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Abstract — Comparative cognitive and behavior research aims to investigate cognitive evolution by comparing
performance in different species to understand how these abilities have evolved. Ideally, this requires large and diverse
samples; however, these can be difficult to obtain by single labs or institutions, leading to potential reproducibility
and generalization issues with small, less representative samples. To help mitigate these issues, we are establishing a
multi-site collaborative Open Science approach called ManyBirds, with the aim of providing new insight into the
evolution of avian cognition and behavior through large-scale comparative studies, following the lead of exemplary
ManyPrimates, ManyBabies and ManyDogs projects. Here, we outline a) the replicability crisis and why we should
study birds, including the origin of modern birds, avian brains and convergent evolution of cognition; b) the current
state of the avian cognition field, including a ‘snapshot’ review; c) the ManyBirds project, with plans, infrastructure,
limitations, implications and future directions. In sharing this process, we hope that this may be useful for other
researchers in devising similar projects in other taxa, like non-avian reptiles or mammals, and to encourage further
collaborations with ManyBirds and related ManyX projects. Ultimately, we hope to promote collaboration between
ManyX projects to allow for wider investigation of the evolution of cognition across all animals, including potentially
humans.

Keywords — Animal cognition, Birds, Comparative psychology, Replication, Metascience, Open science

Cognition may be broadly defined as including perception, learning, decision-making and memory
(Shettleworth, 2010). A key aim of comparative cognitive research centers around understanding the
variation in cognitive traits across species, in order to gain insight into the selective pressures that drive
their evolution (Shettleworth, 2010; Thorndike, 1911). To do so ideally requires data from a large number
of individuals and species using methods that generate reliable cross-species comparisons; however, these
remain two of the major challenges faced by the field (Krasheninnikova et al., 2020).

These issues have been raised early on in the field’s history, starting most notably with Beach’s
(1950) criticism of comparative psychology for the limited number of topics studied in very few species,
which precluded the field’s original aim to derive and test theories through multi-species comparisons
(Thorndike, 1911). The basis for these comparisons was additionally cited as lacking a strong theoretical
foundation and failing to consider species’ shared history (Hodos & Campbell, 1969). Yet despite the
established importance of large and diverse samples, collecting this level of data remains a significant
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hurdle in comparative cognition research today, as large samples of individuals or species can be difficult
to obtain by single labs or institutions, due to aspects that include funding and space for animal facilities,
as well as labor and time availability of researchers (Stevens, 2017). More commonly, research groups tend
to focus their efforts on one or two model species, often with relatively low sample sizes, to address a range
of questions or topics. The results from these studies are then often assumed to reflect the abilities of the
species in question. However, such small samples raise questions about the generalizability and replicability
of the results (Farrar et al., 2021; but see Smith & Little, 2018). Additionally, they limit our understanding
of how cognition may vary within a species or population, factors which are critical to understanding its
evolution (Chittka et al., 2012; Volter et al., 2018).

Although the diversity of species involved in comparative cognitive research has increased
substantially in the 50+ years since Beach’s (1950) original commentary, the field still faces similar
challenges today. As highlighted by Krasheninnikova et al. (2020), there is still a paucity of direct, large-
scale phylogenetic comparisons that would allow for robust inferences to be made regarding the distribution
and evolution of particular cognitive abilities. Indeed, most direct comparisons involve just a handful of
species (often two) — far below the estimated 20 species required to make reliable phylogenetic comparisons
(Freckleton et al., 2002). More commonly, results from single research groups are considered alongside
comparable data from other labs and species; however, even minor methodological differences between
studies can significantly impact results and preclude meaningful comparisons (Barth et al., 2005). As
subjects are often tested repeatedly with a range of tasks, members of the same species housed at different
research sites can exhibit striking differences in performance on identical tasks as a result of their testing
history or a range of other factors (Stevens, 2017). Consequently, introducing heterogeneity by sampling
from more individuals across a range of conditions (such as from different research sites) is a necessary
step forward (Farrar et al., 2021).

In recent years, there has been a growing push to form large-scale, multi-lab collaborations aimed
at collecting truly comparable data across a large number of species, specifically to target these weaknesses
(e.g., Krasheninnikova et al., 2020; MacLean et al., 2014; Stevens, 2017). For example, Maclean et al.
(2014) organized a large-scale comparative study of motor-self regulation across 567 individuals
representing 36 species of mammals and birds with the aim of understanding the evolution of self-control.
More recently, there has been the formation of several ‘ManyX’ projects with dedicated infrastructure for
ongoing, collaborative data collection across labs, beginning with the ManyBabies Project (e.g., Byers-
Heinlein et al., 2020) and the Open Science Collaboration (2015) in response to the replication crisis within
psychology. Following on from this, the ManyPrimates project was launched, which has enabled
researchers to collect and compile data from over 176 individuals representing 12 primate species
(ManyPrimates, Altschul, Beran, Bohn, Call, et al., 2019; ManyPrimates, Altschul, Beran, Bohn, Caspar,
et al., 2019). These efforts provide an encouraging way forward and a viable means of addressing issues of
sample size, replicability, and generalization, and can be extended to other taxa (such as the planned
ManyDogs project).

The avian clade consists of over 10,000 living species that cover the globe and represent a vastly
diverse range of ecological niches, social structures, life histories, and foraging habits (Gill et al., 2021).
Moreover, the field of avian cognition has been steadily expanding, particularly over the last two decades,
to incorporate research on more species in both field and lab settings. Most notably, comparisons between
corvids (and more recently parrots) and primates have revealed striking similarities in cognitive abilities
that have generated extensive discussion into the convergent evolution of cognition in these taxa, which
last shared a common ancestor some 324 million years ago (Dos Reis et al., 2015; Emery & Clayton, 2004;
Lambert et al., 2019; Miller et al., 2019; Van Horik et al., 2012). Despite the growth of avian cognition
research, the field still only encompasses a small proportion of all extant bird species - we therefore lack
vital data and species representation to enable reliable inter- and intra-species comparisons within birds and
other taxa which would provide reliability in interpretation. For example, inclusion of more crow species
to a wider data set on self-control significantly improved overall performance of birds compared with apes
(Kabadayi et al., 2016; MacLean et al., 2014). As a growing area of research, avian cognition is well placed
to undertake similar large-scale collaborative efforts.
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We are in the process of developing a “ManyBirds” project (Figure 1), with the aim of establishing
an efficient and sustainable Open Science based framework for conducting multi-site studies of avian
cognition. The primary project aim is to provide new insights into the evolution of avian cognition through
comparative studies, following the lead of exemplary ManyBabies (e.g., Byers-Heinlein et al., 2020),
ManyPrimates (ManyPrimates, Altschul, Beran, Bohn, Call, et al., 2019; ManyPrimates, Altschul, Beran,
Bohn, Caspar, et al., 2019) and ManyDogs projects, such as testing the impact of socio-ecological factors,
underlying evolutionary mechanisms and construct validity of cognitive abilities (ManyPrimates, Altschul,
Beran, Bohn, Caspar, et al., 2019). We aim to include as many avian species and subjects as possible from
a variety of lab, zoo, farm, private residence and field sites, by pooling resources world-wide and facilitating
collaboration, open discussions, expertise sharing, and the development of new study designs and ideas. It
should enable improved replicability (e.g., test/re-test) and generalizability, with remote accessibility for
all.

Figure 1

The ManyBirds Project Logo

- Many
Birds

Note. Credit to Stephan Reber and Emma Arbeau, 2021.

In this article, we focus on: a) why birds, including avian brains and convergent evolution; b) the
current state of the avian cognition field, including a ‘snapshot’ review of avian cognition from 2015-2020,
across 30 journals and 550+ articles; c) the ManyBirds project, including project plans, current stage,
limitations, implications and future research.

ManyX Projects and the Replication Crisis

ManyX projects have in part been motivated by psychology’s replication crisis, and there is
growing recognition that such replicability issues might affect animal cognition too (Beran, 2018; Brecht
et al., 2021; Farrar et al., 2021; Schubiger, 2019; Stevens, 2017; Tecwyn, 2021). Through a combination of
false-positive inflating research practices and a publication bias against negative results (Bishop, 2019),
literatures can soon be populated by statistical effects that are large overestimates (Gelman & Carlin, 2014),
and that often fail to replicate in new samples (Open Science Collaboration, 2015). In the human literature,
multi-site studies were necessary to provide strong tests of scientific hypotheses with high statistical power
and heterogeneous samples of participants, settings, and experimenters (Klein et al., 2014, 2018; Wiirbel,
2000). Such benefits may be heightened in fields with many unique samples, such as animal cognition
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(Lange, 2019). In these fields, multi-site collaborations offer the opportunity to test the replicability and
generalizability of effects, both within- and between-species, in addition to stronger tests of evolutionary
hypotheses (ManyPrimates et al., in press; ManyPrimates, Altschul, Beran, Bohn, Call, et al., 2019;
ManyPrimates, Altschul, Beran, Bohn, Caspar, et al., 2019). However, perhaps one of the key early benefits
of ManyX projects in animal cognition will be in understanding just how much variation occurs across
different samples of the same species between test sites, as this will provide indirect evidence for the likely
robustness of many previously published effects, and consequently the robustness of the between-species
comparisons that are central to comparative cognition. These ManyX approaches are therefore necessary
across a range of taxa, including mammals, birds and reptiles.

Why Birds?
The Origins of Modern Birds

In contrast to all other ManyX projects to date, the subjects of ManyBirds are not mammals but
birds, which are reptiles and the last remaining dinosaurs. The direct ancestors of modern birds most
probably split from non-avian dinosaurs in the middle Jurassic period (Xu et al., 2011). They evolved and
diversified for approximately 100 million years before the Cretaceous-Paleogene extinction, which marked
the end for all other dinosaurs (Jarvis et al., 2005). The diversity of birds that existed at that time almost
completely disappeared as well. Only a few taxa of one of at least five major bird clades survived, the
Neornithes (Longrich et al., 2011). It has been suggested that the surviving species were relatively small
birds, capable of flight, which primarily lived on the ground and in the undergrowth (Field et al., 2018).
After the extinction, these few species gave rise to the diversity of birds seen today. However, the major
clades appear to have already originated in the late Cretaceous (Prum et al., 2015). The Neornithes had
already split into Palaeognathae (today represented by ostriches, emus, kiwis, tinamous etc.) and
Neognathae, which in turn had split into Galloanserae (the ancestors of fowl, such as chickens and ducks)
and Neoaves (all other birds, including passerines).

Today, birds are found on all continents, and they occupy almost every niche available to tetrapods.
During diversification, they encountered very similar socio-ecological challenges as mammals, and these
selected for highly comparable cognitive capacities (Emery & Clayton, 2004; Lambert et al., 2019). Due to
the very different evolutionary history of birds, their cognition did not evolve from the same substrate (see
section “The convergent evolution of cognition”). Hence, a large-scale comparison of the cognition of
different bird species will allow us to understand the evolution of avian cognition as well as explore how
the same selective pressures shape cognition in very different lineages.

Avian Brain

A further justification for focusing on birds is that the structure of the avian brain has significant
similarities as well as differences to the mammalian brain. The avian brain is organized in nuclei and does
not have a laminated cortex. For a long time, it was thus thought that the cerebrum of birds was primitive
and consisted almost entirely of striatal regions. We know today that, like in mammals, the vast majority
of it is actually pallium (Jarvis et al., 2005). The different nuclei are also interconnected similarly to the
different layers of the mammalian neocortex (Jarvis et al., 2005). The basic “neuroarchitecture” of birds
and mammals appears to share many more similarities than previously thought. They both have
orthogonally organized networks of fibres, which radially connect areas of sensory input with regions for
motor functions and tangentially associate areas of similar processing levels (Stacho et al., 2020). The
neurons themselves are highly conserved as well: several transcription factors are identical (demonstrated
by gene expression experiments) across mammals and birds (Briscoe et al., 2018). In short, the pallium
(forebrain) of amniotes (vertebrates that undergo embryonic or foetal development within an amnion,
including mammals, birds, other reptiles) can be organized in a variety of ways, but the different structures
can still enable comparatively complex cognitive capacities (Giintiirkiin, 2005). For the purposes of the
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ManyBirds project, it is mainly important to note that the avian brain is not a primitive version of the
mammalian one (Jarvis et al., 2005).

The pallium in mammals contains the prefrontal cortex, a part of the frontal lobe, which is the main
seat of executive functions, such as working memory, motor self-regulation, and decision-making
(Diamond & Bond, 2003). The prefrontal cortex is disproportionally large in primates, particularly humans
(Brodmann, 1909; Donahue et al., 2018) and hence generally considered vital for sophisticated cognitive
capacities. In birds, which lack a cortex, the equivalent brain region is the nidopallium caudolaterale (NCL).
It lies at the other end of the pallium to the prefrontal cortex. The two regions are on the structural level, to
the best of our knowledge to date, not shared by common ancestry (Shubin et al., 2009). However, they
strongly resemble each other in connectivity and chemoarchitecture (Glintiirkiin, 2005, 2012). This is
perhaps most apparent when looking at dopamine, the neurotransmitter involved in selecting, maintaining,
and processing information and in generating corresponding responses. The prefrontal cortex and the
nidopallium caudolaterale are both innervated by dopamine via the ventral tegmental area and the substantia
nigra, and their neurons are activated by D1 receptor cascades (Durstewitz et al., 1998). Both also receive
input from all sensory modalities and their output gets sent to the motor structures (Jacobs et al., 2019).

The nidopallium caudolaterale is well documented to be the seat of executive functions in birds
(for reviews see Glintiirkiin, 2005, 2012; Giintiirkiin & Bugnyar, 2016). For instance, pigeons (Columba
livia) show deficits in delayed alternation and working memory tasks when the area of the NCL is lesioned,
and the reduction in performance is proportional to the size of these lesions (Dieckamp et al., 2002;
Giintiirkiin, 1997). Additionally, single-neuron responses were measured in the NCL of carrion crows
(Corvus corone) during a visual detection task (Nieder et al., 2020). The crows’ neuronal responses, shortly
before providing feedback, correlated with the choices they made (correct or incorrect) rather than the actual
stimulus intensity. This study provided strong evidence for sensory consciousness in birds.

Given the importance of the NCL for sophisticated cognition, it should be expected that birds with
larger NCLs should perform at higher levels in cognitive tasks. Such allometries have been known for the
prefrontal cortex in mammals for over a century (Brodmann, 1909) - recent research showed that the same
might apply for the NCL in birds. Von Eugen et al. (2020) mapped the NCL in chickens (Gallus gallus
domesticus), pigeons, zebra finches (Taeniopygia guttata) and carrion crows. They found that the NCL is
more derived (denser, higher parcellation) in Passeriformes than in pigeons, and that NCL is larger in
pigeons than chickens The most elaborate version was observed in the carrion crow, a corvid known for
particularly sophisticated cognitive capacities. Executive function performance might indeed correlate with
the extent of the NCL, at least in Neoaves. In the classic cylinder task, which tests for motor self-regulation,
zebra finches performed better than pigeons, and ravens (Corvus corax; close relatives of the carrion crow)
outperformed the finches (Kabadayi et al., 2016; MacLean et al., 2014). These results would be expected
given the relative size of the NCL in these species (Von Eugen et al., 2020).

Bird brains are significantly smaller than mammalian brains, but they are still capable of highly
comparable cognitive performance (Seed et al., 2009). One suggested explanation is that there are
disproportionately more neurons in the avian pallium. The number of neurons in this part of the brain might
indeed reflect levels of cognitive performance better than absolute or relative brain size (Herculano-Houzel,
2017; Jacobs et al., 2019). The pallium of some birds, such as corvids and large-brained parrots, contains
an equal amount, or more, neurons than the forebrain of much larger primates (Olkowicz et al., 2016). For
instance, the pallium of a raven has slightly more neurons than that of a capuchin monkey although it is
only a quarter of the weight (Olkowicz et al., 2016). A ManyX approach focusing on birds enables further
exploration of the influence of brain structure on cognitive evolution.

The Convergent Evolution of Cognition

Their evolutionary history, extreme diversity, and brain structure make birds ideal candidates for
large scale multi-species comparisons, which in concert with the other ManyX projects can decisively
advance our understanding of cognitive evolution. The cognitive capacities of several corvids and parrots
has been suggested to rival those of primates in complexity (Emery & Clayton, 2004; Lambert et al., 2019).
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Similar social-ecological selection pressures may have led to this convergent evolution. However, in order
to truly understand how avian cognition evolves, we need to test many more bird orders. Historically, avian
research has focused on pigeons and quail, and more recently corvids, parrots, and several other
Passeriformes; however, other lineages are distinctly underrepresented. For example, our review found no
studies on Palacognathae, one of the two major bird clades, which has five distinct orders. Furthermore,
other bird lineages have adapted to unusual niches, such as penguins and flamingos, and we do not know
how this affected their cognition. Many bird species are still to be investigated using a comparative
approach to provide the opportunity to trace the evolution of cognition. We purposely did not limit this
planned project to a specific bird lineage.

By including as many species and individuals as possible, in labs, zoos, private residences and the
field, the ManyBirds project will be able to test several hypotheses about cognitive evolution and compare
behavior and cognitive performance both within (including between sites) and between species. A large
sample of different species is crucial for the success of this endeavor. There are many hypotheses aiming
to explain the evolution of mammalian, and ultimately human, cognition. Our project could validate or
challenge these hypotheses by studying the evolution of cognition in birds, which are evolutionarily distant
to mammals. In other words, hypotheses on cognitive evolution, which are confirmed in two very different
lineages, can be considered to have more support.

State of the Field
Methods

In order to gain a broad overview of contemporary avian cognition research including the species,
topics, and sites of study, we reviewed the recent avian cognition literature from 2015-2020, across select
journals, encompassing 550+ articles (from an initial output of 2,050 articles). We focused on 30 journals
relevant to avian/animal cognition (15 of which overlap with journals reviewed by ManyPrimates, Altschul,
Beran, Bohn, Caspar, et al., (2019)) and exported relevant articles from the Web of Science database using
a keyword search (terms: ((avian OR bird) AND (cogniti* OR intell* OR psycholog*)) + (((physical OR
social OR technical) AND (cogniti* OR intell*)) OR memory OR learn* OR atten*). For five select journals
that were likely to yield the highest number of papers related to avian cognition, we exported all published
papers within the specified time frame and reviewed titles and abstracts by hand. For both keyword and
hand searches, our criteria for inclusion in the review were i) the paper included data from at least one bird
species, ii) the paper included an experimental manipulation, and iii) the topic was cognition or relevant
psychological phenomenon as defined by Shettleworth (2010). Our date criteria of 2015-2020 included
articles published online in 2020, but with a print publication date of 2021.

We ran two pilot coding trials, where each of the five coders followed a coding guideline to code
a small subset of data. Following each pilot, we reconvened to discuss and confirm the final coding
guidelines, before dividing the data set between coders and proceeding to code the data. We began by sifting
by title and abstract according to the selection criteria. We then coded each relevant article using the same
format of excel sheet (see data availability statement for link to data). We acknowledge that our search
methods, like many other primarily keyword search-based reviews, may not result in a fully comprehensive
sample of all possible available avian cognition studies from 2015-2020. However, in using a predetermined
keyword search, plus hand-searching a selection of the most relevant journals, we aimed to produce a
reliable overview which is sufficient for the main purposes of this review (i.e., focusing on general topic,
sample size, sites and species representation). For included studies, we coded multiple types of information
(see Table 1).

Results

In total, we extracted data from 562 avian cognition studies from 2015-2020. Five additional
articles from 2021 were picked up by our searches, giving a total of 567 studies from 30 different journals,
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with the five most common being Animal Cognition (112 studies; 19.8% of the sample), Behavioural
Processes (52; 9.2%), Journal of Experimental Psychology: Animal Learning and Cognition (43; 7.6%),
Journal of Comparative Psychology (39; 6.9%) and Animal Behaviour (34; 6.0%).

Table 1

Coded Review Output with Corresponding Definitions

Output Definition
Species All bird species involved in study (common name as referred to by authors and Latin
P name)
Sample size Largest available sample size (for studies with multiple experiments)
Site Site name, country, and type (lab, field, farm or zoo)
. Whether the authors defined their study as a replication (yes/no; assessed with
Replication

keyword search within article for term ‘repli*’)

Divided into broad topic (physical cognition, social cognition, learning, memory,
predisposition, or other) and detailed topic (the specific topic of the paper as
Topic assessed by the coder, such as ‘Theory-of-Mind’ or ‘causal reasoning’). Note. If a
study was coded using more than one of our categories, the topic reported in the
results reflects the first one that was extracted by the coders.

Multiple species Yes/no; whether or not the study tests multiple bird species

. . Yes/no; whether the authors describe their study as occurring at multiple sites, usually
Multiple sites . . .

by providing more than one GPS coordinate or site name
Yes/no; whether the study involved invasive procedures such as injection,

Non-invasive . .
implantation, etc.

Species and Sample Sizes

Across the 567 studies, 141 different species were tested (Figure 2). Because 62 studies (10.9%)
tested more than one species, we had information for 621 instances of bird species tested across our studies.
Of these 621, Passeriformes constituted 299 (47.1%), Columbiformes 132 (21.3%), Psittaciformes 78
(12.6%) and Galliformes 71 (11.4%). Collectively, these four orders comprised 93.4% of our data. At the
family level, the most frequently observed were Columbidae (e.g., pigeons; 132, 21.2%), Corvidae (e.g.,
ravens, crows; 106, 17.1%), Paridae (e.g., great tits, Parus major, and blue tits, Cyanistes caeruleus; 72,
11.6%) and Phasianidae (e.g., pheasants, chickens; 71, 11.4%), which collectively comprised 61.3% of the
sample. Across all studies, the median sample size per species was 14 (minimum: 1; lower quartile: 8; upper
quartile: 34; maximum: 459). Of the 40 studies with sample sizes of 100 or more, 23 of these studied
Phasianidae, and were either laboratory studies of domestic chicks (e.g., Versace et al. 2017) or lab/farm
studies of pheasants (e.g., Langley et al., 2020), and 10 studies were field studies. Figure 3 and Figure 4
display the distribution of sample sizes by order and family from our sample (Figure 3: the four most
common orders; Figure 4: all other species).
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Figure 2

Phylogeny of Extant Bird Orders

Neognathae

Note. Numbers in bold indicate the number of instances this order occurred in our sample; the number of species (spec) and
taxonomic families (fam) are given in brackets. The phylogeny is based on Prum et al. (2015) and Kuhl et al. (2021); the branches
indicate inter-order relatedness only; branch length is not representing phylogenetic distance.
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Figure 3

Violin Plots of the Sample Sizes of the Four Most Often Studied Orders in Avian Cognition from 2015-2020
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Note. The two largest studies with sample sizes of 459 (Langley et al., 2020) and 388 (Versace et al., 2017), both Galliformes (e.g.,
pheasants), are not displayed on the graph to improve the visibility of the smaller sample studies. Dashed line shows overall median
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Figure 4

The Sample Sizes of the Less-Often Studied Orders in Avian Cognition
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Note. Dashed line shows overall median sample size.
Location and Geography

In our sample, 54 of the 567 (9.5%) studies were conducted across multiple sites. In terms of the
type of site, 423 (74.6%) were conducted in laboratories, 99 (17.4%) at field sites, 22 in zoos (3.9%), 17 on
farms (3.0%) and 6 (1.1%) did not report their sites or were conducted at a mixture of sites (e.g., in the lab
and the field). These studies were conducted across 34 different countries, 3 territories/islands (Canary
Islands, French Polynesia and New Caledonia), and Antarctica. The four most common countries were:
USA (143; 25.2%), UK (71; 12.5%), Canada (51; 9.0%) and Austria (41; 7.2%). Figure 5 displays the
distribution of studies across the globe.
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Figure 5

The Distribution of Avian Cognition Studies from 2015-2020 Across the Globe
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Topics and Methods

Table 2 displays the topics studied in avian cognition research between 2015 and 2020. These topics
were roughly evenly distributed between journals, other than learning studies, which were overrepresented
in Behavioural Processes (26 of 52 articles; 50%) and The Journal of Experimental Psychology: Animal
Learning and Cognition (22 of 43 articles; 51.1%). Figure 6 displays the topics studied for the four most
common Orders. Of the 567 studies, 42 (7.4%) used invasive procedures, and 41 (7.2%) contained at least
one self-defined replication study or reported using the same protocol as a previous study.

Figure 6

The Distribution of Avian Cognition Topics Studied Across Columbiformes (e.g., Pigeons), Galliformes (e.g., Chickens),
Passeriformes (e.g., Ravens) and Psittaciformes (e.g., Parrots)
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Table 2

Number of Studies Characterized Within Broad Research Topics

. Number of studies per broad Examples of sub-topics included within each broad
Broad Topic . .
topic topic term

Learning 162 Reversal leamlpg, spatial learning, vocal learning, go-
no-go, matching-to-sample

Memory 34 Spatial memory, m_ental time travel, long-term
retention, episodic memory

. .. Communication, social learning, social information

Social Cognition 107 . . . , .
use, inequity aversion, cooperation, theory-of-mind

Physical Cognition 38 Tool-u_se, string-pulling, problem-solving with
physical task

Perception 57 Visual discrimination, acoustic discrimination

Predispositions 16 Neophobla_, boldness, exploration, persistence,
personality

Other 118 Self-control, inhibition, meta-cognition, decision-

making, future planning

Comparison to Primates

We selected a similar review method as a recent primate review (ManyPrimates, Altschul, Beran,
Bohn, Caspar, et al., 2019) in order to be able to compare findings. We found that, similarly with the primate
review results, only a small proportion of bird species available (1.41%) were represented in bird studies
from 2015-2020, across the 30 journals included in our review. These species were typically from 4 main
orders, with relatively small sample sizes, represented by a small number of sites (Table 3).

Table 3

Avian Review Results Compared with Those of a Similar Primate Review (ManyPrimates, Altschul, Beran, Bohn, Caspar, et al.,
2019)

Measure Primates Birds

Number of species represented 68 (of >500 species available) 141 (of 10,000+ species available)

. . _ o .
Great apes (Hominidac) = 38% studies; Columbidae (e.g., pigeons) = 21.2% studies;

. _ o A
Most represented families Old-World monkeys (Cercopithecidae) = Corvidac (c.g., cri)ws) o 1_7'1 4” Phas1an1_dae7
40% of studics (e.g., pheasants) = 11.4%; Paridae (e.g., tits) =

0

11.6%. Total = 61.3% of the sample

Sample size range 1-481 1-459
Median sample size 7 14
% species with median sample 66% < 10 subjects 33.7% of samples < 10 subjects;

size under 10/20 60.4% of samples < 20 subjects

More than 1 species per study 19% 10.9%
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ManyBirds Project
Outline of Project Plans

With the ManyBirds project, our initial plan is to establish: 1. project infrastructure and 2. new
collaborations 3. coordinate and contribute data to ManyBirds Study 1, and 4. coordinate & contribute data
for the ManyBirds Study 2. We aim to build on this article, as well as a multi-lab neophobia (response to
novelty) study in 10 corvid species (crow family) with collaborators across 10 labs worldwide (Miller et
al., 2021), to formalize the project and enhance recruitment of collaborators. Furthermore, the success of
the related ManyBabies, ManyPrimates and ManyDogs projects indicates that there is general desire and
support throughout the research community to contribute and collaborate within these types of projects.
The ManyBirds project is a new and promising direction of research. We outline the initial planned project
objectives:

Establish Project Infrastructure

The ManyBirds infrastructure involves setting up and/or maintaining: a) website
(www.themanybirds.com), b) twitter account (@TheManyBirds) c¢) mailing list (join via website) d) email
address (manybirdsprojectl(@gmail.com) €) open repository (e.g., OSF/ Zenodo) f) slack channels (join via
website). For the research, we will communicate with collaborators via use of google docs (e.g., all
materials including manuscripts), video chats, slack and email, and will require a) polls to vote on study
focus and plans b) pre-registrations (OSF) c) code of practice and project policies including ethics,
authorship and data sharing guidelines d) study protocols, including practice videos illustrating procedures,
and requesting pilot videos from each facility to be checked by core team before data collection proceeds
e) coding guides f) analyses plans g) manuscript writing. We will actively utilise Open Science practices,
including pre-registration and/or Registered Reports, open data and code on repositories alongside relevant
publications, pre-prints, as well as the use of open-access publishing to ensure wide accessibility, as
transparency and pre-registration is necessary for effective collaborations (Allen & Mehler, 2019). Aspects
that we believe are novel for the ManyX projects include our aim to incorporate automated video analysis
(e.g., Reber et al., 2021) to reduce the time investment of manual coding & control for reliability, and
include captive (lab, zoo, private residence) plus field studies to improve generalisability and increase
within-species comparisons.

Form New Collaborations

We currently have several confirmed collaborators worldwide, including established avian research
labs through a previous collaborative study (Miller et al., 2021) as well as access to various bird species for
testing through our core team’s other new and existing collaborations (including with UK zoos). We plan
to utilize the findings of our present review to contact the researchers who have actively published on avian
cognition in the past 5 years to invite for collaboration. Additionally, through this article and additional
promotion of the project on social media (e.g., Twitter) and via our own networks (academic and zoos), we
hope to open up the collaborations more widely. To promote inclusivity, like ManyPrimates, we plan to
encourage contributions beyond data collection, to experimental design, data analysis and manuscript
writing, thereby enabling researchers without direct access to birds - or even specifically expertise in bird
research — to take part. This would allow for researchers or others outside the field to be involved, such as
statistical/ modelling experts and theoretical scientists including philosophers, to encourage
interdisciplinary approaches. We will include a ‘sign up’ survey, where collaborators can provide
information such as sample sizes and species, to enable us to prepare a general master list. Each collaborator
is required to obtain their own ethical approval prior to starting data collection and must provide evidence
of this when submitting data, an approach that has been successfully implemented with ManyPrimates
(ManyPrimates, Altschul, Beran, Bohn, Call, et al., 2019). Those collaborators that are not affiliated with
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an institution (for example testing in private settings) will be required to sign an approval form confirming
that they adhere to a set of ethical standards established by the organizers prior to data collection.

ManyBirds Study 1: Neophobia in Birds

We are currently preparing a publication on individual repeatability and the influence of socio-
ecological factors on neophobia in corvids, encompassing contributed data from 10 corvid labs worldwide
(241 subjects, 10 species, 13 groups of birds; Miller et al., 2021). We followed a similar protocol as Greggor
et al.’s (2020) ‘Alala study. We tested latency to touch familiar food in the presence and absence of a novel
food or novel object, compared with a baseline (familiar food only), and run 3x to allow for repeatability
(Greenberg & Mettke-Hofmann, 2001). We used differences scores (control minus novel item values) to
aim to standardize for unavoidable differences between labs. We found individual repeatability and
significant effects of several socio-ecological variables, including use of urban habitats, on neophobia
(Miller et al., 2021).

We are in the process of expanding on this pilot work to form our first ManyBirds study by opening
up new collaborations with bird species outside the corvid family, in order to test neophobia in birds with
a focus on a) species differences, b) influence of socio-ecological factors, and ¢) individual temporal and
contextual consistency. This work involves modifying the corvid protocol to be suitable for testing other
bird species (e.g., in social settings or at non-academic sites), and introducing the use of automatic video
analysis software (Reber et al., 2021). Additionally, to the existing corvid data set, Mettke-Hofmann et al.
(2002) tested object neophobia in 61 parrot species with comparable methods. Therefore, through new and
existing collaborations we have suitable data sets available for at least 10 corvid and 61 parrot species, with
a number of new data collection and collaborations confirmed. By including a wider selection of avian
species, we can also incorporate phylogenetic approaches. These neophobia tests are particularly ideal for
a first study due to being low-time and minimal labor requirement (3 conditions, 3 test ‘rounds’, 1 trial per
condition per round per day over 3 days, repeated every 2 weeks = 9 test days over ~6-8 weeks). There is
also the option to only collect 1 test round if the opportunity to collect more is not available (similar to
Mettke-Hofmann et al, 2002).

ManyBirds Study 2: Topic TBC

Following on from Study 1, we will initiate a second study within the project scope, where we
adopt a consensus-based approach to selecting the research topic and experimental paradigm for each
subsequent study to be voted on by the collaborative team. This will involve a list of potential suitable
topics and paradigms being presented by the core team, such as self-control, short-term memory or
innovation (problem-solving), with collaborators invited to vote on their preference. For example,
ManyPrimates focussed first on short-term memory (ManyPrimates, Altschul, Beran, Bohn, Call, et al.,
2019), then will test delay of gratification and inference by exclusion (https://manyprimates.github.io). We
will select a design and appropriate research question that does not require individual separation for testing,
so as to open testing up for socially housed and naive-to-testing individuals/ species (e.g., zoos, private
residences). As with Study 1, the protocols will be kept simple with low-time investment to enable cross-
site standardisation, will account for species size differences, and measure discrete (e.g., correct/ incorrect)
and continuous (e.g., latency to action) outcome variables.

Current Stage of the ManyBirds Project

We began setting up the project in February 2021, with the idea leading on from the neophobia in
corvids study (conceived in April 2018) as a means of bringing together many corvid researchers worldwide
for a collaborative study (Miller et al., 2021). Since February 2021, we have had regular ManyBirds
meetings — with recorded meeting minutes and action points to enable transparency and document progress
— communicated with some of the ManyPrimates core team, increased our own core team, set up the first
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study 1 team, created a dedicated email address and website, designed a logo and regularly communicate
via Slack channels. In the first stage of the project, we primarily focused on writing this article, planning
the project infrastructure, forming new collaborations, and initiating our first ManyBirds study (see website
for more details).

Core Leadership Team

Our current core team are several early career researchers with expertise in avian cognition/
behavior, including corvids, parrots, ratites and other bird species, as well as experience in cognition/
behavioral research in humans, non-human primates, other mammals and reptiles (e.g., Farrar et al., 2020;
Garcia-Pelegrin et al., 2020, 2021; Lambert et al., 2015; Lambert & Osvath, 2018; Miller et al., 2016, 2019;
Reber et al., 2013, 2021). There are also opportunities for others to join the core leadership team and/or
study organising teams - as well as general collaborators - as the project develops. Contribution to the
project (team or general collaborator) provides an excellent opportunity for upcoming researchers to join
an international network of collaborators and establish themselves independently. This is particularly true
as the project premise does not require direct access to birds and can be contributed towards from any
institution. At present, we all have access to birds for data collection through existing collaborations
(including in UK zoos) and contribute to the project alongside our regular positions.

Limitations

The primary limitations of the ManyBirds project are also present for most comparative studies -
in fact a benefit of these projects is that these limitations gain visibility. These limitations include
unavoidable differences between subjects with regard to: testing sites, experimenters, conditions (e.g.,
testing area size), subject histories (e.g., rearing, prior research experience, training), sample sizes and
individual versus social testing. To address this limitation, we will aim to test within-species to compare
behavior between sites of the same species where available. Another potential limitation is that we will
compare species with very different physical (e.g., body size) and cognitive capabilities, including
motivation, attention and motor abilities. These issues can be addressed with careful study design, such as
modifying size of novel stimuli according to each species’ size, and using dependent variables such as
choice (e.g., correct/incorrect) or response latency, which lend themselves to a wide range of cognitive
tasks as well as well as cross-species (and cross-taxa) comparisons. In addition, testing at the same time of
day with the first/ main ‘meal’ of the day in Study 1, can ensure (as far as possible) that subjects are equally
hungry and motivated. Furthermore, with Study 2, and future subsequent studies, we will ensure ample
opportunities for habituation and pre-training (if required) are included in protocols, which is particularly
important for naive, previously un-tested species/ individuals.

Through collecting data across various different sites, including labs, zoos, farms, private
residences and in the field, we can compare behavior between different groups of the same species and
directly test for the effect of aspects like prior history. This approach is difficult to achieve without such
large-scale comparisons. Regarding likelihood of having different experimenters at each site, we will ask
that collaborators submit pilot videos for checking by the core team before confirmation to proceed in data
collection, to ensure that protocols are administered in as comparable a manner as possible.

Another issue with large-scale collaborative projects, especially in relatively small fields like avian
cognition, is that the possibility of independent criticism from experts decreases with the size of the
collaboration. If a large number of laboratories and individuals take part in the collaboration, the number
of willing external critics will likely decrease. Further along these lines, one study in biomedical research
reported that claims from collaborations with many authors tended to be less replicable than comparable
claims from research themes with many smaller independent groups (Danchev et al., 2019). In ManyBirds,
we recognize these potential problems, and to counter them will embrace a variety of transparent, and
potentially-bias reducing, methods (Bishop, 2020; Nosek et al., 2018). These include pre-registration,
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registered reports and open data and code, as well as a focus on effective communication of the uncertainty
in our results.

Furthermore, we advocate for a variety of approaches to avian cognition and behavior, recognizing
the benefits as well as potential limitations of both multi-lab collaborative and independent lab approaches.
These include the complimentary use of research designs requiring minimal time and labor investment for
ManyX projects to enable testing across a wide variety of species and individuals, compared with the
essential, in-depth and often lengthy (in time or number of trials/experiments) designs contributed to the
field by independent labs. A final limitation is that the project requires fairly significant investment in terms
of time and effort, particularly from the core team, in organizing and establishing particularly while in the
early stages. The time from study conception to publication is likely to be lengthy (considerably more so
than a single-species study would be), given the time required to coordinate potentially large teams of
researchers in study design, data collection, coding, analysis and manuscript writing. Where possible, we
may utilise Registered Reports in order to ensure methods and data analysis plans are outlined and
confirmed early on (prior to data collection) for added clarity to all involved and to smooth the process of
writing the final manuscript. While the scale of ManyX projects does not offer traditional incentives to all
participants (e.g., first/last authorship), it does offer benefits in terms of networking, training, and
inclusivity for researchers from all experience levels and backgrounds (Byers-Heinlein et al., 2020). The
high participation in our initial corvid neophobia project, coupled with the success of ManyBabies and
ManyPrimates, shows an encouraging level of support for such collaborative, open-science endeavors.

Expected Project Outcomes and Future Directions

ManyX projects have proven to be a valuable tool for large-scale comparisons, but require
significant management, particularly at the beginning. We are working to take the ManyBirds project from
a strong idea to an established infrastructure for fully collaborative and open avian cognition/behavior
research and completion of the first studies. These outcomes would place our team and the project in an
excellent position to attract future funding to support subsequent studies, through demonstrated publications
and collaborations. We will actively encourage collaborators to engage in science dissemination via
conferences and meeting presentations, social media and publication media output. We hope to be able to
arrange a workshop for collaborators in future, if funding can be secured.

The project has potential for far-reaching consequences with regard to advancing the field of
comparative cognition and animal behavior, by both promoting transparency and reliability, as well as
providing the data necessary to understand the evidential value of previously published single-site studies
—which currently dominate the avian cognition literature (Farrar et al., 2020). It will allow for a wider focus
on research questions encompassing the evolution of avian cognition and behavior, such as testing the
drivers of cognition in relation to socio-ecological factors, like diet, sociality and habitat use, as well as
comparative, phylogenetic, developmental and longitudinal approaches. We also hope to encourage others
to establish similar projects in other taxa groups, like reptiles, by outlining the process of establishing this
project, and promote collaborations between ManyX projects to enable the investigation of the evolution
of cognition more generally, i.e., across birds, mammals, as well as potentially in humans.

Furthermore, there are recent calls for integrating cognition in applied animal conservation and
welfare (Greggor et al., 2014). Our project facilitates collaborations with avian facilities holding hugely
under-/not represented species, often in small numbers - zoos in particular are a key under-utilized resource
as highlighted in our present review. ManyBirds, by nature, encourages contributions regardless of
individual facility samples, as these can be increased by combining data across facilities. In zoos, species
are often endangered and have active conservation efforts, therefore are ideal candidates for gathering
cognitive data for application to conservation actions (Greggor et al., 2014). Similarly, welfare can be
improved by providing published cognitive data, such as in farm animals like chickens (Marino, 2017).
Finally, voluntary participation in cognitive experiments can be enriching and mentally stimulating for
captive animals (Clark, 2017; Hopper, 2017).
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Conclusion

The formation of large collaborative projects, such as ManyBabies, ManyPrimates, and ManyDogs,
indicates a shared desire from the scientific community to collaborate towards a common goal of inquiry.
As outlined here, birds occupy a diverse range of ecological, geographical, and social niches. As such, the
investigation of avian cognition at a comparative level provides insight into the diverse evolutionary
pressures that might have selected for different behavioral and cognitive adaptations. Moreover, the
possibility of comparison of a wider range of distinct avian species might elucidate on the proposed
theorems for convergent evolution of intelligence amongst different taxa. However, to do so, larger sample
sizes and a wider coverage of the different species within the taxa are necessary. Our review of the current
state of the field revealed that while 141 species of birds were represented, the median sample size was only
14 subjects. Moreover, comparisons between different bird species were rare, with only 10.9% of the studies
directly comparing more than one species using the same methodology.

The ManyBirds project outlined here provides an optimal infrastructure for collaborative testing
and theorization of avian cognition and behavior by encouraging both input from established labs and field
researchers, while also providing zoos, farms and bird holders in private collections (including private
homes), the opportunity to collaborate in such endeavor. The implementation of this collaborative
infrastructure will aid the reliability of the data collected, by offering larger sample sizes, a diverse array of
avian species from which to obtain data, and by stipulating and systematizing the methodology used to
obtain it. Ultimately, the creation of a ManyBirds infrastructure will provide unparalleled insight into the
evolution of avian cognition by nurturing collaboration, replicability, and data openness. This project will
aid the avian cognition and behavior field by facilitating the means to acquire larger comparative datasets
from which to extrapolate wider scientific inferences.
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