
visitation of feeding platforms by one or more individuals. We
modelled daily variation in visitation rates by turning time into
radians by first dividing them by 24 and then multiplying with 4 x 7t
(to simulate two foraging bouts: morning and afternoon) and
adding -(m*6/6) to induce a horizontal phase shift with cosine-
maxima at 06:00 and 18:00. Finally, we included the sine and cosine
of the resulting variable into the model (Stolwijk et al., 1999).

As we conducted repeated observations at the same locations
during morning and afternoon bouts of different days, we included
random intercept effects for location and an explicit term for
nesting bouts within days and days within locations. To keep the
type I error (false-positive) rate at the nominal level of 0.05, we
included random slopes (Schielzeth and Forstmeier, 2009; Barr
et al., 2013) of days since baiting and the two terms representing
season (sine and cosine of the radians of time) within a location and
the nested term into the model. We then z-transformed continuous
variables (wind, rain, and days since baiting) to a mean of zero and a
standard deviation of one to ease the interpretation of the model
coefficients and ease model convergence (Schielzeth, 2010). As an
overall test of the effect of the fixed effects and to avoid cryptic
multiple testing (Forstmeier and Schielzeth, 2011), we compared
the full model as described above with a reduced model, including
the sine and cosine of radians time to control for daily foraging
variation and identical random structure, but lacking the fixed
effects of weather-related data, playback, and days since last baiting.
We estimated model stability by dropping the random factor levels
one ata time from the data and comparing the estimates derived for
models fitted to these subsets with those obtained for the entire data
set (for mixed effects models, exclusion of levels of random effects is
preferred over excluding individual cases; Nieuwenhuis, 2012). This
method revealed a good stability for the conditional (truncated
Poisson) model and moderate stability for the zero-inflated
(binomial) model (for more details, see SM).

In order to check for collinearity among the predictors, we
determined the Variance Inflation Factor (VIF) based on a standard
linear model, lacking random effects (Field, 2005). As expected, the
analysis revealed moderate collinearity of daily variation in Goffin
visits and the composite intrinsic daily weather variation (PCI;
maximum VIF: 5.416). However, all further predictors showed little
signs of collinearity (maximum VIF: 1.661). The dispersion
parameter was calculated according to the suggestions in the
‘glmmTMB’-vignette and tested with the ‘check_overdispersion’
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function of the ‘performance’ package. With a dispersion
parameter of 1.002, the response was not over-dispersed.

All statistical analyses were conducted in R software (v. 4.3.1; R
Core Team, 2023). The model was fitted using the function ‘glmer’
of the package ‘glmmTMB’ (Brooks et al, 2017b). VIF was
determined using the function vif of the package ‘car’ (Fox and
Weisberg, 2019). The results were visually represented using the
package ‘ggplot’ (Wickham, 2016). The data analysed for this model
comprised a total of 7850 observations at eight feeding platforms,
with two daily foraging bouts over a period of 20 days.

2.8 Ethical note

Goffins have a protected status in Indonesian Government
Regulation No. 7 of 1999 Presiden Republik Indonesia, 1999a;
Presiden Republik Indonesia, 1999b. International trade was
banned within Appendix I of the 1994 Convention on
International Trade in Endangered Species (CITES; 55). Our
research plans were reviewed and approved (Ref No.: 047/KE.02/
SK/9/2022) by the Animal Research Ethics Committee of the
Indonesian National Research and Innovation Agency (NRIA),
and all our research activities were following the Indonesian
Ministry of Environment and Forestry Regulation No. 92 of 2018
(dan Kehutanan, 2018).

3 Results

Overall, the full model was significant as compared to the
reduced model (likelihood ratio test: %2 = 193.16, df = 18, P <
0.001). We found significant effects of foraging bouts, with most
visitations occurring in the early moming and late afternoon, which
is likely associated with the significant effect of daily recurring
weather variation (temperature, sunlight, and humidity). However,
no other measures seemed to have a strong effect on the general
visitation of one or more Goffins to platforms (Table 1, zero-
inflated model).

The two daily foraging bouts (shown descriptively in Figure 2)
had peaks at 06:00 and 17:00, as indicated by the number of camera
images triggered by visitations and false positive triggers caused by
either moving vegetation in the background or shadows. These
bouts were confirmed in the binomial part of the hurdle model by
the highly significant effect of our modelled temporal variation (as
the sin and cosine in radians time) in visitations (Table 1). The
principal component variable representing recurring weather
variation (PC1) had a highly significant negative effect on
visitations. At higher values of PC1 (corresponding to higher
levels of solar intensity, higher temperature, and decreased
humidity), significantly fewer visitations were recorded (Figure 3).

While no other predictors seemed to affect general visitation
rates, the number of individuals present during visitations
(conditional/Poisson model) was significantly affected by the
amount of rainfall and days since baiting, in addition to the
compound predictor for recurring weather variation (PC1) and
two temporally spaced foraging bouts (Table 1). With the increasing
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TABLE 1 Results of the employed hurdle model with the conditional (truncated Poisson) and zero-inflated (binomial) parts; estimates are provided

with standard errors, confidence intervals, z values and significance codes.

Term Estimate | SE Lower ClI | Upper Cl | zvalue | P Sig.code
Conditional (truncated Poisson) model | (Intercept) -0.361 0.147 | -0.656 -0.254 -2.460 0.014 *
Playback™ 0.100 0094 | 0.021 0217 1.056 0291
sin(Time) 0.045 0102 | -0.074 0242 0446 0.656
cos(Time) 0633 0150 | 0518 0.858 4210 0000 |
PC1 0229 0057 | -0313 -0.127 -3.986 0000 |
Rain® -0.042 0012 | 0077 0.006 -3.389 0.001 i
Wind® -0.042 0036 | -0.066 0.006 -1.156 0248
Days since baiting® | -0.288 0072 | -0333 -0.182 -4.000 0.000 A
Zero-inflated (binomial) model (Intercept) 4693 0554 | 4.061 6.040 8475 <0001 |
Playback") -0.247 0408 | -0.805 0334 -0.606 0544
sin(Time) -1.600 0501 | -2.634 -1.208 -3.194 0001 | %
cos(Time) -3.454 0428 | -3916 2932 -8.079 <0001 |
PC1 1.555 0.202 1.427 1.888 7.714 <0.001 Rl
Rain® 0.115 0059 | 0.035 0265 1.936 0.053 °
Wind® 0.238 0.179 | 0.040 0.524 1.333 0.183
Days since baiting™ | 0494 0290 | -0523 0995 1.706 0088 |~

Significance codes: 0 **** 0.001 **’ 0.01 " 005 0.1° " 1.
M dummy coded with ‘No Playback’ set as the reference level.

@) z.transformed to a mean of zero and a standard deviation (SD) of one; the mean and SD of the original ranks were 0.081 and 0.892, respectively.
©) ztransformed to a mean of zero and a standard deviation (SD) of one; the mean and SD of the original ranks were 7.161 and 5.638, respectively.
) ztransformed to a mean of zero and a standard deviation (SD) of one; the mean and SD of the original ranks were 4.581 and 2.982, respectively.

value of PCI (corresponding to higher levels of solar intensity,
higher temperature, and decreased humidity), the number of
individuals decreased (Figure 4A). To illustrate the effects of
different environmental measures (PCl: temperature, sunlight,
and humidity), we also provide a composite graph for these
measures in relation to the number of individuals present at the
feeding platforms throughout a 24-hour period (Figure 4B). Note
that, as all of the measures are correlated with each other and load
strongly on PCI, it is not possible to pinpoint one single factor

(sunlight intensity, temperature, or humidity) as driving or limiting
the number of individuals visiting the platforms.

With increasing rainfall, the number of individuals visiting the
platforms (triggering motion-detection cameras) significantly
decreased (Figure 5A). Nevertheless, dry and wet corn seemed to
be consumed at similar rates. Similarly, fewer individuals visited the
platforms as the number of days since baiting increased (Figure 5B).
Notably, neither wind speed nor playback affected general
visitations or the number of individuals during the visitation
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events. Random effects of location and foraging bouts on different
days showed relatively large variation compared to fixed effects,
especially for the general visitations (binomial model; Table 2).
Hence, visitation rates differed substantially between different sites
and days (Supplementary Figure 2A), but only little variation in the
maximum number of foraging individuals was found between
different locations (Supplementary Figure 2B).

4 Discussion
4.1 General discussion
The novel custom-designed feeding platforms located at forest

edges successfully and reliably attracted wild, free-ranging Goffins.
Importantly, as the naturalistic corn baiting schedule overlapped
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with the locally occurring harvest times, our approach did not
disturb the Goffins’ seasonal foraging patterns or interfere with
their social/family relationships. Therefore, observations collected
from the feeding platforms can be considered generally indicative of
wild Goffins’ behaviour on the Tanimbar Islands. Based on the
obtained data, we could confirm the previously observed diurnal
activity patterns consisting of two main foraging bouts in the
mornings and afternoons (O'Hara et al, 2018). Psittacines
generally have two main foraging bouts, in the mornings and the
afternoons/evenings (for a review, see Koutsos et al, 2001),
separated by a roosting period (Riley et al., 2023). Focusing
foraging activities in the cooler parts of the day reduces metabolic
heat production when heat dissipation is most difficult (Riley et al.,
2023). For example, a similar temporal distribution of feeding
patterns has been reported in Galahs (Eolophus roseicapilla;
Noske, 1980) and Little corellas (Cacatua sanguinea; Hubregtse,
2020). Additionally, we observed higher visitation rates during the
morning than the afternoon bouts, which resembles the foraging
strategy observed in songbirds (Farine and Lang, 2013). Due to the
high correlation between time of day, temperature, sunlight
intensity, and humidity, it is not possible to pinpoint a single
environmental factor responsible for influencing the
Goffins’ behaviour.

Intriguingly, not all factors affecting group size showed the same
effect on visitations in general. While increasing rainfall seemed to
deter larger groups, it did not affect visitation on the feeding
platforms in general, as shown by a significant effect of rainfall on
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the conditional, but not the zero-inflated, model. As Goffins readily
consume wet corn (B.M. & M.O., personal observations), the
condition of the bait itself did not contribute to the decreased
visitations. Instead, we speculate that larger groups were deterred by
heavy rainfall, while smaller groups (single individuals, pairs, or
potentially family groups) could have been composed of individuals
residing locally in the areas surrounding the feeding platforms.
Similarly, a study on Echo parakeets (Psittacula echo; Tollington
et al, 2019) has shown that individuals residing near feeding
stations utilise them more. Therefore, it is likely that in heavy
rainfall, the foraging range might be limited, leading to only resident
Goffins visiting the feeding platforms. However, as we currently lack
individual recognition (limited individual distinction relied on
visible body differences, such as a missing toe or eye; BM. &
M.O. personal observations) and movement data on this species,
this hypothesis remains to be tested. Furthermore, it is important to
note that the study period coincided with the dry season and that
larger variation in rainfall could lead to different foraging
activity patterns.

Similarly, the days since baiting (food resource depletion)
affected the number of individuals foraging at the feeding
platforms but not visitations generally. The largest number of
Goffins (10 individuals simultaneously on the feeding plate) was
attracted shortly after baiting when most corn was available. Fresh
patches provide food quickly, but the intake rate declines as
foraging individuals deplete the source (Pyke, 2019). Nevertheless,
even after several days and corresponding decreasing corn
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TABLE 2 Estimated standard deviations for the contribution of the
random effects and residual standard deviation from the employed
hurdle model.

Std.
Term | Effect” Dev.
Conditional (truncated Location | Intercept <0.001
Poisson) model
sin(time.rad) 0.119
cos(time.rad) 0.160
Days
since baiting® 0113
nested Intercept <0.001
sin(time.rad) 0.726
cos(time.rad) 0413
Days
0.268
since baiting®
Zero-inflated (binomial) model Location | Intercept 0923
sin(time.rad) 1.048
cos(time.rad) <0.001
Days
since baiting® 0531
nested Intercept 1.442
sin(time.rad) 3.142
cos(time.rad) 1.890
Days
since baiting® <0001

Intercept’ denoting the random effect and other entries the random slope effects.
@) z.transformed to a mean of zero and a standard deviation of one; the mean and SD of the
original ranks were 4581 and 2.982, respectively.

availability, the platforms were frequently visited by a few
individuals (even after the fifth day after baiting; M = 2, min = 0,
max = 7). Upon locating a reliable food source, such as sunflower
crops, some cockatoo species (Galahs and White cockatoos)
continually revisit that location to forage (Noske, 1980). Similarly,
flocks of Goffins were observed to raid cornfields for 4-5 days on
the Tanimbar Islands (Cahyadin et al., 1994a; Jepson et al., 2001).
Group foraging might vary within species and individuals over
time, and flocking was suggested to correlate with food patchiness,
even in a dense forest habitat (Terborgh and Diamond, 1970).
Forest-dwelling prey animals rely on inconspicuousness to avoid
predators (for a review, see 61). However, foraging might involve
trade-offs when locations with abundant/high-quality food carry
higher predation risk (e.g., due to increased visibility when foraging
on open agriculture fields; 10). However, in these circumstances,
group foraging provides multiple anti-predatory benefits to
individuals: dilution of predation risk, faster detection and early
warning of predator presence, and group defence (Giraldeau and
Pyke, 2019), such as mobbing (Curio, 1978 B.M. & M.O.,
personal observation).

Playback sessions did not have an effect on attracting Goffins to
the feeding platforms. We interpreted the recorded vocalisations as
contact calls because of the context in which they occurred: multiple
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individuals were calling during group foraging on a cornfield as
further individuals were arriving. Psittacines seem to be attracted by
vocalisations of foraging conspecifics, as indicated by a study on
Brown-throated conures (Aratinga pertinax xanthogenesis;
Buhrman-Deever et al, 2008), in which overflying flocks were
more likely to arrive at a location with a foraging group calling to
the approaching individuals. Loud contact calls were also proposed
to coordinate fission-fusion dynamics of multiple groups during
foraging instead of being simple greetings exchanged (Saunders,
1983; Balsby and Bradbury, 2009). Potential explanations for the
absence of response in our study include unfamiliarity with the
recorded individuals, attenuation/degradation of signals, or
pseudoreplication (Rosenthal, 2019). Alternatively, the clear
visibility of corn on the feeding platforms could have served as a
sufficient stimulus to attract Goffins. Furthermore, as these foraging
locations were potentially already known to the locally residing
Goffins, playback may have been ineffective in attracting additional
individuals to these locations.

Interestingly, the feeding platforms reliably attracted only
Goffins, despite several other psittacine species (Blue-streaked
lory, Eos reticulata; Eclectus parrot, Eclectus roratus riedeli; Great-
billed parrot, Tanygnathus megalorynchos subaffinis; and Red-
cheeked parrot, Geoffroyus geoffroyi timorlacensis; Bishop and
Brickle, 1998; Eaton et al, 2021) living on the Tanimbar Islands.
A few instances of occasional visits by Barred doves (Geopelia
maugeus) and Cinnamon-banded kingfishers (Todiramphus
Australasia), as well as a single visit of a civet (Paradoxurus spp.)
were recorded (none of these species appeared to feed on the corn).
The other psittacine species were occasionally present within the
area surrounding the feeding platforms (within 100m). However,
they never landed on the platforms, and no active monopolisation
by Goffins was observed. While corn might not be suitable for
nectarivore and mainly frugivore species (Blue-streaked lorries and
Red-cheeked parrots; Collar, 1997 Juniper and Parr, 2010), this
foraging limitation should not apply to the larger psittacine species,
as they can readily feed on corn in captivity (e.g., Eclectus parrot;
Rachmatika et al., 2020). However, the other psittacine species on
the Tanimbar Islands seem to typically forage on easily accessible
food sources (such as fruit, nectar, or small seeds; Collar, 1997;
Juniper and Parr, 2010) and might not need to explore novel
foraging opportunities (such as agriculture fields or feeding
platforms; Mioduszewska et al, 2022). A similar adaptation to
anthropogenic food sources (crops or ornamental plants) by only
some potential species in an area was observed in insects (for a
review, see Sih et al., 2011).

The exclusive use of the feeding platforms by Goffins may be
attributable to them being opportunistic feeding generalists with
reduced neophobia (hand-raised individuals in a laboratory setting
are explorative and mildly neophobic O'Hara et al, 2017). The
relationship between birds and their environment is evident
through their active search, exploration, and response to novel
habitat features, food sources, and other potential resources
(Greenberg and Mettke-Hofmann, 2001). Some wild animals can
adapt their foraging strategies to exploit anthropogenic habitats,
such as agriculture fields (for a review, see Hockings and
McLennan, 2012). Specifically, generalist species inhabiting
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variable environments were proposed to exploit more resources
from various habitats and be more behaviourally flexible, more
explorative, and less neophobic than dietary/habitat specialist
species relying on more stable resources (for reviews, see
Greenberg and Mettke-Hofmann, 2001; Mettke-Hofmann, 2014).
In apes, provisioning success was suggested to depend on their pre-
experience with foraging on anthropogenic food sources (e.g., crop-
raiding; McGrew, 1992). Any novel feeding location must first be
approached, explored, and sampled before the visiting individuals
can assess its potential costs and benefits (Greenberg and Mettke-
Hofmann, 2001). Therefore, opportunistic feeding generalists (such
as Goffins) may gain more from reduced neophobia and increased
exploration of potential novel foraging locations. Foraging
generalism and opportunism were also proposed as one of the
characteristics adaptive for utilising anthropogenic food sources in
cercopithecine monkeys, a subfamily of the Old World monkeys
(including baboons, Papio anubis; or vervets, Chlorocebus
pygerythrus). These species are some of the most frequent primate
crop raiders (for a review, see Warren et al., 2011). Similarly, many
various crop-raiding species are generalist foragers (e.g., elephants,
Loxodonta Africana; or racoons, Procyon lotor; for a review, see
Hockings and McLennan, 2012) and introduced Rose-ringed
parakeets (Psittacula krameri) were observed to use bird feeders
opportunistically (Clergeau and Vergnes, 2011).

4.2 Evaluation of the feeding platforms

Fieldwork studies provide less rigorous control and involve
more potentially confounding factors (e.g, weather changes or
distractions) than the laboratory setting (Pritchard et al, 2016).
The natural habitat of an animal was even compared to “an arena
where almost all behaviours are confounded by countless variables”
(p. 42; Goodall, 1986). However, field research is invaluable for
understanding the evolutionary drivers of behaviours and cognition
(Janmaat, 2019). Feeding platforms that can reliably attract wild
psittacines offer multiple advantages for research in their natural
habitat. However, certain limitations are also present, and potential
risks should be carefully considered and evaluated.

Importantly, to successfully attract a target species, the design and
placement of feeding stations should consider their natural behavioural
routines. For example, wild New Caledonian crows were recorded
foraging on the ground (Rutz et al., 2007). Therefore, low feeding tables
(1m above the ground) constructed from branches/forest materials are
sufficient to reliably attract this species for detailed behavioural
observations (e.g., Hunt and Gray, 2004; Holzhaider et al, 2010).
Wild Goffins land on the agriculture fields (Mioduszewska et al,, 2018;
O'Hara et al, 2018) and have even been observed descending to the
ground to forage on dropped corn kernels (BM. & M.O., personal
observations). However, they are typically highly vigilant and easily
startled in such circumstances. Therefore, developing elevated feeding
platforms for this particular species was considered more promising for
a reliable and wildlife welfare-oriented approach (Lindsjo et al, 2019;
Beaulieu, 2023).
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4.2.1 Advantages

Generally, research programs involving feeding wildlife
contribute to our understanding of the natural world and fulfil
multiple criteria promoting the welfare of studied animals (Dubois
and Fraser, 2013). These include the feasibility of managing the
feeding schedules and the fact that relatively few animals are
affected during a relatively small portion of their lifespan. As
feeding research projects are generally short-term, they do not
permanently disrupt natural foraging patterns (avoid permanent
food-conditioning). The main advantage of baited locations is the
enhanced opportunities for close observations of wild, free-ranging
animals. However, it was suggested that behavioural data collected
through this method do not reflect natural foraging conditions
(McGrew, 1992; Rutz et al,, 2007). Although providing corn on the
feeding platforms temporarily affected Goffins’ activity patterns, the
baiting schedule resembled the natural harvest times on the
Tanimbar Islands. The presence of Goffin aggregations on
agriculture fields and their reported corn consumption (Cahyadin
et al, 1994b) confirm the ecological validity of using feeding
platforms baited with com to attract wild Goffins.

The naturalistic baiting schedule also did not modify the
abundance of a valuable, ephemeral food source. Therefore, it did
not create dependency on the feeding platforms among the local
Goffin population. Even species relying on anthropogenic food
sources for most of their diet maintain wild-foraging skills
(McKinney, 2011). Importantly, our approach did not introduce a
novel food source (corn has been present on the Tanimbar Islands
since around the 16" century; Pesireron et al., 2021) and did not
modify the behavioural repertoire of wild Goffins. Regarding the
nutrition of crop-raiding psittacines, Carnaby’s cockatoos feeding
on canola seem to avoid increasing foraging on agriculture fields
relative to native vegetation (Riley et al., 2023). Therefore, at least
some psittacines seem to regulate the intake of specific dietary
nutrients by managing the proportional consumption of different
types of food in their diet (e.g., high-energy anthropogenic crops vs
high-protein native seeds).

The suitability of free-ranging animals as research candidates in
the wild depends on their reliability, observability, and amenability
(Pritchard et al, 2016). Reliable species can be encountered on
multiple occasions and exhibit the studied behaviour frequently
enough, thus allowing adequate data collection. Observable animals
can be identified, and their behaviours can be recorded, whereas
amenability relates to their willing participation in field experiments
(motivation to engage with provided tasks). The novel design of
feeding platforms allows for the reliable recording of wild Goffins’
behaviours. Goffins are also likely amenable as multiple individuals
manipulated the artificial elements of the setup (plastic feeding
plates or elements of the hoisting system). However, more research
is needed on how wild individuals react to novel objects and tasks
provided on the platforms. Furthermore, feeding platforms may
facilitate the investigation of mechanisms underlying complex
behaviours (such as tool use) and their social transmission under
free-ranging conditions (which might not easily be reproduced in a
laboratory setting; Pritchard et al,, 2016).
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4.2.2 Limitations and potential risks

Limitations of the presented approach relate to the context
specificity, generalizability, lack of control over the number of
visiting individuals, and interferences. Feeding platforms, by
definition, attract only individuals engaged in foraging. Therefore,
they are unsuitable for observing other behaviours, such as breeding
or movement patterns. In terms of generalisability, conclusions
derived from this study might apply only to Goffins experienced
with anthropogenic food sources, either wild or introduced in
different locations. Groups predominantly dwelling deep in the
primary forest may be less familiar with agriculture fields and react
differently to artificial foraging opportunities. Furthermore, the
feeding platforms were strategically positioned in clearings at the
forest edges to ensure their conspicuousness. The current design
might not effectively attract Goffins within the forest due to
restricted visibility in the dense vegetation (developing platforms
suspended from the trees might offer a more promising approach).
A further challenge emerges as the number of visiting Goffins
cannot be controlled. Goffins seem to form fission-fusion flocks
(O'Hara et al, 2018) and, as the majority of psittacine species
(Bradbury, 2003), are likely non-territorial (B.M. & M.O., personal
observations). Therefore, the feeding platforms can attract either
few individuals or large groups (>10; e.g., during the first days after
baiting) instead of consistently attracting smaller family units as is
the case in less sodial (e.g., New Caledonian crows; Holzhaider et al.,
2011) or territorial (e.g., Common buzzards; Mioduszewska et al.,
2021) species. This variability in the number of visiting individuals
holds significant implications for the type of research questions that
can be posed, with the current design bound to group-level
paradigms. Finally, due to the free-ranging aspect of the setup,
intra- and inter-specific disturbances may occur during data
collection. These challenges inherent to all fieldwork studies (for a
review, see Pravosudov, 2022) cannot be controlled and should be
considered during the preparatory phase.

Regarding potential risks, transmission of pathogens is a
concern associated with animal aggregations at supplementary
food sources (through artificially concentrating individuals and
directly/indirectly increasing contact rates; IUCN/SSC, 2013;
Sorensen et al., 20145 Fogell, 2019). Although the feeding
platforms elicit natural patterns of Goffin flocking observed at
agriculture fields on the Tanimbar Islands (Cahyadin et al., 1994a;
Jepson et al, 2001), the density of individuals is higher on a feeding
platform (artificially clustered food source) than on trees bordering
agriculture fields. Regarding the biosecurity protocol, although the
feeding platforms were constructed from durable materials that
facilitated easy cleaning (plastic feeding plates, hardwood base),
removing food remnants was restricted to the rebaiting events.
However, between cleaning, we could also rely on the strong UV
radiation of the sun for daily disinfection. The presence of the PBFD
virus on supplemental feeding stations used for Echo parakeets
endemic to the Mauritius islands (Fogell, 2019) might stem from a
potential lack of continuous intense UV radiation and the stations’
design. Each feeding station consisted of two main parts: feeders
(closed with lids to prevent water from entering) and perches.
Feeders accumulated significantly more virions than their
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associated perches, and the most closed/sheltered design had the
largest PBFD load. Importantly, viral accumulation was not
progressive (attributed to exposure to wind and rain that might
naturally remove infected feather dust) and was not influenced by
the density of individuals visiting the feeding stations. The open
design of the feeding platforms used in this study did not prevent
UV from reaching both the feeding and perching areas, and it
allowed for the potential cleaning effects of wind and rain.
Furthermore, food on the feeding platforms was not consistently
provided throughout the year (as with Echo parakeets), thus further
reducing the potential risk of pathogen transmission. Finally, as the
feeding platforms attracted mainly Goffins, there was a limited risk
of spreading pathogens across avian species, a common concern
related to other wildlife feeding methods (e.g., bird feeders; Becker
et al., 2018).

4.2.3 Alternative approaches

Alternative approaches to constructing feeding platforms to
facilitate behavioural observations include monitoring agriculture
fields or building capture-release aviaries. Close-range behavioural
observations of free-ranging Goffins could be conducted on local
agriculture fields, where visibility is less limited by dense vegetation.
However, such data collection may induce an observer effect and
deploying motion-detection cameras could be challenging due to
difficulties in predicting the exact location where individuals will
aggregate. Furthermore, observations from a distance provide
limited behavioural details and can often lead to conflicts with
local farmers (who often either trap or scare Goffins away to protect
crops). Thus, conducting behavioural observations or providing
cognitive tests on the agriculture fields entails the risk of human
interference. Additionally, local farmers may also decide to switch
to crops that are less attractive to Goffins (such as chillies or
bananas; B.M. & M.O., personal observation), and the presence of
cornfields and harvesting times are becoming increasingly
unpredictable due to variable weather (potentially due to climate
change; for reviews, see Loo et al,, 2015; Praveen and Sharma, 2019).

Another alternative approach is the use of field capture-release
aviaries, which provide the opportunity to conduct detailed
observations of temporarily-captive wild birds in semi-controlled
and semi-naturalistic conditions within their natural surroundings
(e.g., New Caledonian crows; Klump etal.,, 2015; St Clair et al., 2018;
Goffins; Rossler et al., 2020; O’Hara et al, 2021). This method allows
researchers to systematically investigate the behaviour and cognitive
abilities of wild individuals, although in unnatural captive
conditions that are susceptible to interference from the external
environment (i.e., changeable weather, vocalising nearby
conspecifics and heterospecifics) and deprive individuals of the
freedom of movement and social interactions (McGrew, 1992).
Furthermore, constructing field aviaries is not always feasible
(logistically and financially) or desirable (difficulty in capturing
the target species, potentially splitting mated pairs/families,
biosafety concerns). This approach also does not exclude the
potential for a captivity bias (Haslam, 2013), where both short-
and long-term captivity might impact the behaviour and
performance of subjects (for a review, see Rossler et al, 2020).
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However, field and captive studies could complement each other
(Rutz, 2018). Experimental setups on the feeding platforms can be
used to assess the ecological validity of cognitive findings from
captivity in a free-ranging environment. Conversely, field aviaries
provide an opportunity for more controlled setups.

4.3 Future directions

The next step for collecting behavioural data and conducting
cognitive tests on the feeding platforms is establishing individual
recognition. The identification and quantification of cognitive
abilities within a population rely on repeated recording of the
performance of the same individuals (Pritchard et al, 2016).
Automated individual recognition systems, such as Radio
Frequency Identification (RFID) tags (e.g., Farine and Lang, 2013;
Aplin et al, 2015) or application of QR-tags, would allow
identification of individuals repeatedly feeding in the same area
(home ranges), participating in social interactions and engaging
with provided cognitive tasks. Footage of tagged individuals may
further act as a training set for an open-box convolutional neural
network, which can subsequently be applied to identify untagged
individuals (Ferreira et al., 2020). Additionally, the use of Artificial
Intelligence (AI) for behavioural scoring (Bohnslav et al., 2021) has
the potential to provide a mostly automated data collection system.
Individual identification would also benefit population monitoring,
as it was suggested that investigations of population dynamics
should also include models of foraging by individuals (for a
review, see Pyke, 2019).

Conservation of this species could also benefit from developing
an individual recognition system. Social dynamics may offer
valuable information about broader species trends, with
demographic measures crucial in evaluating a species’ overall
vitality and potential future population trends (Anders and
Marshall, 2005; Mills, 2013). Long-term monitoring over wet and
dry seasons, as well as breeding and non-breeding seasons (e.g.,
Cameron, 2005; Berg et al., 2007; Contreras-Gonzalez et al., 2009;
De Labra-Hernandez and Renton, 2019), would further provide
information on seasonal changes in the population and foraging
patterns (likely affected by the distribution and abundance of food;
Noske, 1980), as well as motivation to explore experimental tasks.
Feeding platforms could also be used in behavioural research
laboratory facilities that house groups of psittacines to allow a
standardised, direct comparison between the behaviours and
cognitive skills of captive and wild populations.

5 Conclusions

Fieldwork studies are fundamental for extending phylogenetic
comparisons across the animal kingdom, ultimately contributing to
a deeper understanding of the factors influencing the evolution of
behaviours/cognitive skills (Janmaat, 2019). However, “observation
in nature is really negotiation” (p. 34; McGrew, 1992) between
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researchers and the target species. This study offers a novel feeding
platform design and a naturalistic baiting schedule for reliably
attracting wild psittacine species that are opportunistic feeding
generalists. It offers an approach alternative to captive studies by
enabling research on behaviour and cognitive skills in an
ecologically valid setting. Studies combining behavioural and
weather data can also provide insights about avian responses to
climate change (Mainwaring et al., 2021). However, potential
ethical considerations should be thoroughly evaluated on a
species-by-species basis to assess the feasibility and potential
benefits of implementing feeding platforms. We hope to stimulate
field research on wild, free-ranging psittacines in their natural
environments and consider the presented approach a promising
platform for unveiling behavioural and cognitive treasures hidden
in the dense tropical forest.
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