Species-Level Determinants of Stereotypic Behaviour, Reproductive
Success, and Lifespan in Captive Parrots (Psittaciformes)
by

Heather McDonald Kinkaid

A Thesis
Presented to
The University of Guelph

In partial fulfilment of the requirements
for the degree of
Doctor of Philosophy
in
Animal and Poultry Science

Guelph, Ontario, Canada

© Heather McDonald Kinkaid, September, 2015

ABSTRACT
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Advisor:
Professor Georgia Mason

Establishing why related species differ in their typical responses to captivity can reveal
fundamental information about the biological, or intrinsic, determinants of welfare for a given
taxon. This thesis describes a comparative study conducted to identify intrinsic risk or
protective factors for several welfare-sensitive outcomes in captive parrots (Psittaciformes).
Welfare measures were: species-typical prevalences of stereotypic feather-damaging behaviour
(FDB), other stereotypic behaviours (SB), and diagnosed medical problems in pet parrots;
captive reproductive rates and subjective captive breeding “difficulty” in aviculture parrots; and
captive lifespan (average relative to maximum) in zoo parrots. I investigated four characteristics
suggested to predict poor welfare: large natural group size, high natural foraging effort,
ecological specialism, endangeredness; and one, intelligence, suggested as either a risk or
protective factor for poor welfare. Species-level data on SB and medical health were generated
from responses to a research survey, and data on all other variables were collected from the
literature. I tested for predictive relationships between natural traits and welfare outcomes,
controlling for phylogenetic non-independence and other confounders. Results were broadly
similar for parrots kept as pets (SB data) or for breeding by aviculturists (captive breeding data):
Relatively long food search times predicted increased FDB prevalences and greater breeding
difficulty. Larger relative brain volumes predicted increased SB prevalences (oral-focused or
involving the whole-body) and, along with higher frequencies of reported innovative foraging
behaviour, tended to predict decreased reproductive rates. Decreased reproductive rates and
greater breeding difficulty were also predicted by increased endangeredness (IUCN) and
narrower habitat breadths, respectively. Natural group size was not a predictor. None of the
natural biology variables predicted susceptibility to medical problems; and analyses with captive
lifespan were inconclusive and will need to be repeated with validated species estimates for
average captive lifespan. In conclusion, intelligent parrot species and those with naturally high
foraging effort were at increased risk for behavioural and reproductive problems (and potentially,

poor welfare) in captivity; and captive breeding was additionally compromised in endangered
species and ecological specialists. These findings could inform recommendations about which
species may be predisposed to success or difficulty as pets or in breeding programs.
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Chapter 1
General introduction

1.1. The wellbeing of wild animals in captivity: animal welfare and species differences
Billions of wild animals representing perhaps tens of thousands of species are currently
maintained in captivity in a broad diversity of settings and for as many purposes. Zoological
institutions and conservation breeding centres alone house over 2.6 million wild animals from
about 10,000 species (International Species Inventory System, 2015); however, hundreds of
millions of individuals are kept as pets in private homes; billions are commercially farmed; and
smaller numbers are used by humans for research, entertainment, or labour. For a review of
the diversity and scale of captive wild animal populations, see Mason and colleagues (2013).
Animals maintained in captivity typically have access to benefits that include ample food
and water, controlled temperatures, protection from predators, and veterinary care. Even so, for
many captive wild species, efforts to maintain stable populations are hampered by poor
reproduction, high infant mortality rates, and/or poor adult survivorship (Snyder et al., 1996) that
have been linked to chronic, husbandry-related stress (Broom and Johnson, 1993). Also
prevalent among these populations are abnormal repetitive behaviours (ARB) that may reflect
motivational frustration or even impaired brain development (with effects on behavioural
sequencing) in the context of sub-optimal captive environments (Mason et al., 2007). Problems
like these have implications both practical and ethical. Practical, since, e.g., impaired
reproduction and/or survivorship might interfere with captive breeding output (Swaisgood,
2007); while obvious ARB could decrease the educational and/or exhibit value of animals on
display at zoos (Boorer, 1972), or signal nervous system dysfunction that impedes
reintroduction success (Mason et al., 2007; Vickery and Mason, 2005) or renders affected
individuals poor models of normal functioning in the laboratory (Wurbel, 2001). Ethical, because
they reflect states of compromised welfare in individual animals.

1

Evaluating these welfare states is the domain of animal welfare science, which
addresses the wellbeing of animals confined or controlled by humans (Dawkins, 2006; Fraser,
2008). In this thesis, the term welfare will refer to an animal’s subjective affective states (or
feelings) (Duncan, 2008), which are the key components of this concept. Aspects of basic
functioning and natural behaviour are also important, but they only describe welfare insofar as
they influence an animal’s affective experience (Fraser, 2008; Keeling et al., 2011). Because
affective states cannot be measured directly in non-human animals, they are instead inferred
using indices related mainly to acute and chronic stress responses, and ARB (Mason, 2010).
Several relevant welfare indices are defined and described in 1.3.3., with an emphasis on those
assessed for this research project.
Interestingly, while many species of wild animal suffer poor welfare in captivity, many
others – even close relatives housed similarly – thrive. These species may reliably live longer in
captivity and breed more successfully than both their poorly-adjusted relatives and their own
free-living counterparts; some captive populations must even be actively managed to keep
them from growing too large (Muller et al., 2010a; Patton et al., 2007; Sarfaty et al., 2012). A
few examples are the ring-tailed lemur (Lemur catta), which enjoys excellent breeding success
and minimal behaviour or veterinary problems in captivity, while the gentle lemur (Hapalemur
spp) suffers poor reproduction, timidity, and many ARB (Petter, 1975); the bottle-nose dolphin
(Tursiops truncates), which is described as “highly-adaptable…successfully kept and bred in
captivity,” compared with the Dall’s porpoise (Phocoenoides dalli), which is described as
unsuccessful, irritable, and prone to feeding and veterinary problems (Couquiaud, 2005a); and
the kestrel (Falco tinnunculus), whose mortality rate is lower in captivity than in the wild, and
lower in captivity than that of the sparrowhawk (Accipiter nisus), which is also susceptible to
seizures in captivity (Kenward, 1974). For some more examples of closely-related species with
differing welfare in captivity, see Table 1.1.
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Table 1.1. Some examples of closely-related species with unexplained variation in captive welfare, and
details about the differences typically observed. Adapted from Table 1 in (Mason, 2010).
Species with relatively good
captive welfare

Taxon

Cetaceans

Pinnipeds

Prosimians

Psittacines

Finless porpoise (Neophocaena
phocaenoides)
• “Playful in captivity…successfully
kept and bred”

Fraser’s dolphin (Lagenodelphis hosei)

Gray seal (Halicheorus gypsus)
• Survivorship is similar in captivity
and in the wild

Walrus (Odobenus rosmarus)
• Survivorship is lower in captivity than
in the wild
• Reports and census data suggest
poor reproduction in zoos
• Intense stereotypic rooting of pool
edges

Ring-tailed lemur (Lemur catta)
• Reportedly minimal veterinary
problems; excellent breeding
success
• Prevalence of stereotypic
behaviour: 6%

Black lemur (Eulemur macaco)
• Prevalence of stereotypic behaviour:
55%

Some lorikeets (Lorius spp); budgerigar
(Melopsittacus undulatus)

Some cockatoos (Cacatua or
Calyptorhynchus spp); gray parrot
(Psittacus erithacus)
• Breed poorly in captivity
• Feather plucking is relatively common

•
•

Raptors

Species with relatively poor
captive welfare

Breed readily in captivity
Feather plucking is relatively
uncommon

Kestrel (Falco tinnunculus)
• Mortality rates are “substantially
lower” in captivity than in the wild

•

“Shy, nervous, and refuse[s] to eat;
fragile in captivity; unsuccessfully
kept so far; probably unsuitable for
captivity”

Sparrowhawk (Accipiter nisus)
• Mortality rates are at least as high in
captivity as in the wild; “[susceptible
to] seizures…difficult to keep”
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1.2. Using species differences to study the causes of poor captive welfare
The fact that some species reliably fare well in captivity while other, closely-related ones
fare poorly under similar conditions suggests that the poorly-coping species either have
requirements that are especially difficult to accommodate in captivity (i.e., aspects of their
natural biology that are somehow constrained in captivity, thus causing frustration and/or
stress), or are inherently behaviourally ‘inflexible’ (i.e., unable to adaptably modify their
behaviour to suit the circumstances of captivity) (Mason et al., 2013; Mason, 2010). We can
make use of this natural, inter-species variation to test hypotheses about which traits are
involved, and so determine the fundamental, biological causes of welfare problems.
Hypothesis testing using data from multiple, diverse species to identify relationships
between variables can be done using phylogenetic comparative methods (Harvey and Pagel,
1991). These methods are similar to other typical statistical tests, but they require careful data
quality control (since the data are often gathered from various sources) (Clubb and Mason,
2004) and controls for phylogenetic non-independence (also called phylogenetic signal)
(Blomberg et al., 2003). This term describes the case whereby some species in a comparison
will be more closely related than others, and close relatives are likely to be similar because
several of their traits are inherited from a common ancestor (rather than evolved independently).
The resulting non-independence of data points from different species violates the assumptions
of most statistical tests and, if not controlled for, can lead to Type I or Type II errors (Freckleton,
2009; Gittleman and Luh, 1992). (See also a summary of this concept in Clubb and Mason,
2004, and see 3.4.1. for more details.)
Comparative methods have been widely used in evolution research and several related
fields, to investigate, for example, how traits have co-evolved, the adaptive function of certain
traits, or which traits predict responses to evolutionarily new circumstances. Some examples of
the latter category that are quite relevant to questions about species differences in welfare come
from conservation biology, in which studies have identified species-typical risk factors that
predict vulnerability to extinction in the native range (Purvis et al., 2000; Reif et al., 2011; Shultz
et al., 2005) or poor establishment success following translocation to a new location outside the
native range (Cassey et al., 2004a; Cassey et al., 2004b; Sol et al., 2005). Inspired by the
apparent similarities between changing wild environments and novel captive environments (e.g.,
both feature unexpected challenges and opportunities, including altered social and resource
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structures) (Mason et al., 2013; Mason, 2010), welfare scientists have recently begun to apply
comparative methods to identify intrinsic risk factors for poor captive welfare in groups of wild
animals (see, e.g., Clubb and Mason, 2004). Throughout this thesis, the term intrinsic
determinants will refer to genetically-established characteristics of a species (reflecting natural
biology; e.g., physiology or behavioural biology) that are associated with some change in the
captive welfare status (i.e., either increased or decreased occurrence of poor welfare in
captivity). More specifically, intrinsic risk factors are associated with an increased occurrence
of poor welfare, and intrinsic protective factors are associated with a decreased occurrence
of poor welfare (i.e., a state of relatively good welfare). In brief, identifying intrinsic risk factors
for poor captive welfare involves collecting species-typical measures of relative welfare and
relevant aspects of natural biology from multiple species that differ in their biology and their
responses to captivity, and then statistically comparing them to identify which biological traits
predict the welfare outcomes. Two early studies did not include the recommended controls for
phylogenetic non-independence, but did find tentative evidence for a biological basis of captive
welfare problems in various taxa: i.e., relatively small body size in primates may cause
heightened fear of humans (Chamove et al., 1988); and frustrated exploratory behaviour in
naturally investigatory parrots might underlie certain types of ARB (Mettke, 1995). Subsequent
comparisons, which did apply full phylogenetic controls, demonstrated that being naturally
browsing predicts shortened captive lifespans in ruminants (Mueller et al., 2011); being naturally
wide ranging predicts frequent ARB (pacing) and high captive infant mortality rates in carnivores
(Clubb and Mason, 2003; Clubb and Mason, 2007); and having naturally long daily travel
distances or large social groups predicts frequent ARB (pacing or hair pulling, respectively) in
primates (Pomerantz et al., 2013). Some of these relationships are illustrated in Figure 1.1.
Comparative studies provide a useful complement to the more traditional approaches
commonly used to identify the causes of welfare problems, which primarily involve
epidemiological studies or experimental manipulation of housing conditions (Dawkins, 2006;
Fraser, 2008). Like those methods, comparative methods can be used to test hypotheses
aimed at improving husbandry directly (e.g., by identifying which specific aspects of the natural
biology should be accommodated in an enclosure design). However, they also allow us to test
hypotheses that would be difficult or perhaps unethical to investigate experimentally (e.g., the
relative welfare significance for captive carnivores of ranging vs. hunting opportunities); they
generate useful principles that allow us to predict (based on biology alone) whether understudied species will fare well or poorly in captivity; and they provide fundamental (ultimate)
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explanations for some common welfare problems (Clubb and Mason, 2004; Mason, 2010). Of
course, not all animal taxa are equally-suited for inclusion in a comparative study of the intrinsic
risk factors for poor captive welfare. In general, a good model taxon should be a large and
naturally diverse group for which phylogenetic information is available (including species that
exhibit a broad range of values for the independent variable[s] increases statistical power)
(Garland et al., 2005); be well-represented in captivity (i.e., with numerous individuals and
different species distributed across multiple sites); exhibit unexplained species variation in one
or more welfare problems in captivity; and be one for which untested hypotheses have already
been proposed to explain the welfare problems (Clubb and Mason, 2007). Several such
hypotheses and their testable predictions were summarized for various taxa by Mason (2010).
For example, welfare problems are proposed to stem from captivity-related restrictions on
ranging behaviour or arboreal movement in callitrichids (which predicts that welfare should be
poorest in naturally wide-ranging species or those that make most use of the forest canopy); or
from restrictions on ranging or diving behaviours in cetaceans (which predicts that welfare
should be poorest in naturally pelagic or deep water species) (Couquiaud, 2005b; Prescott and
Buchanan-Smith, 2004).

1.3. A comparative study of intrinsic risk factors for poor captive welfare in parrots (order
Psittaciformes)
The welfare problems of captive parrots (this name refers to all bird species that
compose the taxonomic order Psittaciformes; see 1.3.1. i.) are well suited to investigation via
comparative study. In line with the requirements listed at the end of the preceding section (see
1.2.), and as illustrated in detail in each of the following four subsections (1.3.1.-1.3.4.), parrot
species are diverse and numerous both in the wild and in a variety of captive settings, and are
reported to vary considerably in their susceptibilities to health problems and abnormal
behaviours when kept in captivity. Though very little scientific evidence is available to describe
the nature of this variation or the root causes of welfare problems, explanations based on
differences in natural biology and wild lifestyles are often suggested. These ideas can now be
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tested empirically using the comparative method. (See 1.4. for a summary of the rationale for
this research project, and for statements of the general purpose and hypotheses.)

1.3.1. Parrots are a large and naturally diverse group for which phylogenetic information
exists

i. Evolution and phylogeny
Morphology: what is a parrot?
The modern order of parrots (Aves: Psittaciformes) comprises at least 370 individual bird
species assigned to three main superfamilies, six families, and approximately 85 genera
(Forshaw, 2010; Joseph et al., 2012). Historically native to all continents except Antarctica,
parrots presently occupy a mainly pan-tropical distribution, with the greatest species diversity
found in South America and Australia (Juniper and Parr, 1998).
Not surprisingly, the hundreds of species exhibit a wide variety of morphologies, ranging,
for example, from up to one metre in length (hyacinth macaw, Anodorhynchus hyacinthinus) to
less than 9 cm (pygmy parrots, Micropsitta spp) (Forshaw, 2010). However, all species have in
common a number of quite obvious morphological characteristics that make them easily
recognizable as parrots. The first of these is a short, broad bill with a strongly curved upper
mandible that hooks around a shorter lower mandible (Juniper and Parr, 1998). Underpinned
by a musculoskeletal architecture that is unique to parrots (Tokita et al., 2013), the bill is given
extra mobility and crushing force by a flexible hinge between the skull and the upper mandible
(the lower mandible acts as a shearing edge) (Homberger, 2006). This bill morphology is most
pronounced in the hyacinth macaw and least so in the lories, budgerigar (Melopsittacus
undulatus), and other small species; and is slightly modified in species with more projecting or
narrower bills (e.g., palm cockatoo, Probosciger aterrimus, and slender-billed conure,
Enicognathus leptorhynchus, respectively) (Forshaw, 2010). Parrots are also characterized by
zygodactyl feet, in which the fourth toe is rotated around the ankle to join the rear-facing first toe
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(Juniper and Parr, 1998). This feature – which confers adeptness at grasping, manipulating
food items, and climbing – is shared by few other birds, including cuckoos (order Cuculiformes)
and woodpeckers (order Piciformes) (Homberger, 2006). Also shared by parrots are several
aspects of their plumage. Specifically, Psittaciformes is one of very few orders whose members
possess powder down, which is a type of down feather that disintegrates to yield a keratin
powder used in preening (Juniper and Parr, 1998). More famously, most species exhibit
brilliantly-coloured plumage that probably serves several functions related to sexual signaling,
camouflage (Berg and Bennett, 2010), and possibly, resistance to bacterial degradation (Burtt et
al., 2011). The blue shades (and the blue component of green) are structural colours produced
when the feathers’ stacked layers of keratin and melanin granules (an arrangement called the
Dyck texture) reflect specific wavelengths of light (Berg and Bennett, 2010). Structural colours
are not unique to parrot plumage, but the source of the red and yellow shades is: parrots lack
the carotenoid pigments that generate red and yellow hues in other birds, producing instead
pigments called psittacofulvins that have been identified in all main parrot groups (McGraw and
Nogare, 2005).
Parrots are also united by other, more minor morphological features, such as a relatively
large head, short neck and legs, thick and prehensile tongue, and a fleshy cere covering the
base of the upper mandible (around the nares) (Forshaw, 2010; Juniper and Parr, 1998).
Though these and other key morphological traits (i.e., the downcurved bill and zygodactyl feet)
have arisen in other bird orders through convergent evolution (Homberger, 2006), it is the
parrots’ homogeneity with respect to this particular combination of features that separates them
from other birds (Forshaw, 2010).

Origins and evolution
All birds, including parrots, belong to one of only two surviving groups of animals from
the reptilian archosaur lineage that included the dinosaurs (crocodilians are the other survivors)
(Laurin and Gauthier, 1996). The oldest undisputed Psittaciformes fossils were dated to about
50 million years ago, during the Eocene epoch (Benton, 1999). Interestingly, fossils from that
time period were unearthed in Europe and North America, indicating that parrots could have
evolved in the northern hemisphere and then dispersed south, or might have co-existed in both
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regions at some point (Waterhouse, 2006; Waterhouse et al., 2008). However, strictly fossilbased evidence for the timing of evolutionary events has now been integrated with a growing
body of data generated using modern molecular biological techniques, and the resulting
estimates suggest that parrots probably originated much earlier. In brief, the molecular clock
technique (see, e.g., Ho, 2008) assumes that species’ genomes accumulate mutations (e.g.,
base pair substitutions in specific DNA sequences) at a relatively constant rate, such that the
genetic difference between two species is proportional to the time since they last shared a
common ancestor (i.e., the time since they diverged). The rate of change is calculated by
measuring the amount of genetic difference between DNA sequences from species for which
the time of divergence is already known (based on, e.g., the fossil record, or correlations with
geological or biogeographical events of known timing); and then this rate (or ‘calibration’) is
used to estimate the pattern and timing of divergences for other species in the lineage (Cracraft,
2001; Weir and Schluter, 2008). The resulting records of the evolutionary relationships by
which various species were derived from common ancestors are known as phylogenies or
phylogenetic trees (e.g., Baum, 2008; Page and Holmes, 1998; Vandamme, 2009; see 3.4.1.3.4.2. for more details).
Recent estimates based on molecular data reveal that parrots probably originated earlier
than the fossil record suggests: about 80 million years ago on the southern supercontinent of
Gondwana, during the Cretaceous period, before the Chicxulub asteroid impact that marked the
K-Pg boundary between the Cretaceous and Paleogene periods (Schweizer et al., 2011; Wright
et al., 2008) (but see Mayr, 2014, arguing that a Cretaceous divergence of the Psittaciformes
crown group is unsupported by fossil data and conflicts with available information about period
ecosystems). Subsequently, the disintegration of Gondwana may have played a crucial role in
creating the modern diversity of parrots, with the gradual breakup of the supercontinent
facilitating at least four major paths of diversification as various groups became physically and
reproductively isolated from one another (i.e., via vicariance, though recent work suggests that
some species diverged by means of transoceanic dispersal following initial vicariance events)
(Schweizer et al., 2010; Schweizer et al., 2011; Wright et al., 2008). The two earliest lineages
to diverge, as early as 80 million years ago, were probably the parrots of New Zealand (Strigops
and Nestor are the only extant genera) and the cockatoos, followed at least 10 million years
later by two lineages that would produce many species over time, and are today distributed
through Australasia, Africa, and the Pacific; and Africa and the New World (Schweizer et al.,
2010; Wright et al., 2008).
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Despite their considerable morphological homogeneity, identifying ancestral
relationships between parrots and other avian orders has proven difficult. On the basis of
anatomical or behavioural similarities, parrots were originally linked with toucans, hornbills,
cuckoos, corvids, orioles, starlings, woodpeckers, or hummingbirds (Juniper and Parr, 1998);
and later, with pigeons (Sibley and Ahlquist, 1990). More recently, morphological comparisons
suggested common ancestry with raptors (Falconiformes, which share the downcurved bill) or
woodpeckers and cuckoos (Piciformes and Cuculiformes, respectively, which share the
zygodactyl feet); however, these similarities are now accepted as products of independent,
convergent evolution, rather than traits retained from a common ancestor (Homberger, 2006;
Juniper and Parr, 1998). At present, it appears that parrots have no close living relatives
(Homberger, 2006; Juniper and Parr, 1998), though molecular studies have tentatively linked
them to songbirds (Passeriformes), with whom they share aspects of their vocal learning
abilities (Hackett et al., 2008; McCormack et al., 2013; Suh et al., 2011; Wang et al., 2012).

Phylogeny and classification
Because the diversification of modern birds – including parrots – was both ancient and
rapid (i.e., all major clades and most families evolved during a 0.5-5-million-year-long window
around the K-Pg boundary (Brown et al., 2008; Ericson et al., 2006), resolving deep
evolutionary relationships among the groups is an ongoing challenge. For instance, during
rapid radiations, short speciation intervals reduce the time available for mutations to
accumulate, thereby reducing phylogenetic signal in studies that use DNA sequences to
reconstruct the radiations (McCormack et al., 2013). In the case of parrots, classification efforts
are further complicated by the relative prevalence of apparently homologous morphological
features that were actually acquired independently, via convergent evolution in response to
similar environmental challenges occurring in different regions (e.g., Bonin and Homberger,
2012; Mayr, 2010; White et al., 2011). Consequently, relative to the well-resolved (and
comparatively stable) phylogenies for other taxa, such as carnivores (Nyakatura and BinindaEmonds, 2012) and primates (Finstermeier et al., 2013), the parrot phylogeny and its associated
hierarchical system of classification and naming are undergoing frequent revision. In his
recently-published parrot handbook, Joseph Forshaw remarks that this instability is exacerbated
by “The present trend of elevating distinctive isolates from subspecies to species and affording
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generic differentiation to ‘species groups’ when subgeneric differentiation probably is more
appropriate” (Forshaw, 2010). Thus, at this point, each new model is basically a hypothesis that
will need to be re-evaluated as new analyses are performed and new information surfaces. A
complete phylogeny does not yet exist for order Psittaciformes, though a single phylogenetic
supertree that includes most of the known parrot species was recently assembled by combining
information from several partial trees (Munshi-South and Wilkinson, 2006; see 3.4.2. for details).
Meanwhile, the ongoing changes to the classification structure and its nomenclature reflect a
welcome concentration of research interest in this taxon (Homberger, 2006).
Despite persistent challenges, the resolution of the avian phylogeny as a whole has
improved as additional taxa are studied and more gene sequences are analyzed (Edwards et
al., 2005) and compared with existing data on biogeography and morphology, and from the
fossil record. For parrots specifically, a series of molecular systematic analyses published since
about 2005 have gone a long way towards clarifying the evolutionary relationships. Some of
these were primary studies that included comprehensive analyses of numerous (or broadly
sampled) species and a variety of genes (e.g., de Kloet and de Kloet, 2005; Schirtzinger et al.,
2012; Schweizer et al., 2014; Schweizer et al., 2010; Wright et al., 2008); while others provided
supporting data from fewer species or sub-groups (e.g., Joseph et al., 2011; Schodde et al.,
2013; Schweizer et al., 2012; Urantowka et al., 2013; White et al., 2011). In combination, the
findings from these studies have informed a number of recent changes to the classification
structure for Psittaciformes, which included the following: promoting each of the three traditional
family groups (‘true’ parrots, cockatoos, and New Zealand parrots) to superfamily status;
creating an additional family within the new superfamily of ‘true’ parrots; and grouping the three
species from the new superfamily of New Zealand parrots into two new families. Though this
latest arrangement is essentially just the latest ‘working model’, it reflects some general
agreement regarding the more recently-published molecular data.
In brief, the current consensus recognizes three main superfamilies within order
Psittaciformes (Joseph et al., 2012): Psittacoidea (the ‘true’ parrots), Cacatuoidea (the
cockatoos), and Strigopoidea (the New Zealand parrots) (see Fig. 1.2.) Psittacoidea, with more
than 300 of the ~370 species of parrot, is a huge group. It incorporates three families:
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Figure 1.2. Overview of the parrot phylogeny.
The order Psitaciformes comprises three superfamilies and six families. For each family, a single,
representative species is shown, as follows (drawings are not to scale): Psittacidae: orange-winged
Amazon (Amazona amazonica); Psittrichasiidae: Pesquet’s parrot (Psittrichas fulgidus); Psittaculidae:
black-capped lory (Lorius lory); Cacatuidae: salmon-crested cockatoo (Cacatua moluccensis); Nestoridae:
kea (Nestor notabilis); Strigopidae: kakapo (Strigops habroptila). Drawings of individual parrots are
reproduced, with permission, from Parrots of the World (Princeton Field Guides) by Joseph M. Forshaw
(author) and Frank Knight (illustrator), 2010.
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Psittacidae (Neotropical and African parrots), Psittrichasiidae (Indian Ocean island parrots), and
Psittaculidae (southeast Asian and Indian parrots, including the lories and lorikeets). The
smaller Cacatuoidea superfamily includes just one family, Cacatuidae, and three subfamilies:
Nymphicinae (cockatiel, Nymphicus hollandicus), Calyptorhynchinae (dark cockatoos), and
Cacatuinae (light cockatoos; plus one black species, the palm cockatoo, Probosciger aterrimus).
By far the smallest superfamily, Strigopoidea, includes two families representing just three
rather unusual species native to New Zealand: the kea (Nestor notabilis) and kaka (Nestor
meridionalis), both of family Nestoridae; and the flightless kakapo (Strigops habroptila), which is
the only member of family Strigopidae.

ii. Natural biology and behaviour
Knowledge about the natural biology and behaviour of parrots is relatively limited, mostly
because validated ecological studies have not been conducted for many species. This is mainly
a practical issue, since most parrots occupy huge home ranges in remote areas, nest in hard-toreach tree cavities, and are difficult to capture (and therefore, to mark) (International Union for
Conservation of Nature, 2000). As well, though all parrots share a number of core biological
characteristics and associated widely-adopted lifestyle strategies, species differences in
behaviour and ecology necessitate multiple approaches to population monitoring (International
Union for Conservation of Nature, 2000).
Distribution and movements
Parrots have a broad, pan-tropical global distribution, meaning that species diversity is
concentrated mainly in tropical regions of the Southern Hemisphere (Juniper and Parr, 1998),
but some are found in cooler, temperate parts of South America and Australasia (Homberger,
2006). The most northerly native species (slaty-headed parakeet, Psittacula himalayana)
occurs in eastern Afghanistan, and the most southerly (austral conure, Enicognathus
ferrugineus), in Tierra del Fuego, South America (Forshaw, 2010). Wild populations of nonnative (introduced) species can also be found in parts of the Northern Hemisphere and
elsewhere (Juniper and Parr, 1998) (see ‘Non-native populations’, below).
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Within their particular distributions, most parrots range widely and make daily and
seasonal movements. Home ranges, which are undefined for many species because most fly
long distances each day and are difficult to track (Gilardi and Munn, 1998), may cover hundreds
or thousands of hectares. Range sizes vary annually within species (perhaps reflecting
distribution or abundance of food; Ndithia and Perrin, 2006; Ortiz-Maciel et al., 2010); however,
among the relatively few species for which they have been quantified (at least for specific subpopulations; e.g., Carneiro et al., 2012; Leech et al., 2008; Lindsey et al., 1991; McFarland,
1991; Ndithia and Perrin, 2006; Ortiz-Maciel et al., 2010; Powlesland et al., 2006; Stahala,
2008), mean home range sizes are between about 15 ha (in the small, ground-feeding ground
parrot, Pezoporus wallicus) (McFarland, 1991) and 18,500 ha (in the Cuban Amazon, Amazona
leucocephala) (Stahala, 2008). Only two (Australian) species are wholly migratory (swift parrot,
Lathamus discolour and orange-bellied parrot, Neophema chrysogaster), and a few islanddwelling species are totally sedentary (i.e., resident) – though even some of these regularly
move between islands (Forshaw, 2010). Other species are nomadic; examples include some
lorikeets (ornate lorikeet, Trichoglossus ornatus; Josephine’s lorikeet, Charmosyna josephinae;
fairy lorikeet, Charmosyna pulchella) and parakeets (golden-shouldered parrot, Psephotus
chrysopterygius) (Mettke-Hofmann et al., 2005).

Habitat
In general, parrots are prevalent at low, rather than high, altitudes, and the majority of
species inhabit lowland, tropical rainforests, especially along edges where the forest borders a
waterway or clearing (Forshaw, 2010). Other common habitat types include open canopy
forests at higher elevations, scrublands, open areas like grasslands or marshes, and cultivated
or urban lands (Cassey, 2002; del Hoyo et al., 1997; Juniper and Parr, 1998). Though most
species will make use of multiple habitat types, some are generalists whose native ranges
include most or all of the common types, and others are specialists that require a particular one
or two. Species that frequent open country tend to be generalists with the broadest habitat
tolerances (Forshaw, 2010) (e.g., rose-ringed parakeet; BirdLife International, 2014), while
habitat specialists often are limited to mixed forests (typically in the lowlands; e.g., salmoncrested and blue-eyed cockatoos, Cacatua moluccensis and C. ophthalmica, respectively)
(BirdLife International, 2014). Species with unique and specialized habitats include the
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Australian ground parrot (which is terrestrial) and rock parrot (Neophema petrophila, which
nests only in crevices under seaside rock overhangs), and those that depend on a specific type
of vegetation for food or nesting (e.g., some macaws; and the glossy black cockatoo,
Calyptorhynchus lathami) (Forshaw, 2010).
Across species, microhabitat preferences vary so that even closely-related species may
require different habitat features (Mettke-Hofmann et al., 2002). For example, while peachfronted and cactus conures (Aratinga aurea and A. cactorum, respectively) have overlapping
ranges in the semiarid scrubland of northeastern Brazil, the former favour the grassier, more
open areas, while the latter prefer more wooded cover (Forshaw, 2010; Juniper and Parr, 1998).

Diet and foraging
All parrots are primarily herbivorous, and many rely on food sources that are
unpredictable or irregularly-distributed. Most parrots travel many miles each day to reach
feeding sites (Gilardi and Munn, 1998; Snyder et al., 1987), and once there, spend several
hours engaged in foraging-related activities, as follows: searching (locally) for food, assessing
and selecting food items, manipulating obtained food items for access, and consuming food
items (Magrath and Lill, 1985; Snyder et al., 1987). The amount of time invested in these
activities varies with season and species, but assessing species differences is difficult because
foraging times have only been measured for a handful of species; e.g., crimson rosella
(Platycercus elegans) (Magrath and Lill, 1985); Puerto Rican and lilac-crowned Amazon parrots
(Amazona vittata and A. finschi, respectively) (Renton, 2001; Snyder et al., 1987); red-rumped
parrot (Psephotus haematonotus); and galah (Eolophus roseicapilla) (Westcott and Cockburn,
1988). In addition, some of these estimates did not consider the full suite of foraging-related
activities. Overall, it appears that parrots spend between about 4-8 hours per day (40-75% of
the daily activity budget) engaged in foraging (van Zeeland et al., 2013).
The majority of species are generalist herbivores, and so consume a variety of different
plant items (e.g., vegetative material, seeds, fruits, and pollen or nectar) (Juniper and Parr,
1998); however, they can be roughly divided into five diet categories that represent either
specialized variants of the plant-based diet (though most species will take foods from outside
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their specialty), or a separate category that includes non-plant materials (e.g., Koutsos et al.,
2001).
Most parrots are granivores and so consume primarily seeds, often discarding 60-100%
of the fruit they take in favour of the seeds inside (Matuzak et al., 2008). Within the granivores,
a sub-group of extreme specialists consume seeds (and sometimes other items) from a single
species of plant. Such specialist granivores tend to be endangered and are often nomadic;
examples include some Calyptorhynchus cockatoos (e.g., Cameron, 2009) and Cape parrots
(Poicephalus robustus) (Wirminghaus et al., 2002), all of which feed almost exclusively on the
seeds or cones from a single species or genus of conifer. True nectarivores depend on nectar
from flowers (along with a fair amount of pollen) for the balance of their nutrition (Koutsos et al.,
2001). The most highly-specialized parrot nectarivores are the lorikeets of Australasia, which
are notable for physical adaptations to their diet: long, slender bills that operate as pincers to cut
into flowers and long, brush-tipped tongues that allow them obtain the nectar (Gartrell, 2000;
McDonald, 2003). True folivores and true frugivores consume solely leaves or fruit pulp,
respectively (Koutsos et al., 2001). The only true folivore is the flightless kakapo (Juniper and
Parr, 1998). Largest and heaviest of all the parrots, the kakapo evolved on a mammal-free
island where such a time-consuming and ground-based feeding strategy was feasible. Though
leaves are low in nutrition and difficult to digest, the kakapo manages this diet by being inactive
and physiologically slow (i.e., with a low basal metabolic rate and the lowest daily energy
expenditure known for any bird) (Livezey, 1992; Powlesland et al., 2006). The only true
frugivore is the Pesquet’s parrot (Psittrichas fulgidus) (Pryor et al., 2001). Also called the
vulturine parrot in reference to its mostly bald head and sharp, elongated bill (used like pincers
to slice large chunks of fruit), the Pesquet’s parrot also has a brush-tipped tongue to help
manipulate pulp (Homberger, 1980; Juniper and Parr, 1998).
Omnivores consume animal protein as well as plant items and other foods (Koutsos et
al., 2001). Examples include a number of island-dwelling species (e.g., two Cyanoramphus
parakeet species of the South Pacific Antipodes Islands) (Greene, 1998; Greene, 1999). There
are no carnivores among the parrots, and none depends on meat; however, the kea and (to a
lesser extent) the kaka of New Zealand use sharp, curved bills to exploit such diverse food
sources as fruits, seeds, sap, grubs, eggs, mice, sea bird chicks, and, on occasion, carrion or
larger vertebrates (Beggs and Mankelow, 2002; Diamond and Bond, 1991; Juniper and Parr,
1998; Moorhouse, 1997; O'Donnell and Dilks, 1989). Generalist omnivores like the kea

17

compose the majority of a small percentage (~5%) of parrot species that have been observed
exhibiting innovative foraging behaviours in the wild (specifically, eating a new food or making
tools to access food) (Overington et al., 2009). Other examples are found in Australia and the
Neotropics: two rosellas (Platycercus elegans; P. eximius) and the galah, plain parakeet
(Brotogeris tirica), and peach-fronted conure (Overington et al., 2009).

Social structure and flocking
Among parrots, solitary behaviour (e.g., as exhibited by the kakapo) is rare. Instead,
most species have highly complex social organizations within which social stability is maintained
by mutual recognition of group members and the establishment of dominance relationships
(Seibert, 2006b). Within this framework, species-typical behavioural traits are socially acquired
via cultural transmission (International Union for Conservation of Nature, 2000; Toft, 1994).
One such trait is the contact call; which, along with body language, facilitates communication
between individual parrots (Berg et al., 2013; Berg et al., 2012; Berg et al., 2011; and see
Morell, 2011).
Parrots are typically gregarious and move about in large flocks that may roost, travel,
forage, and rest together. Improved predator detection and avoidance may be the principal
benefit of flocking behaviour (Westcott and Cockburn, 1988), but additional advantages include
efficiency in resource detection (Jullien and Clobert, 2000), social transfer of information about
foraging sites (Chapman et al., 1989), access to mates, and defense of territories (Seibert,
2006b; Wilson, 1975). Parrot flocks are smallest during the breeding season, when pairs are
nesting and may defend individual territories; and largest afterwards, when pairs and their
offspring rejoin the group (Juniper and Parr, 1998). Between species, maximum flock size may
correlate inversely with body size (Gilardi and Munn, 1998). Indeed, huge foraging groups of
hundreds or thousands of individuals have been recorded for relatively small species like the
budgerigar, Bourke’s parakeet (Neopsephotus bourkii), and purple-crowned lorikeet
(Glossopsitta porphyrocephala) (Juniper and Parr, 1998); while maximum recorded group sizes
for larger species like the scarlet macaw (Ara macao) and blue-eyed cockatoo (Cacatua
ophthalmica) number just a few dozen birds (Juniper and Parr, 1998). Flocks can also vary in
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species composition, since opportunistic species occasionally join established single-species
groups in order to reduce competition for similar food or nesting sites (Seibert, 2006b).

Mating systems and nesting
Parrots typically exhibit delayed sexual maturity and modest reproductive rates
(International Union for Conservation of Nature, 2000), with most species attaining breeding
condition sometime between their second and fourth years (Juniper and Parr, 1998; and see
'Life history', below). Thereafter, pairs generally nest once per season (commonly inside an
existing tree cavity) (Forshaw, 2010), but with exceptions: some species will double-brood in
years when conditions are favourable (e.g., green-rumped parrotlet, Forpus passerinus and
cockatiel) (del Hoyo et al., 1997; Juniper and Parr, 1998); while others will not breed at all
except under ideal conditions (e.g., Puerto Rican Amazon, of which only 34% of observed pairs
nested annually during one 27-year-long study) (Beissinger et al., 2008). Clutch size can vary
according to a female’s age and physical condition (Spoon, 2006), but females will normally lay
between one or two eggs (in larger species like cockatoos, Cacatua or Calyptorhynchus spp)
and eight eggs (in smaller species like lovebirds, Agapornis spp; or rosellas, Platycercus spp)
per clutch (del Hoyo et al., 1997).
Because it is generally difficult to observe and test the genetic parentage of parrots in
the wild, most investigations of mating systems have focused on the social (i.e., behavioural)
aspects (Spoon, 2006). Predominant or exclusive social monogamy has been confirmed for
many species, and strongly supported for several others (see Spoon, 2006 for examples) –
though breeding pairs of this type sometimes nest in social colonies (e.g., constructed within
stick-built structures or excavated burrows) (Di Iorio et al., 2010; Eberhard, 1998; Forshaw,
2010). Isolated polygamy has been observed in a number of typically-monogamous parrots
(e.g., spectacled parrotlet, Forpus conspicillatus and monk parakeet) (Eberhard, 1998;
Garnetzky-Stollmann and Franck, 1991). However, the few species that rely on co-operative or
non-monogamous mating strategies like polyandry, polygyny, and polygynandry, are mainly
residents of real or habitat islands where females or resources are scarce and monogamy is not
feasible; examples include the Coracopsis parrots of Madagascar (Juniper and Parr, 1998); the
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New Caledonian horned parakeet (Eunymphicus cornutus) (Theuerkauf et al., 2009); and the
eclectus parrot (Eclectus roratus) (Heinsohn, 2008).

Life history
After they leave the nest, parrot hatchlings progress through three distinct
developmental stages before they reach sexual maturity: chick, in which they are
uncoordinated, un-weaned, and totally dependent on the parents for food and protection;
juvenile, in which they are weaned, fledged (though without full adult plumage), and able to
leave the parents to congregate in large peer groups where they will learn social and survival
skills; and pubescent, in which they are independent (with adult plumage and survival skills fullydeveloped), nearly sexually mature, and are forming bonds with potential future mates (Y. van
Zeeland 2011 & C. Toft 2010, personal communications). The onset and duration of these
developmental stages vary with species, but their relative timing (i.e., considering average
lifespan) is broadly similar (e.g., small Australian parakeets often reach sexual maturity before
their second year and may live for ~15 years; while Amazon parrots, Amazona spp, may not
reach maturity until their sixth year, but often live for more than 50 years) (Y. van Zeeland 2011,
personal communication).
Most birds tend to live substantially longer than mammals of similar body size (Lindstedt
and Calder, 1976), but with a mean maximum lifespan of more than 30 years (in captivity)
(Wasser and Sherman, 2010), parrots are among the longest-lived of all – probably as a product
of key traits, like delayed reproduction, strong investment in few offspring, large brains, and
social information transfer, that reduce extrinsic mortality and so increase longevity (MunshiSouth and Wilkinson, 2006, 2010). Longevity data are scarce for wild parrots, but records
compiled for captive species confirm that larger species generally live longer than do smaller
ones (Young et al., 2012), and reveal that maximum lifespans can range from fewer than 15
years (for many of the small, Loriculus hanging parrots) to 50-70 years or more (for several of
the large macaws or cockatoos) (Tacutu et al., 2013; Young et al., 2012).
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iii. Influence of humans on wild populations
Non-native populations
Apart from the native populations are groups of wild-living, non-native (or introduced)
parrots, so named because they have been transported and released (intentionally or
accidentally) outside their native distributional ranges as a result of human activity (Richardson
et al., 2000). Groups that develop self-sustaining populations are known as established (or
naturalized) (Carrete and Tella, 2008; Richardson et al., 2000), and those that eventually
expand their ranges beyond the introduction areas are said to have become invasive (Colautti
and MacIsaac, 2004; Mason et al., 2013).
Introduced parrots and their descendants can be found on six continents, with at least 27
species breeding in North America alone (Juniper and Parr, 1998). The South American monk
parakeet (Myiopsitta monachus), which is the most abundant and widely-distributed non-native
parrot species in North America (Russello et al., 2008; Tweti, 2008), has established a number
of invasive populations from the southern US through to northern states like New York and
Illinois (Pruett-Jones et al., 2012). Other non-native species now established in North America
include the white-winged parakeet (Brotogeris versicolorus), nanday conure (Aratinga nenday)
(Juniper and Parr, 1998), and rose-ringed parakeet (Psittacula krameri) (Forshaw, 2010).
Elsewhere, common introduced species include the blue-fronted Amazon (Amazona aestiva)
and yellow-headed Amazon (Amazona oratrix), in Europe (Martens et al., 2013); the rose-ringed
parakeet, in western Europe, Asia, and South America (Forshaw, 2010; Juniper and Parr,
1998); the rainbow lorikeet (Trichoglossus haematodus), in Australia (Chapman, 2006); and the
eastern rosella (Platycercus eximius), galah, and sulphur-crested cockatoo (Cacatua galerita),
in New Zealand (Troup, 2013).

Conservation status
The Red List of Threatened Species (www.iucnredlist.org) is a global, species-level
inventory of population trends, specific threats, and conservation statuses (whether or not extant
and likelihood of becoming extinct in the near future) published by a network of government and
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non-government organizations and volunteer scientists that compose the International Union for
Conservation of Nature (IUCN). According to the Red List, Psittaciformes is one of the most atrisk orders of birds (International Union for Conservation of Nature, 2000). Specifically, 29% of
all extant parrot species (104 of the 356 species assessed by IUCN) are classed as threatened
(International Union for Conservation of Nature, 2013), which means they are at high, very high,
or extremely high risk of extinction in the wild according to specific criteria (i.e., vulnerable,
endangered, or critically endangered, respectively), or else are known to survive only in captivity
or highly naturalized populations (International Union for Conservation of Nature, 2012). An
additional 48 species are classed as near threatened (International Union for Conservation of
Nature, 2013), which means that they are likely to become threatened in the near future
(International Union for Conservation of Nature, 2012).
Among numerous contributors to the decline of wild parrot populations, the two most
significant threats – both of which are linked directly to human activity – are habitat destruction
and/or fragmentation, and trapping for the wild bird trade (most species have relatively long life
spans and low reproductive rates, and so are particularly vulnerable to over-harvesting)
(International Union for Conservation of Nature, 2000). These two factors alone (separately or
in combination) are responsible for the threatened or near threatened statuses of 144 species
(International Union for Conservation of Nature, 2013).

iv. Behavioural flexibility and intelligence
Parrots are often noted for their intelligence and their capacity to learn or to problem
solve. These abilities, along with certain aspects of the ecology, are linked to behavioural
flexibility, which describes an ability to adaptably modify behaviour in order to cope with
changes in the environment (Lefebvre et al., 2013; Mason et al., 2013; Mason, 2010; Sol et al.,
2013). Such flexible behaviour is achieved via the combined effects of a subset of related
characteristics (summarized in Mason et al., 2013) whose expression varies among the different
parrot species. One key attribute is ecological flexibility, which represents anatomical and
physiological adaptations for resource generalism (Greenberg, 1990; Mason et al., 2013; Sol et
al., 2013). See ‘Habitat’ and ‘Diet and foraging’ in 1.3.1. ii. for descriptions of typical habitat and
dietary tolerances, respectively, and examples of resource generalists and specialists. A
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second important component of behavioural flexibility is cognitive flexibility, which represents
cognitive traits that support insight and associative learning, and adaptive behaviour (Lefebvre,
2011; Mason et al., 2013; Sol et al., 2013). These are reflected in indicators of species’
intelligence, such as relative brain sizes (Emery, 2006; Emery and Clayton, 2005; Reader et al.,
2011; Reader and Laland, 2002) and the correlated trait of innovativeness: the ability to invent
new behavioural solutions or adjust existing ones in order to exploit new opportunities
(Lefebvre, 2011; Lefebvre et al., 2013; Overington et al., 2009; Sol et al., 2005). Though
relative brain sizes in parrots are large in general when compared with most other birds, and are
similar to those in intelligent taxa like corvids and primates (Emery and Clayton, 2005; Franklin
et al., 2014; Iwaniuk et al., 2005), they are reliably larger in some parrots than in others (e.g.,
relative brain sizes tend to be large in the Aratinga conures and hanging parrots, Loriculus spp;
and smaller in the Cacatua cockatoos and Lorius lorikeets) (Iwaniuk et al., 2005; Schuck-Paim
et al., 2008). Innovativeness in parrots typically involves utilizing a new food type or devising a
tool (Overington et al., 2009), and appears related to other components of behavioural flexibility,
like curiosity and exploration (Huber and Gajdon, 2006; Mettke-Hofmann, 2014). See ‘Diet and
foraging’ in 1.3.1. ii. for a description of the prevalence of innovativeness among Psittaciformes,
and some examples of innovative species.
Some of the specific cognitive abilities of parrots that underlie their intelligence have
been carefully studied and documented – though often in relatively few species. Many of the
best-known studies were performed by Irene Pepperberg, who capitalized on parrots’ advanced
vocal learning abilities to teach a few individuals (notably, the gray parrot, Psittacus erithacus,
“Alex”) to use elements of English speech meaningfully, and then used this “code” to query
aspects of their cognition (Pepperberg, 2006). Vocal learning allows individuals to modify their
vocalizations based on information they hear. Among birds, only parrots are capable of lifelong
vocal learning, while other groups are generally limited to an early sensitive period (though
some songbirds, including corvids [Corvidae], retain the ability for a time beyond this early
period, and others regain it seasonally). It is unclear whether or not all parrot species exhibit
lifelong vocal learning; however, the ability been demonstrated in all those assessed thus far –
many of them non-territorial species that share the parrot-typical fission-fusion social system in
which group size and composition change over time (e.g., the budgerigar; orange-fronted
conure, Aratinga canicularis; galah; and various parrotlets, Forpus spp) (Scarl and Bradbury,
2009; C. Dahlin 2015, personal communication). Parrots (as well as a few other species among
the songbirds and hummingbirds [Trochiliformes]) are also capable of vocal imitation, and so
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are not restricted to producing innate sounds (Cruickshank et al., 1993; Matsunaga and
Okanoya, 2009). These advanced vocal abilities may help to mediate individual affiliations
within constantly changing social groups (Scarl and Bradbury, 2009) and, as mentioned, they
facilitated Pepperberg’s assessment of gray parrot cognitive abilities, which include: using
symbolic labels to identify objects and actions; organizing similar objects into categories
(spontaneously); understanding and using abstract concepts (e.g., numbers for counting)
(Pepperberg, 2013); following set rules and logical bifurcations (and/or); formulating a conscious
goal; and using language in group problem solving (Pepperberg, 1999; Pepperberg, 2006).
Studies of other gray parrots have demonstrated mirror-mediated discrimination and spatial
location (Giret et al., 2009; Kalmar et al., 2010).
Though parrot cognition has typically been investigated in gray parrots, problem solving
and other abilities have been demonstrated in a few other species. For instance, species that
can pass a ‘string-pulling task’ that requires producing a new, adaptive response without trialand-error learning (i.e., one that requires insight) are: the kea (Huber and Gajdon, 2006), bluefronted Amazon, hyacinth macaw, and Lear’s macaw (Anodorhynchus leari) (Schuck-Paim et
al., 2009). Besides gray parrots, others shown to understand object permanence include the
blue-winged macaw (Primolius maracana), budgerigar, cockatiel (Pepperberg and Funk, 1990),
and Goffin’s corella (Cacatua goffiniana) (Auersperg et al., 2014). There are some concepts
(e.g., physical causality in a ‘trap-tube task’) for which parrots exhibit reduced comprehension
relative to other intelligent taxa like corvids and primates (Liedtke et al., 2011); however, they
share with these groups multiple characteristics associated with advanced cognitive processing
(e.g.; relatively large brains, slow development, longevity, and complex social lives), and their
documented abilities are generally consistent with an expectation of sophisticated cognition
(Iwaniuk et al., 2003; Schuck-Paim et al., 2009).
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1.3.2. Parrot natural diversity is well represented in captivity

i. A brief history of parrots in captivity
Popular as modern household pets, parrots have been valued by human cultures for
centuries because of their often striking appearance and their ability to mimic human speech
(International Union for Conservation of Nature, 2000). Historically, parrots were often
transported outside their natural ranges as objects of trade. For instance, they are reported to
appear in carvings found inside Egyptian tombs (Tweti, 2008), and are well documented in
writings from ancient Greece, where they were kept as pets (likely introduced from the Far East
by Alexander the Great in c. 320 BCE) (Forshaw, 2010) or consumed as delicacies
(uncommonly, since many are considered malodourous) (Weldon and Rappole, 1997). In
ancient Rome, the “talking” birds were collected as status symbols by nobles (Forshaw, 2010).
In the New World (Mexico, the Caribbean, and western North America), the practice of rearing
wild parrots in captivity as a source of ceremonial feathers was popularized by native peoples
before 1000 CE (International Union for Conservation of Nature, 2000; Tweti, 2008).
Trade continued over the subsequent centuries and, aided by the commercialization of
air transportation after the end of World War II, large numbers of wild-caught parrots began
arriving in North America in the late 1940s, destined for the pet market (Tweti, 2008). Early
imports to the United States were subject to quarantine laws that had been introduced in 1930
to monitor the arrival of exotic birds after an outbreak of parrot fever (psittacosis: a bacterial
zoonotic infection that is typically contracted through exposure to infected birds and causes
pneumonia-like symptoms in humans) (Gregory and Schaffner, 1997; Potter et al., 1983). That
marketplace was supplemented early on by “hobby” breeders, and later by commercial breeders
(Tweti, 2008) – especially when the demand for domestically-bred parrots increased in
response to the 1992 Wild Bird Conservation Act, which aimed to limit importation of wild-caught
birds into the United States (U.S. Fish & Wildlife Service: International Affairs, 1992).
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ii. International trade in parrots
Legal trade
According to the World Wildlife Fund (WWF), more than one million parrots were
(officially) traded on the world market between 1998 and 2000 (World Wildlife Fund, 2010).
Some countries have enacted laws designed to halt or decrease the import of wild-caught
parrots in favour of captive-bred individuals: e.g., United States in 1992 (U.S. Fish & Wildlife
Service: International Affairs, 1992), but see (U.S. Fish & Wildlife Service: International Affairs,
1999); European Union in 2007 (Royal Society for the Protection of Birds, 2012); however, the
WWF estimates that ~20% of the parrots imported into the United States each year are still
taken from the wild (World Wildlife Fund, 2010).
All trade in parrots (whether captive-bred or wild-caught) is regulated via a licencing
system administered by the Convention on International Trade in Endangered Species of Wild
Fauna and Flora (CITES): an international agreement that aims to ensure international trade in
wild animals and plants does not threaten their conservation statuses (see ‘Conservation status’
in 1.3.1. ii.) Briefly, each species is assigned to one of three Appendices according to the
degree of protection that CITES-affiliated management and scientific authorities determine it
requires. Among the Psittaciformes, no regulations apply to the budgerigar, cockatiel, peachfaced lovebird (Agapornis roseicollis), or rose-ringed parakeet, all of which are very popular as
pets and therefore are extensively bred in captivity. Appendix I prohibits most trade in five
threatened species of cockatoo and 46 species of ‘true’ parrot, lory, and lorikeet; plus the
critically endangered kakapo. Appendix II allows permit-controlled trade in the remaining ~300
parrot species (not all of which are threatened) (Convention on International Trade in
Endangered Species of Wild Fauna and Flora, 2013a, b, d). Each year, CITES sets quotas
specifying the number of wild-caught parrots that may be exported from each species’ range
states. Recent quotas permitted the annual export of at least 215,000 wild-caught parrots
worldwide; however, this is a significant underestimate since it does not account for the high
mortality rates for wild parrots en route to market (Tweti, 2008): the WWF estimates that these
can range from 5-62%, depending on species: e.g., about 35% for gray parrots (World Wildlife
Fund, 2010). Until recently (2007, when the importation of wild-caught birds into Europe was
effectively banned), European countries were the main legal importers of wild-caught parrots –
particularly popular pet species like the Senegal parrot (Poicephalus senegalus) and gray parrot
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from Africa, and the Patagonian conure (Cyanoliseus patagonus) and monk parakeet from
South America (Carrete and Tella, 2008).

Illegal trade
Approximately 80% of illegally-captured animals are birds, and 4% of those are parrots
(Fernandes and Caparroz, 2013). Illegal trade in parrots continues to thrive because it is
extremely lucrative: depending on age, size, colour, “talking” ability, and CITES status (see
‘Legal trade’, above), individual parrots may be worth thousands of dollars each at destination
markets in North America or Europe (Gobbi et al., 1996). Examples of valuable species include
the large, charismatic, and CITES Appendix I-listed scarlet macaw; and the yellow-headed
Amazon, which is a highly-popular pet species with typically good “talking” ability (Gobbi et al.,
1996). Wild-caught parrots (or fertilized eggs) collected inside a range state from which their
export is restricted may be smuggled onto the international market in one of two main ways:
directly, by sneaking them into countries that have strict import restrictions; or, more commonly,
indirectly, by sneaking them into nearby countries from which export is allowed or where
falsified shipping permits or breeding records can be easily obtained (Tweti, 2008). For
instance, a study published in 2014 reported that 100% of the nearly 20,000 CITES Appendix Iand II-listed native Australian parrots officially traded through Singapore (a major transit hub for
the wildlife trade) between 2005 and 2011 were declared as captive-bred in non-range
countries, even though many of the importing or exporting countries lack systematic wildlife
trade reporting and monitoring frameworks and so are vulnerable to exploitation by wildlife
smugglers with access to wild Australian parrots (Low, 2014). There are also indications that
increasingly large numbers of poached parrots are being directed into domestic, rather than
international, trade (Best et al., 1995; Desenne and Strahl, 1991; Pires and Moreto, 2011;
Wright et al., 2001). Wherever their final destination, smuggled parrots are typically subject to
extremely high mortality rates during capture and transportation (estimates range from nearly
50% to more than 80% for some species) (Tweti, 2008; Weston and Memon, 2009).
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iii. Captive populations
In the United States alone, parrots may account for between 50% and 75% of the
roughly 40 million birds that are housed in captivity (Kelly et al., 2014; Pet Industry Joint
Advisory Council, 1998). Worldwide, captive parrots may number at least 50 million – around
the same as the number of individuals living in the wild (J. Gilardi 2014, personal
communication). This huge captive population comprises many dozens of species from all six
Psittaciformes families, maintained in a variety of settings that include: private homes, private
and commercial breeding facilities, zoological institutions, conservation programs, sanctuaries,
and laboratory research facilities.
Parrots are extremely popular as pets – particularly in the United States, Japan, the
Netherlands, and Germany. In Canada and the United States, they are among the most
common groups of pets, third only to cats and dogs (Wise et al., 2002) – even though, unlike
cats and dogs, parrots have largely not been domesticated (Bergman and Reinisch, 2006;
Kalmar et al., 2010). Recent estimates (which tend to be quite variable) suggest that parrots
account for about 10 million of the roughly 15 million birds kept exclusively as pets or by private
breeders in the United States (American Pet Product Manufacturers Association, 2010; Wise et
al., 2002). The budgerigar is the most common pet parrot (and the most popular cage bird
species in the world) and is extensively bred in captivity (Polverino et al., 2012; Wade, 2007).
Three other prolific captive breeders that are consistently demanded as pets are the cockatiel
(Bergman and Reinisch, 2006; Kalmar et al., 2010), the peach-faced lovebird, and the roseringed parakeet (Convention on International Trade in Endangered Species of Wild Fauna and
Flora, 2013a). For some other species, commonness in aviculture varies by region. For
example, other Agapornis lovebirds (A. fischeri, A. personatus), the eastern rosella, and the redrumped parrot (Psephotus haematonotus) are primarily captive-bred and readily-available on
the pet market in Europe (Carrete and Tella, 2008); while various Ara macaws, Aratinga
conures, Pionus parrots, and cockatoos (Cacatua alba) are successful captive breeders that are
both well represented in aviculture and popular as pets in North America (Schubot et al., 1992;
World Parrot Trust, 2015). CITES (see ‘Legal trade’ in 1.3.2. ii.) maintains a global registry of all
breeding facilities that handle threatened species listed on Appendix I (e.g., golden parakeet,
Guarouba guarouba; yellow-crested cockatoo, Cacatua sulphurea) (Convention on International
Trade in Endangered Species of Wild Fauna and Flora, 2013c).
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Parrots are well represented in zoos, with nearly 46,000 individual members of more
than 200 of the ~370 extant species currently held in International Species Information System
(ISIS)-affiliated zoological institutions around the world (Conde et al., 2011; International Zoo
Yearbook, 1998; ISIS 2014, personal communication). Collection sizes range from very small
(e.g., just a few members of a single species held at a non-specialist zoo) to large and diverse
(e.g., breeding populations for multiple species held at a dedicated bird park that specializes in
displaying and/or propagating exotic bird species). Perhaps the largest such collection of
parrots is maintained by the Loro Parque Fundacion in Tenerife, which participates in or coordinates European Endangered Species Programs and Studbooks for more than 30 species of
parrot, and produced 1,350 parrot chicks from 180 species in 2011 alone (Loro Parque
Fundacion, 2011).
Since 29% of parrot species are threatened, some of the larger captive populations (e.g.,
orange-bellied parrot; Mauritius parakeet, Psittacula echo) (Smales et al., 2000; Woolaver et al.,
2000) are maintained in zoos according to conservation strategies (set out by the World
Association of Zoos and Aquariums; 2012) that include participation in ex situ captive breeding
programs supported by IUCN (Department for Environment and Food and Rural Affairs, 2011)
(see ‘Conservation status’ in 1.3.1. ii.) For some of these programs, the ultimate aim is to
reintroduce the birds into wild habitats, often in support of ongoing in situ work with threatened
species. For others, the focus is on establishing captive populations that are large enough to be
both genetically and demographically stable (Fa, 2011) – especially for species that are
effectively extinct in the wild (e.g., Puerto Rican Amazon; Spix’s macaw, Cyanopsitta spixii)
(Earnhardt et al., 2014; White et al., 2012). However, despite this apparent commitment to
conservation, a recent study found that zoos preferentially keep and breed “beautiful” parrot
species rather than those that are endangered. In that study, the size of each species’ global
zoo population was determined by its perceived aesthetic appeal (human observers consistently
preferred, larger, longer-tailed parrots with bright plumage in shades of blue, orange, and
yellow) and not by its IUCN conservation status (Frynta et al., 2010). Such underrepresentation of threatened species has been reported for many groups of animals: one recent
estimate is that only 15% of threatened vertebrate taxa are held in ISIS member zoos, and less
than 8% (about half of those) are being population managed (Traylor-Holzer, 2011).
Though the majority of captive parrots are held in private homes, breeding facilities, and
zoos, thousands are also housed by rescue organizations or government-accredited
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sanctuaries. For instance, in their responses to a Gabriel Foundation and PETsMART Charities
co-funded research survey that collected data on companion parrot relinquishment in the United
States in 2003-4, a sample of 779 participants (e.g., individuals, parrot welfare organizations
[i.e., rescue or sanctuary facilities], breeders, veterinarians, bird clubs) reported nearly 5,400
abandoned parrots. Of that total, more than one-quarter were permanently housed at the time
in various of that country’s parrot-focused rescue or sanctuary facilities (Meehan, 2004) (which
were estimated to number ≥100 in 2010, excluding smaller, home-based operations) (Hoppes
and Gray, 2010). In addition, nearly 60% of those parrot welfare organizations also reported
that they were maintaining active waiting lists for intakes, and just under 40% had been unable
to accept new parrots within the preceding 12 month period, due to space limitations (Meehan,
2004).
Finally, hundreds of parrots are maintained in laboratory research facilities where they
are typically used in studies related to veterinary medicine (e.g., bacteriology, hematology) or, to
a lesser extent, behaviour or sensation (e.g., acoustics, vision) (Kalmar et al., 2010). A recent
summary identified 31 studies published in 2009 in which a total of nearly 500 individual parrots
from 45 different species (mainly Amazon parrots or budgerigars) were used as laboratory
animals (Kalmar et al., 2010).

1.3.3. Susceptibility to welfare problems in captivity appears to vary with species
Much of the available information about the etiology and distribution of welfare problems
in captive parrots derives not from empirical studies, but from observation or professional
judgments about presentation rates at veterinary clinics (which do not account for underlying
population sizes or other potential confounds) (Kinkaid et al., 2013; van Zeeland et al., 2009).
Still, certain species seem clearly to fare well in captive environments – or even to thrive –
typically exhibiting good survival, reliable reproduction, and/or few behavioural indicators of
frustration or chronic stress. For instance, the monk parakeet, rose-ringed parakeet, peachfaced lovebird, budgerigar, and cockatiel all tend to breed readily in captivity (Convention on
International Trade in Endangered Species of Wild Fauna and Flora, 2013a; Schubot et al.,
1992). As well, along with the Senegal parrot and some macaws (Ara spp), the budgerigar and
cockatiel rarely show feather-damaging or other ARB (Kinkaid et al., 2013; Leonard, 2005;
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Rosskopf and Woerpel, 1996; Seibert, 2006a; van Zeeland et al., 2009). In fact, these latter two
species may even have been successfully domesticated (Bergman and Reinisch, 2006; Kalmar
et al., 2010; Polverino et al., 2012; see 3.1. for more details). In contrast, many other species
seem highly susceptible in captivity to various problems that stem from changes in biological
functioning (e.g., behaviour or physiology) that are sensitive to psychological well-being, and so
serve as indirect indicators of welfare (Mason and Veasey, 2010). Examples of these are
described in the following paragraphs, with an emphasis on the particular welfare indices
assessed as part of this research project.

Behavioural responses
Stereotypic behaviours (SB; often referred to as ARB when the underlying cause is
unknown) (Mason, 2006), are formally defined as repetitive behaviours caused by the frustration
of highly-motivated behaviour, repeated attempts to cope, and/or dysfunction of the central
nervous system (i.e., the brain) (Mason, 2006). These can range from rigid, patterned
movements, like route-tracing, to much more flexible movements, like self-directed hair-pulling.
Commonly used to gauge welfare in both production and zoo animals, SB are typically prevalent
in sub-optimal captive environments (i.e., those that are aversive and/or induce other signs of
poor well-being) (Mason et al., 2007; Mason and Veasey, 2010; Olsson et al., 2011). This
pattern was supported by the results of a meta-analysis that surveyed hundreds of publications
relating SB to other welfare measures (Mason and Latham, 2004). SB may arise when internal
states or environmental cues repeatedly trigger specific behavioural responses whose normal
expression is impossible to achieve within a captive setting that lacks critical resources or
substrates (Mason, 2006; Mason et al., 2007). Preventing highly-motivated behaviours is wellknown to cause frustration and stress (e.g., Broom, 1991), and so the resulting SB probably
reflect aversive mental states, and thus, poor welfare (Mason, 2006) – though perhaps less
directly if their performance either reduces the underlying motivation (and the associated stress)
or becomes routine (Mason and Latham, 2004). Alternatively, SB may arise from neurological
dysfunction that develops in the context of physical or social isolation, or ongoing stress or fear
(Mason, 2006; Mason et al., 2007). The brain’s ability to initiate and sequence behaviour
patterns depends on circuits within the forebrain that pass information to and from the cortex via
the basal ganglia. In humans with schizophrenia or those treated with psychostimulant drugs,
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SB are associated with forebrain dysfunction that alters the brain’s control of behaviour so that
behaviour becomes inflexible and perseverative (which refers to continued responding in the
absence of appropriate stimuli), and the ability to inhibit inappropriate responses is
compromised (reviewed in, e.g., Olsson et al., 2011). A similar type of forebrain dysfunction
appears to underlie the SB of captive animals that are subject to chronic isolation, stress, or fear
(and can interfere with normal brain development if the stress is experienced during infancy).
Since all of these chronic stressors are known to be aversive (e.g., Broom, 1991), SB that stem
from the resulting neurological changes probably reflect poor welfare (with those that originate
during infancy potentially reflecting both past and current poor welfare, if they are accompanied
by lasting fearfulness) (Mason, 2006). Some SB also affect welfare directly by causing physical
harm – either to the abnormally-behaving animal (e.g., self-injury in rhesus macaques) or to
another animal at which the SB is directed (e.g., severe feather pecking in poultry or tail biting in
pigs). In the latter case, the SB in question is both an indicator and a direct cause of poor
welfare whether or not it signals negative affect in the performer (Olsson et al., 2011).
Importantly, measures of SB do not always co-vary with poor well-being in the expected
direction, and so they are not perfect indicators of an animal’s current state of welfare. For
instance, SB that result from abnormal brain development during infancy might have no link with
welfare (if the early environment impaired brain development without being aversive); or might
reflect past poor welfare but not current poor welfare (if poor welfare was involved in the
circumstances that caused the neurological dysfunction but the behaviour persists as a mere
“artifact” in its absence) (Mason et al., 2007; Mason, 1991; Mason and Latham, 2004). And for
some groups or individuals, the behavioural manifestation of poor welfare is not SB, but rather,
extreme inactivity, which may reflect, e.g., a boredom-like state, fear (if hiding or “freezing”), or
pain (if immobile) (Mason and Veasey, 2010; Meagher et al., 2013; Meagher and Mason, 2012;
Mellor et al., 2007; Olsson et al., 2011). In fact, within a sub-optimal environment in which SB is
prevalent, individuals that exhibit the highest levels often seem to fare best (according to other
welfare indices) (Mason and Latham, 2004).
Various different types of behaviour are described by SB, and several of these are
relevant to parrots. For instance, ‘traditional’ stereotypies are apparently functionless
behaviour sequences that are repeated according to a fixed pattern (Mason, 1991). In captive
parrots, these sequences may feature, e.g., oral behaviours (e.g., sham chewing), locomotion or
body movements (e.g., route tracing or spinning), or the manipulation of objects (e.g., toys)
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(Meehan and Mench, 2006). The prevalence and species distribution of stereotypies among
parrots are largely unknown (Meehan and Mench, 2006), though it was reported that 96% of
individuals in a well-studied laboratory colony of orange-winged Amazon parrots (Amazona
amazonica) reliably developed oral and/or locomotor stereotypies (that occupied between 585% of each bird’s active time) when housed in barren conditions (Garner et al., 2006; Meehan
et al., 2004). The development and expression of stereotypies have also been studied in the
gray parrot (Wang et al., 2009), budgerigar (Polverino et al., 2012), and sulphur-crested
cockatoo (Ma et al., 2011), in laboratory and zoo settings. Another relevant SB is featherdamaging behaviour (FDB; Orosz, 2006), in which birds repetitively chew or pluck out their
own feathers (Harrison and Harrison, 1986; van Zeeland et al., 2009). Studies suggest that
FDB is exhibited by 10-15% of all parrots housed in private homes (Gaskins and Bergman,
2011; Grindlinger and Ramsay, 1991; Kinkaid et al., 2013), but it appears to be particularly
prevalent in some cockatoos (e.g., white-crested cockatoo, Cacatua alba) and the eclectus and
gray parrots (Gaskins and Hungerford, 2014; Jayson et al., 2014; Kinkaid et al., 2013; Seibert,
2006a; van Zeeland et al., 2009).
In parrots, SB may be triggered or exacerbated in captive settings that restrict or prevent
locomotion, foraging, or social contact with conspecifics (Lumeij and Hommers, 2008; Meehan
and Mench, 2006; Meehan et al., 2003a, 2004; Meehan et al., 2003b); or those featuring
elements that otherwise reduce psychological well-being (e.g., housing near potential stressors)
(Garner et al., 2006). Furthermore, traditional stereotypies were observed to co-occur with
other signs of potentially poor well-being (excessive fearfulness and aggression) in orangewinged Amazon parrots housed in social isolation (Meehan et al., 2003a); and to correlate in
that species with the same psychiatric measure of executive motor impairment (i.e.,
perseverative responding in a “gambling task”) that correlates with stereotypy (and associated
psychological distress) in humans with schizophrenia or autism (Garner et al., 2003). As for
FDB, this can be caused by medical conditions (like, e.g., nutritional deficiency, food allergy,
dermatitis, or genetic feather deformities; Chitty, 2003a; Kubiak, 2015) that do not reflect
underlying poor welfare; however, strictly medical cases are apparently relatively uncommon
(Rosenthal et al., 2004), and even these may eventually give rise to welfare problems if the
behaviour progresses to the point where pain or infection is present (Kinkaid et al., 2013). As
well, the successful reduction of FDB in parrots by a tricyclic antidepressant (clomipramine) that
also quells similar behaviour in humans with the skin-or-hair-plucking disorder trichotillomania
(van Zeeland et al., 2009) suggests that the avian correlate of this disorder probably involves
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the same negative affective states that are reported by humans. Varying degrees of success
have also been reported when treating parrot FDB with other pharmacological therapies known
to have antidepressant or anxiolytic effects in humans (reviewed in, e.g., Kubiak, 2015).
Aggressive or fearful behaviours, which include unwarranted aggression (toward cage
mates or human caretakers) and extreme fear reactions, are often identified as indicators of
poor welfare since aggression can result in injury and inhibit social interactions, and fear is an
undesirable emotional state (Jones et al., 1997; Meehan and Mench, 2006). Aggressive
individuals may also be subject to social isolation, which is known to be aversive (Broom, 1991),
if they are moved from group into single housing in order to protect cage mates. Among
companion birds, strongly aggressive or fearful behaviours are relatively common in the gray
parrot (Schmid, 2004) and some conures (Aratinga or Pyrrhura spp), cockatoos (e.g., Cacatua
spp), and Amazon parrots (Leonard, 2005). Species from the two latter groups are also among
the most likely to be relinquished and re-homed multiple times, with aggression often cited as
one of the reasons (Leonard, 2005).
Prolonged or repetitive vocalization is one of the principal behavioural reasons cited
for neglect or relinquishment of companion parrots (Engebretson, 2006; Meehan and Mench,
2006). Though often viewed by humans as “excessive” or abnormal, a daily pattern of loud and
extensive vocalizations that are mainly restricted to the morning and evening is simply a
component of normal parrot behaviour (i.e., since most species are highly-social flock dwellers)
(Kalmar et al., 2010). However, prolonged or repetitive screaming that occurs throughout the
day is more likely to represent distress signaling, which may arise from boredom, alarm, fear
(Davis, 1991), or other welfare concerns related to a stressful environment (Kalmar et al., 2010).
Note, though, that prolonged screaming can also develop as a learned or attention-seeking
behaviour in parrots (Bergman and Reinisch, 2006). According to a US survey of companion
parrot behaviour, conures were more likely than other groups of species to be identified as “too
noisy” when kept as pets (Leonard, 2005).
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Decreased reproductive success
In vertebrates, including humans and diverse species of wild-living and captive animals,
disruptions to reproductive physiology and behaviour are well-documented consequences of
chronic stress (Moberg, 1985; Wingfield and Sapolsky, 2003). States of sustained or
inescapable stress (involving, e.g., frustration, isolation, or fear) are aversive (Broom, 1991),
and so reproductive problems arising from the persistent physiological effects of chronic stress
may be accompanied by lasting psychological distress – and thus, poor welfare. These
reproductive problems can affect adult males or females, and may reflect, e.g., inhibition of
gonadal hormones and their effects, impairment of uterine maturation or erectile function,
inhibition of proceptive or receptive behaviours, decreased fertility or fertilization rates, or
premature reproductive senescence – as well as poor maternal care and increased pre-natal or
post-natal offspring losses (Mason and Veasey, 2010; Wingfield and Sapolsky, 2003). Some of
these abnormalities are direct effects of sustained over-activation of the hypothalamic-pituitaryadrenal (HPA) axis (responsible for hormonal control of several regulated body processes and
the adaptation component of the body’s response to stress or threat); others stem from the
deleterious effects of a chronically overactive HPA axis on the normal functioning of the
hypothalamic-pituitary-gonadal (HPG) axis (responsible for hormonal control of reproduction, as
well as development, aging, and related systems) (Mason and Veasey, 2010; Moberg, 1985;
Wingfield and Sapolsky, 2003). Under non-stress conditions, HPA hormones may actually
enhance reproduction by managing energy income and use during the reproductive process.
However, during periods of stress, the hormones’ threat response actions trigger behavioural
and physiological effects that are incompatible with successful reproduction – and that may be
exacerbated if the precipitating conditions are actually perceived as psychologically distressing
(i.e., associated with negative affect) (Sapolsky et al., 2000; Wingfield, 1994; Wingfield and
Sapolsky, 2003).
Because reproduction is also regulated by factors independent of psychological wellbeing, reproductive success alone is not always a reliable indicator of relative welfare (Mason
and Veasey, 2010). On one hand, successful breeding does not guarantee that welfare is not
compromised, since many animals breed quite reliably under captive conditions that can be
shown to cause poor welfare (Fraser and Broom, 1990) (though this may be true primarily of
domesticated farm animals that have been intensively selected for resilient reproduction). On
the other hand, suppressed breeding does not guarantee that welfare is compromised, since
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reproductive problems can be caused by a number of potentially non-welfare-related factors;
e.g., obesity (Jungheim et al., 2012), lack of adequate early socialization with opposite-sex
conspecifics (Mason and Veasey, 2010), and pair behavioural incompatibility – especially
among socially monogamous species like many parrots (Fox and Millam, 2014). Importantly,
failure to breed or low reproductive success may also reflect practical issues unrelated to
welfare, like limited availability of or access to appropriate mates (i.e., limited mate choice), or –
particularly among rare or endangered species – poor caretaker knowledge of the appropriate
requirements. Still, it is reasonable to suspect compromised welfare when reproductive
problems are evident in captive settings that do not physically limit opportunities for breeding
(Mason and Veasey, 2010) – especially when those settings are known to be otherwise
inadequate or restrictive, or when the reproductive problems are accompanied by other signs of
poor welfare.
Some parrot species seem particularly prone to low captive hatch rates (relative to their
natural baseline rates), or simply tend not to breed often in captivity. For example, the eastern
rosella, blue-throated macaw (Ara glaucogularis), and yellow-faced Amazon (Amazona
xanthops) typically produce roughly 10-20% as many hatchlings in captivity as in the wild (Allen
and Johnson, 1991; Juniper and Parr, 1998). Meanwhile, the black lory (Chalcopsitta atra), the
hyacinth macaw, and Brotogeris parakeets are consistently “difficult” to breed in captivity
despite their relative commonness in aviculture (Schubot et al., 1992) (though note that some
macaw species apparently breed readily in captivity; Clubb, 1992; Derrickson and Snyder,
1992). Among the most challenging parrots to breed in captivity (and absent from aviculture) is
the critically endangered kakapo, which has only been successfully bred in semi-wild conditions
(Kakapo Management Group, 1996).
Empirical evidence that describes the nature of any direct links between (chronic) stress
and parrot reproduction in captivity is lacking (though protocols for optimizing the measurement
of HPA output [corticosterone levels] and reproductive status [testosterone levels] have been
developed for a few parrot species) (Hahn et al., 2011). However, reproductive problems in this
taxon do tend to co-vary with other signs of poor well-being, including SB (Garner et al., 2003);
and/or develop in sub-optimal captive environments. For instance, low fertility or reduced
breeding activity were observed in several parrot species housed in enclosures that did not
accommodate species-typical foraging, flocking, or nesting behaviours (Millam, 1999; Wilson,
2006). Similarly, low fertility or failure to develop normal breeding behaviours were observed in
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cockatiels and orange-winged Amazon parrots that, as chicks, were prematurely separated from
their parents for hand-rearing – a practice known to impair brain development and compromise
the lifelong health and welfare of unweaned animals (Fox, 2006), including parrot chicks
(Engebretson, 2006; Schmid et al., 2006).

Impaired health
Affective states are related to impaired health (i.e., morbidity, describing the state of
being diseased, and referring broadly to the incidence or prevalence of ill health within a
population; and mortality, describing the state of being subject to death, and referring broadly to
the number of deaths within a population per unit time) both indirectly (when they are regulated
by factors that also affect rates of morbidity and mortality) and directly (when they cause, rather
than simply correlate with, changes in these measures). A thorough review from Walker and
colleagues (2012) summarizes the evidence for these correlational and causal links, and argues
that increased morbidity and/or premature mortality are potentially valid/useful indicators of past
negative affect (and thus, poor captive welfare). Briefly, negative affective states may correlate
with increased morbidity and mortality simply because both are caused by the same conditions,
such as poor nutrition or high rates of disease. Alternatively (or in addition), persistent negative
affective states may actually cause or exacerbate physiological conditions that are associated
with high mortality rates. In this latter case, the negative affective states (representing
chronically poor welfare) arise from ongoing stressors (real or perceived; physical or
psychological), and their persistence causes the body’s normal stress-response systems (e.g.,
the HPA and sympathetic-adrenal-medullary axes) (Sinha et al., 2003; Tsigos and Chrousos,
2002) to remain continuously activated (Walker et al., 2012). Chronic activation of these axes
can, in turn, deregulate inflammatory pathways and suppress the body’s immune response to
pathogens (e.g., Mason and Veasey, 2010; McEwen, 2005). The resulting physiological effects
– some of which may cause, as well as reflect, poor welfare – include increased parasite loads,
poor wound healing, loss of body mass, increased susceptibility to infectious diseases
(opportunistic ones and those caught from conspecifics), increased severity of non-infectious
pathologies (e.g., cancer or cardiovascular disease); and, ultimately, increased mortality and/or
shortened lifespan (Cavigelli et al., 2006; Kiecolt-Glaser et al., 2002; Walker et al., 2012).
These physiological outcomes will generally accumulate slowly when the precipitating negative
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affective states reflect chronic stressors; but if stressors are isolated and severe or else occur
early in life, then similar effects may instead occur quickly or else as delayed responses,
respectively (Walker et al., 2012). In any case, if affective states can directly affect morbidity
and mortality, then negative affective states resulting from welfare-negative conditions like
malnourishment or disease may themselves act to enhance the already-deleterious
physiological effects of those conditions (Walker et al., 2012). Supporting the convergent
validity of elevated morbidity and/or mortality as indicators of past negative affect are examples
of psychological stressors triggering negative affective states, and subsequently increasing
morbidity or shortening lifespans, in humans and animals alike – often by boosting the ill effects
of potentially lethal health conditions (as discussed in detail by Walker and colleagues, 2012).
As well, elevated rates of morbidity and mortality at pre-senescent ages often co-vary with other
signs of poor well-being or occur in sub-optimal captive environments (Mason and Veasey,
2010).
Because patterns of morbidity and mortality reflect not only past affective states but also
other factors that are independent of psychological well-being, changes in rates of disease or
mortality or in lengths of average lifespans are not always, on their own, reliable indicators of
relative welfare (Mason and Veasey, 2010; Walker et al., 2012). On one hand, elevated rates of
morbidity and mortality do not guarantee that welfare has been compromised, since numerous
risk factors for poor health and/or premature death are totally unrelated to welfare (e.g., sex, low
exercise levels, genetics, and intrinsic [species-level] differences in typical lifespan); or else may
even improve it (e.g., excess body fat due to ad libitum access to food) (Mason and Veasey,
2010; and reviewed in Walker et al., 2012). On the other hand, low rates of morbidity and
mortality do not guarantee that welfare has not been compromised, since health can certainly
be improved and lifespan extended by, e.g., reducing exposure to pathogens or increasing the
extent and/or quality of veterinary care without actually influencing affective state (Mason and
Veasey, 2010; Walker et al., 2012). Because morbidity and mortality can be ‘low sensitivity’
measures of negative affect, such ‘false negatives’ might alternatively occur when the harmful
physiological effects of a stressor are not strong or sustained enough to induce lasting changes
in rates of disease or death; or when these measures are assessed too “early” (i.e., before the
point at which any delayed or slowly-accumulating effects have manifested) (Walker et al.,
2012). Regarding mortality specifically, Walker and colleagues (Walker et al., 2012) suggest
that “mortality rates are least useful in identifying lifetime welfare in populations of animals that
tend to be euthanized prematurely, such as farm and lab animals,” and “[have] the greatest
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potential for use in husbandry settings where animals tend to be allowed to live out their full
lives, namely for zoo (e.g., Clubb et al., 2008, 2009; Muller et al., 2010a) and companion
animals (e.g., Dreschel, 2010).” Thus, while increased morbidity and premature mortality are
potentially useful indicators of poor captive welfare in certain populations, the reliability of
associated inferences about affect could be maximized by assessing these measures in
conjunction with other, well-validated welfare indices.
Some parrot species tend to consistently exhibit shortened adult lifespans in captivity, or
to be particularly susceptible to certain health problems that can arise from chronic stress and
have high mortality rates (Engebretson, 2006). For example, the opportunistic infection
aspergillosis appears to be particularly common in the gray parrot and Amazon and Pionus
(Pionus spp) parrots (Beernaert et al., 2010; Jones and Orosz, 2000). In zoos, the captive
longevities for some lories and lorikeets from subfamily Loriinae are shorter than expected
based on their body masses (Munshi-South and Wilkinson, 2006; and see similar findings from
an analysis with multiple avian families, including parrots: Wasser and Sherman, 2010).
There exists little empirical evidence that describes the nature of any direct links
between (chronic) stress and morbidity or mortality among captive parrots. In part, this may
simply reflect the fact that it is technically difficult to conduct thorough studies of mortality or
lifespan in extremely long-lived species like parrots. However, telomere shortening (i.e.,
degradation of the tips of eukaryotic chromosomes, which can speed cellular senescence and
so hasten death) was recently documented in gray parrots that were subject to chronic isolation
stress (vs. those that were socially-housed), suggesting that telomeres may provide a
senescence-related biomarker for exposure to chronic stress (Aydinonat et al., 2014). Other
evidence for a link between stress and health in captive parrots is less direct. Among Amazon
parrots admitted to a zoo in Brazil, those arriving from (presumably highly-stressful and welfarenegative) illegal wildlife traffic-related origins (vs. those that were not trafficked) had shorter
post-admission lifespans and higher mortality during the year after admission (Vanstreels et al.,
2010). In a report on a group of yellow-crowned Amazon parrots (Amazona ochrocephala) that
contracted avian chlamydiosis while housed at a zoo in Portugal, total mortality among the birds
was ultimately attributed by the authors to a stress-induced increase in susceptibility to infection
by the Chlamydia psittaci bacterium (Durao et al., 1991). Chronic stress (particularly social
stress) is also suggested to be a key risk factor for another common parrot health problem,
atherosclerosis, which appears to be particularly prevalent in the gray parrot and Amazon
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parrots (Bavelaar and Beynen, 2004). Of course, health problems arising from exposure to the
physiological effects of prolonged stress often co-vary with behavioural and other signs of poor
well-being in this taxon (Garner et al., 2003). Even diseases and other indications of impaired
health that stem from inadequate management or housing conditions (i.e., independent of
welfare) are typically accompanied by discomfort, distress, or pain (Kalmar et al., 2010) –
especially considering that only 11.7% of owners seek veterinary care for their companion birds
(in the United States (Engebretson, 2006); though note that this figure is not specific to parrots
only).

1.3.4. Untested hypotheses have already been proposed to explain the welfare problems
of parrots in captivity
(For a summary of those tested for this research project, see ‘General hypotheses for Studies 2,
3, and 4’ in 1.4.)
Some existing hypotheses about the intrinsic determinants of captive welfare in parrots
are related to species differences in aspects of the natural biology that are constrained in
captivity. According to these hypotheses, such traits are risk factors that predispose species
that naturally have these requirements to motivational frustration or altered central nervous
system development in captive environments that cannot accommodate them (Mason et al.,
2007; Mason, 2010; Meehan and Mench, 2006).

Sociality / group size
Most parrots naturally live and move about in large groups (at least during the nonbreeding season) and, as prey species, seek security in flocks while foraging or roosting
(Engebretson, 2006; Munshi-South and Wilkinson, 2006) (see ‘Social structure and flocking’ in
1.3.1. ii.) In captivity, parrots are frequently housed individually. Those kept in zoos may be
afforded moderate access to small social groups (Meehan and Mench, 2006), but companion
parrots and those housed in research laboratories are often kept isolated (Kalmar et al., 2010) –
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commonly without visual or vocal contact with conspecifics (Engebretson, 2006; van Hoek and
ten Cate, 1998). Thus, one hypothesis suggests that welfare problems are caused by social
isolation (i.e., absence of and/or lack of opportunity for interaction with conspecifics) in species
that are naturally accustomed to group living (Mason, 2010). Social isolation is known to be
aversive (Broom, 1991), and has been proposed to induce multiple forms of SB, including FDB
and oral or locomotor stereotypies (see ‘Stereotypic behaviours’ in 1.3.3. for definitions) in
parrots (Engebretson, 2006; Meehan et al., 2003a; Schuppli et al., 2014; van Hoek and ten
Cate, 1998; van Zeeland et al., 2009). Empirical support for this hypothesis comes from zoo
primates housed in relatively small social groups, among which self-hair-pulling SB was most
prevalent in species with the largest natural group sizes (Pomerantz et al., 2013). Additional
support for a relationship between social isolation and poor welfare in parrots is provided by the
recent demonstration that singly-housed gray parrots had shorter telomeres (which control
cellular senescence and are reduced by aging and chronic stress) than pair-housed parrots of
similar ages (Aydinonat et al., 2014). Furthermore, housing budgerigars in large groups (vs.
pairs) reduced the frequency and duration of their SB (Polverino et al., 2012); and pair-housed
(vs. singly-housed) orange-winged Amazon parrots made more use of enrichment devices,
were less fearful, more active, and spent less time engaged in excessive vocalization – and they
developed no SB (Meehan et al., 2003a).

Foraging effort
Free-living parrots typically spend several hours each day (~4-8 hours) engaged in
foraging-related activities, and much of that time is spent performing appetitive (preconsummatory) behaviours (Kalmar et al., 2010) (for details, see Diet and foraging in 1.3.1. ii.)
For parrots in captivity, who are commonly provided with easily-processed pelleted food that is
freely available from a dish, the appetitive phase is shortened significantly, or even eliminated
(Kalmar et al., 2010), and the amount of time spent foraging and feeding is dramatically reduced
(van Zeeland et al., 2013) (e.g., occupying just 30-72 minutes per day for an orange-winged
Amazon parrot on a pelleted diet; Oviatt and Millam, 1997). Thus, another hypothesis suggests
that welfare problems are caused by the restriction of foraging behaviours (especially appetitive
behaviour) in species for which these behaviours naturally occupy a large proportion of the daily
activity budget. A lack of sufficient opportunities for foraging within the confines of the captive
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environment has been proposed to explain the development of FDB and oral stereotypies in
parrots (Engebretson, 2006; Mason, 2010; Meehan et al., 2004; Seibert, 2006a; van Zeeland et
al., 2013; van Zeeland et al., 2009). In addition, foraging enrichment seems to be one of the
more effective strategies to reduce SB in parrots and other captive animals (van Zeeland et al.,
2013). For instance, providing foraging enrichments (along with structural enrichments) to bluefronted and orange-winged Amazon parrots housed at conservation or research facilities
reduced or prevented the expression of SB in those groups (de Andrade and de Azevedo, 2011;
Meehan et al., 2004). As well, orange-winged Amazon and gray parrots were shown to exhibit
contrafreeloading (in which they preferred to work for access to food that subsequently required
extensive manipulation, or forage for food from pipe feeders, rather than to take freely-available
standard food) and, among gray parrots with FDB, individuals that exhibited the most
contrafreeloading behaviour experienced the greatest improvements in feather condition (Rozek
and Millam, 2011; van Zeeland, 2013).

Locomotor behaviour and flight
Most parrots regularly cover long distances each day in flight as they traverse large
home ranges that are hundreds or thousands of hectares in size (see ‘Distribution and
movements‘ in 1.3.1. ii.) But for those that are held in captivity, restrictive enclosures limit
opportunities for locomotion and may prevent flight entirely (Kalmar et al., 2010; Meehan and
Mench, 2006). In fact, a 1998 estimate from the World Parrot Trust was that as many as 50% of
companion parrots were kept in “cramped and inadequate” conditions (Engebretson, 2006).
Alternatively, some individuals may be wing-clipped to prevent flight outside the cage; e.g.,
(Engebretson, 2006). Thus, another hypothesis suggests that welfare problems are caused by
insufficient opportunities for locomotion (i.e., to move about freely or to fly) (Meehan et al., 2004;
van Zeeland et al., 2009). In captive parrots, such limitations have been proposed to contribute
to SB (FDB and locomotor stereotypies) and other welfare-negative outcomes (e.g., a decrease
in cardiovascular health or an increase in injuries from falls or encounters with household pets,
in birds that are prevented from flying) (Engebretson, 2006; Meehan et al., 2004; Meehan et al.,
2003b; van Hoek and ten Cate, 1998). In other taxa, natural ranging behaviours that are
constrained in captivity have already been identified as risk factors for poor welfare: for
example, among zoo-housed primates and carnivores, SB (and infant mortality, in the
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carnivores) was most prevalent in the widest-ranging species (vs. those that naturally travel
shorter distances or patrol smaller territories) (Clubb and Mason, 2003; Clubb and Mason, 2007;
Pomerantz et al., 2013).

Other existing hypotheses about the intrinsic determinants of captive welfare in parrots
are related to species differences in the cognitive or anatomical/physiological aspects of
behavioural flexibility, or other properties of intelligence. These traits moderate species’
abilities to adjust their behaviour in order to cope with the unique restrictions or opportunities
encountered in the captive environment. See ‘Behavioural flexibility and intelligence’ in 1.3.1. iii.
for a summary of behavioural flexibility in parrots and definitions of its key attributes; also, see
(Mason et al., 2013) for more general descriptions of this category of hypothesis.

Ecological flexibility, cognitive flexibility, and intelligence
One such hypothesis suggests that welfare problems are caused by the limited
capacities of behaviourally inflexible species (i.e., those that are resource specialists with
narrow habitat or diet requirements, or lack cognitive traits that support learning and adaptive
behaviour) to adjust to the environmental and social structures imposed by captive husbandry.
In this context, behavioural inflexibility could limit abilities to habituate to humans or suppress
natural activities that are impossible or redundant in captivity, or impede adjustment to novel
features of the captive environment (Mason, 2006; Mason, 2010).
The idea that flexible species would fare better than inflexible ones in novel captive
environments, though mainly untested, is plausible in light of the fact that traits supporting
behavioural flexibility confer resilience in the wild during human-induced rapid environmental
change (HIREC, which is similar to captivity in many important respects: (Mason et al., 2013;
Sih et al., 2011); and see related hypothesis in ‘Conservation status’, below). For example, bird
species that exhibit innovative foraging behaviours, or the correlated trait of relatively large
brains, are more likely than less innovative, smaller-brained ones to maintain population
abundance in the face of rapid habitat change, or to successfully establish after translocation

43

(Overington et al., 2009; Pocock, 2011; Reif et al., 2011; Shultz et al., 2005; Sol et al., 2005).
Also in birds, resource generalism is positively related to population resilience in native species
(Shultz et al., 2005), and to establishment success after intentional translocation in non-native
species (Cassey, 2002; Cassey et al., 2004a; Cassey et al., 2004b). Similarly, parrot species
with broader environmental niches are more resilient in response to environmental change (and
less likely to be threatened) than are those that occupy narrower niches (Delhey et al., 2013).
Such “less specialized animals” have indeed been noted to “settle down most easily in zoos,
and exhibit less disturbed behaviour once they have done so” (Boorer, 1972). Interestingly,
among humans, higher intelligence – implying flexible cognition – has been statistically linked to
longer lifespans and improved well-being at the individual level (i.e., low cognitive ability was
identified as an independent risk factor for premature mortality in adult males, even when
controlling for various confounders) (Weiss et al., 2009). However, those effects were mediated
by factors like income and education (Weiss et al., 2009) that are not relevant to the
experiences of captive animals, whose basic environmental circumstances (i.e., dramatic spatial
restriction and relative monotony) are also poorly comparable to those of typical adult humans.
This observation raises an important issue: behavioural flexibility may not be a
straightforward protective factor for species placed in captivity as it seems to be for species
subjected to HIREC. This is because, while captivity and HIREC are similar, only captivity
typically features limited space, limited physical complexity, and predictable resources, thus
supporting little necessity (and few opportunities) for learning (Mason et al., 2013). This relative
monotony might affect relationships between welfare outcomes and the cognitive aspects of
flexibility – particularly if being intelligent confers not only flexibility, but also strong internal
motivations to explore, learn, or problem solve (since such motivations are not well
accommodated in monotonous enclosures) (Mason, 2010). Humans and other large-brained
animals often engage in activities that do not appear to be directly associated with obtaining
needed or advantageous resources, but which seem instead to be carried out “for their own
sake” (i.e., they are driven by intrinsic motivation) (Baldassarre et al., 2014). Such behaviours –
which include physical exploration or information-seeking using the senses, and others
associated with curiosity and interest in novel or unexpected stimuli – are believed to confer
subjective pleasure in humans (Biederman and Vessel, 2006; Litman, 2005) and facilitate
lifelong, open-ended learning, which has been described as a “hallmark of intelligence”
(Baldassarre et al., 2014). Data to support this notion about the motivational aspect of
intelligence are scarce, but high levels of self-motivated stimulation seeking among three-year
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old children (unlike simple exposure of the children to provided educational enrichment) was
demonstrated to correlate with increases in cognitive ability that were sustained until at least
age 11 (Raine et al., 2002). In animals, the relationship is suggested by reports of voluntary
participation in cognitively-demanding tasks, in the absence of an obvious external reward,
among members of various intelligent species. For instance, male bottlenose dolphins
voluntarily completed an underwater ball-and-maze task, with or without an edible reward (Clark
et al., 2013); and zoo-housed chimpanzees interacted significantly more with a cognitivelychallenging pipe maze task when it contained inedible wooden tokens rather than edible nuts
(Clark and Smith, 2013). In a more complicated demonstration, capuchin monkeys voluntarily
manipulated a series of modules designed to facilitate learning about contingencies between
their actions and outcomes produced, and also chose to spend more time at this unrewarded
task than did yoked controls that could manipulate the modules but experienced only outcomes
effected by their paired experimental subjects (the experimental monkeys also later
demonstrated better recall of the action-outcome contingencies) (di Sorrentino et al., 2014).
Also relevant here are the characteristics of intelligent individuals. Specifically, within several
different species, the most intelligent (according to a composite measure of general intelligence
in mice) or innovative individuals were those that demonstrated either the greatest propensity
for exploration or the greatest diversity of exploratory behaviours; e.g., in mice (Matzel et al.,
2003), common mynas (Sol et al., 2012), callitrichid monkeys (Kendal et al., 2005), and wild
spotted hyenas in their natural habitat (Benson-Amram and Holekamp, 2012). Similarly,
guppies from experimentally-manipulated large-brained (vs. small-brained) lines had better
cognitive abilities and were more exploratory in a novel environment (Kotrschal et al., 2014).
Potentially then, different components of behavioural flexibility might act in opposing
directions, with anatomical and physiological adaptations for generalism being protective factors
for captive welfare (as discussed); and large brain size and other measures of intelligence being
risk factors (Mason et al., 2013). If this is the case, then the relevant hypothesis is that welfare
problems are caused by the frustration of intrinsic motivations to explore, learn, and/or problem
solve (i.e., “boredom”, or similar) in intelligent species. This hypothesis is consistent with
widely-held beliefs that large-brained, intelligent species like great apes, elephants, or
cetaceans are stressed, frustrated, or bored by the monotony and ease of captive life (Mason et
al., 2013; Seibert, 2005), or are simply “too smart for captivity” (e.g., Grimm, 2011). In primates,
for example, behavioural signs of anxiety and stress (primarily stereotypic grooming of self or
others) (Maple, 1979) are often supposed to arise from boredom caused by a lack of control
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over or active engagement with the captive environment (Clark, 2011; Wemelsfelder, 1990).
There is also some support from empirical work. Specifically, a comparative study from two
decades ago found that FDB is more prevalent in exploratory (vs. non-exploratory) parrot
species (Mettke, 1995).
In general, captive environments that accommodate an active, diverse, and flexible
behavioural repertoire are considered optimal for welfare (Meehan and Mench, 2007). To this
end, ‘cognitive enrichments’ aim to engage the evolved cognitive skills of intelligent species by
providing opportunities to solve problems and control aspects of the environment in ways that
subsequently improve validated measures of well-being (Clark, 2011; Clark et al., 2013).
Indeed, ongoing, voluntary participation in various food-rewarded, computer-based cognitive
tasks (i.e., game-like tasks solved using touch screens, trackballs, or buttons) normalized the
daily activity budgets of participating chimpanzees (relative to those of wild counterparts and
compared to those of control animals) on days when the tasks were available (Yamanashi and
Hayashi, 2011). Engagement with similar computer game-like tasks by rhesus macaques
replaced aggression and SB in the activity budgets more effectively than did toys or social
housing (Washburn and Rumbaugh, 1992). In orange-winged Amazon parrots, increasing the
complexity of the captive enclosure in ways that potentially created opportunities for exploration,
or at least reduced environmental predictability (i.e., by introducing novel combinations of
unfamiliar physical and foraging-related enrichments that were changed weekly), prevented the
development and progression of SB (Meehan et al., 2004). Importantly, in these and other
examples, it is very difficult to be sure that any positive effects on welfare were because the
provided enrichments satisfied inherent motivations to explore or solve cognitive problems per
se, and not other motivations; e.g., to forage, physically manipulate objects, engage in physical
activity, or simply to work for food or other rewards (even where enriched and control animals
received the same daily ration). The true cognitive value of some food-rewarded ‘cognitive
enrichments’ may also be confounded by previously-learned associations between engagement
with the task or apparatus and a food reward (Clark, 2011). Also unclear is whether the process
of behavioural training for zoo animals is potentially cognitively enriching, or whether the
acquisition of a desired behaviour may facilitate management in ways that confer welfare
benefits, but without actually accessing an animal’s internal motivations to solve problems or
exert active control over its environment (Melfi, 2014; Westlund, 2014). In the case of
paradigms that involve simply mastering (and then repeating) a particular task, ongoing problem
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solving is not required, and so any initial cognitive engagement is likely not sustained (Clark,
2011).
Alternatively, the relationship between intelligence and welfare in captivity may be nonlinear or otherwise complex. For instance, it could be that – especially in relatively large-brained
and cognitively flexible species like parrots – increasing intelligence is protective up to a point,
beyond which further increases in intelligence predict declining welfare. In that case, the
relationships between captive well-being and variables like brain size or innovativeness would
be polynomial (i.e., an inverted U-shape) (Mason et al., 2013; Mason, 2010).

Conservation status
Because HIREC and captivity are broadly similar in terms of the challenges and
opportunities they present, another interesting hypothesis that remains untested is that species
that are non-resilient in the wild (endangered species that are vulnerable to, e.g., population
decline in the face of rapid environmental change, or to poor establishment success following
translocation to a novel wild habitat) are similarly non-resilient in captivity (e.g., difficult to
maintain as self-sustaining populations, or susceptible to other indicators of poor welfare, such
as SB) (Mason, 2010). (See ‘Conservation status’ in 1.3.1. ii. for relevant definitions, and details
about the conservation status of Psittaciformes.) Note that conservation status is not, strictly
speaking, a natural biological trait. Rather, the concept describes a combination of natural
characteristics (including low ecological flexibility [discussed above], and others, like being timid
or migratory) that predispose vulnerable species to extinction risk in the wild – and potentially, to
poor welfare in captivity (Mason, 2010). In support of this idea are reports that endangered
species compose fewer, smaller populations in zoos than do non-endangered species
(Balmford et al., 2011; Magin et al., 1993); and that endangered bird species are more difficult
to breed in captivity than are their non-endangered close relatives (Derrickson and Snyder,
1992), while highly-invasive species like Norway rats and mice are typically prolific breeders in
the laboratory environment (e.g., Hubrecht and Kirkwood, 2010). As well, a recent,
phylogenetically-controlled analysis of vertebrate species translocated between Europe and
North America found that species that successfully established self-sustaining wild populations
tended to be ones that are commonly kept in captivity (and thus, probably cope well in captive
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environments) (Mason et al., 2013). There is, however, the possibility that the hypothesized
positive relationship between non-resilience in the wild and in captivity could be (at least
partially) masked in endangered species that are subject to intensive captive population
management and breeding efforts (see, e.g., (Mueller et al., 2011), which reported longer life
expectancies in zoo ruminants with international studbooks than in those without).

1.4. General purpose and hypotheses for this research project, and structure of this thesis
As discussed earlier in this chapter, comparative methods offer a useful technique for
identifying the fundamental causes of welfare problems in large, ecologically diverse groups of
related species that are numerous in captivity and show unexplained variation in measures of
welfare (see 1.2. for details). I chose to focus on parrots (Aves: Psittaciformes) because, as
also reviewed, the considerable natural diversity and species richness of this taxon are well
represented in captivity, where parrots are raised by the millions in a wide variety of systems,
and species differ widely in their breeding success, relative longevities, and expression of ARB
(see 1.3.1.-1.3.3. for details). Hypotheses proposing risk factors based on natural biological
traits that are constrained in captivity are quite numerous (especially for ARB; see 1.3.4. for
hypotheses and details), and many can now be tested using data from the literature and a
comparative approach. This strategy can also be used to test recently-proposed hypotheses
that consider whether various elements of behavioural flexibility might be risk or protective
factors for welfare in captive parrots – a group that has been specifically identified as “the ideal
taxon to focus on” in light of parrots’ notable intelligence and some early experimental data on
exploration and ARB (Mason et al., 2013) (see 1.3.4. for hypotheses and details).
Problems related to behaviour, health, and reproduction not only reduce the welfare of
individual parrots, but also present practical difficulties for institutions that maintain them for
display (e.g., zoos) or breeding (e.g., commercial or conservation breeding facilities). Identifying
the root causes of these problems would allow us to predict which little-studied species are most
– or least – likely to thrive in different captive settings, and would inform the design of
biologically-relevant enclosures that limit constraints on natural behaviour or otherwise
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accommodate species’ natural biology. These changes could improve husbandry for millions of
individuals and, by limiting the development of health and behaviour problems, aid the ex situ
conservation of species that are difficult to breed in captivity (important, since nearly 30% of
extant species are threatened in the wild; International Union for Conservation of Nature, 2013).
The general purpose of the research project described in this thesis was to
identify, using the comparative method, the intrinsic determinants of welfare in captive
parrots (risk or protective factors).
First, Chapter 2 describes a preliminary study (Study 1) carried out to establish whether
individual-level differences in one measure of captive welfare (FDB) were predicted, among
companion parrots, by four previously-suggested demographic risk factors: species, sex, age, or
hatch origin. The results from that study provided empirical confirmation of species differences
that are often informally reported for that measure, and identified some aspects of
demographics that I accounted for (among others) in subsequent studies on species-level risk
factors for poor welfare.
Then, Chapters 3, 4, 5, and 6 describe the main part of this research project. This
comprises the comparative studies, in which I tested previously-suggested hypotheses about
the intrinsic, biological roots of welfare problems in captive parrots. I tested versions of all
hypotheses for which data on possible risk factors were available: this excluded only
hypotheses about constraints on locomotor behaviour and flight (see 1.3.4. for details). In three
separate studies (Studies 2, 3, and 4), I assessed the relationships between the proposed
determinants of welfare and various welfare outcomes in three different captive systems.
Accordingly, presented immediately below is a list of the general hypotheses that were
examined in all three studies (2-4), and the testable predictions that were associated with each.
Please refer to the introductions to Studies 2, 3, and 4 (Chapters 4-6) for the more specific
forms of these general hypotheses and their predictions; i.e., in the contexts of the particular
welfare outcome(s) assessed in each study.
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General hypotheses for Studies 2, 3, and 4
(See 1.3.4. for detailed descriptions)

a) Proposed intrinsic determinant of captive welfare: Sociality (social group size)
Hypothesis
Welfare problems are caused by social isolation (absence of and/or lack of opportunity for
interaction with conspecifics)
Prediction
Welfare will be poorest in species that naturally congregate in the largest groups

b) Proposed intrinsic determinant of captive welfare: Foraging effort
Hypothesis
Welfare problems are caused by the restriction of foraging behaviours
Prediction
Welfare will be poorest in species with the most time-consuming or manipulative natural
foraging behaviours

c) Proposed intrinsic determinant of captive welfare: Ecological flexibility
Hypothesis
Welfare problems are caused by a limited ability to modify behaviour in order to adjust to the
novel ecological challenges, opportunities, and features of the captive environment
Prediction
Welfare will be poorest in species that are ecological specialists with the narrowest habitat or
diet requirements

d) Proposed intrinsic determinant of captive welfare: Intelligence
1) Hypothesis
Welfare problems are caused by a limited ability to modify behaviour in order to adjust to the
novel cognitive challenges, opportunities, and features of the captive environment
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Prediction
Welfare will be poorest in species that are relatively least intelligent (and thus, cognitively
inflexible; e.g., smallest-brained or least innovative)

2) Alternative hypothesis
Welfare problems are caused by “boredom” or frustration of intrinsic motivations to explore,
learn, and/or problem solve
Prediction
Welfare will be poorest in species that are relatively most intelligent (and thus, intrinsically
motivated to seek cognitive challenge; e.g., largest-brained or most innovative)

3) Alternative hypothesis
Intelligence is an intrinsic determinant of captive welfare, but its relationship with welfare
problems is non-linear
Prediction
Increasing intelligence (e.g., brain sizes or innovation frequencies) will predict improving welfare
up to a point, beyond which further increases in intelligence will predict declining welfare

e) Proposed intrinsic determinant of captive welfare: Conservation status*
*Note: conservation status is not, strictly speaking, a natural biological trait; however, I
refer to the concept as a (potential) intrinsic determinant of welfare because it describes
a combination of characteristics that predispose vulnerable species to be non-resilient in
the wild, and possibly also in captivity (see ‘Conservation status’ in 1.3.4.)
Hypothesis
Species that are non-resilient in the wild (vulnerable to, e.g., population decline or poor
establishment success in response to various forms of anthropogenic threat) are similarly nonresilient in captivity (e.g., difficult to maintain as self-sustaining populations, or susceptible to
other indicators of poor welfare)
Prediction
Welfare will be poorest in the most highly endangered species
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Chapter 2
Study 1: Feather-damaging behaviour in companion parrots: an initial analysis of
potential demographic risk factors

2.1. Abstract
Captive parrots (Psittaciformes) commonly engage in “feather-damaging behaviour” (FDB) that
suggests compromised welfare. Susceptibilities to FDB have been suggested, but not
empirically demonstrated, to vary across the >200 species kept in captivity. Other demographic
risk factors have been proposed for particular species – but neither confirmed nor generalized
across Psittaciformes. In this preliminary study, we analyzed data from a previously-conducted
survey of pet owners: among 538 companion parrots representing ten non-domesticated, nonhybrid species (n≥17/species), FDB prevalence was 15.8% overall. We tested whether
individual FDB status was predicted by four previously-suggested demographic risk factors:
species, sex, age, or hatch origin. Available (limited) data on husbandry were assessed as
potential confounding variables and controlled for as appropriate. Species identity was a
predictor of FDB status (P=0.047), even after controlling for all other variables tested; however,
in light of multiple statistical testing, this effect cannot be considered robust until it is replicated.
The strongest predictors of FDB status were age (P=0.001; with odds of positive FDB status
lower in juveniles vs. adolescents or adults [P≤0.036]), and sex (P=0.006; with odds of FDB
lower in individuals of unknown, vs. known, sex [P≤0.037]). These findings need to be replicated
with data that allow better statistical controls for systematic differences in housing. However,
they do provide preliminary empirical evidence for within-species risk factors (suggesting new,
testable hypotheses about the etiology of parrot FDB); and for intrinsic, cross-species
differences in FDB susceptibility (providing a rationale for future study of the biological factors
that might underpin any such taxonomic differences).
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2.2. Introduction
Parrots (Psittaciformes) from over 200 species are maintained in zoos, breeding
facilities, research facilities, rescue centres, and private homes. About ten million are kept as
household pets in North America alone (Tweti, 2008), while approximately 46,000 individuals
live in zoos worldwide (Conde et al., 2011). In all captive settings, parrots can develop featherdamaging behaviour (FDB (Orosz, 2006); also termed, ‘self-feather plucking’, ‘psychogenic
feather picking’, or ‘pterotillomania’) (Lumeij and Hommers, 2008). This behaviour, in which
birds repetitively chew or pluck out their feathers (Harrison and Harrison, 1986; Seibert, 2006a;
van Zeeland et al., 2009), is believed to be rare or absent in wild parrots (Wedel, 1999) and is of
concern for many reasons, including its potential link with poor welfare (Meehan et al., 2003b).
For instance, FDB can reflect underlying skin pathologies that itch or irritate (Garner et al.,
2008) and/or cause health problems related to tissue damage, hemorrhage, infection, or
hypothermia (Meehan et al., 2003b; van Zeeland et al., 2009). In addition, FDB – at least in
certain species – may be caused or exacerbated by aspects of husbandry that reduce
psychological well-being (i.e., housing near areas with high human traffic or without
environmental enrichments) (Garner et al., 2006; Lumeij and Hommers, 2008; Meehan et al.,
2003b); or more prevalent in wild-caught (vs. captive-bred) individuals – a group judged as
stressed from their high fear levels and poor physical health (Schmid et al., 2006). Finally,
visible damage from FDB (e.g., bald patches or skin lesions) increases the likelihood that
companion parrots will be relinquished to rescue centres (Gaskins and Bergman, 2011; Meehan
et al., 2003b).
Despite the health and welfare implications of FDB, empirical data on its etiology is
lacking for many of the common captive species. FDB has been suggested to vary across
different captive species in both prevalence and severity (Briscoe et al., 2001; Chitty, 2003a, b;
Rosenthal, 1993; Rosskopf and Woerpel, 1996; Seibert, 2006a). However, these are not wellevidenced scientific claims, but rather, professional judgments often based on presentation
rates at veterinary clinics (which do not formally account for underlying population sizes or
potential confounds due to differences in, e.g., husbandry). Results from a small study of zoohoused parrots implied species differences in FDB prevalence by showing that this co-varied
with exploratory behaviour (which did vary across species) (Mettke, 1995), but these were not
confirmed, and the study did not control for species differences in demographics or husbandry.
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Other demographic characteristics are often implicated in the behaviour. For instance,
FDB has been suggested to emerge with the onset of sexual maturation as parrots age (Wedel,
1999). Influences of hatch origin or sex have also been identified in particular species: among
African grey parrots (Psittacus erithacus), wild-caught individuals plucked their feathers more
often than those reared in captivity (by either parents or humans) (Schmid et al., 2006); and
among orange-winged Amazon parrots (Amazona amazonica), FDB was more severe in
females than in males (Garner et al., 2006). Still unknown, however, is whether such effects
generalize to other captive species.
To scientifically evaluate whether these potential demographic risk factors (i.e., species,
age, hatch origin, or sex) predict the presence of FDB among multiple species kept as
companion parrots, we opportunistically analyzed data that became available from an extensive
survey of pet owners. To allow future comparisons with aspects of wild behaviour and generate
results that might extend beyond companion parrots to those in zoos and conservation centres,
we focused exclusively on non-domesticated, non-hybrid species. We also assessed and
controlled for the potentially confounding effects of some chronic aspects of diet or housing.

2.3. Methods

2.3.1. Survey details
We accessed survey data generated from responses to an online questionnaire run by
the National Parrot Sanctuary Trust between 2000 and 2005. The questionnaire had not been
designed to test research hypotheses or yield quantitative data, but with the practical aims of
collecting descriptive information about the demographics and management of companion
parrots for use by the Sanctuary. However, we decided to analyze a specific subset of the
survey data in 2012 (seven years after the questionnaire was taken offline) when we became
aware of the impressive response rate and the potentially useful demographic data on pet
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parrots that it contained. The original questionnaire included 75 questions: some multiplechoice, others open-ended to allow free-form answers. Voluntary respondents were recruited
through advertisements on the Sanctuary’s homepage (initially www.parrotline.org; later
www.parrotsanctuary.co.uk) that requested the participation of private parrot owners.
Questionnaires were completed online and submitted to the Sanctuary via e-mail.

2.3.2. Data processing and relevant questionnaire items
We excluded duplicate submissions (i.e., those containing identical information for all
items); those that described hybrid species; and those that described potentially-domesticated
species (budgerigars [Melopsittacus undulatus] and cockatiels [Nymphus hollandicus] – both of
which have been subject to artificial selection for over 150 years) (Davis, 1999; Kalmar et al.,
2010). From the remaining set of submissions (representing 767 individual birds from 74 wild
species), we next excluded those relating to species with questionnaires returned for ≤7
individuals, since these would be unlikely to yield valid prevalence estimates. This left survey
data for 658 individual birds from 23 species.
We exported the questionnaire responses (EML files) into Microsoft Excel (2010) and
collated responses to eight questions that were quantifiable and most relevant to our research
aim (i.e., related to species, sex, age, hatch origin, or chronic aspects of diet or housing). This
yielded three types of variable for each bird: behavioural (presence/absence of FDB);
demographic (species, sex, age, hatch origin); and husbandry-related (presence/absence of
fresh foods in the diet, access/lack of access to outdoors, hours per day spent in cage). Details
for relevant survey questions, available responses, and variables generated are provided in
Table 2.1. Note that, because the biological significance of chronological age can differ across
species, age was classified as species-specific life stage: juvenile (period after weaning and
fledging, but before sexual maturation begins), adolescent (period of sexual maturation), or
adult (period after full sexual maturation is reached) (Y. van Zeeland 2011, personal
communication).
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Table 2.1. Wording and available responses for relevant questionnaire items are listed beside the variables they generated; the scale or levels of
each variable (defined based on the available responses) are also listed.
Study variables
(defined in relation to responses)

Questionnaire
Question presented

Available responses

Variable

Variable scale or levels

Has your parrot suffered any plucking
problems?

Yes
No

FDB status

Yes
No

What is the species?

Free text box

Species

23 species with n≥8 (see Methods 2.2)
10 species with n≥17 (see Methods 2.3; Table 2)

What sex is your parrot?

Male
Female
Unknown

Sex

Male
Female
Unknown

How old is the parrot?

Free text box

Age
(species-specific
life stage; see
Methods 2.2)

Juvenile
Adolescent
Adult

Was the parrot raised in captivity or wild
caught?

Captive: hand-reared
Captive: parent-reared
Wild caught
Don’t know

Hatch origin

Captive hatch = captive: hand-reared or captive: parent-reared

Mixture of seeds, fruits,
and vegetables
Sunflower seeds only
Top grade parrot mix
Other

Diet freshness

How long does your parrot spend in the
cage during a typical day?

Free text box

Time in cage

Hours per day

Does your parrot ever go outside (either
in cage or out)?

Yes
No

Outdoor access

Yes
No

What does your parrot’s diet consist of?

Wild hatch = wild caught
Unknown = don’t know

Fresh = mixture of seeds, fruits, and vegetables
Not fresh = sunflower seeds only or top grade parrot mix or other
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2.3.3. Data analyses
We used multiple logistic regression (JMP v.10) to investigate predictive relationships
between the demographic characteristics (species, sex, age, hatch origin) and the FDB status
(“yes” vs. “no”) of companion parrots. Although we had excluded the most poorly-sampled
species, the full data set was statistically sparse. For this reason, parameter estimates from a
model that tested for relationships across all 23 species were “unstable” and so invalid. To
address these issues, we used a simple model (with no interaction terms), and we excluded, in
succession, data from species with the smallest sample sizes until the model returned stable
estimates. This occurred when we had excluded 13 of the 23 species. Thus, a model that
included data for the ten best-sampled species (538 individuals, each with n≥17) yielded stable
estimates and so was validly predictive. We used data from this set of ten species for all
analyses.
We tested for relationships between the four demographic variables and the three
relevant husbandry-related factors addressed in the questionnaire (see Table 2.1.) that might
act as confounds (i.e., influence or explain any apparent predictive effects of the demographic
variables on FDB status). To do this, using the four demographic variables as predictors, we ran
two logistic regression models (for the categorical response variables diet freshness and,
separately, outdoor access) and one general linear model (for the continuous response variable
time in cage). Husbandry variables found to be related to any of the demographic variables
were included in the main logistic regression model (FDB status vs. demographic predictors), as
blocking factors. For this final model, we obtained odds ratios for paired comparisons within all
significant predictors.
For all tests, the critical alpha-level was set at 0.05. To be conservative, all P-values
were two-tailed, even when we were testing unidirectional hypotheses. We also accounted for
multiple testing, by applying a method that controls the "false discovery rate" (i.e., the proportion
of significant effects reported that are expected to be Type I errors) (Benjamini et al., 2001;
Benjamini and Liu, 1999). We used this method to calculate adjusted (more conservative)
critical alpha-levels for main effects in the final FDB status model and for paired comparisons
within each of the significant predictors in that model. In the Results, all significant effects
reported were significant at both the original and adjusted critical alpha-levels, unless otherwise
stated.
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2.4. Results

2.4.1. Sample population: demographics and FDB status
Of the 538 individuals from ten species that we included in our analyses, most were
members of the largest of the three parrot families, Psittacidae, and one was from the smallest
family, Cacatuidae (Table 2.2.) Individuals were distributed relatively evenly across the three life
stages (244 juvenile, 101 adolescent, 165 adult), but only 13 individuals were known to be wildhatched, while 452 were captive-hatched (47 parent-reared, 405 hand-reared) and 73 were of
unknown hatch origin. The sex ratio was approximately even in birds of known sex (185 male,
134 female), but sex was unknown for many birds (219). The prevalence of FDB (FDB
status=yes) was 15.8% overall (85/538 individuals), and appeared – based on raw data – to
vary across species (Fig. 2.1a).

2.4.2. Predictors of FDB status in companion parrots
The logistic regression model that examined relationships between demographic
predictors and FDB status identified significant main effects of sex and age (i.e., life stage)
(Table 2.3.) None of the predictors was correlated. Testing to see whether these apparent
demographic effects on FDB status could be explained by associations with husbandry-related
factors, we found that neither the amount of time per day birds spent caged nor their access to
time outdoors was related to any of the demographic variables. However, the presence/absence
of fresh foods in the diet was related to both species (X2=23.72; P=0.0048) and age (X2=6.85;
P=0.0325), and so was included as a blocking factor in the final FDB status model (Table 2.3.)
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Table 2.2. Names and sample sizes of the ten species (n≥17 individuals/species) that were included in
the analyses.
Latin name

Common name

Sample size (n)

Amazona aestiva

Blue fronted amazon

36

Amazona amazonica

Orange winged amazon

24

Ara ararauna

Blue and yellow macaw

32

Cacatua alba

White crested cockatoo

19

Diopsittaca nobilis

Red shouldered macaw

17

Eclectus roratus

Eclectus parrot

22

Myiopsitta monachus

Quaker parrot

40

Poicephalus senegalus

Senegal parrot

42

Psittacus erithacus erithacus

African grey parrot

275

Psittacus erithacus timneh

Timneh grey parrot

31

Table 2.3. Results from multiple logistic regression analyses for “FDB status” vs. predictor variables
across individuals from ten species (n≥17 individuals/species).
Predictor
variable

Without considering
differences in diet

Final model

X2

P-value

X2

P-value

Odds ratios
FDB status: odds of ”yes” vs. “no”

P-values

Species

16.16

0.0636

17.13

0.0467 *

See Fig. 1b

See Fig. 1b

Sex

9.85

0.0073 *

10.23

0.0060 **

male : unknown = 2.05
female : unknown = 3.03
female : male = 1.48

0.0370 **
0.0015 **
0.1996

Age

13.35

0.0013 *

13.18

0.0014 **

adolescent : juvenile = 2.18
adult : juvenile = 3.01
adult : adolescent = 1.38

0.0358 **
0.0004 **
0.3619

Hatch origin

1.34

0.5110

1.30

0.5210

---

---

Diet freshness

N/A

N/A

1.58

0.2084

---

---

* = P-value is significant at original critical alpha-level: 0.05; ** = P-value is significant at adjusted critical
alpha-level calculated to control “false discovery rate” (see Methods 2.3.)

60

Accounting for the effect of diet freshness did not alter the main effects of sex and age
on FDB status of companion parrots (Table 2.3.); however, it revealed that species was also an
independent predictor. Thus, the possible species effect suggested by the raw data (Fig. 2.1a)
was apparently confirmed after controlling for the other variables. This effect was significant at
the original alpha-level (0.05), but not at the more conservative alpha-level (0.0278) adjusted
after multiple testing correction (Table 2.3.) Of the ten species we examined, FDB prevalence
was lowest for the Poicephalus senegalus (Fig. 2.1a). Ratios representing the odds of having a
positive FDB status for each of the nine other species relative to that for P. senegalus
(controlling for all other factors) are presented in Figure 2.1b. These ranged widely: compared
to P. senegalus, some species were nearly equally likely to exhibit FDB, and others were more
than ten times more likely. However, increased odds of positive FDB status were only significant
for Eclectus roratus (at original alpha-level 0.05 only) and Cacatua alba (at both original [0.05]
and adjusted [0.0056] alpha-levels).
FDB odds varied among the different life stages: specifically, compared to juvenile birds,
adolescents were about twice as likely to exhibit FDB, and adults were about three times as
likely (Table 2.3.) Meanwhile, the odds of a positive FDB status did not differ significantly in
adolescent vs. adult birds. Thus, odds were greater in birds that had reached sexual maturity
(i.e., adolescents and adults) than in those that had not (i.e., juveniles).
The main effect of sex on FDB status was, interestingly, driven by an unexpected
difference between birds of known vs. unknown sex: specifically, compared to individuals whose
sex was undetermined, those of known sex were more likely to exhibit FDB (females about
three times as likely; males about twice as likely; Table 2.3.) The odds of a positive FDB status
did not differ significantly in known male vs. known female birds (Table 2.3.); this remained true
when the 219 birds of undetermined sex were removed from the analysis (odds ratio
[male:female]=0.63; P=0.1277).
Hatch origin was not a predictor of FDB status in this sample population (Table 2.3.)
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Figure 2.1. Feather-damaging behaviour (FDB) by species.
(A) Prevalence. For each of ten species of parrot kept as pets (n≥17 individuals per species), the
percentage of individuals for which FDB was reported (“FDB status”=yes). These values are not corrected
for species differences in sex, life stage, or hatch origin ratios.
(B) Relative odds of positive FDB status. Ratios representing the odds of having FDB (“FDB status”=yes)
for each of the ten species relative to those for the least vulnerable species (Senegal parrot, Poicephalus
senegalus). Upper and lower figures within each bar represent upper and lower 95% confidence limits,
respectively. These values are corrected for species differences in the other factors examined. * = Pvalue is significant at original critical alpha-level (0.05); ** = P-value is significant at adjusted critical alphalevel (0.0056) calculated to control “false discovery rate” (see Methods 2.3.3.)

62

2.5. Discussion
The FDB prevalence rate of 15.8% in our study population is in good agreement with
previous estimates for companion parrots in private homes: 10% (Grindlinger and Ramsay,
1991), 13% (Gaskins and Bergman, 2011); or rescue centres for relinquished birds: 16%
(Meehan, 2004). Of the potential predictors of FDB presence we considered, age (i.e., life
stage) was the most significant predictor, followed by sex (i.e., whether known or unknown), and
then species. Hatch origin appeared non-influential.
Age emerged as a strong individual risk factor for FDB. Previous authors have proposed
sexual maturity as a key phase of FDB onset in parrots (Wedel, 1999). Likewise, the human
hair-pulling disorder trichotillomania is known to have a puberty-triggered onset (Garner et al.,
2004). Consistent with this developmental pattern, adolescent birds in this study were more
likely to exhibit FDB than were juveniles, but not more likely than adults. This cautiously
suggests that FDB becomes increasingly prevalent during adolescence, perhaps with incidence
plateauing as birds enter adulthood. This developmental hypothesis should now be fully tested
using longitudinal studies.
Sex was another risk factor for FDB. However, contrary to previous data on FDB severity
in orange-winged Amazon parrots and on the prevalence of similar, hair-plucking behaviours in
mice and humans (Garner et al., 2006; Garner et al., 2004), we did not find any significant
differences between males and females. Here, the unexpected key finding was that individuals
of unknown sex were significantly less likely to exhibit FDB than were those of known sex.
Future research is required to replicate this puzzling effect, and – if it proves robust – to
investigate its causes. One possibility is that age plays a role. Our models statistically controlled
for age class, but they did not control for age within each class (which could span years or even
decades in some species). If young adults are more likely to be of unknown sex than older
adults, then it is possible that the apparent effect of being “of known sex” is really an effect of
age. Alternatively, it is possible that owners with unsexed birds use different husbandry methods
than do those with sexed birds, and that those differences reduce the chance that individuals
will develop FDB. Finally, if many pet owners determine sex based on breeding behaviour, then
it is possible that the “unknown sex” group included a greater proportion of non-breeding
individuals than did the “known sex” group. In light of evidence that adult female laboratory mice
without breeding experience are significantly less likely to self-pluck than those with breeding
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experience (even controlling for age) (Garner et al., 2004), it would be worthwhile to investigate
whether breeding experience is similarly a risk factor for FDB in parrots.
Hatch origin did not predict FDB status in this study population. This may be because
previous findings that FDB was more common in wild-caught vs. captive-hatched African grey
parrots do not apply to other species, or because sample sizes for wild-hatched birds were too
small to detect any such effects in the data set we analyzed. More research is needed to clarify
the effects of hatch origin on FDB status, and their generality across species.
The effect of species on FDB status was significant when we controlled for diet
freshness, an aspect of husbandry that differed significantly between species. However,
because this was our least significant finding (the P-value of 0.047 was higher than the adjusted
critical alpha-level of 0.0278 identified after multiple testing correction), the possibility of intrinsic
species differences in FDB should be treated with some caution. Perhaps the strongest
conclusions we can make at this stage are that i) white-crested cockatoos (Cacatua alba) (and
possibly eclectus parrots; Eclectus roratus) are significantly more likely to exhibit FDB than are
Senegal parrots (Poicephalus senegalus); and ii) the possibility that stable, intrinsic differences
in FDB prevalence exist between other species now needs investigating with larger sample
sizes and good-quality data on potentially important husbandry variables (e.g., environmental
enrichment) that could act as confounds. The likelihood of valid species differences in FDB
prevalence is supported by the fact that species in diverse other taxa are known to differ in their
relative vulnerabilities to abnormal repetitive behaviours, even when subject to similar
husbandry (Clubb and Mason, 2004; Clubb and Mason, 2007; Mason, 2010; Tarou et al., 2005).
In addition, our results are consistent with professional opinions about species differences in
FDB prevalence. Even our raw data suggested patterns that were broadly consistent with
common assumptions about which parrot species are vulnerable or resistant to FDB (Briscoe et
al., 2001; Chitty, 2003a, b; Rosenthal, 1993; Rosskopf and Woerpel, 1996; Seibert, 2006a):
e.g., high FDB prevalences (>40%) for white-crested cockatoos and eclectus parrots and low
prevalences (>10%) for two Amazona species and Senegal parrots. Odds ratios from models
controlling for the possible confounding effects of other variables confirmed that differences
between cockatoos or eclectus parrots and Senegal parrots were statistically significant.
If species differences in FDB are corroborated by future research (ideally, studies that
assess not only FDB prevalence but also severity; etiology; and evidence of associated medical

64

issues such as skin pathologies, parasites, or infection), this will be valuable: any knowledge
about how and why parrot species differ in their vulnerabilities to welfare problems could help to
guide decisions about which species should (or should not) be maintained in captivity. The
information could also be used to identify natural species traits that protect some species from
developing FDB in captivity but make others vulnerable (Clubb and Mason, 2003; Clubb and
Mason, 2007; Mueller et al., 2011), thus highlighting which aspects of natural behavioural
biology need to be accommodated if captive husbandry is to be truly successful. For example,
the hypothesis that FDB is prevalent in exploratory parrot species (Mettke, 1995) could be
empirically tested.
Our analyses of this large, survey-generated data set were limited by a lack of available
data on FDB severity or etiology; the qualitative or incomplete nature of much of the available
data on husbandry; and the large number of poorly-sampled species. Nevertheless, these
challenges help to clarify details that should be assessed in future studies. As well, because the
online survey collected data from a non-random sample of pet owners who were familiar with
the National Parrot Sanctuary Trust website, future surveys could provide support for the results
of this study and facilitate their generalization to the wider, overall population of pet parrot
owners by recruiting a more representative group of respondents and collecting owner-related
demographic information that can be factored into the analysis.
Conclusions
We tested whether individual FDB status in parrots was predicted by each of four
potential demographic risk factors in a sample population (538 companion parrots from ten
species) for which overall FDB prevalence (15.8%) agreed with estimates from other surveys.
After controlling for a number of possible confounding variables, we found that the individual
odds of exhibiting FDB varied with age, sex, and species. Our findings provide preliminary
empirical evidence for these risk factors and suggest new, testable hypotheses about the
etiology of parrot FDB and the basis for likely cross-species differences in FDB susceptibility.
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Chapter 3
General methods for Studies 2-4

For each of the comparative studies (Studies 2-4) presented in the following chapters, I
followed the same basic methods: collecting and recording species-typical data on measures of
relative welfare and natural biology from original or published sources and for multiple parrot
species; and then carrying out statistical comparisons (regressing phylogenetically-corrected
species values for the welfare outcomes on those for the biological traits, controlling for potential
confounds) to identify predictive relationships. This chapter details aspects of the methodology
that were common to all three studies. Any modifications of these procedures and all additional
methods that were specific to Studies 2, 3, or 4 are presented in the respective methods
section(s) (see Chapters 4-6).

3.1. Study species
I used the nomenclature of Forshaw (2010). I created for this research project a large
data set that contains species-typical data on variables reflecting captive welfare and natural
biology for multiple parrot species. First, I compiled data on welfare variables for as many
species as possible. Then, for those species, I recorded data on natural biology variables
(where available; see 3.2.-3.3. for variables and details). The data set contains information
about 202 species in total (representing 68 genera and all three superfamilies; see ‘Phylogeny
and classification’ in 1.3.1. i.) Species-level values for both types of variable are presented in
Table 3.1., and species-level values for potential confounders identified a priori for some of
these variables are presented in Table 3.2. (see Methods sections 3.3., 5.3., 6.3. for details).
Data (or reliable species-typical values; see 3.2.-3.3. for details on minimum sample sizes) were
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not available on all variables for all 202 species, and so different regression models included
data from different numbers of species.
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Table 3.1. Species-level values for the main captive welfare and natural biology variables used in the comparative studies (Studies 2-4).

Species

Stereotypic
behaviour
FDB

Agapornis canus
Agapornis fischeri
Agapornis lilianae
Agapornis nigrigenis
Agapornis personatus
Agapornis pullarius
Agapornis roseicollis
Agapornis taranta
Alisterus amboinensis
Alisterus chloropterus
Alisterus scapularis
Amazona aestiva
Amazona albifrons
Amazona amazonica
Amazona auropalliata
Amazona autumnalis
Amazona barbadensis
Amazona brasiliensis
Amazona farinosa
Amazona festiva
Amazona finschi
Amazona guildingii
Amazona leucocephala
Amazona ochrocephala
Amazona oratrix
Amazona pretrei
Amazona rhodocorytha
Amazona tucumana
Amazona ventralis
Amazona versicolor
Amazona vinacea
Amazona viridigenalis
Amazona vittata
Amazona xanthops
Anodorhynchus hyacinthinus
Aprosmictus erythropterus
Ara ambiguus
Ara ararauna
Ara chloropterus
Ara glaucogularis
Ara macao
Ara militaris

0.00

OSB
0.20

Med
health
BSB
0.20

MED
0.20

0.00

0.00

0.25

0.00

0.23

0.15

0.12

0.30

Captive
reproduction
HAT

RBD

LIF

MGS

COM

FST

DBR

HBR

BRV

INN

EXT

2
2
3
3
1
2
2
1
2
2
3
2
3
2
2
2
3
2
2

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

1
3
3
1
3
3
3
3
2
2
3
2
3
2
2
4
2
4
2
3
4
2

4
4
3
3
2
4
3
4
3
2
4
4
4
5
4
4
2
2
2
2
2
2
4
3
4
2
1
3
4
2
3
2
3
3
3
5
1
3
3
4
3
2

1.15
1.95
1.53
1.90
1.87
1.44
1.86
1.98

1
1
1
1
1
1

2
1
2
2
1
2
2
2
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
1
1
2
2
2
1
1
1
1
1
2
1
2
2
2

1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2

0.84
1.59
0.61
0.29
0.84
0.71

7.12
5.94
7.44
6.83
5.73
7.55
6.74
7.01
7.56
10.26
7.63
10.22
8.76
8.44
11.45
11.75
10.45
21.93
10.40
18.11
11.13
19.87
7.77
10.46
10.48
23.54
15.37
5.41
6.30
19.92
12.15
11.59
9.03
11.90
18.23
9.03
19.88
12.55
14.44
18.20
14.59
14.16

30

0.55
0.44

1
1
1
1
1
1
1
1
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0

1
2
2
3
1
1
1
1
1
1
1
1
1
1
3
1
3
3
1
3
3
3
2
1
4
3
4
3
3
3
4
4
5
2
4
1
4
1
1
5
1
3

0.15
0.00
0.12
0.00
0.00

0.13
0.00
0.06
0.08
0.10

0.29
0.50
0.28
0.08
0.20

0.27
0.25
0.17
0.50
0.50

0.00

0.00

0.17

0.33

0.00

0.00

0.00

0.44

0.00
0.08

0.13
0.00

0.20
0.25

0.20
0.15

2.00
0.73
0.75

0.35
0.35
0.67
0.50

0.22

0.22

0.11

0.11
0.17

0.25
0.14

0.39
0.33

0.15
0.26

0.13
0.00

0.22
0.00

0.22
0.13

0.11
0.13

Natural biology

1.78
2.39
0.00
0.00
2.52
0.50
4.84
2.44
1.25
1.13
0.55
0.55
0.15
0.58
0.68
0.50
0.00
0.33
0.00
0.65

0.22

Captive
lifespan
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100
800
100
30
300
20
10
50
100
200
300
800
100
20
20
50
300
30
300
300
50
200
12
20
30

35
10
50
12
25
9
30
10

4.48
7.69
5.73
8.63
9.57
8.13
7.40
7.42
10.21
7.86
6.89
9.08
5.63
9.33
8.62
5.72
8.08
6.43
5.97
7.76
6.89
6.83
24.97
3.85
17.50
17.90
22.17
19.14
18.83

Species

Ara rubrogenys
Ara severus
Aratinga acuticaudata
Aratinga aurea
Aratinga auricapillus
Aratinga canicularis
Aratinga erythrogenys
Aratinga holochlora
Aratinga jandaya
Aratinga leucophthalma
Aratinga mitrata
Aratinga pertinax
Aratinga solstitialis
Aratinga wagleri
Barnardius barnardi
Barnardius zonarius
Bolborhynchus lineola
Bolborhynchus orbygnesius
Brotogeris jugularis
Brotogeris pyrrhoptera
Brotogeris tirica
Brotogeris versicolorus
Cacatua alba
Cacatua ducorpsii
Cacatua galerita
Cacatua goffiniana
Cacatua haematuropygia
Cacatua leadbeateri
Cacatua moluccensis
Cacatua ophthalmica
Cacatua sanguinea
Cacatua sulphurea
Cacatua tenuirostris
Callocephalon fimbriatum
Calyptorhynchus banksii
Calyptorhynchus funereus
Calyptorhynchus lathami
Chalcopsitta atra
Chalcopsitta cardinalis
Chalcopsitta duivenbodei
Chalcopsitta sintillata
Charmosyna josefinae
Charmosyna papou
Charmosyna placentis
Charmosyna pulchella

Stereotypic
behaviour

Med
health

Captive
reproduction

Captive
lifespan

Natural biology
MGS

FDB

OSB

BSB

MED

HAT

RBD

LIF

0.40
0.09
0.18

0.00
0.09
0.09

0.00
0.18
0.18

0.20
0.36
0.00

0.90
1.26
0.95
1.74
2.24
1.75
0.66
1.29
3.53
1.47
0.76
1.70
2.28
1.60

1
1
1
1
1
1
1
1
1
1
1
1
1
1

13.84
10.57
8.81
6.58
8.43
8.80
8.93
7.96
9.53
10.15
8.44
8.58
10.98
8.32
6.75
7.81
6.03
7.53
7.05
8.03
4.21
6.82
9.76
9.58
10.92
10.65
11.76
9.64
9.51
11.66
11.52
8.90
11.70
9.73
11.84
9.78
8.15
7.66
9.70
8.90
9.48
5.26
6.80
5.91
6.65

0.00

0.00

0.00

0.14

0.00

0.18

0.29

0.05

0.00

0.00

0.00

0.00
1.88
0.39

0.45
0.67
0.08
0.53

0.26
0.25
0.00
0.23

0.36
0.50
0.27
0.33

0.16
0.22
0.15
0.26

0.35
1.39

3
3
3
3
1

0.88
0.26

0.52

0.19

0.37

0.21

0.50

0.00
0.33

0.20
0.28

0.40
0.44

0.17
0.06

1.67
0.52
0.00
0.00
0.38

3
3
3
3
3

1.21
0.00
1.56
1.14

3
3
3
3
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30
40
50
12
100
12
300
100
30
300
8
300
300
200
300
300

2000
300
23
300
16
20
70000
10
2000
60
2000
300
20
20
8

25
15

COM

FST

DBR

HBR

BRV

INN

EXT

2
2
1
2
1
2
2
1
1
2
1
2
1
2
1
2
2
1
2
1
1
2
2
1
2
2
2
1
2
2
2
2
2
2
2
1
2
1
1
2
1
1
1
1
1

2
2

2
3
2
4
2
3
2
2
2
3
2
3
3
2
3
4
3
3
3
3
5
3
2
4
4
1
2
3
3
2
4
3
4
3
3
2
3
4
2
2
2
3
4
3
1

2
3
4
6
3
5
4
4
3
4
3
4
3
5
1
6
2
2
5
3
4
4
3
2
5
2
3
4
1
1
3
3
3
5
4
3
2
4
3
1
4
3
2
4
2

12.12
9.83
5.50
3.35
4.43
3.30

0
0
0
2
0
0
0
1
0
0
0
0
0
0
1
1
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0

4
1
1
1
2
1
2
1
1
1
1
1
4
1

2
2
2
2
2
2
2
2
2
1
2
2
2
2
2
2
2
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

5.43
3.80
5.32
3.49
4.12
3.62
3.91
2.08
2.12
2.68
2.39
14.16
8.70
14.24
8.50
8.47
15.63
15.00
8.91
9.62
10.64
7.48
11.95
15.08
9.78
5.40
5.25

3.45
1.39

1
1
1
1
4
1
1
3
1
1
2
5
1
3
3
1
5
1
1
1
1
1
1
1
1
1
1
1
1
1

Species

Stereotypic
behaviour
FDB

OSB

BSB

Med
health

Captive
reproduction

Captive
lifespan

Natural biology

MED

HAT

RBD

LIF

MGS

0.30
0.72

3
2

Coracopsis nigra
Coracopsis vasa
Cyanoliseus patagonus
Cyanoramphus auriceps
Cyanoramphus novaezelandiae
Cyanoramphus unicolor
Cyclopsitta diophthalma
Deroptyus accipitrinus
Diopsittaca nobilis
Eclectus roratus
Enicognathus ferrugineus
Enicognathus leptorhynchus
Eolophus roseicapilla
Eos bornea
Eos cyanogenia
Eos histrio
Eos reticulata
Eos squamata
Eunymphicus cornutus
Forpus coelestis
Forpus cyanopygius
Forpus passerinus
Forpus xanthops
Glossopsitta concinna
Glossopsitta porphyrocephala
Glossopsitta pusilla
Guaruba guarouba
Lathamus discolor
Loriculus galgulus
Loriculus philippensis
Loriculus stigmatus
Loriculus vernalis
Lorius chlorocercus
Lorius domicella
Lorius garrulus
Lorius lory
Myiopsitta monachus
Nandayus nenday
Neophema chrysogaster
Neophema chrysostoma
Neophema elegans
Neophema petrophila
Neophema pulchella
Neophema splendida
Neopsephotus bourkii

4.36

0.40
0.38

0.20
0.05

0.30
0.10

0.20
0.18

0.22

0.10

0.14

0.17

0.36

3

1.46
0.20

1
2
2
2
2

1.03
1.59

0.14

0.05

0.16

0.10

2.36

0.20

0.00

0.00

0.00

1.65
1.67

2
2
2
2

1.58
1.11

0.09
0.13

0.30
0.25

0.50
0.25

0.16
0.13

3
3
3
3

1.17

2

2.48
2.19

1
1
1
1
1
1
1
1

1.00
1.51
2.10
2.36

COM

FST

8.95

1

2

9.76
11.19
6.54
7.23
6.61
6.54
13.57
11.64
9.00

2
2
1
2
1
2
2
1
2
1
2
2
1
2
2
1
1
1
1
1
2
2
1
2
1
2
2
1
1
1
1
1
1
1
1
2
2
2
1
1
1
2
2
2

9.28
9.33
6.92
7.06
9.58
7.91
6.57
6.93
6.07
8.10
4.72
6.18
5.88
5.47
5.27
14.10
6.28
6.33
5.05
7.93
8.10
8.88
7.16
7.59
7.56
6.65
9.00
6.29
5.47
6.22
6.36
6.65
5.91
6.06
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1000

200
10
80
100
300
1000
50
60
8
10
10
10
10
30
100
100
300
30
150
2
50
10
2
2
10
50

1000

2
1
2

2
1
1
1
2
2
2
2
2
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
1
2
1
1
1
1
1
1
1

DBR

HBR

BRV

3

4

5.55

2
2
4
5
4
5
2
3
4
3
1
4
3
2
3

4
4
2
3
2
5
2
4
6
2
2
4
4
3
2
3
4
4
3
3
5
3
4
4
3
4
4
5
5
4
3
4
2
3
3
5
4
4
5
3
4
4
2
2

3
3
2
2
3
3
2
2
3
4
3
4
4
2
2
3
1
3
4
4
2
2
4
1
2
1
1
2

7.48
2.78
2.25
4.03
1.70
7.10
6.65
7.36
4.97
6.43
4.78
4.85

3.83
3.33
1.34
1.28
1.10
2.87
1.89
1.59
7.77
2.37
1.49
1.48
1.43

5.17
5.12
4.08
4.93
1.54
1.28
1.70
1.29
1.28
1.25

INN

EXT

0

1

0
0
0
0
0
0
0
0
0
0
0
3
0
0
0
0
0
0
0
0
0
0
1
1
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1
1
2
3
3
1
1
1
1
1
1
1
1
3
4
2
1
3
1
1
1
3
1
1
1
4
4
1
1
1
1
1
4
3
1
1
1
5
1
1
1
1
1
1

Species

Stereotypic
behaviour
FDB

Neopsittacus musschenbroekii
Nestor meridionalis
Nestor notabilis
Northiella haematogaster
Orthopsittaca manilata
Phigys solitarius
Pionites leucogaster
Pionites melanocephalus
Pionopsitta pileata
Pionus chalcopterus
Pionus fuscus
Pionus maximiliani
Pionus menstruus
Pionus senilis
Platycercus adscitus
Platycercus caledonicus
Platycercus elegans
Platycercus eximius
Platycercus icterotis
Platycercus venustus
Poicephalus cryptoxanthus
Poicephalus gulielmi
Poicephalus meyeri
Poicephalus robustus
Poicephalus rueppellii
Poicephalus rufiventris
Poicephalus senegalus
Polytelis alexandrae
Polytelis anthopeplus
Polytelis swainsonii
Probosciger aterrimus
Propyrrhura auricollis
Propyrrhura maracana
Prosopeia tabuensis
Psephotus chrysopterygius
Psephotus haematonotus
Psephotus varius
Pseudeos fuscata
Psittacula alexandri
Psittacula cyanocephala
Psittacula derbiana
Psittacula eupatria
Psittacula krameri
Psittacula longicauda

OSB

BSB

Med
health

Captive
reproduction

Captive
lifespan

Natural biology

MED

HAT

LIF

MGS

COM

FST

DBR

HBR

BRV

INN

EXT

7.23
12.55
10.49
6.06
6.89
9.22
5.79
13.21
9.20
15.23
7.26
10.25
7.36
13.02
6.35
6.35
6.50
6.58
6.58
6.81
6.61
6.81
8.05
8.15
5.23
7.49
6.60
7.36
7.23
7.18
11.60
9.58
14.48
9.89
7.91
5.27
5.61
7.34
8.13
5.62
9.07
6.23
7.69
8.83

50

1
1
1
1
2
1
2
2
1
2
2
2
2
2
1
1
2
1
1
1
1
2
1
2
1
1
1
1
1
1
1
2
1
1
1
1
1
2
2
2
2
2
2
2

2
2
2

5
5
5
5
1
2
2
3
1
1
1

3
1
5
4
4
3
2
3
3
4
4
3
3
4
5
5
5
4
5
5
3
3
3
4
3
2
3
2
4
2
2
3
3
5
1
5
3
5
4
2
3
4
6
3

2.45
13.00
14.4
2.40
7.86

0
0
1
1
0
0
0
0
0
0
0
0
0
0
0
1
2
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
1
4
0

1
4
3
1
1
1
3
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
1
2
1
4
1
1
1
1
1
2
1
1
2

RBD

3

0.18
0.20

0.06
0.20

0.06
0.20

0.18
0.06

0.00
0.00

0.27
0.00

0.27
0.13

0.25
0.13

0.80
0.66
1.00
1.72
0.85
1.38
1.03
1.32
1.96

1.17
1.88

3
3
3
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2

0.40

3

0.87
1.11
1.40

0.20
0.16

0.00
0.11

0.00
0.22

0.20
0.26

0.00
0.16

0.00
0.09

0.14
0.19

0.00
0.07

0.50

0.17

0.17

0.50

0.63
0.44
1.05
0.62

0.88

0.00
0.08

0.17
0.00

0.17
0.25

0.17
0.17

1.70

2

2.32

2

1.67
1.99

1
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50
100
100
50
8
30
10
10

300
5

50
10
50
50
20
4
20
15
100
100
6

40
30
100
1000
50
300
50
3000
2000

2
2
2
2
2
2
2
2
2
2

1
2
2
2
2
2
2
2
2
1
1
2
2
2
2
1
1
1
2

1
2

3
2
5
4
5
5
5
4
4
4
3
2
5
2
3
2
3
3
3
3
1
3
1
2
3
3
4
4
3
4
4
2

5.11
5.30
3.21
6.02
5.11
6.20
5.78
5.70
3.06
3.63
3.78
3.01
2.38
2.56
4.65
5.80
4.41
8.21

4.71
2.58
3.85
3.35
20.5
8.09
7.27
5.30
1.40
1.97
1.79
4.20
4.20
2.68
6.10
5.54
3.90

Species

Stereotypic
behaviour
FDB

Psittacula roseata
Psittaculirostris desmarestii
Psittaculirostris edwardsii
Psittacus erithacus
Psitteuteles goldiei
Psitteuteles iris
Psitteuteles versicolor
Psittinus cyanurus
Psittrichas fulgidus
Purpureicephalus spurius
Pyrrhura cruentata
Pyrrhura frontalis
Pyrrhura molinae
Pyrrhura perlata
Pyrrhura picta
Rhynchopsitta pachyrhyncha
Tanygnathus lucionensis
Tanygnathus megalorhynchos
Trichoglossus chlorolepidotus
Trichoglossus euteles
Trichoglossus flavoviridis
Trichoglossus haematodus
Trichoglossus johnstoniae
Trichoglossus ornatus
Vini australis
Vini peruviana
Total # of species with data

0.37

OSB

0.09

BSB

0.16

Med
health

Captive
reproduction

Captive
lifespan

Natural biology

MED

HAT

RBD

LIF

MGS

0.15

1.43
1.17
1.09

3
3
2

2
2
2
2
2
3
3
3
2
2
2
2
2
2
3
3

9.07
5.29
7.34
8.23
7.01
7.71
6.64
6.85
8.29
8.00
16.85
11.05
8.22
8.44
11.26
15.60
5.90
6.86
6.62
7.40
5.36
6.47
7.27
6.45
6.62
11.66

141

201

3

0.14
0.10

0.00
0.29

0.00
0.24

0.14
0.09

2.52
3.31
2.28
0.50
0.60
0.50
0.00

3.00
1.69
1.50

51

51

51

51

122

COM

FST

DBR

HBR

12
7

2
1
1
2
2
1
1
1
1
1
1
1
1
1
1
2
2
2
1
1
1
2
2
1
2
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

4
3
2
2
3
1
3
3
2
4
2
4
3
2
3
3
2
2
3
4
4
3
4
2
2
3

4
3
3
6
2
3
3
4
2
4
2
2
3
1
3
2
2
3
3
3
3
5
1
4
3
2

144

202

176

199

202

6
400
30
30
50
20
20
20
20
40
50
20
12
12
100

30

BRV

3.25
9.18

2.00
7.80
3.49
3.35
2.95
4.60
2.71
2.32
11.20
5.71
6.98
3.05

3.66
3.51

164

INN

EXT

0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
2
0
0
0
0

1
1
1
3
1
2
1
2
3
1
3
1
1
3
1
4
2
1
1
1
1
1
2
1
1
3

202

201

Blank cells indicate no data were available. Bottom row lists total number of species for which data were available for each variable. Underlined
values are species-level estimates that were excluded from the analyses because derived from data from too few individuals (or pairs, for HAT),
as follows (see text for details): FDB, OSB, BSB, MED, n<5; HAT, n<3 pairs; LIF, n<20; BRV, n<2. Variables are defined below; for more detailed
descriptions and information about species exclusions and other considerations, see the Methods sections in 3.3. (natural biology variables), 4.3.
(stereotypic behaviour and medical health variables), 5.3. (captive reproduction variables), and 6.3. (captive lifespan variable).
Abbreviations
BRV, endocranial volume (average in mL)
BSB, whole-body stereotypic behaviour (stereotypies; % of individuals exhibiting whole-body SB)
COM, communal roosting (1, no; 2, yes)
DBR, diet breadth (# of main food types in the native adult diet; 1-5)
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EXT, risk for extinction as indicated by conservation status listed in the International Union for Conservation of Nature Red List of Threatened
Species (1, least concern; 2, near threatened; 3, vulnerable; 4, endangered; 5, critically endangered)
FDB, feather-damaging behaviour (% of individuals with FDB)
FST, relative food search time (1, short; 2, long)
HAT, hatch rate (in captivity; # of chicks hatched per breeding pair per year)
HBR, habitat breadth (# of main habitat types in the native range; 1-7)
INN, innovation frequency (# of feeding innovations reported/published)
LIF, median adult time in ISIS zoo (years; used as a proxy measure for the ‘average captive lifespan’ component of a relative lifespan measure;
see 6.3.1. for details)
MED, medical problems (% of individuals with diagnosed medical problems)
Med health, medical health
MGS, maximum feeding group size (# of individuals; non-breeding season)
OSB, oral stereotypic behaviour (stereotypies; % of individuals exhibiting oral SB)
RBD, relative breeding difficulty (in captivity; 1, easy; 2, moderate; 3, difficult)
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Table 3.2. Species-level values for potential confounders identified a priori for some of the main captive
welfare or natural biology variables listed in Table 3.1. and controlled for in the comparative analyses
(Studies 2-4).

Species

Natural
fecundity

Max lifespan
in captivity

Body mass

Research
effort

Agapornis canus

3.50

16.01

26.50

2

Agapornis fischeri

8.25

12.60

48.30

24

Agapornis lilianae

5.50

19.20

40.50

10

Agapornis nigrigenis

5.50

13.75

50.40

14

Agapornis personatus

5.50

24.24

52.50

4

Agapornis pullarius

4.50

18.00

43.00

2

Agapornis roseicollis

5.00

34.10

45.80

84

Agapornis taranta

5.00

14.60

57.50

11

Alisterus amboinensis

3.00

29.20

4

Alisterus chloropterus

2.50

22.35

4

Alisterus scapularis

4.00

26.60

160.40

29

Amazona aestiva

2.50

49.00

395.72

103

Amazona albifrons

3.50

25.30

190.13

21

Amazona amazonica

3.50

30.00

338.00

45

Amazona auropalliata

2.50

49.00

433.00

96

Amazona autumnalis

3.50

27.00

406.98

39

Amazona barbadensis

3.50

34.62

203.10

18

Amazona brasiliensis

5.25

23.20

441.90

23

Amazona farinosa

3.00

42.90

678.61

18

Amazona festiva

3.00

24.50

358.83

10

Amazona finschi

3.00

25.80

279.23

23

Amazona guildingii

2.50

28.00

504.80

31

Amazona leucocephala

3.50

30.83

277.00

51

Amazona ochrocephala

2.50

56.00

432.16

76

Amazona oratrix

2.50

41.50

433.00

88

Amazona pretrei

3.00

24.23

303.40

14

Amazona rhodocorytha

4.00

44.00

314.50

9

Amazona tucumana

3.50

26.19

199.75

9

Amazona ventralis

2.50

29.06

256.90

27

Amazona versicolor

2.00

38.75

Amazona vinacea

3.00

26.94

299.86

11

Amazona viridigenalis

3.00

39.45

322.33

19

75

33

Species

Natural
fecundity

Max lifespan
in captivity

Amazona vittata

3.00

27.23

Amazona xanthops

3.00

24.73

164.90

11

Anodorhynchus hyacinthinus

2.00

38.80

1405.00

67

Aprosmictus erythropterus

4.00

24.40

138.30

21

Ara ambiguus

3.00

29.00

1285.63

26

Ara ararauna

1.50

43.00

1020.60

90

Ara chloropterus

2.50

50.10

1008.57

52

Ara glaucogularis

3.75

22.00

Ara macao

1.50

33.00

915.30

66

Ara militaris

2.50

46.00

820.83

23

Ara rubrogenys

2.00

23.00

442.75

22

Ara severus

2.50

28.50

387.72

10

Aratinga acuticaudata

3.00

31.00

166.50

21

Aratinga aurea

4.00

15.34

80.25

8

Aratinga auricapillus

4.00

20.90

113.35

9

Aratinga canicularis

4.00

16.20

79.09

27

Aratinga erythrogenys

3.50

26.20

Aratinga holochlora

3.50

21.80

178.09

17

Aratinga jandaya

4.50

22.24

103.88

7

Aratinga leucophthalma

4.00

28.45

166.30

1

Aratinga mitrata

3.00

27.83

Aratinga pertinax

4.00

19.73

83.37

11

Aratinga solstitialis

3.50

29.70

101.43

18

Aratinga wagleri

3.50

24.86

Barnardius barnardi

7.50

31.62

162.60

13

Barnardius zonarius

7.50

17.90

139.60

34

Bolborhynchus lineola

6.03

54.12

18

Bolborhynchus orbygnesius

9.20

Body mass

Research
effort
59

20

9

10

3

2

Brotogeris jugularis

6.00

22.79

Brotogeris pyrrhoptera

4.50

11.30

Brotogeris tirica

4.00

11.00

63.00

6

Brotogeris versicolorus

4.50

10.30

66.44

5

Cacatua alba

2.00

26.90

631.00

45

Cacatua ducorpsii

2.00

30.50

415.00

7

Cacatua galerita

2.50

57.00

765.00

93

76

63.30

12
15

Species

Natural
fecundity

Max lifespan
in captivity

Cacatua goffiniana

2.50

26.00

Cacatua haematuropygia

Body mass

Research
effort
1

17.30

460.00

18

Cacatua leadbeateri

3.50

77.00

460.00

30

Cacatua moluccensis

2.00

65.80

850.00

68

31.90

535.00

8

Cacatua ophthalmica
Cacatua sanguinea

2.00

46.90

437.50

33

Cacatua sulphurea

2.50

49.70

344.00

55

Cacatua tenuirostris

3.75

43.00

523.60

44

Callocephalon fimbriatum

2.50

27.50

256.60

22

Calyptorhynchus banksii

2.25

45.40

772.00

26

Calyptorhynchus funereus

1.50

41.00

766.00

67

Calyptorhynchus lathami

1.50

37.72

430.00

42

Chalcopsitta atra

2.00

17.50

260.00

13

18.23

200.00

5

Chalcopsitta cardinalis
Chalcopsitta duivenbodei

2.00

Chalcopsitta sintillata

26.54

7

19.70

2
7

Charmosyna josefinae

2.00

10.20

Charmosyna papou

2.00

11.30

Charmosyna placentis

2.00

19.59

Charmosyna pulchella

98.00

17
8

20.78

29.10

8

315.00

17

Coracopsis nigra

2.50

34.10

Coracopsis vasa

3.50

53.90

Cyanoliseus patagonus

3.50

19.50

271.11

29

Cyanoramphus auriceps

7.00

9.30

48.20

30

Cyanoramphus novaezelandiae

7.00

12.40

75.00

43

12.66

150.10

7

Cyanoramphus unicolor

27

Cyclopsitta diophthalma

2.00

14.35

33.00

12

Deroptyus accipitrinus

3.00

21.80

256.56

25

22.90

152.73

2

28.50

428.00

55

177.40

7

Diopsittaca nobilis
Eclectus roratus

2.00

Enicognathus ferrugineus

5.50

Enicognathus leptorhynchus

4.00

15.30

Eolophus roseicapilla

4.00

40.00

351.00

18

Eos bornea

2.00

24.70

120.00

18

18.10

120.00

4

Eos cyanogenia
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4

Species

Natural
fecundity

Max lifespan
in captivity

Eos histrio

2.00

15.20

16

Eos reticulata

16.60

7

Eos squamata

16.50

100.00

11

Eunymphicus cornutus

19.70

130.00

16

10.40

29.18

10

10.50

32.65

3

26.87

23

Forpus coelestis

7.50

Forpus cyanopygius

Body mass

Research
effort

Forpus passerinus

8.25

11.60

Forpus xanthops

4.50

10.50

Glossopsitta concinna

2.00

11.50

75.80

20

Glossopsitta porphyrocephala

3.50

12.00

45.70

15

Glossopsitta pusilla

4.00

20.11

36.10

8

Guaruba guarouba

3.00

23.20

249.62

7

Lathamus discolor

4.00

14.18

64.00

27

Loriculus galgulus

3.50

14.30

28.50

7

Loriculus philippensis

3.00

10.10

36.00

11

13.03

Loriculus stigmatus
Loriculus vernalis

3

3.00

10.10

1
30.00

13

Lorius chlorocercus

13.81

5

Lorius domicella

26.00

1

Lorius garrulus

2.00

Lorius lory

26.60

211.50

14

18.50

233.00

19

Myiopsitta monachus

6.50

22.10

108.63

109

Nandayus nenday

4.00

18.70

116.60

20

Neophema chrysogaster

4.50

13.27

Neophema chrysostoma

5.00

21.00

58.00

8

Neophema elegans

4.50

14.91

37.30

9

Neophema petrophila

6.75

16.92

52.00

5

Neophema pulchella

6.75

21.00

32.30

21

Neophema splendida

4.50

14.00

32.30

29

Neopsephotus bourkii

4.50

12.60

44.00

6

Neopsittacus musschenbroekii

2.00

26.54

57.00

7

Nestor meridionalis

3.50

35.46

850.00

36

Nestor notabilis

3.00

47.00

956.00

49

Northiella haematogaster

8.25

15.30

76.40

4

Orthopsittaca manilata

2.00

9.72

336.10

1
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Species

Natural
fecundity

Max lifespan
in captivity

Phigys solitarius

2.00

18.23

Pionites leucogaster

3.00

26.00

155.00

8

Pionites melanocephalus

3.00

22.60

146.55

9

Pionopsitta pileata

3.50

16.80

149.59

10

Pionus chalcopterus

3.50

18.98

226.00

4

Pionus fuscus

4.00

9.10

203.00

3

Pionus maximiliani

4.50

16.20

244.33

13

Pionus menstruus

5.25

20.60

250.79

17

Pionus senilis

5.00

13.45

212.68

6

Platycercus adscitus

4.50

25.03

89.80

18

Platycercus caledonicus

5.00

7.98

122.70

13

Platycercus elegans

5.50

26.80

128.60

46

Platycercus eximius

6.50

27.40

103.50

53

Platycercus icterotis

5.00

13.20

53.90

15

Platycercus venustus

3.00

19.10

78.50

5

Poicephalus cryptoxanthus

3.00

32.10

138.00

9

Poicephalus gulielmi

3.50

21.00

213.50

7

Poicephalus meyeri

3.00

34.20

117.50

15

Poicephalus robustus

3.00

29.70

350.00

31

Poicephalus rueppellii

4.00

34.30

1

33.40

6

Poicephalus rufiventris

Body mass

Research
effort
6

Poicephalus senegalus

3.00

40.00

155.00

34

Polytelis alexandrae

7.50

23.90

73.00

22

Polytelis anthopeplus

7.50

13.80

176.80

25

Polytelis swainsonii

5.00

15.10

142.60

13

Probosciger aterrimus

1.00

56.30

1050.00

44

Propyrrhura auricollis

3.50

25.21

212.67

1

Propyrrhura maracana

3.50

31.00

255.57

3

Prosopeia tabuensis

2.50

23.67

280.00

13

Psephotus chrysopterygius

6.75

18.00

37.20

24

Psephotus haematonotus

5.00

12.20

59.20

17

Psephotus varius

7.50

11.80

56.70

4

Pseudeos fuscata

2.00

13.40

163.50

10

Psittacula alexandri

3.50

23.30

156.00

11

Psittacula cyanocephala

6.75

18.80

60.00

37
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Species

Natural
fecundity

Psittacula derbiana

Max lifespan
in captivity

Body mass

Research
effort

28.22

250.00

10

Psittacula eupatria

3.00

30.00

214.00

26

Psittacula krameri

4.00

34.00

137.00

269

Psittacula longicauda

2.50

13.05

4

17.15

4
8

Psittacula roseata
Psittaculirostris desmarestii

2.00

14.90

Psittaculirostris edwardsii

2.00

12.00

90.70

10

Psittacus erithacus

2.50

49.70

405.50

231

Psitteuteles goldiei

2.00

24.13

5

24.10

1

Psitteuteles iris
Psitteuteles versicolor

3.50

12.47

Psittinus cyanurus

3.00

10.20

Psittrichas fulgidus

2.00

25.00

501.20

25

Purpureicephalus spurius

5.50

15.30

99.70

12

Pyrrhura cruentata

3.00

20.38

91.40

5

Pyrrhura frontalis

5.00

17.42

80.26

10

Pyrrhura molinae

4.00

8.34

64.80

13

Pyrrhura perlata

5.00

14.30

84.63

9

Pyrrhura picta

5.00

17.75

64.39

9

Rhynchopsitta pachyrhyncha

3.00

33.00

381.65

40

Tanygnathus lucionensis

2.50

13.19

210.00

5

Tanygnathus megalorhynchos

2.00

23.00

316.20

3

Trichoglossus chlorolepidotus

2.50

24.17

77.20

27

Trichoglossus euteles

56.50

9

16.00

9
4

Trichoglossus flavoviridis

2.00

12.28

Trichoglossus haematodus

3.75

16.10

116.00

17.80

Trichoglossus johnstoniae

2

93
6

Trichoglossus ornatus

2.00

19.40

120.00

Vini australis

1.50

13.60

14

Vini peruviana

2.00

18.40

18

Total # of species with data

178

201

164

5

202

Blank cells indicate no data were available. Bottom row lists total number of species for which data were
available for each variable. Underlined values are species-level estimates for Body mass that were
excluded from the analyses because derived from data from a single individual (see text for details).
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Variables are defined below; for more detailed descriptions and information about species exclusions and
other considerations, see the Methods sections in 3.3. (Body mass and Research effort), 5.3. (Natural
fecundity), and 6.3. (Max lifespan in captivity).
Variables
Natural fecundity, median clutch size X median clutches per year
Max lifespan in captivity, maximum lifespan in captivity (maximum confirmed record for an individual)
Body mass, average body mass in grams
Research effort, # of scientific papers published on the species (as indexed in the Zoological Records
web index, 1978-2004)

In order to allow direct comparisons between species-typical data on welfare, which
derived from captive parrots, and natural biology, which derived from wild-living parrots of the
same species, I did not collect any data on hybrid species originating from aviculture (i.e., those
obtained by interbreeding two different species); and I excluded from all analyses any likely
domesticated species (i.e., those that have undergone genetic change as a result of multiple
generations of selective breeding to accentuate physical and/or behavioural characteristics
desired by human caretakers or suited to captivity). Domesticated species are genetically and
phenotypically different from (and for my purposes, may not be directly comparable to) their
original wild counterparts (Bergman and Reinisch, 2006; Toft, 1994); and hybrid species
generated in captivity lack equivalent wild species altogether. For the majority of parrots,
captive breeding has become widely successful only within the past ~40 years, owing mainly to
the refinement of techniques to overcome difficulties presented by, e.g., the late maturity,
apparent sexual monomorphism, and strict monogamy of many species (Kalmar et al., 2010).
Within this time frame, most have not yet undergone genetic change as a result of artificial
selection for desired characteristics, or natural adaptation to features of the captive environment
and associated husbandry practices. While it is impossible to totally rule out the possibility that
adaptive behavioural changes (e.g., reduced fear of humans) are occurring naturally in some
captive-bred populations, it seems clear that most species remain undomesticated, and even
captive-bred individuals retain the genetics and inherent behaviours of their wild-living relatives
(Davis, 1999). Two likely exceptions are the budgerigar (Melopsittacus undulatus) and the
cockatiel (Nymphicus hollandicus) (Bergman and Reinisch, 2006; Kalmar et al., 2010). These
are the most common pet parrots (Price and Lill, 2009; Wade, 2007), and both have long been
extensively bred in captivity (since the 1850s – over 120 years before breeding techniques were
perfected for other species – in the case of the budgerigar) (Gebhardt-Henrich and Steiger,
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2006; Kalmar et al., 2010; Polverino et al., 2012; Price and Lill, 2009). Though the current
domestication status of these species is not totally clear, it is reasonable to suppose that
captive-bred individuals from one or both species are no longer genetically or phenotypically
identical to their wild relatives. Therefore, to be conservative, I excluded data on the budgerigar
and the cockatiel from the comparative analyses.

3.2. Indicators of relative welfare in captivity
As suggested by Clubb and Mason (2007), a full, quantitative assessment of welfare
would ideally include numerous measures that are sensitive to stress (related to, e.g.,
hypothalamic-pituitary-adrenal axis functioning, general health and survivorship, reproduction,
and stereotypic behaviour [SB]). In the case of parrots, comprehensive data (i.e., available for
many, diverse species, and quantitative where possible) existed for several of these measures.
However, species-level data on the different types of welfare indicator were available for parrots
maintained in different types of captive environment. Specifically, data related to SB and
medical health were available for companion parrots housed in private homes (Study 2); captive
reproduction data were available for aviculture parrots housed in breeding facilities (Study 3);
and captive lifespan data were available for parrots housed in zoos (Study 4). Thus, I analyzed
relationships between natural biology and three different types of welfare outcome, each of
which is particularly relevant in the context of a different captive setting – and each of which will
be discussed in a separate chapter of this thesis. The specific variables used to estimate
species-typical measures for each welfare indicator are described, and full methodological
details (on data collection, etc.) are presented, in the Methods sections for the relevant studies
(see 4.3., 5.3, and 6.3.)
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3.3. Proposed intrinsic determinants of captive welfare – natural biology variables
For as many as possible of the species for which I was able to obtain data on at least
one measure of captive welfare, I recorded, from the published literature, species-level natural
biology data related to the following proposed intrinsic determinants of welfare (see 1.2. for
definition): sociality (social group size), foraging effort, ecological flexibility, intelligence, and
conservation status (see 1.3.4. and 1.4.) Suitable data were not available on another group of
potential risk factors: aspects of locomotor behaviour / flight (see 1.3.4.) Where necessary, I
also recorded species-level data on additional variables (described below where applicable) that
I subsequently considered in some of my analyses in order to account for potentiallyconfounding relationships with some of the predictor variables. Main sources for all the natural
biology data were: Parrots of the World (Forshaw, 2010), Parrots (Juniper and Parr, 1998),
Handbook of the Birds of the World (del Hoyo et al., 1997), and BirdLife International factsheets
(2014) (additional sources are specified where applicable). I used these data to test general
hypotheses a)-e) (see 1.4., with details in 1.3.4.) for all of the different welfare outcomes
examined in Studies 2-4.
Described in this section are details about the specific natural biology variables used to
estimate species-typical measures for each proposed intrinsic determinant of welfare (including
details about any potentially-confounding variables that were considered). The corresponding
general hypotheses and directional predictions outlined in 1.4. are also presented here, for
reference:

a) Sociality (social group size)
Hypothesis
Welfare problems are caused by social isolation (absence of and/or lack of opportunity for
interaction with conspecifics)
Prediction
Welfare will be poorest in species that naturally congregate in the largest groups
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Natural biology variables
i) Maximum group size
Maximum flock or feeding group size in the non-breeding season has previously been
used as an index of social complexity for birds (e.g., Beauchamp and Fernandez-Juricic, 2004;
Munshi-South and Wilkinson, 2006). This measure, and other similar ones, may not reliably
reflect social complexity per se, since that concept is difficult to quantify for birds due to the
often temporally- and spatially-flexible nature of their social systems (some alternative
measures are discussed in, e.g., Emery et al., 2007). However, the hypothesis that social
isolation is detrimental for the captive welfare of naturally gregarious parrots makes a prediction
that can be tested using simple measures of group size. Many parrot species are known to be
gregarious while foraging and/or roosting (Munshi-South and Wilkinson, 2006). Flock sizes tend
to fluctuate seasonally, with flocks at their smallest (or absent) during the breeding season
(Beauchamp and Fernandez-Juricic, 2004). For each species, I recorded the typical maximum
feeding group size (i.e., the largest number of individuals in the normal range for this measure)
during the non-breeding season. Data were available for 144 species (Table 3.1.)

ii) Communal roosting
As discussed above (see i), many parrot species are gregarious while foraging or
roosting (Munshi-South and Wilkinson, 2006). Since this is principally to aid in predator
detection and avoidance (Westcott and Cockburn, 1988), species that naturally flock together to
roost (vs. those that do not) may experience more stress in captive environments that limit or
prevent this naturally-protective behaviour. I classified each species according to whether or
not they exhibit communal roosting (no or yes; e.g., see Munshi-South and Wilkinson, 2006).
Data were available for 202 species (Table 3.1.)

It has been suggested that relatively smaller-bodied parrot species tend to live in
relatively larger flocks (Gilardi and Munn, 1998). However, in my data set, average body mass
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in grams (obtained from Iwaniuk and Schuck-Paim; Iwaniuk et al., 2005; Schuck-Paim et al.,
2008) was unrelated to both species-typical feeding group size and species-typical communal
roosting behaviour, and so was not considered a potential confound in analyses involving
hypothesis a).

b) Foraging effort
Hypothesis
Welfare problems are caused by the restriction of foraging behaviours
Prediction
Welfare will be poorest in species with the most time-consuming or manipulative natural
foraging behaviours

Natural biology variable
i) Relative food search time
To test the prediction that welfare will be poorest in parrots with the most timeconsuming natural foraging behaviour, an ideal measure of species-typical natural foraging
effort would quantify foraging-related behaviour as a proportion of the daily activity budget.
Unfortunately, activity budget data for parrots are scarce (see ‘Diet and foraging’ in 1.3.1. ii.)
Instead, I used relative food search time: a categorical measure of the relative effort involved in
the appetitive phase of feeding, based on characteristics of the main food type in a species’ diet
(i.e., whether the amount of effort [i.e., time] required to search for and access the main food
type is relatively long or short).
First, I identified each species’ main food type from among nine different types described
for parrots by Mettke-Hofmann and colleagues (Mettke-Hofmann et al., 2012; Mettke-Hofmann
et al., 2005; Mettke-Hofmann et al., 2002): nectar, pollen, blossoms, fruits/berries, tree
seeds/nuts, buds, insects/larvae, grass seeds (or other small, abundant seeds), and leaves.
Most parrots are generalist herbivores and will take a variety of foods from some or all of these
nine types (Juniper and Parr, 1998); thus, I recorded a main food type only when a single type
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was identified as the principal, or preferred, diet item for a species. Data were available for 176
species (Table 3.1.) Then, I used information about the relative distribution, abundance,
accessibility, and other characteristics of the nine food types (Mettke-Hofmann et al., 2012;
Mettke-Hofmann et al., 2005; Mettke-Hofmann et al., 2002) to classify each species’ main type
as associated with relatively long vs. short food search time, as follows:

Long: Main food type is relatively time-consuming to discover (because scarce, inconspicuous,
or patchily-distributed in space and/or time) or to access (because requires quality assessment
or extensive physical manipulation). Associated food types and rationales were:
Nectar: patchily-distributed in space and time, inconspicuous, requires quality
assessment
Pollen: patchily-distributed in space and time
Blossoms: patchily-distributed (but quite conspicuous)
Fruits/berries: patchily-distributed in space and time, require quality assessment
Tree seeds/nuts: patchily-distributed in space and time, require extensive manipulation
Buds: inconspicuous, patchily-distributed in space and time
Insects/larvae: inconspicuous, may require assessment or manipulation
Short: Main food type is relatively quickly discovered (because abundant, conspicuous, or
evenly-distributed) or accessed (because requires little or no assessment or manipulation).
Associated food types and rationales were:
Grass seeds (or other small seeds; e.g., quinoa): abundant, conspicuous, evenlydistributed, require no assessment or manipulation
Leaves: abundant, conspicuous, evenly-distributed
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c) Ecological flexibility
Hypothesis
Welfare problems are caused by a limited ability to modify behaviour in order to adjust to the
novel ecological challenges, opportunities, and features of the captive environment
Prediction
Welfare will be poorest in species that are ecological specialists with the narrowest habitat or
diet requirements

Natural biology variables
i) Diet breadth
Diet breadth describes the diversity of main food types in a species’ native adult diet,
and has been used as a quantitative index of ecological generalism vs. specialism for several
species, including parrots and other birds (Cassey, 2002; Cassey et al., 2004a; Cassey et al.,
2004b; Mettke-Hofmann et al., 2002; Overington et al., 2011; Sol et al., 2005) – with broader
diets indicating more generalized / flexible species (Bennett and Owens, 2002). I used the
same four food type categories that were defined for parrots by Cassey and colleagues (Cassey
et al., 2004a; Cassey et al., 2004b), plus one additional category, to accommodate nectarand/or pollen-eating species (e.g., Cassey, 2002), for a total of five food type categories: seeds
(including grains and nuts), fruits/berries, pollen/nectar, vegetative material, and animal
material. For each species, diet breadth was the total number of these five main food types that
are included in the regular diet (according mainly to del Hoyo et al (1997) and Juniper and Parr
(1998), following Cassey et al). Counts thus ranged from 1-5. Data were available for 199
species (Table 3.1.)
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ii) Habitat breadth
Habitat breadth describes the diversity of main habitat types in a species’ native range,
and has been used as a quantitative index of ecological generalism vs. specialism for several
species, including parrots and other birds (Cassey, 2002; Mettke-Hofmann et al., 2002;
Overington et al., 2011; Sol et al., 2005) – with broader habitat tolerances indicating more
generalized / flexible species (Bennett and Owens, 2002). I used the same seven habitat type
categories that were defined for birds by Cassey (2002): mixed lowland forest, alpine scrub and
forest, grassland and savanna, mixed scrub, marsh and wetland, cultivated and farm land, and
urban environs. For each species, habitat breadth was the total number of these seven main
habitat types that are included in the native range. Counts thus ranged from 1-7. Data were
available for 202 species (Table 3.1.)

d) Intelligence
1) Hypothesis
Welfare problems are caused by a limited ability to modify behaviour in order to adjust to the
novel cognitive challenges, opportunities, and features of the captive environment
Prediction
Welfare will be poorest in species that are relatively least intelligent (and thus, cognitively
inflexible; e.g., smallest-brained or least innovative)

2) Alternative hypothesis
Welfare problems are caused by “boredom” or frustration of intrinsic motivations to explore,
learn, and/or problem solve
Prediction
Welfare will be poorest in species that are relatively most intelligent (and thus, intrinsically
motivated to seek cognitive challenge; e.g., largest-brained or most innovative)

3) Alternative hypothesis
Intelligence is an intrinsic determinant of captive welfare, but its relationship with welfare
problems is non-linear
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Prediction
Increasing intelligence (e.g., brain sizes or innovation frequencies) will predict improving welfare
up to a point, beyond which further increases in intelligence will predict declining welfare

The opposing hypotheses about intelligence as a protective factor or a risk factor for
captive welfare allow specific predictions about species-typical levels of cognitive flexibility and
intrinsic motivation to explore or problem solve, respectively (see ‘Ecological flexibility, cognitive
flexibility, and intelligence’ in 1.3.4.) However, because data on these measures were not
available, I tested instead more general predictions that involve two well-recognized measures
of intelligence on which species-typical data have been published for parrots: brain size and
innovation frequency (see details in i and ii, below).

Natural biology variable
i) Brain volume
Intelligence is often represented at the species level by relative measures of brain size
(e.g., Emery, 2006; Emery and Clayton, 2005; Reader et al., 2011; Reader and Laland, 2002).
Brain size correlates closely with diverse other estimators of intelligence, including interspecific
differences in laboratory-based learning; field-based measures of cognitive capacity like social
learning, tool use, and feeding innovation (Lefebvre, 2011); tolerance of wild environments that
favour cognitive flexibility (Schuck-Paim et al., 2008); and, in primates, a suite of stronglycorrelated, ecologically-relevant cognition measures from multiple domains that represent a
composite index of species’ ‘general intelligence’ (Reader et al., 2011). Estimates of
intelligence make use of various relative measures of brain size that involve different brain
regions and/or scaling variables (Healy and Rowe, 2007; Iwaniuk et al., 2005). Because data
on specialized aspects of intelligence (i.e., ‘flexibility’ or intrinsic motivation to, e.g., explore or
solve problems) were not available, I focused on the implications for welfare of domain-general
cognition; and thus, on the level of the whole brain. Though some researchers have criticized
whole brain measures as crude indices of cognitive ability (e.g., Healy and Rowe, 2007;
Schuck-Paim et al., 2008), a quantitative estimate of general cognitive ability in primates was
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found to be best predicted by whole brain size (rather than measures based on brain regions)
(Deaner et al., 2007). As well, strong associations have been identified between allometricallycorrected overall brain size and, e.g., flexible or innovative behaviours in birds (Overington et
al., 2009; Schuck-Paim et al., 2008). Allometrically-corrected overall brain size is a particularly
useful index of comparative intelligence in parrots not only because it correlates well with
behavioural measures of intelligence, but also because it is highly variable among
Psittaciformes species (Schuck-Paim et al., 2008); and, in birds (and primates), changes in this
measure predict almost all of the taxonomic variance in the sizes of higher centres of cognition
like the avian mesopallium or nidopallium (or primate cortex) (Lefebvre and Sol, 2008).
Whole brain size can be estimated by measuring endocranial volume or fresh brain
mass. I used endocranial volumes, which correlate almost perfectly (r = 0.99) with measures
from fresh brain tissue (Iwaniuk and Nelson, 2002) and are free of potential errors related to
tissue processing that can affect fresh brain mass estimates (Healy and Rowe, 2007). For each
species, I recorded average endocranial volume in mL as reported by Iwaniuk and colleagues
(2005), or by Schuck-Paim and colleagues (2008), wherever this latter paper reported updated
values for some species (i.e., incorporating measurements from additional specimens and so
based on larger sample sizes) or new values for additional species (i.e., those not reported in
Iwaniuk et al., 2005). These brain volumes were mainly taken from skeletal specimens, but
were sometimes converted from brain mass. Comparative analyses yield identical conclusions
whether brain size data are derived from these two sources combined or from a single source
(Overington et al., 2011; Overington et al., 2009). Data were available for 164 species (Table
3.1.; 140 of these were available for analysis after considering body mass and excluding
estimates based on few individuals, as described immediately below).

Potentially-confounding variable considered
Body mass
I accounted for the allometric effect of body size on brain size (e.g., Bennett and
Harvey, 1985; Overington et al., 2009). For each species, I recorded average body mass in
grams as reported by Iwaniuk and colleagues (2005), or by Schuck-Paim and colleagues
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(2008), wherever this latter paper reported updated values or new values for particular species
(as described for brain volume, above). Data were available for 164 species (Table 3.2.)

For the comparative analyses, I excluded species for which recorded average values for
endocranial volume or body mass were based on measurements of a single specimen. To set
the minimum number of specimens per species estimate objectively, I ran serial regressions of
endocranial volume against body mass, each time excluding the most poorly-sampled species
(i.e., those for which estimates were based on just one specimen, and then two, and so on). I
then plotted R2 values from those regressions against the minimum sample size per species
estimate, and observed an asymptote in R2 values when the minimum sample size was two.
This indicates that the proportion of variation in endocranial volume explained by body mass
was not further improved by excluding additional species; and thus, species whose estimates
were based on two (or more) specimens did not add significant noise to the model.

Natural biology variable
ii) Innovation frequency
Another potential species-level indicator of intelligence that has also been linked with
relative brain size is innovativeness, which describes the ability to adjust existing behaviours or
invent new behavioural solutions. In parrots, these often include feeding-related solutions such
as utilizing a new food type or the first use of a tool to obtain food (Lefebvre, 2011; Lefebvre et
al., 2013; Overington et al., 2009) (and see 1.3.1. iii.) Lefebvre and colleagues have devised an
operational measure of innovativeness for bird species, which they describe as follows: “One
approach that has proven useful in obtaining an operational measure of innovativeness is the
systematic collection of field notes of previously unreported feeding behaviours. There is a
strong tradition of such reports in ornithology, with entire sections of major journals…being
devoted to them. Since 1997, thousands of such reports (termed ‘innovations’) (Kummer and
Goodall, 1985; Wyles et al., 1983) have been collated in birds (Lefebvre et al., 1997)…yielding
robust taxonomic differences” (Overington et al., 2009). The database maintained by Lefebvre
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and colleagues continues to be updated (Lefebvre et al., 1998; Lefebvre et al., 1997; Overington
et al., 2011; Overington et al., 2009), and currently lists innovations reported for multiple avian
taxa, including Psittaciformes, in seven geographical regions (L. Lefebvre 2013, personal
communication). Thus, for each species, I recorded innovation frequency; i.e., the total number
of innovations reported for a species in an extended version of the innovation database. This
version of the database originally included 30 innovation reports for 18 parrot species, compiled
from volumes of 64 ornithology journals published between 1944 and 2002 (Overington et al.,
2009); and was updated with an additional seven innovation reports for seven species
originating in the Neotropics – a geographical region not covered by the original database –
compiled from volumes of 12 local ornithology journals published between 1986 and 2013. The
updated data were provided by Louis Lefebvre (2013, personal communication). As described
by the authors, reports of new food types or new foraging techniques “are included in the
database if they contain words such as ‘novel’, ‘opportunistic’, ‘first description’, ‘not noted
before’ and ‘unusual’” (Lefebvre et al., 1997). For species with no reported innovations, I
recorded an innovation frequency of zero (Overington et al., 2011). Innovation frequencies
were recorded for 202 species (Table 3.1.; 138 of these were available for analysis after
considering research effort and geographical origin, as described immediately below).

Potentially-confounding variables considered
Research effort
As described by Lefebvre and colleagues, innovation frequencies should account for the
fact that more intensely studied species will inevitably generate more innovation reports
(Nicolakakis and Lefebvre, 2000; Timmermans et al., 2000). Thus, for each species, I recorded
research effort, which was operationally defined as the number of scientific papers published on
a given species according to a search on the species name (both scientific and common) in the
‘Topic’ field of the Zoological Records web index (Thomson Reuters) for the publication period
1978-2004. This index covers all types of journal that were consulted to build the innovation
database (Overington et al., 2011; Overington et al., 2009). Data were available for 202 species
(Table 3.2.) Accounting for research effort provides context for the relative interpretation of
innovation frequency scores of zero, and so allows inclusion of species with no reported
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innovations (Overington et al., 2011) – as long as those species are found in one of the
geographical regions covered by the database (see ‘Geographical origin’, below). As
demonstrated in previous work by Lefebvre and colleagues, correcting for research effort also
provides simultaneous control for differential interest by birdwatchers (Overington et al., 2009).

Geographical origin
The published version of the innovation database compiled by Lefebvre and colleagues
(Overington et al., 2009) included all published innovation reports for species occurring in six
specific geographical regions: North America (excluding Mexico); Western Europe (east to
Germany and Hungary; south to Italy; excluding Greece); New Zealand; Australia; the Indian
subcontinent (India, Pakistan and Bangladesh, Sri Lanka, Nepal, Bhutan); and southern Africa
(South Africa, Namibia, Zimbabwe). The updated data were derived from species occurring in a
seventh region: the Neotropics (Mexico, Caribbean; South American countries Brazil, Colombia,
Argentina). For each species, I recorded the region of geographical origin: one of the seven
regions defined above, or else ‘other’. Data were available for 202 species. Then, I excluded
from the comparative analyses all species that occur only in ‘other’ regions (examples are parts
of Central America and South America, central Africa, and Asia [apart from the Indian
subcontinent]). In such species (even those that are well-studied [see ‘Research effort’,
above]), a lack of reported innovations simply reflects the fact that the species does not occur in
the geographical area covered by the innovation database.

e) Conservation status
Hypothesis
Species that are non-resilient in the wild (vulnerable to, e.g., population decline or poor
establishment success in response to various forms of anthropogenic threat) are similarly nonresilient in captivity (e.g., difficult to maintain as self-sustaining populations, or susceptible to
other indicators of poor welfare)
Prediction
Welfare will be poorest in the most highly endangered species
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Natural biology variable
i) IUCN Red List status
For each species, I recorded the conservation status listed in the International Union for
Conservation of Nature Red List of Threatened Species (2013): least concern, near threatened,
vulnerable, endangered, critically endangered, or extinct in the wild. (See ‘Conservation status’
in 1.3.1. iii.) Data were available for 201 species (Table 3.1.)

3.4. Comparative analyses

3.4.1. Analysis of comparative data by using phylogenetically independent contrasts
As discussed in Chapter 1 (see 1.2.), comparative methods allow us to draw on data
from multiple species in order to examine functional relationships among their characteristics or
traits (genetically-determined distinguishing features) (see Garland et al., 2005 for a summary of
other applications). As also explained, modern approaches to these methods routinely
incorporate information about the phylogeny of the taxa involved (the hypothesized relationships
by which species evolved from common ancestors; see ‘Origins and evolution’ in 1.3.1. i.) in
order to account for the fact that species tend to exhibit relatively more trait similarity to closelyrelated other species than to distant relatives. This phenomenon is called phylogenetic nonindependence or phylogenetic signal (Freckleton, 2009; and see 1.2.), and it may affect
inherited traits and non-inherited variables alike (including e.g., aspects of captive husbandry)
(Clubb and Mason, 2004; Freckleton et al., 2002). As illustrated in Figure 3.1., conventional
statistical tests that do not consider phylogeny essentially operate as though all species in the
comparison are equally related. If in reality the relationships are hierarchical, then the statistical
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Figure 3.1. Comparative analyses that do not account for phylogeny can produce Type I or Type II
errors.
When applied to comparative data, conventional statistical tests (those that do not account for phylogeny)
operate as though all species in the comparison are equally related: i.e., they assume a ‘star’ phylogeny
with equal-length branches, as shown in (A). This model implies that the species’ phenotypic means for
some trait (and thus, the data points that represent them) are identically distributed and statistically
independent. If in reality the relationships among the species are hierarchical (not equal), as shown in
(B), then data points from the species are not statistically independent. This violation of the statistical
assumption of independence among data points can produce Type I or II errors, as illustrated in (C-D),
which show hypothetical relationships between body size and stereotypy frequency based on data from
two distinct groups of related species (represented by red circles and blue squares). In (C), a significant
relationship is inferred where none exists (Type I error). In (D), a non-significant relationship is inferred
where there is actually a strong correlation. These potential errors are avoided if phylogenetically-based
statistical methods are used to control for species relatedness.
Panels (A-B) are adapted from figure 3 in Garland et al., 2005; panels (C-D) are adapted from figure 1 in
Clubb & Mason, 2004.
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assumption of independence among data points is violated, and Type I or Type II errors may
result. In fact, not all traits are significantly affected by phylogeny, and some types of trait
consistently show significant signal, but at a lower level than other types (Blomberg et al., 2003).
Some researchers argue that, in cases where phylogenetic signal is not present among the
traits involved, accounting for phylogeny may produce comparative results that are more
conservative than necessary (Freckleton, 2009; Garland et al., 2005), or at least no more
reliable than if phylogeny was ignored (Gittleman and Luh, 1992). However, for comparisons
involving more than 20 species, significant phylogenetic signal was exhibited by >90% of traits
examined (including those related to behaviour or ecology that are often assumed to be subject
to strong non-genetic effects) (Blomberg et al., 2003; Garland et al., 2005); and a recent metaanalysis determined that comparative studies that consider phylogeny yield globally more
reliable results (i.e., with a better balance of power vs. Type I error rates) than do those that are
phylogenetically uninformed (which often produce inflated Type I error rates) (Laurin, 2010).
In response to increasing awareness of the statistical consequences of ignoring the nonindependence of related species and the patterns by which traits evolve among them, the
transition to modern phylogenetic comparative methods (i.e., ones that incorporate
mathematical techniques to eliminate phylogenetic non-independence from a set of traits)
(Sanford et al., 2002) began three decades ago with Felsenstein’s classic paper, ‘Phylogenies
and the comparative method’ (Blomberg and Garland, 2002; Felsenstein, 1985). As described
by Garland and colleagues (2005), including phylogenetic information in comparative analyses
is important “not only because it can improve the reliability of statistical inferences, but also
because it continually emphasizes the potential importance of past evolutionary history in
determining current form and function.” A number of general reviews and comprehensive
resources on phylogenetic comparative methods are available (e.g., Garland et al., 2005;
Gittleman and Luh, 1992; Gittleman, 1989; Harvey and Pagel, 1991). This subsection provides
a brief overview of the main concepts, as well as the rationale and some additional theory and
methodological details for the specific approach (phylogenetically independent contrasts) that I
used for Studies 2-4.
The phylogeny for a particular group of species can be visually represented in the form
of a branching diagram, called a phylogenetic tree, that shows the inferred evolutionary
relationships among the species. Figure 3.2. illustrates the structure and features of a generic
phylogenetic tree.
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Figure 3.2. Structure and features of a phylogenetic tree.
A phylogenetic tree is a branching diagram that illustrates the hypothesized relationships by which
species evolved from common ancestors. The overall arrangement of the tree’s constituent parts
(illustrated here, and see the text in 3.4.1. for details) is called the tree’s topology. Note that the lengths of
the branches may represent the amount of evolutionary time or genetic distance elapsed along the
branch. If branch lengths are used to indicate the amount of genetic change, then a scale bar may be
used to show the length of branch that corresponds to a particular amount of change (often expressed as
percentage change; i.e., the number of nucleotide substitutions per 100 nucleotide sites [nucleotides are
the basic units of DNA]).

On the tree, each node represents a separate taxonomic unit (or species) from which others are
descended. The node that represents the species from which all others are descended appears
at the base of the tree, and is called the root. The lines connecting one node to another are
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called branches, and the lengths of these may represent the evolutionary time or genetic
distance separating the individual species and their common ancestors. The positions at the
“free” ends of the top branches are called tips, and are occupied by tip species, from which no
other species descend. The number of species considered in the phylogeny for a group of
species is equal to the number of tips in the corresponding tree diagram. The overall structure
or arrangement of these constituent parts is known as the tree’s topology. Felsenstein’s (1985)
method of phylogenetically independent contrasts (PIC) was the first fully phylogenetic
comparative method, which means that it was the first one that could incorporate detailed
information about a tree’s topology and branch lengths (Garland et al., 2005). When available,
these details – along with information about the patterns by which observed traits evolve among
a group of species (known as models of character evolution) – can be utilized, mathematically,
by any of the modern phylogenetic comparative methods (Garland et al., 2005). Most of the
main approaches adopt a ‘Brownian motion’ model of character evolution, which assumes that
the most closely-related species are the most similar, and that traits evolve randomly, producing
a normal distribution of trait values among the species compared (Gross, 2006). Several
phylogenetic comparative methods exist (e.g., Butler and King, 2004; Desdevises et al., 2003;
Diniz and Torres, 2002; Housworth et al., 2004; Paradis and Claude, 2002; Rochet et al., 2000;
Thorpe et al., 1996) but, at present, the three most commonly used and best-understood
approaches are PIC, phylogenetic generalized least squares models (PGLS), and
phylogenetically-informed Monte Carlo computer simulations (Garland et al., 2005).
The PIC method accounts for differential relationships among the taxa by applying an
algorithm to transform the species-level data on which the analysis is based (Felsenstein, 1985;
Garland et al., 2005). The premise is that the difference (or contrast) between two related
species represents evolution that occurred independently, after the species diverged. Thus, for
each trait, contrasts are calculated for pairs of related taxa or ancestral nodes in the phylogeny,
effectively converting the original set of N non-independent measurements into a new set of N-1
independent data points that are suitable for subsequent analysis via conventional statistical
tests (e.g., correlations or regressions) (Gittleman and Luh, 1992). PIC is still the most widelyused of the modern phylogenetic comparative methods – in part because it is the most
conceptually straightforward (Blumstein and Fernandez-Juricic, 2010; Garland et al., 2005). As
well, though the basic PIC technique is maximally reliable when detailed information about the
phylogenetic tree and the underlying model of character evolution is available, simple
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modifications of the procedure will return reliable results even when some of the phylogenetic
information is missing (see below, this section) (Garland et al., 2005; Garland et al., 1992).
The PGLS method (e.g., Garland and Ives, 2000; Grafen, 1989; Martins and Hansen,
1997; Pagel, 1999) corrects for phylogenetic non-independence by using a procedure very
similar to a conventional weighted regression, in which certain data points are given more
weight (“pull” or statistical influence on the regression equation) depending on the precision with
which they are measured. With PGLS, the appropriate weighting for the data points (specieslevel values for a particular trait) is assigned according to species’ relative positions on the tree.
Briefly, branch lengths are used to construct a correlation matrix that is basically a mathematical
representation of the relationships between species (i.e., total opportunity for evolutionary
change that was experienced by the common ancestor of two species, relative to the total
amount of change that each species has experienced). The information from this matrix is then
incorporated into a generalized linear model. PGLS was first introduced by Grafen (1989) as a
generalization of the PIC method. Initially not very accessible for technical reasons, PGLS is
now a routine comparative tool. Though it is still not as familiar as PIC, one benefit of PGLS is
that it can adopt models of evolution other than the default Brownian motion model assumed by
PIC (Garland et al., 2005).
Monte Carlo computer simulations (Garland et al., 1993; Martins and Garland, 1991)
integrate information about phylogenetic relationships into the statistical testing procedures
themselves. As first proposed by Martins and Garland (1991), computer simulations can be
used to create numerous (1,000 or more) data sets that mimic evolution along the relevant
phylogeny, but are consistent with the null hypothesis being tested (e.g., no correlation between
traits). These many data sets are then subjected to the same statistical analysis that is used for
the real data, and the results for the simulated sets are used to generate a phylogenetically
correct null distribution of the test statistic (e.g., a regression coefficient) with which the statistic
calculated for the real data can be compared (Garland et al., 1993; Lapointe and Garland,
2001). Monte Carlo simulations can be used in combination with other phylogenetic
comparative methods and, like PGLS, are generally quite flexible regarding assumptions about
the underlying model of character evolution (Diaz-Uriarte and Garland, 1996; Garland et al.,
1993).
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All three of the methods described here can be used to analyze continuous and
categorical variables (Garland et al., 2005). In general, all are compatible with any measurable
trait that can be passed on from ancestor to dependent, including those related to structure,
function, behaviour, ecology, and other variables (Garland et al., 2005; Garland et al., 1992). All
three methods also share the same basic assumptions about the correctness of the tree
topology and branch lengths (Garland et al., 2005). In fact, PIC is actually a special case of the
PGLS method, and will return identical results under certain conditions (Blomberg et al., 2012).
However, while PIC and PGLS are functionally equivalent for most purposes (Freckleton, 2009),
they differ in terms of the software used to implement them, and how intuitive they are for
certain analyses. For instance, my comparative analyses (Studies 2-4) used a composite
phylogenetic tree (see 3.4.2. for details) for which branch lengths were absent and the topology
was poorly resolved. A poorly-resolved tree contains polytomies, which are nodes with more
than two immediate descending branches (Fig. 3.2.) In the case of tree I used, these were soft
polytomies, which represent points of insufficient phylogenetic information rather than multiple
speciation events from a single ancestor. In the context of these limitations, PIC has the
following analytical advantages over PGLS: First, PIC may be more straightforward to
implement when using a phylogeny that is poorly resolved or incomplete (Garland et al., 1992;
Pagel, 1992). Second, it is easier with PIC to employ different sets of branch lengths for
different traits (Garland et al., 1992; Rezende et al., 2004), thus affording more flexibility to
achieve adequate standardization of contrasts for all relevant traits (see below). With PIC,
branch lengths can also be easily assigned arbitrarily and/or set to equality when length
information is lacking (Grafen, 1989; Pagel, 1992). Third, Garland and colleagues (2005)
observed that only PIC retains “tree thinking” (an appreciation of the extent and nature of shared
evolutionary history between species), which facilitates graphical analyses or the prediction of
values for unmeasured species (Garland and Ives, 2000; Garland et al., 1999). Other
considerations in my selection of the PIC approach were practical. For example, some specific
requirements for Studies 2-4 (analyzing categorical variables (Clubb and Mason, 2004; Garland
et al., 2005), identifying polytomies, and manipulating or transforming branch lengths) are all
supported by the freely-available Mesquite and PDAP:PDTREE software packages (see 3.4.3.
for details).
As introduced above, the PIC method is an algorithm that transforms a set of
phylogenetically non-independent species data into a set of independent contrasts that can
appropriately be analyzed via conventional statistical tests. This strategy remains a popular
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approach to the comparative analysis of relationships between inherited (and even certain noninherited) variables (e.g., Brown and Magat, 2011; Csiszar et al., 2012; Debey and Pyenson,
2013; Kamilar and Bradley, 2011; Pollard and Blumstein, 2011; Raichlen and Gordon, 2011;
Smith, 2012; Wheeler et al., 2011). Detailed information about the method’s development, its
application, and the mathematical theory that underlies it can be found in the original papers or
one of the thorough reviews available on this topic (e.g., Felsenstein, 1985; Appendix in Garland
et al., 2005; Garland et al., 1992; Legendre and Desdevises, 2009). The following is a brief
description of the main steps involved:
1) For each variable separately, as shown in Figure 3.3., contrasts are calculated for each
bifurcation of the phylogenetic tree by subtracting one observed value of the variable from the
other (the result is N-1 contrasts for N species in a fully-resolved tree). In Studies 2-4, the
observed values were always species average or species-level values for the variable in
question.
2) Independent contrasts for each variable must be standardized so that they will receive equal
weighting in subsequent (conventional) statistical analyses. This is done by dividing each
contrast by its standard deviation, which is equal to the square root of the sum of its branch
lengths. A standardized contrast thus basically represents the minimum average rate of change
in a particular trait – not the absolute amount of change – occurring along two branches derived
from a common ancestor (Garland et al., 1992). In order to verify that the contrasts have been
adequately standardized, a common approach is to plot the absolute value of each standardized
contrast against its standard deviation. A significant linear or nonlinear trend in the plot
indicates that the contrasts are not adequately standardized. To correct this, either the original
species-level data can be transformed (using conventional transformations, like square root or
log transformations) and new standardized contrasts generated and examined, or else the
branch lengths can be transformed (Garland, 1992; Garland et al., 1992).
3) Analysis of the standardized contrasts then proceeds as for conventional statistical testing
(e.g., standard least squares regression or multiple regression), with one constraint: all models
are forced through the origin. This is necessary because ambiguity associated with assigning
signs to the independent contrasts (the direction of subtraction for pairs of observed values is
entirely arbitrary) places mathematical restrictions on the methods that can be used to regress
one set of contrasts against another (Appendix 1 in Garland et al., 1992 provides a
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mathematical demonstration of why regression through the origin must be used for standardized
contrasts).
A full worked example of Felsenstein’s (1985) PIC method is presented in the Appendix
to a useful commentary article from Garland and colleagues (Fig. 5 in Garland et al., 2005).
This example is particularly illustrative because it demonstrates the incorporation and proper
use of branch lengths: a level of detail that is often not included in schematics or figures
published in papers and textbooks.

Figure 3.3. Phylogenetically independent contrasts represent independent evolution since two
species shared a common ancestor.
In this hypothetical phylogeny (A), blue squares and green diamonds represent extant species, and red
circles represent their ancestors. Values for two traits of interest, X and Y, are shown for each species
(these are calculated, rather than measured directly, for ancestors). For a particular trait, differences
between the values of that trait for pairs of related species represent phylogenetically independent data
points, or contrasts (e.g., the difference between trait X values for the pair of species represented by blue
squares is one contrast; and the difference between trait X values for the pair represented by green
diamonds is another contrast). As shown in (B), the two sets of contrasts (one for each of the two traits)
can be plotted against each other in order to determine whether the traits are correlated, independent of
phylogeny (calculations for each contrast are shown in grey along the dotted lines). In this example, the
greater the value of the X contrast, the greater the value of the Y; this suggests that the traits are
positively correlated. Note that more contrasts would clearly be needed for statistical testing, and that
“raw” contrasts like these would need to be standardized before analysis via conventional statistical tests
(see 3.4.1. for details).
Panels (A-B) are adapted from figure 2 in Clubb & Mason, 2004.
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3.4.2. Phylogenetic information: the Psittaciformes phylogeny
I conducted my phylogenetically-informed comparisons of natural biology and captive
welfare by using the PIC approach and regression analysis with Mesquite (PDAP:PDTREE) and
JMP software (see 3.4.3. for details). This method requires a phylogenetic hypothesis (i.e., a
phylogenetic tree) that includes all species involved in the comparisons. At present, the
phylogeny for parrots (Psittaciformes) is still poorly resolved and incomplete, with the positions
of various species still in dispute and other species yet to be appropriately analyzed (Brown and
Magat, 2011; Schweizer et al., 2010) (and see Phylogeny and classification in 1.3.1. i.) In fact,
divergence time estimates are controversial for higher-level avian phylogenies in general
(Smith, 2012). I used a composite phylogenetic supertree (Bininda-Emonds, 2004) of 352
parrot species that was assembled by Munshi-South and Wilkinson (2006; supertree topology
available electronically from TreeBASE: study accession no. S1299, matrix accession nos.
M2107-10), who combined information from 53 phylogenetic trees published in 28 systematic
studies, following the methods used previously to construct supertrees for carnivores (BinindaEmonds et al., 1999) and bats (Jones et al., 2002). The parrot supertree includes most of the
known species (352 of about 370 currently recognized); however, it has a poorly resolved
topology (98 nodes; 28% of a fully-resolved solution) and lacks branch lengths. The large
number of soft polytomies (see 3.4.1.) is probably due to missing information for certain groups
of close relatives rather than conflict among source trees (Munshi-South and Wilkinson, 2006).
In general, soft polytomies tend to have only modest effects on the fit of a phylogenetic
regression (Stone, 2011).
Data on all natural biology and welfare variables were not available for all 352 species
on the supertree (see 3.1.-3.3.) Thus, I initially pruned the tree to include only the taxa for which
I had data on at least one indicator of captive welfare (202 species: see Fig. 3.4.) For each
individual regression model run, before generating standardized contrasts for the variables of
interest (see 3.4.3.), I further pruned the 202-species tree to include only the taxa for which I
had data on all variables involved in the model for that comparison. Then, to address the
missing information on supertree topology and branch lengths, I set all branch lengths initially to
1.0, which minimizes Type I error rates and is a reasonable assumption for trees with composite
phylogenies for which branch length information is absent or unreliable (Ackerly, 2000;
Blomberg et al., 2003; Smith, 2012). I also set branch lengths at the nodes that were affected
by polytomies to zero, and reduced the degrees of freedom for the subsequent regression
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Figure 3.4. Phylogenetic supertree of the parrots (Psittaciformes).
Phylogenetic tree diagram illustrating the topology of the 202-species supertree used to calculate phylogenetically
independent contrasts for the comparative analyses in Studies 2-4. The original supertree (assembled by Munshi-South and
Wilkinson [2006]) included 352 species. The 202-species version shown here includes only species for which data were
available for at least one indicator of captive welfare; this version was further pruned for each regression model run (to
include only species for which data were available for all variables involved in the model). Note the presence of several
polytomies, and the lack of branch lengths (for details and definitions, see Fig. 3.2. and the text in 3.4.1. and 3.4.2.) Note
also that the parrot supertree uses the nomenclature of Juniper and Parr (1998; see 1.3.) (while that of Forshaw [2010] is
used elsewhere in this thesis [see 3.1.])
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model as recommended by the ‘bounded degrees of freedom’ approach (i.e.,df = N-2-z, where
N is the number of species in the tree, and z is the number of branch lengths set to zero to
represent polytomies) (Garland and Diaz-Uriarte, 1999; Purvis and Garland, 1993). This
approach produces unbiased estimates without inflated Type I error rates even for phylogenies
with numerous soft polytomies or all branch lengths set to 1.0 (and may even produce deflated
Type I error rates) (Garland and Diaz-Uriarte, 1999). Arbitrary branch lengths or bounded
degrees of freedom are commonly applied in comparative analyses that rely on incomplete
phylogenetic information; e.g., for parrots (Brown and Magat, 2011), water birds (Smith, 2012),
and pinnipeds (Debey and Pyenson, 2013).

3.4.3. Statistical procedures
In three separate comparative analyses (Studies 2-4), I used least squares regressions
of standardized PIC to assess whether species-typical indicators of relative welfare in captive
parrots were predicted by intrinsic risk factors – species-typical aspects of the natural biology
that are constrained by captivity or those that moderate behavioural flexibility (see 1.4. and 3.3.)
Standardized contrasts were calculated using the module PDAP:PDTREE (Midford et al., 2011)
within the Mesquite system for phylogenetic computing (Maddison and Maddison, 2011). Least
squares regressions were carried out using JMP software (SAS institute Inc., version 10.0). I
re-coded all categorical variables on ordinal scales (lowest to highest levels of the welfare
indicator or biological trait represented; see variable definitions in 3.3. and Study 3 Methods)
and treated them as continuous for standardized contrast calculations in Mesquite, following
previous comparative studies that used similar variables (e.g., extinction risk level, or tendency
of primates to adopt a vertical posture; Kamilar and Bradley, 2011; Kamilar and Paciulli, 2008;
Purvis et al., 2000) (and see PDAP:PDTREE manual; Midford et al., 2011).
First, to investigate multicollinearity of the predictors (i.e., to determine whether any of
the aspects of natural biology I was testing as potential predictors were related to one another),
I ran bivariate regression models to check for significant relationships between each possible
pair of natural biology variables: 28 models were run in total. Next, I ran another set of bivariate
regression models to test for predictive relationships between each pair of natural biology and
welfare variables: eight models were run for each welfare-related (response) variable. I tested
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each pair separately in order to maximize the number of species that could be retained in the
comparisons (since any model can only include species for which data are available on all
variables). For all welfare outcomes in this set, whenever I tested hypothesis d (alternative
forms d1-d3: relationships between intelligence [either relative brain volume or innovation
frequency] and captive welfare), I began by running a polynomial regression (Garland et al.,
1992) (to test d3, which predicted a non-linear relationship between intelligence and welfare). If
the polynomial was a poor fit to the data, then I continued by running a linear regression (to test
d1 and d2, which predicted positive and negative linear relationships, respectively, between
intelligence and welfare). Finally, wherever the first set of models had identified a significant
relationship between two predictors (the nature of which might explain apparent effects on the
welfare variables that I found in the subsequent models, or might have masked effects I failed to
find), I controlled for this by running an extra, multiple regression model that included as
predictors both of the related natural biology variables. Each extra model (sequential sums of
squares) was run twice for each welfare-related response variable so that the effects on the
relationships between the response and each of the predictor variables (when considering the
related one) could be determined. In every model run (for all sets), whenever I needed to
account for the potentially-confounding effect of an additional variable on a particular predictor
or response variable (e.g., the effect of body mass on brain volume; see, e.g., 3.3. for
confounders relevant to the predictor variables), I included the potential confounder as an(other)
additional predictor in that model (Freckleton, 2009; Garland et al., 2005; Overington et al.,
2009) (and see Darlington and Smulders, 2001; Garcia-Berthou, 2001).
I carried out each PIC regression as follows (see 3.4.1. for more details): In Mesquite
(PDAP:PDTREE), I pruned the parrot supertree to include only the taxa for which I had data on
all relevant variables (predictor[s], response, and any confounders), and set all branch lengths
to 1.0 (with those at polytomous nodes set to zero), as described in 3.4.2. Contrasts were
calculated and standardized for each variable by the software. I performed diagnostic checks to
ensure that branch lengths were optimal and contrasts were adequately standardized (by
plotting the absolute values of the standardized contrasts against their standard deviations and
examining the slopes), and applied appropriate branch length transformations as necessary
(Garland et al., 2005; Garland et al., 1992). Then, I exported the standardized contrasts (one
pair of variables at a time) to JMP, and ran a least squares regression (sequential sums of
squares) forced through the origin (Appendix 1 in Garland et al., 1992). Where required, I
applied a custom-written JSL script (written by JMP Technical Support) to reduce degrees of
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freedom to account for soft polytomies in the phylogeny (see 3.4.2.) I examined the regression
residuals to ensure that they met the assumptions of parametric regression (i.e., normal
distribution; homogeneity of variance) (Freckleton, 2009). Where they did not, I applied
appropriate transformations to the original species-level values for each variable as necessary,
re-calculated the standardized contrasts (in Mesquite), and then re-ran the regression (in JMP)
(Garland et al., 1992; Legendre and Desdevises, 2009).
I set the critical alpha-level at 0.05. I recorded P-values for 2-tailed tests whenever
hypotheses were bidirectional (as for those related to intelligence), and for 1-tailed tests
whenever hypotheses were unidirectional (as for those related to all other proposed intrinsic risk
factors). For Studies 2-4, I did not apply controls for multiple testing. Specifically, I did not
calculate adjusted critical alpha-levels according to the false discovery rate procedure
(Benjamini and Liu, 1999) as I did in my preliminary study (Study 1, which examined whether
individual-level differences in FDB in companion parrots were predicted by some previouslysuggested demographic risk factors). A main reason for not including multiple testing controls
was that, while all models run in Study 1 included data collected for the same set of ten species,
all models constructed for a group of comparative analyses included different numbers of data
points representing different subsets of species (and thus, each model had more or less
statistical power than the others in a group). If the P-values from these different models were
subjected, together, to multiple testing controls, then there was a risk that the P-values
exceeding their adjusted critical alpha-levels would tend to be those from the models with the
fewest species (and the least power), rather than those that multiple testing controls are
intended to identify: the ones from models whose effects were most likely to be Type I errors.
Of course, results from the comparative analyses will need to be replicated in future tests.

108

Chapter 4
Study 2: Intrinsic risk factors for stereotypic behaviour or medical problems in
companion parrots

4.1. Abstract
Some parrot species thrive in captivity, while others appear inherently prone to
developing stereotypic behaviour (SB), poor health, and/or breeding difficulties. As
demonstrated previously in other taxa (carnivores, ungulates, and primates), these differences
in welfare-sensitive outcomes among close relatives reflect intrinsic differences in the species’
natural biology. The purpose of this comparative study was to identify the intrinsic risk factors
for SB and poor general health in companion parrots – a group that includes the majority of
captive individuals from this taxon and dozens of biologically-diverse species that exhibit
marked differences in their susceptibilities to SB or medical problems in captivity. My SB
measures were species-typical prevalences of feather-damaging behaviour (FDB) and two
forms of traditional stereotypy (oral-focused SB, and SB that involves locomotion or the whole
body). My general health measure was species-typical prevalence of diagnosed medical
problems. All four measures were calculated from responses to a pet owner survey that yielded
data for 51 species. I investigated four species-typical characteristics that were hypothesized to
predict poor welfare: large natural group size, high natural foraging effort, ecological specialism,
endangered conservation status; and one, intelligence, that was suggested as either a risk or
protective factor for poor welfare. For each species, I recorded from the literature data on
several variables corresponding to these characteristics. I tested for hypothesized relationships
between the natural biology variables and the outcomes reflecting SB and general health in
captivity. I controlled for phylogenetic non-independence (by using phylogeneticallyindependent contrasts); for intrinsic species differences in life history; for correlated predictors;
and for the potentially confounding effects of demographics or husbandry. I found that FDB was
prevalent among species whose main food type is relatively time-consuming to access in the
wild (F (1,17) =3.54, P<0.05); and traditional stereotypies were prevalent among species with
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larger relative brain volumes (average brain volume corrected for average body mass; oral SB:
F (1,9) =5.24, P<0.05; whole-body SB: F (1,9) =8.25, P<0.05). None of the natural biology variables
predicted general medical health. Thus, high natural foraging effort and a measure of relative
intelligence are intrinsic risk factors for SB (and potentially, poor welfare) in parrots kept as pets;
and the two risk factors predicted susceptibility to different forms of SB.

110

4.2. Introduction
The general purpose of this research project was to identify, using the comparative
method, the intrinsic risk or protective factors for poor welfare in captive parrots. As discussed
in detail in the General introduction (Chapter 1: see 1.3.), the order Psittaciformes is a good
focus for comparative study because it is a large, ecologically diverse taxon whose species are
well represented in captivity and show unexplained variations in numerous, welfare-sensitive
measures that include breeding success, relative lifespan, and prevalence of stereotypic
behaviour (SB; see 1.3.3.) Existing hypotheses suggest that aspects of natural biology that are
constrained in captivity, or ones that influence behavioural flexibility, are risk factors that
account for the apparently intrinsic species differences in relative welfare. These hypotheses
make testable predictions that species that typically exhibit the risk factors (or have the highest
levels) will be inherently most susceptible to poor captive welfare. The general hypotheses and
associated predictions that I examined in Studies 2, 3, and 4 are summarized in 1.4. In Study
2, I (in collaboration with European colleagues) conducted a research survey of companion
parrot owners. I used the resulting data on parrot behaviour and health to assess the
relationships between the proposed biological risk/protective factors and species-typical
outcomes related to SB and medical health in companion parrots.
Parrots are one of most common groups of animal regularly kept as pets around the
world. According to some estimates, companion parrots and those bred as pets at private,
home-based facilities number approximately 10 million individuals in the United States alone
(American Pet Product Manufacturers Association, 2010; Wise et al., 2002) – though note that a
significant proportion of those are budgerigars (Melopsittacus undulatus) and cockatiels
(Nymphicus hollandicus). Additional details about the size and composition of the global
companion parrot population are described in the General introduction (see 1.3.2. iii.) Within
this group, SB – including feather-damaging behaviour (FDB) and traditional stereotypies – are
among the main “behavioural concerns” (i.e., apparently abnormal or undesired behaviours of
welfare or practical significance) reported by parrot owners or veterinarians (e.g., Engebretson,
2006; Gaskins and Bergman, 2011; Leonard, 2005; Meehan, 2004; Schmid, 2004; Schmid et
al., 2006). Of these behaviours, which also include unwarranted aggression, extreme
fearfulness, and prolonged or repetitive screaming, SB are the ones most often studied
experimentally – though the majority of studies have been limited to two species: orange-winged
Amazon (Amazona amazonica) and gray (Psittacus erithacus) parrots (e.g., Lumeij and
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Hommers, 2008; Meehan and Mench, 2006; Meehan et al., 2003b; van Zeeland et al., 2013).
Along with SB and other undesired behaviours, medical problems (i.e., diseases and other
indications of generally poor health) are also widely addressed in the veterinary literature, in part
because examinations to rule out underlying or associated medical conditions are often
performed when parrot owners seek veterinary advice for behaviour-related problems. Both SB
and impaired health can signal poor welfare. The two concepts are described, and their use as
welfare indicators is examined, in the General introduction (see Stereotypic behaviours and
Impaired health in 1.3.3.)
Regarding SB, a number of factors associated with susceptibility to these behaviours
among individual captive parrots have so far been identified. These individual-level risk factors
tend to be demographic characteristics or husbandry practices, and include the following: being
female (Garner et al., 2006), being housed in a cage located close to a door (Garner et al.,
2006) or against walls (Jayson et al., 2014) (for FDB, which may also be related to the onset of
sexual maturity; Kinkaid et al., 2013; Wedel, 1999); being removed early from the parents for
hand raising (Schmid et al., 2006) (for traditional stereotypies); and being wild-caught (Leonard,
2005; Schmid et al., 2006), being housed alone or in a cage too small for flight, or being
frequently rehomed (Garner et al., 2006; Leonard, 2005) (for multiple forms of SB). Risk factors
for poor health in general are rarely assessed in this way (presumably since different medical
problems, or categories of problems, are associated with different predictors); however, being
wild-caught and being hand fed with a tube (vs. a syringe or spoon) were identified as risk
factors for poor general health in individual gray parrots kept as pets (Schmid et al., 2006).
Importantly, reports that susceptibilities to SB or medical problems apparently vary with species
(discussed in the General introduction, with examples: see 1.3.3.) suggest that these markers of
potentially poor welfare are predicted not only by individual-level risk factors related to
demographics or husbandry, but also by species-level (i.e., intrinsic) risk factors related to
genetically-determined aspects of species’ biology. However, in light of the fact that crossspecies differences in SB susceptibility are often reported but rarely demonstrated statistically, it
would be sensible to confirm these apparent taxonomic differences before moving on to
examine the biological factors that might underpin them. To date, two studies (one of which is
Study 1 in this thesis) have identified species identity as a significant predictor of FDB status in
individual companion parrots. Specifically, odds of having FDB were statistically higher for the
Eclectus (Eclectus roratus) and gray parrots, and for certain cockatoos from family Cacatuidae
(in particular, the white-crested cockatoo, Cacatua alba), than for other species considered
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(Gaskins and Hungerford, 2014; Kinkaid et al., 2013) (and see Study 1: Chapter 2). In my
Study 1, the effect of species on FDB status was significant at the typical critical alpha-level of
0.05, but not at the much more conservative, adjusted critical alpha-level that I calculated to
control for multiple statistical testing. This suggests that the effect should be replicated before it
is considered robust and, in fact, this has now been done. Similar analyses conducted recently
using demographic and behavioural data from the survey-generated data set I collected as part
of the current study (Study 2, described in this chapter) confirmed that species identity is a
significant predictor of individual FDB status. The effect was robust to multiple testing controls,
and the susceptibilities of the specific taxa previously identified as vulnerable were also
confirmed. In those same analyses, species was also a predictor – though less reliably – of two
different forms of traditional stereotypy in individuals (Emma Mellor 2014, in preparation).
As indicated above (and discussed in the General introduction), a number of hypotheses
have been proposed to account for the species differences in relative welfare among parrots
(such as those that have recently been confirmed for FDB). According to these still-untested
hypotheses, various genetically-determined species characteristics (i.e., those that reflect
species-typical physiology or natural behavioural biology) are risk factors that are associated
with intrinsic susceptibility to welfare-sensitive outcomes like SB or medical problems in
captivity. Each existing hypothesis is presented and detailed individually in the General
introduction (see 1.3.4. & 1.4.); but essentially, they are of two main types, and are discussed
here in relation to their implications for SB and/or medical health in captive parrots.
The first type of hypothesis suggests that the intrinsic risk factors for poor captive
welfare are natural, species-typical behaviours that are prevented by the structure of the captive
environment. Animals may remain persistently motivated to engage in such behaviours even
when they cannot, and thus, abnormal behaviours may develop instead (Clubb and Mason,
2007; Mason et al., 2007; van Zeeland et al., 2009). Indeed, explanatory models for SB
development often link this with captive environments where highly-motivated behaviours are
frustrated (Mason, 2006). According to the literature, the most severely constrained classes of
highly-motivated behaviour in captive parrots are sociality, foraging, and locomotion and, as
such, these three motivational systems are commonly advanced as bases for SB (Meehan and
Mench, 2006; Meehan and Mench, 2002). For instance, FDB could be a stereotypic
manifestation of redirected social grooming behaviour (allopreening) in individually-housed birds
with no access to conspecifics (van Zeeland et al., 2009) (and see Pomerantz et al., 2013,
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which offers a similar explanation for self-hair-pulling in primates); or of foraging behaviour, in
which relevant opportunities and/or substrates are insufficient in captivity and foraging-like
activities are redirected towards the feathers (Meehan and Mench, 2006; van Zeeland et al.,
2009). Frustration of the motivation to forage is commonly held to underlie severe forms of
similar (though not normally self-directed) feather pecking behaviour in chickens. In captive
parrots, there is some empirical evidence demonstrating preferences to select large food items
that require much manual processing (vs. smaller, easy-to-consume ones) or to work for food
even when “free” food is available (Rozek and Millam, 2011; van Zeeland, 2013); thus
supporting the idea that parrots, too, remain highly motivated to perform behaviours associated
with accessing food in the wild. Other SB, such as oral stereotypies, might also/alternatively
result in this way, if foraging-like activities are redirected towards the tongue, cage bars, or other
objects (Garner et al., 2006; Keiper, 1969; Meehan et al., 2004). Similarly, locomotor
stereotypies could stem from frustrated motivations of naturally-group-living birds to locate or
access conspecifics (as has been shown for, e.g., primates and horses) (Marriner and
Drickamer, 1994; Nicol, 1999); or rather, from frustrated motivations to move about freely or to
fly in confined spaces that thwart these behaviours (Keiper, 1969; Meehan and Mench, 2006).
It has also been suggested that frustration involving any of these motivational systems could
underlie FDB in particular, if FDB represents displacement or excessive general
comfort/dearousal preening behaviour that develops in response to frustration or a stressful
environment (Delius, 1988; Seibert, 2006a; Spruijt et al., 1992; van Zeeland et al., 2009).
Certainly, normal feather preening can serve as a self-comforting as well as a social and/or selfmaintenance behaviour, and elevated baseline corticosterone levels have been reported in gray
parrots with FDB vs. controls (Owen and Lane, 2006). In all cases, SB may thus represent
maladaptive behaviour that results from an animal’s repeated attempts to perform normal,
highly-motivated behaviour or to otherwise cope in an inadequate environment. However, it
may also (alternatively or in combination) represent malfunctional behaviour, in which an
inadequate environment creates a state of sustained stress that changes the way the brain
sequences behaviour, and allows abnormal behaviour to persist even in the absence of the
original environmental stressor (Clubb and Mason, 2007; Mason et al., 2007; Meehan and
Mench, 2006; van Zeeland et al., 2009). Finally, while medical problems and other signs of
poor health have generally not been discussed in the parrot literature in the context of
responses to motivational frustration, these could also be welfare-related outcomes in captive
environments where constraints on highly-motivated natural behaviours cause frustration and
SB. This is because overall poor health is prevalent among individuals whose immune systems
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become compromised in response to chronic stress, and tends to co-vary with other signs of
poor well-being (see Impaired health in 1.3.3.) Indeed, various medical problems are often
observed or assessed in association with SB (particularly FDB – which is sensible, since
medical conditions can actually cause some forms of this) (Chitty, 2003a; Seibert, 2006a; van
Zeeland et al., 2009).
The second type of hypothesis suggests that the intrinsic determinants of welfare involve
cognitive or anatomical/physiological aspects of behavioural flexibility, or other properties of
intelligence. Traits like these moderate species’ abilities to adjust their behaviour in order to
cope with a changing environment, and have already been shown to predict success (e.g.,
extent of population persistence or post-translocation population establishment) among wild
animals exposed to human-induced rapid environmental change (HIREC). Theoretically,
characteristics that signal behavioural flexibility may similarly predict success among animals
held in captivity, with its evolutionarily new restrictions, opportunities, and social structures (that
arguably parallel those that characterize HIREC). These concepts, and the rationale for these
hypotheses, are fully detailed in the General introduction (see Behavioural flexibility and
intelligence in 1.3.1. iv. for a discussion of behavioural flexibility; and see 1.3.4. for a description
of hypotheses that relate captive welfare to species-typical behavioural flexibility and/or
intelligence). Briefly, relevant traits that are most often proposed as predictors of captive
success include ecological flexibility (i.e., resource generalism vs. specialism) and, potentially,
cognitive flexibility (one component of intelligence), with generalists and cognitively flexible
species expected to fare relatively better than specialists or inflexible ones. Indeed, reports that
generalist omnivores “adapt well” to captivity, or that less specialized animals generally “settle
down” most readily in zoos, or exhibit relatively little SB, are common (Boorer, 1972; Clubb and
Mason, 2007). It is unclear, however, whether high intelligence would act as a protective factor
in captivity (conferring the ability to flexibly and appropriately adjust behaviour); or a risk factor
(conferring intrinsic motivations to explore or problem solve that may be frustrated in a
monotonous environment); or some combination of the two. The possible motivational aspects
of intelligence are implicitly referenced by reports that claim intelligent species like primates are
especially prone to “boredom” and SB in zoos (Maple, 1979; Mason et al., 2013). “Boredom” is
also an often-cited “cause” of FDB in intelligent parrots (e.g., Rosenthal, 1993; Seibert, 2006a).
Regarding intelligence, then, there are multiple alternative hypotheses. A final hypothesis
related to behavioural flexibility suggests that conservation status is a predictor of captive
success, with endangered species expected to fare relatively worse than non-endangered ones.
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Endangeredness is not actually a biological trait; however, endangered species are often
suggested to be particularly difficult to keep successfully (Mason et al., 2013), and so the
rationale is that the combination of traits that predisposes species to extinction risk in the wild
may also predispose vulnerable species to fare poorly in captivity. For instance, endangered
species housed in captivity apparently tend towards enhanced susceptibility to disease
(Macdonald et al., 2008; Snyder et al., 1996) – though this may often simply reflect the reduced
genetic diversity that results from small population sizes (Obrien and Evermann, 1988; Thorne
and Williams, 1988).
As stated at the opening of this introduction, the general purpose of this research project
was to identify, using the comparative method, the intrinsic risk or protective factors for welfare
in captive parrots. A list of the general hypotheses and associated predictions examined in
Studies 2-4 is presented in the General introduction (see 1.4.) In Study 2, I used original data
collected via a research survey of parrot owners to test these hypotheses in the context of
species-typical SB and medical health in companion parrots. Accordingly, presented
immediately below is a list of the specific hypotheses and predictions tested in this study. (Note:
these correspond directly to the general hypotheses listed in 1.4., but reference the welfare
outcomes measured in this study.)

Specific hypotheses for Study 2
(See 1.4. for general versions)

a) Sociality (social group size)
Hypothesis
Welfare problems are caused by social isolation (absence of and/or lack of opportunity for
interaction with conspecifics)
Prediction
Among companion parrots, SB and/or medical problems will be most prevalent in species that
naturally congregate in the largest groups

116

b) Foraging effort
Hypothesis
Welfare problems are caused by the restriction of foraging behaviours
Prediction
Among companion parrots, SB and/or medical problems will be most prevalent in species with
the most time-consuming or manipulative natural foraging behaviours

c) Ecological flexibility
Hypothesis
Welfare problems are caused by a limited ability to modify behaviour in order to adjust to the
novel ecological challenges, opportunities, and features of the captive environment
Prediction
Among companion parrots, SB and/or medical problems will be most prevalent in ecologically
inflexible species; i.e., resource specialists with the narrowest habitat or diet requirements

d) Intelligence
1) Hypothesis
Welfare problems are caused by a limited ability to modify behaviour in order to adjust to the
novel cognitive challenges, opportunities, and features of the captive environment
Prediction
Among companion parrots, SB and/or medical problems will be most prevalent in species that
are relatively least intelligent (and thus, cognitively inflexible; e.g., smallest-brained or least
innovative)

2) Alternative hypothesis
Welfare problems are caused by “boredom” or frustration of intrinsic motivations to explore,
learn, and/or problem solve
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Prediction
Among companion parrots, SB and/or medical problems will be most prevalent in species that
are relatively most intelligent (and thus, intrinsically motivated to seek cognitive challenge; e.g.,
largest-brained or most innovative)

3) Alternative hypothesis
Intelligence is an intrinsic determinant of captive welfare, but its relationship with welfare
problems is non-linear
Prediction
Among companion parrots, increasing intelligence (e.g., brain sizes or innovation frequencies)
will predict decreasing prevalences of SB and/or medical problems up to a point, beyond which
further increases in intelligence will predict increasing prevalences

e) Conservation status
Hypothesis
Species that are non-resilient in the wild (vulnerable to, e.g., population decline or poor
establishment success in response to various forms of anthropogenic threat) are similarly nonresilient in captivity (e.g., difficult to maintain as self-sustaining populations, or susceptible to
other indicators of poor welfare)
Prediction
Among companion parrots, SB and/or medical problems will be most prevalent in the most
highly endangered species

4.3. Methods
I followed the same basic methods for each of the comparative studies (Studies 2-4).
Those methods that were common to all three are presented in the General methods (see
Chapter 3, which includes information about the study species examined, the variables used to
measure proposed intrinsic welfare determinants [natural biology variables], and the
comparative analyses applied to the data [general background and specific statistical
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procedures]). This chapter describes modifications of and additions to the general methods that
were specific to Study 2.

4.3.1. Online research survey: collecting original data on behaviour, health,
demographics, and husbandry
In order to collect original, comprehensive data on the behaviour and medical health of
the huge population of parrots kept as companion animals, I worked in collaboration with
researchers at Utrecht University, the Netherlands, to launch and administer an international,
online research survey of companion parrot owners and caretakers. Initiated in early 2011, this
project was supervised by Georgia Mason (Animal Science Department, University of Guelph)
and Johannes T. Lumeij and Nico J. Schoemaker (Faculty of Veterinary Medicine, Utrecht
University), and run by me and my primary collaborator, avian veterinary resident and PhD
candidate Yvonne van Zeeland (Faculty of Veterinary Medicine, Utrecht University). Our aim
was to compile a multi-species data set with information about the behaviour (including SB and
other “undesirable” behaviours) and health of as many individual companion parrots as possible
– as well as details about the origins, demographics, and husbandry (current and past) of the
birds and the demographics of the owners. We anticipated that conducting the survey via an
online questionnaire would help to increase the international scope of our data set by facilitating
the recruitment of numerous participants from multiple regions and countries.
We launched the survey online in April 2012. For use in my comparative analysis (Study
2), I collated data from responses (i.e., completed questionnaires) submitted within the first 15
months after launch, and calculated species-typical prevalences of SB and medical problems
(and species-level estimates for relevant aspects of demographics and husbandry). Meanwhile,
the survey remains active and data collection is ongoing as additional responses are received.
The Utrecht University group plans to eventually analyze the full data set in the context of a
study focused on identifying individual-level risk factors and potential targets for the prevention
or treatment of SB and other “problem behaviours” in companion parrots (particularly, FDB in
the gray parrot, Psittacus erithacus).
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i. Survey details
All aspects of this study (including the questionnaire, its content, and all materials related
to the research survey) were approved as ethically acceptable by the University of Guelph
Research Ethics Board (Application to Involve Human Participants in Research submitted and
approved: REB number 11JL024). We created and ran the online questionnaire using
SurveyMonkey open source survey software (https://www.surveymonkey.com). The full
questionnaire included 116 questions, most of which required participants to select, from among
a series of potential responses, either the one most appropriate answer or all those that applied
to their parrot. We had the original, English version of the questionnaire translated into five
other languages (French, Dutch, Spanish, Greek, and Italian) so that it would be accessible to
more potential participants. In order to recruit participants, we first created an electronic
advertisement aimed at owners or caretakers of companion parrots (both “healthy, problemfree” birds and those with “health or behaviour problems”) who were willing to participate “in an
online survey focusing on their parrot’s behaviour and living environment” (see Fig. 4.1.) Then,
to reach our target population, we enlisted the help of a number of organizations, institutions,
and publications with potential ties to parrot owners and/or avian specialist vets. The following
organizations assisted us by circulating the advertisement among their memberships or
readerships via a combination of social media promotion, website posting, inclusion in enewsletters or printed newsletters, e-mail listserv delivery, and/or verbal announcement at local
meetings: World Parrot Trust (international); Parrot Zoo (UK); Canadian Parrot Club, Golden
Triangle Parrot Club, The Parrot Sanctuary, University of Guelph Research Office, Campbell
Centre for the Study of Animal Welfare at the University of Guelph (Canada); Utrecht University
Research Office, Faculty of Veterinary Medicine (and associated veterinary clinic) at Utrecht
University (Netherlands). The advertisement directed potential participants to a website
(www.parrotsurvey.com) that we created to promote the survey and facilitate access to the
questionnaire. The website also featured a “Contact Us” form through which potential
participants could ask us questions about the questionnaire or the research project itself.
Parrot owners or caretakers who wished to participate in the survey were required to
register online by clicking a link at www.parrotsurvey.com. During the registration process, each
was asked to indicate their preferred language, and was then presented with a short series of
questions designed to accurately identify their parrot’s species (i.e., a “mini-questionnaire”, also
created using SurveyMonkey: see Appendix I). The reason for this was twofold. First,
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Figure 4.1. Advertisement circulated to assist in recruiting companion parrot owners or
caretakers to participate in the online research survey.

because my research project was concerned with species differences, it was important that all
species reported in the survey were identified correctly. To ensure this, I compiled a list of 83
parrot species commonly kept as pets in North America and Europe; divided those into broad
“groups” whose common names would be readily recognized by the participants (many of whom
would have been unfamiliar with taxonomic terminology); identified which species are difficult to
visually distinguish from any others in the same group; and then incorporated this and other
information into a series of questions that required participants to use the common “group”
names and sets of coloured illustrations (taken, with the publisher's permission, from Forshaw,
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2010) to identify their parrots. I assumed that this approach (essentially asking participants to
confirm their parrot’s species by using images to visually “key it out”) would yield more accurate
species identifications than would other common approaches, like asking participants to select
their species from a list of scientific or common names, or to simply type the name into a free
text box – especially since those approaches would rely on the participants’ own (unconfirmed)
opinions or assumptions, and would be complicated by the fact that single parrot species can
have multiple common names or actually share common names with one or more different
species. When processing the responses, I excluded any questionnaire in which the species
was identified as unknown or other (i.e., unconfirmed because not identified among the
illustrations we provided). The second reason for identifying species at the registration stage
was a practical one. For simplicity, some of the items in the questionnaire referred to the
parrot’s age (chronological, in years); however, we were actually interested in the corresponding
developmental stage (chick, juvenile, pubescent, adult) – and the developmental significance of
similar chronological ages can vary among parrot species that have different average lifespans.
To address this, we created multiple versions of the questionnaire. Each version represented a
set of species among which average lifespans and associated developmental milestones are
similar, and so differed from the other versions with respect to the chronological age ranges
presented among available responses to any age-related questions. To group the species in
this way, my collaborator (Yvonne van Zeeland) first determined typical age ranges for lifespan
and key developmental milestones for each of the species available for identification during the
registration step, and then grouped ones with similar lifespans that also have similar ages of
weaning and sexual maturity. This produced seven groups of similar species; and thus, seven
versions of the questionnaire (see Table 4.1.) We assigned each participant the appropriate
version according to which species they identified during registration. Each version was
available in all six languages.
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Table 4.1. Species included in each of seven groups for which we created separate versions of the
questionnaire in order to accommodate differences in typical lifespans and timing of main developmental
stages (age ranges are shown for each group).
Group

Larger
macaws and
cockatoos,
Amazon
parrots, gray
parrot

Smaller
macaws and
cockatoos,
Pionus parrots

Smaller
psittacines
(including
larger
parakeets)

Species

Amazona aestiva
Amazona albifrons
Amazona amazonica
Amazona auropalliata
Amazona autumnalis
Amazona farinose
Amazona finschi
Amazona ochrocephala
Amazona oratrix
Anodorhynchus hyacinthinus
Ara ararauna
Ara chloropterus
Ara glaucogularis
Ara macao
Ara militaris
Ara rubrogenys
Cacatua alba
Cacatua galerita
Cacatua moluccensis
Cacatua ophthalmica
Psittacus erithacus
Ara severus
Cacatua ducorpsii
Cacatua goffiniana
Cacatua sanguinea
Cacatua sulphurea
Diopsittaca nobilis
Eolophus roseicapilla
Lophocroa leadbeateri
Pionus chalcopterus
Pionus fuscus
Pionus maximiliani
Pionus menstruus
Pionus senilis
Primolius auricollis
Primolius maracana
Aratinga acuticaudata
Aratinga aurea
Aratinga canicularis
Aratinga jandaya
Aratinga mitrata
Aratinga nenday
Aratinga pertinax
Aratinga solstitialis
Charmosyna pulchella
Eos reticulata
Lorius garrulus
Lorius lory
Myiopsitta monachus
Pionites leucogaster
Pionites melanocephalus
Poicephalus cryptoxanthus

Developmental stage and associated age range
(months or years)

Lifespan
(years)

Chick a

Juvenile b

Pubescent c

Adult d

< 4 mo

4 mo – 3 yr

3 – 6 yr

6+ yr

40 – 60

< 3-4 mo

3-4 mo – 2 yr

2 – 3-4 yr

3-4+ yr

30 – 50

< 3 mo

3 mo – 2 yr

2 – 3 yr

3+ yr

20 – 35
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Group

Lovebirds,
parrotlets,
rosellas and
other smaller
parakeets

Species

Poicephalus gulielmi
Poicephalus meyeri
Poicephalus robustus
Poicephalus rufiventris
Poicephalus senegalus
Pseudeos fuscata
Psittacula alexandri
Psittacula cyanocephala
Psittacula eupatria
Psittacula krameri
Psitteuteles goldiei
Pyrrhura frontalis
Pyrrhura molinae
Trichoglossus haematodus
Agapornis fischeri
Agapornis personatus
Agapornis roseicollis
Bolborhynchus lineola
Forpus coelestis
Forpus passerinus
Neopsephotus bourkii
Northiella haematogaster
Platycercus adscitus
Platycercus elegans
Platycercus eximius
Platycercus icterotis
Psephotus haematonutus
Psephotus varius

Developmental stage and associated age range
(months or years)

Lifespan
(years)

Chick a

Juvenile b

Pubescent c

Adult d

< 2 mo

2 mo – 1 yr

1 – 1.5-2 yr

1.5-2+ yr

10 – 20

Eclectus parrot

Eclectus roratus

< 5 mo

5 mo – 3 yr

3 – 4 yr

4+ yr

40+

Cockatiel

Nymphicus hollandicus

< 2 mo

2 – 6 mo

6 mo – 1 yr

1+ yr

20+

Budgerigar

Melopsittacus undulatus

<1.5 mo

1.5 – 6 mo

6 mo – 1 yr

1+ yr

10 – 15

The information summarized in this table was compiled by Yvonne van Zeeland (Utrecht University,
2011). Main resources were: Handbook of the Birds of the World (1997), Parrots: A Guide to Parrots of
the World (Juniper and Parr, 1998), Parrots of the World (Forshaw, 2010), The Animal Diversity Web
(Myers et al., 2015), World Parrot Trust Parrot Encyclopedia (2015), Clinical Avian Medicine (Harrison
and Lightfoot, 2005).
Abbreviations
mo, months
yr, years
Footnotes
a. Period of weaning and fledging
b. Fully weaned and fledged, but before onset of sexual maturation
c. Period of sexual maturation
d. Fully sexually mature
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Once a participant had selected a language, completed the species identification, and
provided their e-mail address, they could finalize their registration. When this was submitted,
SurveyMonkey automatically e-mailed them a “personalized” web link through which they could
access, complete (over multiple sessions, if desired), and submit the correct version of the
questionnaire (i.e., in their preferred language, and for their species type) online. For multiple
parrots under the care of the same participant, a separate registration and separate
questionnaire were required for each individual. While participants were not strictly anonymous,
we did not collect names or other identifying information (beyond a contact e-mail address), and
all data we received were stored confidentially on a secure server located at Utrecht University.
Finally, participation in the survey was voluntary (and could be withdrawn at any time during the
study), and participants were required to confirm their age (at least 18 years old) and consent
on the questionnaire landing page.

ii. Data processing and individual-level variables recorded
We downloaded all data collected and stored during the first 15 months after the survey
was launched (April 1, 2012 – July 1, 2013) from the SurveyMonkey database into a separate
database (Microsoft SQL Server, 2012) for initial processing. The raw data set included a total
of 1,955 individual records submitted by participants from 47 different countries (distributed
across six continents), and representing 74 different species. First, because I needed to
ultimately calculate species-level variables for comparative analysis, we excluded all records for
which species was not identified (i.e., no response, unknown, or not confirmed using the
illustrations we provided). Next, we excluded all records for parrots that had not yet reached
pubescence (i.e., chicks and juveniles) and those for which age was not identified (i.e., no
response or unknown) – thus retaining records from pubescent birds and adults only. This was
to maintain consistency with the comparative data on species-typical natural biology variables,
since most of those (like, e.g., relative food search time or average endocranial volume)
represent the norm or average for adult members of the species – or at least pubescent ones,
which are weaned, fully fledged, and nearly sexually mature. This left a total of 1,426 individual
records (74 species). Finally, in order to generate simple (categorical) measures of the
presence or absence of SB and medical problems in individuals that I could use to calculate
species-typical proportions for the comparative analysis (see 4.3.2.), we collated data from a
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subset of relevant questions, as follows. Using a series of SQL queries within stored
procedures, we defined the variables based on the available responses to each question
(combining responses to two or more questions where necessary), and then exported the
newly-defined variables from the database into Microsoft Excel (2010). We followed this same
procedure to define and export variables describing some aspects of demographics or
husbandry that I wanted to account for in the comparative analysis because of their suggested
links with my welfare measures (or at least, with certain types of SB) at the individual level (see
4.3.3.) Altogether, this method yielded 14 variables for each individual: four describing the
presence or absence of various SB or diagnosed medical problems; and ten describing age,
sex, rearing history, and important features of the captive environment, such as environmental
enrichment and feeding regimes, cage size, and opportunities for social interaction. Details
about variables generated and calculations performed are presented in Table 4.2.
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Table 4.2. Definitions and details for the individual-level variables that were generated from responses to the online questionnaire, and for the
species-level variables that were subsequently calculated for use in the comparative analysis. Welfare-related variables (related to stereotypic
behaviour or medical health) are listed, along with potential confounders (related to demographics or husbandry) that I considered in the analysis
(and controlled for, where necessary). Suggested links between the potential confounders and the welfare-related variables are indicated in the
footnotes.
Individual-level
variable

Definition

Variable levels or
range

Species-level
variable

Definition / calculation

Yes
No

% FDB

Proportion of individuals with FDB
(Yes vs. No)

Welfare-related variables
FDB status

Does the parrot pluck, bite, or chew
its own feathers?

Oral SB status

Does the parrot exhibit stereotypies
that involve the mouth?
Examples: chewing cage bars,
moving up/down cage bars with
beak, manipulating food/other items
in mouth without chewing, moving
tongue continuously

Yes
No

% Oral SB

Proportion of individuals that exhibit oral SB
(Yes vs. No)

Whole-body SB
status

Does the parrot exhibit
a
stereotypies that involve locomotion
or the whole body?
Examples: walking/climbing a set
route, spinning around body axis or
perch, rocking/bobbing body,
twirling/bobbing head

Yes
No

% Whole-body SB

Proportion of individuals that exhibit wholebody SB
(Yes vs. No)

Medical problem
status

Does the parrot have any diagnosed
medical problems?

Yes
No

% Medical problems

Proportion of individuals with diagnosed
medical problems
(Yes vs. No)

a

Potential confounders: demographic or husbandry-related variables
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Individual-level
variable

Definition

Variable levels or
range

Species-level
variable

Age

Current developmental life stage

Adult
Pubescent
= independent; full adult
plumage; becoming
sexually mature

% Adult

Sex 1

Sex: known or unknown; confirmed,
if known, via DNA (PCR) analysis,
endoscopy, or egg-laying

Known sex
= confirmed male or
female
Unknown sex

% Known sex

Sex 2

Sex: female or male, among parrots
of (confirmed) known sex

Female
Male

% Female

Mode of rearing, from hatch to
b
weaning

Human reared
= by humans only (“hand
raised”)
Parent reared
= by both humans and
parrots, or by parrots
only

% Human reared

f

Main daytime housing

Standard cage
= ~40x40x60cm
Larger
= cage ~ 80x50x100cm,
or aviary, or other

% Standard cage

g

Social status, based on amount of
regular contact with other parrots

Isolated
= no regular contact with
other parrots
Social
= at least some regular
contact with other
parrots

% Isolated

Rearing

Housing

Social contact

128

Definition / calculation

Proportion of individuals whose
developmental stage is adult
(vs. pubescent)

c

Proportion of individuals that are of known
sex
(vs. unknown sex)

d

Proportion of individuals that are known
females
(vs. known males)

e

h

Proportion of individuals that were human
reared
(vs. parent reared)

Proportion of individuals whose main
daytime housing is a standard cage
(vs. larger cage or enclosure)

Proportion of individuals whose social status
is isolated
(vs. social)

Individual-level
variable

Definition

Variable levels or
range

Species-level
variable

Feeding time

Relative daily length of time typically
spent feeding (foraging for and
consuming food)

Short
= < 2 hours
Long
= 2+ hours

% Short feeding time

i

Number of different types of food
regularly offered

6 types:
pellets, dried
seeds/fruits/nuts, raw
fruits/veg, egg food,
table scraps, other

Captive diet diversity

j

Number of different types of stimulus
regularly present in parrot’s
environment during the first year of
life

8 types:
climbing/perching
objects, toys, foraging
devices, destructible
items, hiding places,
outdoor access,
opportunities for flight,
time outside cage

Early enrichment
k
diversity

Median count of different types of stimulus
regularly present in parrot’s environment
during the first year of life
(0-8)

Number of different types of
enrichment opportunity currently
provided

8 types:
climbing/perching
objects, toys, foraging
devices, destructible
items, hiding places,
outdoor access,
opportunities for flight,
time outside cage

Current enrichment
k
diversity

Median count of different types of
enrichment opportunity currently provided
(0-8)

Captive diet
diversity

Early enrichment
diversity

Current enrichment
diversity

Definition / calculation

Proportion of individuals who typically spend
a relatively short time feeding daily
(vs. long)

Median count of different types of food
regularly offered
(1-6)

Abbreviations
FDB, feather-damaging behaviour
PCR, polymerase chain reaction
SB, stereotypic behaviour
Footnotes
a. Stereotypies are apparently functionless behaviour sequences repeated according to a rigid pattern.
b. After weaning, the parrot is no longer being fed by its parent or caregiver, and is eating solid food on its own.
c. From Study 1 (Chapter 2), odds of positive FDB status were higher in pubescent or adult (vs. juvenile) parrots (Kinkaid et al., 2013); and FDB is
suggested to be related to the onset of sexual maturity (Wedel, 1999).
d. From Study 1 (Chapter 2), odds of positive FDB status were higher in individuals of known (vs. unknown) sex (Kinkaid et al., 2013).
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e. FDB is suggested to be more prevalent in female (vs. male) parrots (Garner et al., 2006; van Zeeland et al., 2009); and odds of positive FDB
status were higher in female (vs. male parrots) from our data set (Emma Mellor 2014, in preparation).
f. Hand rearing is a suggested risk factor for stereotypies in gray parrots (Schmid et al., 2006)
g. Housing in cages that are “too small” or “too short“ is a suggested risk factor for SB in parrots and birds (Meehan et al., 2004; Leonard, 2005;
Asher et al., 2009; van Zeeland et al., 2009; Polverino et al., 2012).
h. Isolation from conspecifics is a suggested risk factor for SB in parrots (Meehan et al., 2003a; Leonard, 2005; van Zeeland et al., 2009).
i. Restricted opportunity to express foraging behaviour is a suggested risk factor for SB parrots (Meehan et al., 2003b; van Zeeland et al., 2013);
and FDB was both prevented and reduced in parrots that were provided with foraging and other enrichments (vs. non-enriched controls that did
not have access to enrichments that might increase their time spent feeding) (Meehan et al., 2003b).
j. From Study 1 (Chapter 2), whether or not the captive diet included fresh fruits and vegetables influenced the relationship between species and
FDB status in individuals (Kinkaid et al., 2013).
k. SB (both stereotypies and FDB) were prevented, or reduced, in parrots that were housed in enclosures that featured enrichments designed to
offer foraging opportunities, exploration, locomotion, and physical complexity (vs. non-enriched controls that did not have access to such
enrichments) (Meehan et al., 2003b; Meehan et al., 2004).
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4.3.2. Indicators of species-typical relative welfare in captivity – stereotypic behaviour
and medical health variables
As explained in 4.3.1. ii., the final variables used to estimate species-typical measures of
SB (species-typical prevalences of FDB, oral stereotypies, and whole-body stereotypies) and
medical health (species-typical prevalences of medical problems) are listed and described in
Table 4.2. Also presented there are similar details for some potentially-confounding aspects of
demographics or husbandry that I considered in the analysis and controlled for, where
necessary (see 4.3.3. for the rationale and method). Species-level values for the relevant
captive welfare, natural biology, demographic, and husbandry variables are presented in Table
3.1. and Table 4.3.
For the comparative analyses, I excluded species for which the prevalence or median
values for any of the variables generated from the parrot survey data set (i.e., those related to
SB, medical health, demographics, or husbandry) were based on data from fewer than five
individual parrots. This was based on the methods used by Clubb and Mason (2003; 2007) and
Kroshko (J. Kroshko 2014, in preparation); however, to check that species estimates based on
as few as five individuals would be reasonably accurate, I calculated prevalences of, e.g., FDB,
for all species with data available for at least 17 individuals (following my finding from Study 1
that the minimum number of individuals for well-sampled species estimates was 17; Kinkaid et
al., 2013). I did this twice: first, using data from all (17+) individuals available; and then again
for those same species, using data from a randomly-selected sub-sample of just five individuals
per species. Then, I ran a regression model that compared the two sets of species estimates,
and found that the well-sampled estimates were significantly correlated with (i.e., predicted by)
those based on data from five individuals per species. I thus accepted five as the minimum
number of individuals per species estimate (for all SB and medical health variables, and
potential confounders). After excluding records from young individuals and those of
unconfirmed species (as described in 4.3.1. ii), and then estimates based on few individuals (as
described here), data on all these variables were available to analyze for 51 species (or 48
species, for the demographic variable % Human reared).
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Table 4 .3. Species-level values for potentially-confounding demographic and husbandry-related variables that were considered in Study 2 (and
controlled for, where necessary: see 4.3.3. for details).
Species

ADU

SXK

SXF

0.80

0.60

0.33

0.40

0.80

0.50

0.84

0.86

Amazona aestiva

0.89

Amazona albifrons

HUM

SCG

ISO

FTS

CDD

EED

CED

0.40

0.20

0.20

4.0

6.0

7.0

0.00

0.20

0.00

0.00

5.0

5.0

7.0

0.37

0.04

0.32

0.14

0.35

4.0

5.0

6.0

0.85

0.52

0.17

0.19

0.19

0.68

3.0

5.0

5.0

1.00

1.00

0.75

0.25

0.00

0.75

3.0

2.0

6.5

Amazona amazonica

0.72

0.72

0.38

0.00

0.17

0.17

0.71

3.5

1.5

5.0

Amazona auropalliata

0.92

0.83

0.30

0.14

0.08

0.25

0.82

3.0

4.0

5.5

Amazona autumnalis

0.60

0.40

1.00

0.50

0.10

0.10

0.75

3.0

0.0

5.5

1.00

0.50

0.67

0.33

0.17

0.50

1.00

3.0

0.0

4.5

0.67

0.56

0.60

0.00

0.11

0.33

0.60

4.0

5.0

6.0

Amazona ochrocephala

0.93

0.53

0.38

0.00

0.00

0.07

0.83

4.0

3.0

6.0

Amazona oratrix

0.85

0.92

0.58

0.17

0.08

0.31

0.70

4.0

5.0

6.0

Agapornis canus
Agapornis fischeri
Agapornis lilianae
Agapornis nigrigenis
Agapornis personatus
Agapornis pullarius
Agapornis roseicollis
Agapornis taranta
Alisterus amboinensis
Alisterus chloropterus
Alisterus scapularis

Amazona barbadensis
Amazona brasiliensis
Amazona farinosa
Amazona festiva
Amazona finschi
Amazona guildingii
Amazona leucocephala

Amazona pretrei
Amazona rhodocorytha
Amazona tucumana
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Species

ADU

SXK

SXF

HUM

SCG

ISO

FTS

CDD

EED

CED

0.78

1.00

0.56

0.20

0.00

0.11

0.75

3.0

4.0

6.0

Ara ararauna

0.84

0.73

0.46

0.21

0.06

0.24

0.67

4.0

4.0

6.0

Ara chloropterus

0.78

0.87

0.60

0.14

0.04

0.13

0.87

4.0

5.0

6.0

0.67

0.89

0.25

0.00

0.00

0.22

0.83

4.0

4.0

5.0

Ara militaris

0.67

1.00

0.33

0.20

0.00

0.00

0.75

4.0

6.0

6.0

Ara rubrogenys

0.80

1.00

0.40

0.00

0.00

0.00

1.00

3.0

0.0

6.0

Ara severus

0.91

0.82

0.33

0.00

0.00

0.18

0.50

4.0

3.0

6.0

Aratinga acuticaudata

1.00

0.67

0.50

0.00

0.08

0.08

0.45

4.0

4.0

7.0

0.86

0.86

0.50

0.00

0.43

0.00

1.00

3.0

5.0

5.0

0.84

0.67

0.41

0.13

0.19

0.24

0.57

4.0

6.0

6.0

Amazona ventralis
Amazona versicolor
Amazona vinacea
Amazona viridigenalis
Amazona vittata
Amazona xanthops
Anodorhynchus hyacinthinus
Aprosmictus erythropterus
Ara ambiguus

Ara glaucogularis
Ara macao

Aratinga aurea
Aratinga auricapillus
Aratinga canicularis
Aratinga erythrogenys
Aratinga holochlora
Aratinga jandaya
Aratinga leucophthalma
Aratinga mitrata
Aratinga pertinax
Aratinga solstitialis
Aratinga wagleri
Barnardius barnardi
Barnardius zonarius

133

Species

ADU

SXK

SXF

HUM

SCG

ISO

FTS

CDD

EED

CED

Bolborhynchus lineola

0.67

0.83

0.60

0.00

0.33

0.20

0.50

3.0

1.5

5.5

Cacatua alba

0.91

0.91

0.44

0.22

0.13

0.16

0.64

3.5

3.0

6.0

Cacatua ducorpsii

0.56

0.56

0.80

0.67

0.22

0.22

0.56

4.0

5.0

7.0

Cacatua galerita

0.77

0.77

0.40

0.33

0.08

0.38

0.80

3.0

4.0

5.0

Cacatua goffiniana

0.88

0.71

0.58

0.40

0.15

0.12

0.68

4.0

0.0

5.5

1.00

0.93

0.48

1.00

0.00

0.20

0.68

3.0

1.0

6.0

Cacatua sanguinea

1.00

0.83

0.40

0.00

0.33

0.17

0.83

4.0

0.0

5.5

Cacatua sulphurea

0.94

0.83

0.33

0.11

0.11

0.17

0.53

4.0

0.0

6.0

Bolborhynchus orbygnesius
Brotogeris jugularis
Brotogeris pyrrhoptera
Brotogeris tirica
Brotogeris versicolorus

Cacatua haematuropygia
Cacatua leadbeateri
Cacatua moluccensis
Cacatua ophthalmica

Cacatua tenuirostris
Callocephalon fimbriatum
Calyptorhynchus banksii
Calyptorhynchus funereus
Calyptorhynchus lathami
Chalcopsitta atra
Chalcopsitta cardinalis
Chalcopsitta duivenbodei
Chalcopsitta sintillata
Charmosyna josefinae
Charmosyna papou
Charmosyna placentis
Charmosyna pulchella
Coracopsis nigra
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Species

ADU

SXK

SXF

HUM

SCG

ISO

FTS

CDD

EED

CED

Diopsittaca nobilis

0.82

0.82

0.56

0.00

0.09

0.30

0.86

4.0

4.0

6.0

Eclectus roratus

0.83

1.00

0.43

0.16

0.00

0.13

0.49

3.5

4.0

6.0

0.83

0.96

0.48

0.29

0.13

0.09

0.33

4.0

5.5

6.0

0.67

0.95

0.00

0.14

0.29

0.38

0.32

3.0

5.0

6.0

0.50

1.00

0.33

0.50

0.50

0.17

0.75

4.0

4.0

5.5

Coracopsis vasa
Cyanoliseus patagonus
Cyanoramphus auriceps
Cyanoramphus novaezelandiae
Cyanoramphus unicolor
Cyclopsitta diophthalma
Deroptyus accipitrinus

Enicognathus ferrugineus
Enicognathus leptorhynchus
Eolophus roseicapilla
Eos bornea
Eos cyanogenia
Eos histrio
Eos reticulata
Eos squamata
Eunymphicus cornutus
Forpus coelestis
Forpus cyanopygius
Forpus passerinus
Forpus xanthops
Glossopsitta concinna
Glossopsitta porphyrocephala
Glossopsitta pusilla
Guaruba guarouba
Lathamus discolor
Loriculus galgulus
Loriculus philippensis
Loriculus stigmatus
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Species

ADU

SXK

SXF

HUM

SCG

ISO

FTS

Myiopsitta monachus

0.91

0.66

0.33

0.15

0.28

0.34

0.71

Nandayus nenday

1.00

0.63

0.60

0.00

0.05

0.13

0.29

Pionites leucogaster

0.94

0.94

0.56

0.00

0.12

0.06

0.44

Pionites melanocephalus

0.71

0.94

0.44

0.20

0.00

0.13

0.50

Pionus menstruus

0.83

0.75

0.56

0.00

0.42

0.17

Pionus senilis

0.88

0.75

0.83

0.50

0.00

0.13

CDD

EED

CED

4.0

4.0

6.0

4.0

4.5

6.0

3.0

6.0

6.0

3.5

1.0

7.0

0.80

3.0

5.0

6.0

1.00

2.5

2.0

6.0

Loriculus vernalis
Lorius chlorocercus
Lorius domicella
Lorius garrulus
Lorius lory

Neophema chrysogaster
Neophema chrysostoma
Neophema elegans
Neophema petrophila
Neophema pulchella
Neophema splendida
Neopsephotus bourkii
Neopsittacus musschenbroekii
Nestor meridionalis
Nestor notabilis
Northiella haematogaster
Orthopsittaca manilata
Phigys solitarius

Pionopsitta pileata
Pionus chalcopterus
Pionus fuscus
Pionus maximiliani

Platycercus adscitus
Platycercus caledonicus
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Species

ADU

SXK

SXF

HUM

SCG

ISO

FTS

CDD

EED

Poicephalus gulielmi

1.00

0.80

0.50

Poicephalus meyeri

0.86

0.81

Poicephalus rufiventris

1.00

Poicephalus senegalus

CED

0.20

0.20

0.60

3.0

5.0

4.0

0.65

0.10

0.14

0.05

0.54

3.0

3.0

6.0

1.00

0.63

0.00

0.13

0.00

0.67

3.5

6.0

6.5

0.89

0.77

0.48

0.09

0.23

0.18

0.62

3.0

4.0

6.0

1.00

0.83

0.40

0.33

0.00

0.00

0.83

4.0

0.0

6.0

Psittacula eupatria

1.00

1.00

0.50

0.50

0.17

0.17

0.50

3.0

2.5

5.0

Psittacula krameri

0.92

0.92

0.36

0.50

0.17

0.17

1.00

3.0

4.0

6.0

Platycercus elegans
Platycercus eximius
Platycercus icterotis
Platycercus venustus
Poicephalus cryptoxanthus

Poicephalus robustus
Poicephalus rueppellii

Polytelis alexandrae
Polytelis anthopeplus
Polytelis swainsonii
Probosciger aterrimus
Propyrrhura auricollis
Propyrrhura maracana
Prosopeia tabuensis
Psephotus chrysopterygius
Psephotus haematonotus
Psephotus varius
Pseudeos fuscata
Psittacula alexandri
Psittacula cyanocephala
Psittacula derbiana

Psittacula longicauda
Psittacula roseata
Psittaculirostris desmarestii
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Species

ADU

SXK

SXF

HUM

SCG

ISO

FTS

CDD

EED

CED

0.76

0.77

0.47

0.16

0.07

0.27

0.62

4.0

4.0

6.0

Pyrrhura frontalis

0.71

0.71

0.60

0.25

0.14

0.29

0.60

4.0

6.0

6.0

Pyrrhura molinae

0.74

0.53

0.57

0.00

0.30

0.26

0.50

4.0

5.0

7.0

51

51

51

48

51

51

51

51

51

51

Psittaculirostris edwardsii
Psittacus erithacus
Psitteuteles goldiei
Psitteuteles iris
Psitteuteles versicolor
Psittinus cyanurus
Psittrichas fulgidus
Purpureicephalus spurius
Pyrrhura cruentata

Pyrrhura perlata
Pyrrhura picta
Rhynchopsitta pachyrhyncha
Tanygnathus lucionensis
Tanygnathus megalorhynchos
Trichoglossus chlorolepidotus
Trichoglossus euteles
Trichoglossus flavoviridis
Trichoglossus haematodus
Trichoglossus johnstoniae
Trichoglossus ornatus
Vini australis
Vini peruviana
Total # of species with data

Blank cells indicate no data were available. Bottom row lists total number of species for which data were available for each variable. Underlined
values are species-level estimates that were excluded from the analysis because they were derived from data from fewer than five individuals (see
text for details). Variables are defined below; for more detailed descriptions and information about species exclusions and other considerations,
see the Methods section in 4.3.
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Abbreviations
ADU, adult (% of individuals whose current developmental life stage is adult [vs. pubescent])
CDD, captive diet diversity (median count of different types of food regularly offered; 1-6)
CED, current enrichment diversity (median count of different types of enrichment opportunity currently provided; 0-8)
EED, early enrichment diversity (median count of different types of stimulus regularly present in parrot’s environment during first year of life; 0-8)
FTS, short feeding time (% of individuals who typically spend a relatively short [< 2 hr] time feeding daily [vs. long: 2+ hr])
HUM, human reared (% of individuals that were human reared [vs. parent reared: parent only or parent and human] from hatch to weaning)
ISO, isolated (% of individuals that have no regular contact with other parrots [vs. at least some regular contact])
SCG, standard cage (% of individuals whose main daytime housing is a standard cage [vs. larger cage or enclosure])
SXF, female sex (% of individuals that are known females [vs. known males])
SXK, known sex (% of individuals that are of known sex [vs. unknown sex])
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4.3.3. Statistical procedures
For this comparative analysis, I used least squares regressions of standardized
phylogenetically-independent contrasts (see 3.4.1 and 3.4.3.) to assess whether species-typical
indicators of SB and medical problems in companion parrots were predicted by intrinsic risk
factors – species-typical aspects of the natural biology that are constrained by captivity or those
that moderate behavioural flexibility (see 1.4. and 3.3.) The statistical procedures were as
described in the General methods (see 3.4.2.-3.4.3.), with an addition: for this study, I ran a
separate set of bivariate regression models to test for significant relationships between the eight
natural biology variables and ten different variables representing species-typical measures of
demographics or current/past husbandry that might vary systematically among species and
affect outcomes related to SB or medical problems. The suggested links between the
demographic or husbandry variables and the welfare-related variables are indicated in Table
4.2. I ran one model for each possible pair of natural biology and demographic/husbandry
variables: eight models were run for each of the ten response variables related to demographics
or husbandry. Significant relationships among the two types of variable could either explain
apparent effects on SB or medical problems that I would otherwise have attributed to the
biological risk factors based on simple bivariate regression models (i.e., those testing for
predictive relationships between natural biology and welfare variables without considering
demographics/husbandry); or might have masked real effects that were not apparent from those
simple models. For example, assume that relatively large-brained species are intrinsically
susceptible to developing SB. If large-brained species also tend to be systematically housed in
pairs (rather than singly), and if this social housing arrangement tends to mitigate the
development of SB in individuals, then the true relationship between relatively large brains and
SB may be masked (and intelligence incorrectly ruled out as an intrinsic risk factor for SB) if the
influence of the husbandry variable (pair vs. single housing) is not accounted for. Thus, any
demographic or husbandry variable that was found to be related to a natural biology variable
was a potential confounder in all models that included that natural biology variable as a
predictor. I controlled for this by including the potential confounder(s) as an additional
predictor(s) in the relevant models (i.e., all those in which the related natural biology variable
was a predictor).
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4.4. Results

4.4.1. Survey-generated sample population: overview of stereotypic behaviour and
medical health
As explained in 4.3.2., the online research survey generated useable data on SB and
medical health outcomes (and potential confounders reflecting demographics or husbandry) for
1,378 individuals from up to 51 species per variable. Data on at least some of the relevant
aspects of natural biology were also available for all these species. Across all individuals in the
data set, the most prevalent SB were stereotypies involving locomotion or the whole body,
which were exhibited by 289 of 1,248 individuals for whom whole-body SB status was reported
(23.2%). Also very prevalent was FDB, which was exhibited by 277 of 1,333 individuals for
whom FDB status was reported (20.8%). In general agreement with the literature, oral-focused
stereotypies were the least common SB – exhibited by just 162 of 1,248 individuals for whom
oral SB status was reported (13%). Regarding medical health, relevant information was
reported for 1,344 individuals, of which 216 had been diagnosed with at least one medical
problem. Thus, across all individuals, the prevalence of diagnosed medical problems (16.1%)
was similar to that of all SB (19%).

4.4.2. Potential confounders identified and controlled for
In addition to controlling, in all relevant models, for potential confounders that I identified
a priori based on their associations with specific natural biology variables (see 3.3. for variables
and descriptions), I tested for multicollinearity of the predictors and for potentially-confounding
relationships between aspects of demographics or husbandry and each of the proposed intrinsic
determinants of captive welfare.
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Correlated predictors
The ecological flexibility variables were related: specifically, species with narrower
habitat breadths had narrower diet breadths (F (1,68) =11.66, P=0.001, 2-tailed). Those with
narrower habitat breadths were also more highly-endangered according to the International
Union for Conservation of Nature (F (1,67) =28.08, P<0.0001, 2-tailed). The social group size
variables appeared to be related: specifically, species with larger maximum feeding group sizes
tended to exhibit communal roosting (F (1,52) =3.66, P=0.061, 2-tailed).
There were also some potentially-confounding relationships among predictors. Wider
habitat breadths were associated with larger maximum feeding group sizes (F (1,52) =11.29,
P=0.001, 2-tailed) and with higher frequencies of innovative behaviours (corrected for research
effort; F (1,51) =6.56, P=0.012, 2-tailed); and longer relative food search times were associated
with smaller maximum feeding group sizes (F (1,49) =8.68, P=0.004, 2-tailed) and with larger brain
volumes (corrected for body mass; F (1,41) =21.09, P<0.001, 2-tailed). These relationships
introduce potential confounds because, in each case, the two conditions represented predict
changes in SB or medical health in opposite directions according to different hypotheses (e.g.,
wider habitat breadths predict relatively good welfare according to hypothesis c, but larger social
group sizes predict relatively poor welfare according to hypothesis a; see, e.g., 3.3.) As
described in 3.4.3., I checked for the influence of these relationships by running multiple
regression models that included both variables from each pair of related predictors.
Systematic species differences in demographics or husbandry
Within the sample population, parrots from species that naturally exhibit communal
roosting were provided with fewer environmental enrichments in captivity (both during the first
year of life and as adults: F (1,18) =7.60, P=0.013 and F (1,18) =9.20, P=0.007, respectively, 2-tailed).
Naturally larger brain volumes (corrected for body mass) predicted lower prevalences of social
isolation and housing in “standard” cages (i.e., access to at least some regular contact with
other parrots and housing in relatively large cages or enclosures were prevalent among
companion parrots from larger-brained species: F (1,13) =8.11, P=0.014 and F (1,13) =7.90, P=0.015,
respectively, 2-tailed). Naturally wider diet breadths predicted higher prevalences of social
isolation (i.e., a lack of regular contact with other parrots was prevalent among companion
parrots from species that are diet generalists: F (1,18) =7.03, P=0.016, 2-tailed). As described in
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4.3.3., I accounted for these relationships by including the relevant husbandry variables as
additional predictor(s) in all models that also included the related natural biology variable (e.g.,
% isolated was an additional predictor in all models that tested diet breadth as a predictor).

4.4.3. Predictors of stereotypic behaviour or medical problems in companion parrots
The proportion of individuals with diagnosed medical problems was not predicted by
any of the potential intrinsic determinants tested; that is, the prevalence of medical problems
was not increased in species with naturally large social groups or high foraging effort, ecological
specialists, relatively intelligent or less intelligent species, or endangered species (Table 4.4.)
There was no support for the predictions relating SB to social group size, ecological
flexibility, or conservation status (hypotheses a, c, e). Thus, prevalences of FDB, oral SB, and
whole-body SB were not increased among species with naturally large social groups, ecological
specialists, or endangered species (Table 4.4.) However, rates of FDB and traditional
stereotypies among companion parrots were related to two different aspects of natural biology:
Foraging effort
As predicted by hypothesis b, SB was prevalent in species whose natural foraging
behaviour is relatively time-consuming. Specifically, the proportion of individuals that exhibited
FDB was predicted by food search time, with FDB more prevalent among species whose main
food type requires a relatively long time (i.e., more effort) to search for and access in the wild
(Table 4.4.) Note that graphs are not presented because plots of standardized phylogenetically
independent contrasts (PIC) are typically not illustrative of the actual relationships between the
variables, especially when the models involve several categorical variables. Such models tend
to involve frequent zero-value PIC that do not compromise the computations of slopes or
correlations, but do affect the appearance of the plots (Garland et al., 1992). As well, most of
my regression models actually included multiple terms (i.e., the natural biology predictor plus
additional terms included to control for potential confounders related to life history or husbandry:
see 3.4.3.for details), and so could not be plotted in the way that simple regressions can.
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Table 4.4. Results from linear regressions of phylogenetically-independent contrasts to test relationships between species-typical rates of stereotypic behaviour or
medical problems in captivity and natural biology variables.
(See 3.3. and Table 4.2. for variable definitions.)
Hypothesis / proposed intrinsic
determinant of welfare

a) Social group size

Natural biology variable
(when controlling for confounders listed)

Maximum group size

Stereotypic behaviour variable

a

Medical health
variable

% FDB

% Oral SB

% Whole-body SB

% Medical problems

F (1,15) =4.09, P=0.869

F (1,14) =0.48, P=0.754

F (1,14) =0.005, P=0.473

F (1,15) =0.15, P=0.351

F (1,16) =0.0003, P=0.493

F (1,14) =0.0001, P=0.497

F (1,14) =0.48, P=0.755

F (1,16) =0.40, P=0.266

F (1,17) =3.54, P=0.039 (+)

F (1,15) =0.01, P=0.467

F (1,15) =0.01 , P=0.456

F (1,17) =0.06, P=0.404

F (1,17) =0.27, P=0.698

F (1,15) =0.36, P=0.724

F (1,15) =1.24 , P=0.864

F (1,17) =0.20, P=0.327

F (1,18) =0.09, P=0.384

F (1,16) =0.01, P=0.529

F (1,16) =1.88, P=0.911

F (1,18) =0.01, P=0.471

F (1,11) =0.80, P=0.378

F (1,9) =5.24, P=0.048 (+)

F (1,9) =8.25, P=0.018 (+)

F (1,11) =0.61, P=0.440

F (1,13) =0.95, P=0.337

F (1,13) =1.54, P=0.224

F (1,13) =2.23, P=0.145

F (1,13) =0.07, P=0.786

F (1,18) =0.76, P=0.193

F (1,16) =0.44, P=0.256

F (1,16) =0.10, P=0.375

F (1,18) =0.14, P=0.646

Communal roosting (n  y)
Early enrichment diversity
Current enrichment diversity

b) Foraging effort
c) Ecological flexibility

Relative food search time
(short  long)
Diet breadth
% Isolated

Habitat breadth
d) Intelligence
Avg brain volume

b

Avg body mass
% Isolated
% Standard cage

Innovation frequency

b

Research effort

e) Conservation status

IUCN Red List status
(least concern  extinct in wild)

All tests were 1-tailed, except where indicated. Significant results are in bold font. (+) Natural biology variable was a positive predictor of the captive welfare
variable.
Abbreviations
Avg, average
FDB, feather-damaging behaviour
IUCN, International Union for Conservation of Nature
SB, stereotypic behaviour
Footnotes
a. Terms in italic font are potential confounders related to systematic species differences in body mass or research intensity in the wild (see 3.3. for details), or
demographics or husbandry in captivity (see 4.3.3. for details).
b. This test was 2-tailed because the prediction was not unidirectional (see 1.4. and 3.3. for details).
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Intelligence
As predicted by hypothesis d2, SB was prevalent in relatively intelligent species.
Specifically, the proportions of individuals that exhibited traditional stereotypies – both oralfocused SB and those that involve locomotion or the whole body – were predicted by average
brain volume (corrected for average body mass), with oral and whole-body stereotypies more
prevalent among naturally larger-brained species (Table 4.4.) However, all three forms of SB
were unrelated to innovation frequency (Table 4.4.)

As described in 3.4.3. and 4.4.2., I repeated several of the models with the inclusion of
multiple, correlated natural biology variables to check for the potentially-confounding influence
of related predictors. In all cases, and for all response variables tested, none of the
relationships observed in the original analysis was changed (i.e., no previously significant
effects or trends were lost, and no previously-masked significant effects or trends were
revealed).

4.5. Discussion
It is apparent that some parrot species thrive in captivity, while others are prone to poor
health and/or SB. As the results of this study demonstrate (and in line with previous findings for
other taxa), these differences in captive performance reflect, at least in part, intrinsic differences
in the species’ natural biology. The purpose of this comparative study was to identify intrinsic
risk factors for SB or medical problems in companion parrots by testing for hypothesized
relationships between aspects of natural biology and outcomes reflecting species-typical
susceptibility to SB or poor general health among parrots in this population. I found that natural
foraging effort and average brain volume (corrected for average body mass – one measure of
relative intelligence) each predicted susceptibility to different forms of SB in parrots kept as pets.
Specifically, FDB was prevalent among species whose main food type is relatively time-
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consuming to access in the wild, and traditional stereotypies were prevalent among largerbrained species.
In support of hypothesis b, I identified high natural foraging effort as an intrinsic risk
factor for FDB in companion parrots. Consistent findings were reported for a comparison of
foraging behaviour and feather pecking in genetically different strains of laying hen chick – albeit
for only two hybrid strains. In that study, the two strains exhibited significant differences in
foraging behaviour (i.e., time allocated to various foraging “elements”, like scratching or
examining food) that were paralleled by differences in the frequency of feather pecking
behaviour (Klein et al., 2000). Other experimental studies documented similar differences in the
quality of strain-typical foraging behaviour between pairs of hybrid strains of laying hen with
known genetic differences in susceptibility to developing feather pecking (de Haas et al., 2010;
Kalmendal and Wall, 2012). At this point, redirected foraging behaviour is widely (though not
exclusively) accepted as a key underlying motivation for severe (stereotyped) forms of feather
pecking in laying hens (Kjaer et al., 2015; van Zeeland et al., 2009). However – considering
that hen studies tend to involve only one or a pair of strains – it might be useful to apply the
comparative method to questions about genetic risk factors for feather pecking in commercial
settings.
In order to estimate natural foraging effort, I determined relative food search time. As
described in the General methods (see 3.3. for details), this was a categorical measure of the
relative effort involved in the appetitive phase of feeding, and it was based on characteristics of
the main food type in a species’ natural diet. To derive it, I used information about the relative
distribution, abundance, and other qualities of the species’ main food type (following MettkeHofmann and colleagues; 2012; 2005; 2002) to classify it as associated with relatively long or
short food search time. I used this measure in the absence of quantitative data on activity
budgets, which are scarce for parrots. Because the food search time variable was derived from
information about the species’ natural diets rather than their foraging behaviour specifically, it is
only an indirect measure of foraging effort. Consequently, it is difficult to interpret exactly what
aspect of the natural foraging behaviour might be responsible for the observed relationship
between “foraging effort” and FDB; that is, it remains unclear what captivity lacks for companion
parrots from species with long food search times, and whether or not this is actually related to
effortful foraging per se. One possibility is that the short and long categories for food search
time distinguished between food types requiring less and more exploration, respectively (and
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thus, between species that are naturally less and more exploratory in general). This is plausible
in light of an early report that parrot species judged as exploratory in captivity (based on long
durations of exploration in an experiment) were those that tended to exhibit FDB (Mettke, 1995).
As stated, quantitative data on species-typical foraging behaviour as a proportion of the daily
activity budget have generally not been published. However, in order to clarify whether
susceptibility to developing FDB in captivity is linked with time-consuming natural foraging
behaviour and not some related variable, future tests will ideally make use of these data when
they become available for several species.
As discussed in the General introduction (see Ecological flexibility, cognitive flexibility,
and intelligence in 1.3.4.), accumulating evidence that qualities related to behavioural flexibility
(one component of intelligence) confer resilience in the face of HIREC has prompted
suggestions that some of the same qualities may be beneficial – or not – for success or good
welfare in captivity. Specifically, large brains and innovativeness could be protective in captivity
(as they are in HIREC), if intelligence by these measures confers mainly an ability to adjust to
novel challenges and opportunities (hypothesis d1); or could be risk factors for poor welfare, if
intelligence confers mainly intrinsic motivations to explore and learn that are not easily
accommodated in captivity (hypothesis d2); or could be protective only up to a point, if
intelligence is related to captive success and welfare in non-linear or otherwise nuanced ways
because of hallmarks of captivity (like monotony and spatial restriction) that are absent in
HIREC (hypothesis d3) (Mason et al., 2013; Mason, 2010). This study addressed all three of
these previously untested forms of the hypothesis, and the results provide some support for
intelligence as an intrinsic risk factor for poor captive welfare: consistent with hypothesis d2, I
identified large brain volume relative to body mass as a risk factor for traditional stereotypies –
both oral-focused SB and those that involve locomotion or the whole body – in companion
parrots. To my knowledge, this is the first demonstration of a statistical relationship between a
measure of intelligence and a marker of potentially poor welfare in captive animals.
As discussed in the General methods (see 3.3.), relative brain volume is a single,
indirect measure of intelligence that correlates also with numerous life history variables; and
interestingly, none of the SB variables was predicted by my other indirect measure of
intelligence: innovation frequency. This lack of significant relationships could simply reflect a
data quality issue with the innovation measure (addressed below). Alternatively, it might be that
the biological risk factor signaled by relative brain volume involves qualities of intelligence that
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are unrelated to innovation; or even other measures distinct from intelligence (e.g., the size of a
specific brain region not closely linked to intelligence). Thus, even though the relationship
between brain volume and SB is consistent with hypothesis d2 (intelligence is an intrinsic risk
factor for poor captive welfare), it does not provide proof. As well, it is difficult to interpret
exactly what aspect of intelligence might be responsible for the observed relationship; that is, it
remains unclear what captivity lacks for companion parrots from species with relatively large
brains, and whether or not this is actually related to “boredom” or the frustration of intrinsic
motivations to explore, learn, and/or problem solve.
Different forms of SB appear to have different root causes in parrots, since speciestypical prevalences of FDB and traditional stereotypies were predicted by different aspects of
species-typical natural biology (foraging effort and relative brain volume, respectively). This
finding supports those from primates, in which self-directed and locomotor forms of SB (i.e.,
stereotypic hair-pulling and pacing) were also predicted by different species-level risk factors
(Pomerantz et al., 2013). Indeed, FDB and traditional stereotypies have previously been
labelled as two distinct classes of parrot SB with different genetic and environmental predictors
– at least in the single species examined (orange-winged Amazon parrot, Amazona amazonica)
(Garner et al., 2006). The fact that oral and whole-body SB were here related to the same
intrinsic risk factor suggests that, in parrots, both behaviours may belong to a single category of
behavioural responses to the same problem (an example might be “boredom”-induced attempts
to explore in a monotonous environment). Previously, environmental enrichment studies have
tended to support suggestions that, in parrots and other birds, oral stereotypies arise in
response to a lack of opportunities to forage, while locomotor (whole-body) ones arise in
response to a lack of space and physical complexity (Garner et al., 2006; Keiper, 1969; Meehan
et al., 2004; Polverino et al., 2012). However, these effects were not always easy to tease apart
when different enrichment types were presented simultaneously (as in, e.g., Meehan et al.,
2004; Meehan et al., 2003b); and parrots will reliably develop both oral and locomotor
stereotypies when housed in suboptimal captive environments (Meehan et al., 2004). Similar
findings have been reported for other animal groups (e.g., development of both oral and
locomotor stereotypies in exotic ungulates in the context of restrictive management systems,
though with differences in some of the associated demographic- and husbandry-related
predictors) (Bashaw et al., 2001; Padalino et al., 2014).
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Of course, it is unlikely that aspects of foraging effort and intelligence are the only
natural biology-related predictors of SB prevalences in companion parrots. Other intrinsic risk
factors could involve natural biology variables for which the numbers of species with data
available were fewer than for other variables (e.g., maximum group size or innovation
frequency) or for which small sample sizes within species may have reduced the accuracy of
species average estimates (though this was really only an issue for brain volume, and I
addressed it by setting a minimum sample size) – or others that I was unable to test at all due to
lack of available data (e.g., aspects of locomotor behaviour/flight [see 1.3.4. for details],
exploratory behaviour, or grooming in the wild). My results may also have been affected by the
quality of the data on SB variables (for which it was difficult to ensure consistency since data on
individual parrots were submitted by hundreds of individual pet owners [respondents], each of
whom probably used subtly different implicit criteria for assessing whether particular behaviours
qualified as FDB, oral SB, or whole-body SB); or by the potentially confounding influences of
unmeasured husbandry variables. It is well known that many aspects of rearing or management
can directly affect the behaviour and welfare of captive animals (see, e.g., Mason et al., 2007;
Morgan and Tromborg, 2007): I ensured that any relationships between the natural biology
predictors and several relevant elements of husbandry or demographics did not act as
confounders in the main analysis (see 4.3.3.); however, it is possible that effects were exerted
by other husbandry variables that were not measured for this sample population.
My results did not support the predictions relating SB to social group size, ecological
flexibility, or conservation status (hypotheses a, c, and e, respectively). It is important to note
that, while SB was not predicted by social group size (maximum group size or communal
roosting), this does not mean that there is no link between species-typical sociality and SB in
parrots. Measures like maximum group size and communal roosting essentially describe
gregariousness (i.e., the tendency to group, or number of individuals per group). These
tendencies could be associated with sociality per se (which describes the degree to which
individual group members engage in complex social interactions); but not necessarily – for
example, if members are grouping together for practical reasons rather than in response to a
motivation for social interactions. This scenario is plausible in the case of parrots, which flock
together primarily to aid in predator protection and avoidance while foraging or roosting in the
wild (Westcott and Cockburn, 1988). Thus, while most parrot species are certainly regarded as
highly social – especially within family groups – simple measures of group size may not be the
best estimators of this type of sociality. In any case, while hypothesis a (social isolation is
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detrimental for the captive welfare of naturally gregarious parrots) could be used to make the
prediction that welfare will be poorest in the most naturally social species (i.e., those whose
social networks are the strongest, or whose social interactions are most complex), it also makes
the subtly different prediction that welfare will be poorest in species that naturally congregate in
the largest groups. I focused on the latter prediction, and used species-typical data on
maximum group size and communal roosting to determine that (straightforward) social group
size is not an intrinsic risk factor for SB or medical problems in companion parrots. Whether or
not true sociality is a risk factor remains to be tested when more relevant measures are
available for many species. As discussed in 3.3., quantifying the concept of social complexity is
particularly difficult for birds due to the often temporally- and spatially-flexible nature of their
social systems. Examples of measures that have been used include simple ones based on
average or maximum group sizes (Beauchamp and Fernandez-Juricic, 2004; Emery, 2004) or
mating systems (Emery et al., 2007); “social network” variables that aim to quantify attributes of
relationships between group members not captured by the simpler measures (Wey et al., 2008);
and complex variables that describe “social structure” based on a combination of group sizes
and the presence of transactional social interactions as reported in field guides and similar
publications (Burish et al., 2004).
In contrast to the results for SB, the proportions of individuals per species with
diagnosed medical problems were not predicted by any of the potential intrinsic determinants
tested. It is possible that different species of parrot do not differ in their intrinsic susceptibility to
medical problems when kept as companion animals. However, it seems perhaps more likely
that these results were due, at least in part, to Type II error. To explain, the range of potential
health issues considered by the medical problem status variable may have been so broad as to
introduce significant variability into the resulting species-level estimates of prevalence. The
survey question on which this variable was based asked respondents to answer yes or no to the
question, “Does the parrot have any diagnosed medical problems?” – but did not provide a
definition of the term medical problems, nor list examples for clarification. As a result, individual
respondents will almost certainly have differed with respect to what they considered a “medical
problem”. For example, do these include infectious diseases only, or also, e.g., injuries or
congenital anomalies? Do they include chronic conditions only, or also acute ones? Past
problems, or also current ones? Such variability was probably not systematic, but may have
introduced into the data set enough statistical “noise” to obscure any real effects of natural
biology on medical outcomes. Also, among those health issues that respondents reported (and
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so were represented by the medical problem status variable), some – like congenital anomalies
and some injuries or early digestive problems – typically do not arise in response to chronic
stress or mishandling (Schubot et al., 1992), and so may be less relevant to welfare than those
that are often stress-related. Even medical conditions that are known to develop in the context
of stress-related immune suppression (like opportunistic aspergillosis or psittacosis infections)
can also develop in its absence (Susan Clubb 2011, personal communication). Information
about parrot species that are particularly susceptible to poor health in general when kept as pets
would be interesting to aviculturists and parrot caregivers from a husbandry standpoint; and
importantly, most medical problems frequently are accompanied by discomfort, distress, or pain
(Kalmar et al., 2010) that can lead to reduced welfare. Still, future examinations that assess the
prevalences of medical problems as captive welfare outcomes might usefully focus on specific
conditions that have been most clearly linked to chronic stress or other indicators of poor wellbeing, rather than using a catch-all measure. As well, for the purposes of my analysis, I
essentially assumed that all individuals received comparable veterinary care; however, it would
be useful to confirm that there were no systematic species differences in access to veterinary
care (and thus, likelihood of receiving a medical diagnosis if a problem existed). Relevant data
from our questionnaire that might be used to answer this question (and if needed, to rule out
potentially confounding relationships between access to veterinary care and any of the natural
biology variables) are responses to a question that asked whether or not individual parrots
experienced regular veterinary “health checkups” during the first year of life.
Although the significant relationships identified in this study provide support for the
hypotheses implicating natural foraging effort and intelligence (relative brain size) as intrinsic
risk factors for poor welfare in captive parrots, my results need to be interpreted cautiously. For
one thing, because different types of welfare indicator have different advantages and are
subject to different shortcomings (see 1.3.3.), reliable conclusions about relative welfare should
always be inferred based on data from multiple measures (reflecting, e.g., physiological
functioning, survivorship, reproduction, SB, etc.) (Clubb and Mason, 2007). This study focused
on two types of welfare indicator – SB and medical health – but revealed that the effects of the
two significant predictors were limited to the SB outcomes. For another thing, the respondents
who completed the online research survey were all owners or caretakers of companion parrots,
thus limiting the applicability of the results to parrots housed in private homes (and not those
held in, e.g., breeding facilities or zoos where enclosure setups and management systems are
likely to differ considerably). In fact, though we endeavored to circulate our recruitment
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“advertisement” widely and attract a diverse pool of respondents and data representing both
problem-free birds and those with health or behaviour problems (see 4.3. for details), the
recruitment strategy may still have systematically excluded certain groups (e.g., parrot
caretakers without computer access) or been biased towards others (e.g., those who get most
of their information about parrots from the Internet; have relatively strong interests in ethology
research or conservation or welfare issues; or are based in either Canada or the Netherlands
[where our recruitment activities were focused simply as a matter of course]) (see, e.g., Dale et
al., 2010; Fatjo et al., 2006; Kinkaid et al., 2013). The potential for biases stemming from
systematic differences in survey response patterns among respondents from different cultures
(e.g., differing tendencies to select “favourable” responses) also exists (Matsumoto and Juang,
2004; Meagher, 2009). Finally, as with many online questionnaires, we were not able to
determine a response rate, nor totally exclude the possibility of repeat submissions from single
respondents (Wright, 2005) (though we did attempt to prevent this by providing clear
instructions). Altogether, these sampling issues limit the potential to generalize the results of
this study from the non-random sample I analyzed to the larger population of all companion
parrots. That is, I can be much more confident drawing conclusions about risk factors for SB in
the surveyed sample of companion parrots than about risk factors for poor welfare in all captive
parrots. Fortunately, it is unlikely that self-selection or other biases would have systematically
compromised my data set (i.e., artefactually resulted in relatively more or fewer instances of
positive SB status in one species vs. others in the sample). Indeed, the validity of my specieslevel SB prevalence estimates appears to be intact, since, e.g., overall FDB prevalences
(across all species and for particular species) were in good agreement with those published in
data sets collected in quite different ways (e.g., Gaskins and Bergman, 2011; Gaskins and
Hungerford, 2014; Grindlinger and Ramsay, 1991; Kinkaid et al., 2013; Meehan, 2004).
It is now clear that the prevalences of FDB and traditional stereotypies vary with species
among companion parrots (Gaskins and Hungerford, 2014; Kinkaid et al., 2013; E. Mellor 2014,
in preparation) in ways that reflect intrinsic species differences in natural biology. In order to
better characterize the species differences, it would be useful to incorporate into future analyses
new information that goes beyond the simple presence or absence of a behaviour: for example,
do species also typically differ with respect to the severity of their SB or the proportion of their
time spent performing them? (Though note the latter is apparently difficult to assess for FDB
since, at least in the orange-winged Amazon parrot, the behaviour is performed mainly at night.)
Or, in the case of FDB, do species typically differ with respect to their susceptibility to medical
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conditions that can directly cause the behaviour (like dermatitis, parasites, or infections) (Garner
et al., 2006)? And if there are differences, then are these also predicted by aspects of speciestypical natural biology? Our research survey has already generated data (related to, e.g., SB
frequency, location and severity of feather damage, presence/absence of skin damage in
feather-damaging individuals, and presence/absence of FDB in their related and non-related
conspecifics) that could be applied to these questions.
Pending confirmation using refined measures, my findings provide some early empirical
evidence regarding which aspects of natural biology influence the varying success of different
parrot species kept as companion animals. This information can be used to inform subsequent
investigations of the development of SB in this taxon, but it also offers practical implications for
the housing and husbandry of companion parrots. For instance, we can use information about
relevant aspects of natural biology to predict which parrot species are most – or least – likely to
develop different forms of SB in captivity. This application would be particularly useful for
predicting the likely captive success of species for which good behavioural data have not yet
been collected in captivity (like the more than 100 species common in captivity but not
represented in my survey-generated set of data on companion parrot SB). Based on the results
from this study, relatively intelligent (i.e., relatively large-brained) species and those with
naturally effortful foraging behaviour should be intrinsically susceptible to developing SB when
kept as pets. With this information in hand, we can make informed decisions about which
species to keep – and how. Thus, we might consider avoiding keeping larger-brained species
and/or high-effort foragers, like, e.g., the yellow-faced Amazon parrot (Amazona xanthops), that
we expect will be vulnerable in captivity – or instead, promote the keeping of smaller-brained
species and/or low-effort foragers, like, e.g., the Bourke’s parrot (Neopsephotus bourkii), that we
predict will fare better. Indeed, among species for which the research survey did yield data on
SB, there were several examples of high FDB prevalences in those with naturally long relative
food search times (e.g., 67% in the Ducorp’s corella, Cacatua ducorpsii); high prevalences of
traditional stereotypies in those with relatively large brains (e.g., more than 25% for both oral
and whole-body SB in the red-shouldered macaw, Diopsittaca nobilis); and high prevalences of
all types of SB in high-effort foragers with relatively large brains (e.g., more than 20% for each
of FDB, oral SB, and whole-body SB in the black-capped parrot, Pionites melanocephalus).
Similarly, the Alexandrine parakeet (Psittacula eupatria) is a low-effort forager with a relatively
small brain, of which surveyed individuals exhibited no FDB and low rates of other SB.
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Individuals from vulnerable species, once identified, could be targeted with appropriate
enrichments, especially before they begin to develop signs of SB. This is a practical strategy,
since SB that occurs as a result of altered brain development in the context of sub-optimal
captive environments can be particularly difficult to reverse (Mason et al., 2007). As for which
types of enrichment might be most appropriate, my results provide clues about this, too, by
suggesting which aspects of natural biology are most important to accommodate, especially for
those species that have the intrinsic risk factor(s). For instance, I can predict that enrichments
that increase foraging time (particularly the appetitive phase) might best address FDB, while
those that increase cognitive engagement might best address oral and/or whole-body SB.
Regarding foraging enrichments for FDB, experimental studies have already shown that
enrichments designed to increase the amount of time spent handling and consuming food in
captivity can achieve such increases (though not to natural levels) and/or improve feather
condition (an indirect measure of reduced FDB), at least in gray (Psittacus erithacus) and
orange-winged Amazon parrots (Lumeij and Hommers, 2008; Meehan et al., 2003b; van
Zeeland et al., 2013). In other avian species, foraging enrichments (vs. other, non-foraging
enrichments) have similarly been reported to increase time spent foraging (e.g., in quail; Miller
and Mench, 2005) or most effectively reduce feather-directed SB (e.g., in laying hens; Dixon et
al., 2010). Regarding cognitive enrichments for oral or whole-body SB, the results of
experimental studies testing the effects of these on SB are more difficult to interpret, since it is
generally hard to be confident that a particular “cognitive” enrichment actually exerts its effects
by satisfying (in a sustained way) inherent motivations to explore or engage cognitive abilities
(and not other motivations; e.g., to forage or engage in physical activity [see 1.3.4. for a
discussion of these issues]). To this end, well-known parrot cognition researcher Irene
Pepperberg co-operated with a media design lab to devise a number of technology-based
enrichments designed to engage pets’ (particularly, parrots’) cognitive abilities by exposing them
to novel experiences and opportunities for sustained learning (Pepperberg, 2004). However,
these proposed projects have not yet been completed or tested. Meanwhile, locomotor and,
particularly, oral stereotypies were both prevented and reversed in orange-winged Amazon
parrots in response to enrichments that (though they always included aspects related to both
forging and physical complexity) were constantly rotating, thus introducing novelty and
increasing the complexity of the captive enclosure in ways that potentially created ongoing
opportunities for exploration, or at least reduced environmental predictability (Meehan et al.,
2004). So-called “high novelty” enrichments were also more effective than “low novelty” ones at
reducing welfare-related fear in this same species (Fox and Millam, 2007).
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Overall, the results of this study identify natural foraging effort and a marker of
intelligence as intrinsic determinants of SB in companion parrots; however, still unknown is what
the mechanisms of these effects are. Captive conditions are apparently least adequate for
normal behavioural functioning in relatively larger-brained species and those that naturally
spend a relatively long time searching for food in the wild. This might be because intelligent
species that are intrinsically motivated to explore and learn and species with naturally effortful
foraging behaviour become especially frustrated (and thus, prone to developing SB) in the
context of captive environments that provide insufficient opportunities for them to express these
highly-motivated behaviours. Alternatively or as well, marked differences between captive and
natural conditions with respect to opportunities for foraging and/or cognitive engagement may
mean that captive settings represent deprived rearing environments that promote abnormal
development of the brain (and consequently, behaviour), particularly in naturally effortful
foragers and/or large-brained, intelligent species (Clubb and Mason, 2007). Some support for
this latter idea comes from the orange-winged Amazon parrot, in which traditional stereotypies
were shown to reflect a general disinhibition of the dorsal basal ganglia’s behavioural control
mechanisms (Garner et al., 2003). This finding is consistent with those from non-autistic or
autistic humans, in which motor stereotypies reflected dysfunction of the same neural circuitry
and were predicted by lowered executive functioning (Kates et al., 2005; LeMonda et al., 2012).
Of course, given that FDB and other forms of SB were predicted by different aspects of natural
biology, the mechanisms involved in those relationships might very well differ also.
Also unknown at this point are whether the same intrinsic determinants identified in this
study also predict SB in parrot populations that are maintained under different captive conditions
(e.g., those housed in breeding facilities or zoos); and whether foraging effort and/or indicators
of intelligence also predict other, non-SB-related welfare measures in any of the captive settings
(thus suggesting that they are determinants of welfare in general) – or instead, whether the
intrinsic risk factors for other welfare problems or in other captive settings are different. Some of
these questions were the focuses of Studies 3 and 4, which are described in Chapters 5 and 6
of this thesis.
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Chapter 5
Study 3: Intrinsic risk factors for reproductive problems in parrots from private aviculture

5.1. Abstract
Some parrot species thrive in captivity, while others appear inherently prone to
developing stereotypic behaviour, poor health, breeding difficulties, or other signs of poor
welfare. As demonstrated previously in other taxa (carnivores, ungulates, and primates), these
variations in relative welfare among closely-related species reflect intrinsic differences in the
species’ natural biology. The purpose of this comparative study was to identify which natural
characteristics are intrinsic risk factors for reproductive problems in parrots maintained for
aviculture – a group that includes millions of captive individuals from this taxon and dozens of
biologically-diverse species that seem to exhibit marked variation in reproductive success. My
captive reproduction measures were species-typical hatch rate (annual; published for 122
species in a census of private aviculturists) and relative breeding difficulty
(easy/moderate/difficult, as judged by aviculture experts; published for 141 species in an
aviculture text). I investigated four species-typical characteristics that were hypothesized to
predict poor welfare: large natural group size, high natural foraging effort, ecological specialism,
endangered conservation status; and one, intelligence, that was suggested as either a risk or
protective factor for welfare. For each species, I recorded from the literature data on several
variables corresponding to these characteristics. I tested for hypothesized relationships
between the natural biology variables and the outcomes reflecting reproductive success in
captivity. I controlled for phylogenetic non-independence (by using phylogeneticallyindependent contrasts) and, as necessary, for intrinsic species differences in natural fecundity
or body size, differential research effort among species, and correlated predictors. I found that
expert judgement of a species as relatively “difficult” to breed in captivity was most common
among those whose main food type is relatively time-consuming to access in the wild
(F (1,47) =11.41, P<0.001) and those with naturally narrower habitat breadths (F (1,48) =5.46,
P<0.05); and captive hatch rates were lower among increasingly endangered species
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(F (1,35) =3.17, P<0.05) and, potentially, among relatively larger-brained species and those with
more reported instances of innovative feeding behaviours in the wild (F (1,28) =3.13, P=0.088 and
F (1,25) =3.20, P=0.086, respectively). Natural group size was not a predictor of reproductive
success. Thus, high natural foraging effort, ecological specialism, and endangered
conservation status (and possibly, markers of relatively high intelligence) are intrinsic risk
factors for reproductive problems (and potentially, poor welfare) in parrots from private
aviculture.
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5.2. Introduction
The general purpose of this research project was to identify, using the comparative
method, the intrinsic risk or protective factors for poor welfare in captive parrots. The rationale
for focusing on this particular taxon is discussed in detail in the General introduction (Chapter 1:
see 1.3.) Existing hypotheses suggest that aspects of natural biology that are constrained in
captivity, or ones that influence behavioural flexibility, are risk factors that account for the
apparently intrinsic species differences in relative welfare. These hypotheses make testable
predictions: species that typically exhibit the risk factors (or have the highest levels) will be
inherently most susceptible to poor captive welfare. The general hypotheses and associated
predictions that I examined in Studies 2, 3, and 4 are summarized in 1.4. In Study 3, I used
published data on captive reproduction to assess the relationships between the proposed
biological risk/protective factors and species-typical outcomes related to reproductive success in
parrots from private aviculture.
Though parrots have been traded for more than 2000 years and maintained in captivity
here in North America for more than 1000 years, parrot aviculture – the breeding and rearing of
parrots in captivity – really only became prevalent around the mid-20th century, when parrots
were first widely popularized as pets. In those early days, small-scale, private breeders
produced parrots to supplement the growing market, which was originally filled mainly with wildcaught individuals. Later, especially after restrictions on the importation of wild-caught birds
took effect, commercial breeding facilities began producing larger numbers of parrots
domestically (Tweti, 2008). Some details about the various types of aviculture system and the
parrot populations they house are described in the General introduction (see 1.3.2. i.-iii.) As
discussed in that section, parrots are now commonly bred in both commercial systems (which
produce primarily budgerigars, Melopsittacus undulatus; cockatiels, Nymphicus hollandicus; and
peach-faced lovebirds, Agapornis roseicollis) (Engebretson, 2006; Low, 2000) and private ones
– as well as in some zoos or conservation centres and, less commonly, in laboratory-based
colonies (for research purposes; e.g., Meehan et al., 2004). Of course, these systems are likely
to differ significantly with respect to numbers of birds and typical housing conditions (e.g.,
ranging from pair housing in small, relatively barren breeding cages with a nest box, to colonial
housing in large aviary systems that allow for free mate choice, social interaction, and physical
activity/flight – though also less human control over breeding and access to hatchlings)
(Engebretson, 2006). In Study 3, all captive reproduction data represented parrots housed in
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private aviculture systems only. The number of these systems in operation and the sizes and
compositions of the populations they maintain are unclear; however, some summary details are
available from a (somewhat dated) census that collected data from private aviculturists active in
the United States (Allen and Johnson, 1991). In that sample of 1,183 aviculturists, an average
breeding collection included 28 parrots (population sizes ranged from fewer than ten to more
than 200 individuals). Aside from budgerigars and cockatiels (which were excluded from the
main census), the most commonly-bred species were the peach-faced lovebird, gray parrot
(Psittacus erithacus), blue and yellow macaw (Ara ararauna), salmon-crested cockatoo
(Cacatua moluccensis), white-crested cockatoo (C. alba), and yellow-crowned Amazon
(Amazona ochrocephala). Large breeding populations of budgerigars and cockatiels were kept
by roughly 30-50% of private aviculturists who also bred other species, and the total number of
individuals from these two species nearly matched that of individuals from all other (183)
species combined. Overall, the species emphasized in captive breeding tended to be those that
were in high commercial demand as pets and either were not readily available from the wild, or
were readily available from the wild, but also valuable (Allen and Johnson, 1991).
Whether they are breeding parrots for profit, personal enjoyment, or some other reason,
aviculturists are generally focused on producing many, healthy chicks – and so the reproductive
success of their birds (and the factors that moderate it) is necessarily of primary importance
among this group. However, impaired reproduction is not only a practical issue, but also can
signal poor welfare. This concept is described, and the use of reproductive measures as
welfare indicators is examined, in the General introduction (see Decreased reproductive
success in 1.3.3.) Numerous factors associated with reproductive success or failure at the
individual level have been reported for parrots in the aviculture literature. These relate mainly to
husbandry practices, including techniques and interventions – like, e.g., surgical sexing,
nutritional supplementation, egg fertility assessment, and artificial incubation – that are known to
improve breeding outcomes but are not consistently applied across captive breeding
populations (Allen and Johnson, 1991). Among socially monogamous species like most parrots,
pair behavioural compatibility seems to be another important determinant of individual
reproductive success (Fox and Millam, 2014). Also widely noted in the aviculture literature are a
number of species – like the budgerigar, cockatiel, peach-faced lovebird, and rose-ringed
parakeet (Psittacula krameri) (see 1.3.2. ii.-iii.) – that tend to reproduce reliably across a wide
range of captive breeding systems. (As discussed in 3.1., two of these “prolific” breeders have
had such consistent captive breeding success that they may now be domesticated.)

159

Meanwhile, other species seem particularly prone to low captive hatch rates (relative to their
natural, baseline rates), or simply tend not to breed readily in captivity (discussed in the General
introduction, with examples: see 1.3.3.) Though empirical evidence is lacking, these reports of
stable, cross-species differences in reproductive success suggest that this potential marker of
relative welfare is predicted not only by individual-level risk/protective factors related to pair
compatibility or husbandry, but also by species-level (i.e., intrinsic) factors.
As indicated above (and discussed in the General introduction; and in 4.2., in the
contexts of stereotypic behaviour [SB: see 1.3.3.] and medical health), a number of hypotheses
have been proposed to account for the species differences in relative welfare among parrots.
According to these still-untested hypotheses, various genetically-determined species
characteristics (i.e., those that reflect species-typical physiology or natural behavioural biology)
are risk factors that are associated with intrinsic susceptibility to welfare-sensitive outcomes like
reproductive problems in captivity. Each existing hypothesis is presented and detailed
individually in the General introduction (see 1.3.4. & 1.4.); but essentially, they are of two main
types, and are discussed here in relation to their implications for reproductive success in captive
parrots.
The first type of hypothesis suggests that the intrinsic risk factors for poor captive
welfare are natural, species-typical behaviours that are prevented by the structure of the captive
environment. Animals may remain persistently motivated to engage in such behaviours even
when they cannot, and the frustration this causes may promote the development of abnormal
behaviours and, if frustration is ongoing, a host of health problems secondary to stress-related
immunosuppression or sustained over-activation of the body’s hormonal stress response (Clubb
and Mason, 2007; Mason et al., 2007; van Zeeland et al., 2009). For captive parrots, the most
severely constrained classes of natural behaviour appear to be sociality, foraging, and
locomotion (Meehan and Mench, 2006), and there is some empirical evidence that both
interacting with conspecifics and performing foraging-related activities are, in fact, highlymotivated behaviours in this taxon. For instance, parrots will work to access food items that
require extensive manual processing, even when regular food is freely available (Rozek and
Millam, 2011); and will cross barriers to access conspecifics, even when they will not do so to
access food or toys (Meehan and Mench, 2006). In the context of captive breeding,
observations documented by aviculturists, or by researchers working with parrots housed in
breeding setups, are consistent with links between the restriction of these apparently motivated
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natural behaviours and reproductive problems in captive parrots. For instance, relatively poor
welfare (e.g., high rates of SB) and low productivity in aviculture budgerigars that were pair
housed in small cages (vs. socially housed in larger cages) were attributed to the increased
restriction of social and/or locomotor behaviours imposed by the pair setup (Polverino et al.,
2012). Similarly, general inactivity during a reproductive trial with captive Amazon parrots
(Amazona spp) was attributed to the restriction of natural foraging behaviours – and the
suggestion was made that overall well-being and reproductive performance could be improved
by “normalizing” the percentage of the captive activity budget that is devoted to foraging
behaviour (Millam, 1999). Indeed, interventions designed to accommodate important, speciestypical behaviours appear to increase fertility and/or breeding success in a number of species
(including, e.g., Amazon parrots housed in same-species or same-genera “flocks” during the
non-breeding season; naturally colonial breeding Alexandrine parakeets, Psittacula eupatria,
housed in large flight cages with multiple adjacent nest boxes; or Major Mitchell’s cockatoos,
Cacatua leadbeateri, provided with naturalistic ground foraging setups) (Wilson, 2006).
Anecdotally, Meehan and Mench (2006) reported that ten orange-winged Amazon parrots
(Amazona amazonica), all of which had failed for three years to reproduce when pair housed in
standard cages, produced several eggs and two sets of chicks (one from an original pair; one
from a new, self-selected pair) after they were transferred to group housing in a large flight cage
with physical and foraging enrichments. Of course, the developmental effects of restricting the
natural social behaviours of very young animals are well known. In particular, premature
maternal separation can impair normal brain development and have other negative effects on
the lifelong health and welfare of unweaned animals (reviewed briefly in Fox, 2006), including
parrot chicks (Schmid et al., 2006). Accordingly, early socialization is generally considered to
be critical for adult breeding success among birds (Meehan et al., 2003a; Wilson, 2006) and, in
parrots, results from reproductive endocrinology and behaviour studies suggest that premature
separation from the parents for hand-rearing can impair adult fertility and interfere with the
development of normal breeding-related behaviours in the cockatiel and orange-winged
Amazon parrot (Fox, 2006; Millam, 1999). Finally (as suggested in 4.2.), while reproductive
problems have generally not been discussed in the parrot literature in the context of responses
to ‘motivational frustration’ per se (i.e., authors tend to focus on SB as a more direct response),
these can also be welfare-related outcomes in captive environments where constraints on
highly-motivated natural behaviours cause ongoing frustration and SB. This is because
suppressed reproduction (physiology and behaviour) is prevalent among individuals whose
hormone-controlled stress-response systems become chronically overactive in response to
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persistent stress (see Decreased reproductive success in 1.3.3.) Indeed, egg binding, ectopic
eggs, and failure to produce repeat clutches have all been observed in parrots subject to
ongoing stressors (while parrots maintained in “optimal conditions” are often seen to outpace
their natural reproductive rates by producing four or more clutches per year in captivity, with no
apparent ill effects) (Gartrell, 1997). Suppressed reproduction also tends to co-vary with other
signs of poor well-being, including SB (Garner et al., 2003). As discussed in Chapter 4 (see
4.2.), an inadequate environment may create a state of sustained stress that alters brain
function in ways that could both promote the development and persistence of abnormal
behaviours, and interfere with the development or expression of normal ones – including
reproductive behaviours (Clubb and Mason, 2007; Diez-Leon et al., 2013; Mason et al., 2007;
Meehan and Mench, 2006; van Zeeland et al., 2009).
The second type of hypothesis suggests that the intrinsic determinants of welfare involve
cognitive or anatomical/physiological aspects of behavioural flexibility, or other properties of
intelligence. Traits like these moderate species’ abilities to adjust their behaviour in order to
cope with a changing environment, and have already been shown to predict success (e.g.,
extent of population persistence or post-translocation population establishment) among wild
animals exposed to human-induced rapid environmental change (HIREC). Theoretically,
characteristics that signal behavioural flexibility may similarly predict success among animals
held in captivity, with its evolutionarily new restrictions, opportunities, and social structures (that
arguably parallel those that characterize HIREC). These concepts, and the rationale for these
hypotheses, are fully detailed in the General introduction (see Behavioural flexibility and
intelligence in 1.3.1. iv. for a discussion of behavioural flexibility; and see 1.3.4. for a description
of hypotheses that relate captive welfare to species-typical behavioural flexibility and/or
intelligence). Briefly, relevant traits that are most often proposed as predictors of captive
success include ecological flexibility (i.e., resource generalism vs. specialism) and, potentially,
cognitive flexibility (one component of intelligence), with generalists and cognitively flexible
species expected to fare relatively better than specialists or inflexible ones. Indeed, reports that
generalist omnivores “adapt well” to captivity, or that less specialized animals generally “settle
down” most readily in zoos, are common (Boorer, 1972; Clubb and Mason, 2007). Similar
appears to be true for animals that exhibit other forms of flexible behaviour in captivity. For
instance, among female zebra finches breeding in a captive colony, reproductive success was
highest for those that employed an alternative reproductive strategy (extra-pair mating) after
experiencing failed breeding attempts with their usual breeding partner (vs. those that did not;
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Baran and Adkins-Regan, 2014). It is unclear, however, whether high intelligence would act as
a protective factor in captivity (conferring the ability to flexibly and appropriately adjust
behaviour); or a risk factor (conferring intrinsic motivations to explore or problem solve that may
be frustrated in a monotonous environment); or some combination of the two. The possible
motivational aspects of intelligence are implicitly referenced by reports that claim intelligent
species like primates are especially prone to “boredom” in zoos (Maple, 1979; Mason et al.,
2013). Considering that potentially “bored” individuals appear prone to inactivity (Meagher et
al., 2013; Meagher and Mason, 2012), it is plausible that intelligent species whose cognitive
motivations are frustrated in captivity might be susceptible to reproductive problems of the types
that have been demonstrated to stem from inactivity (or consequent obesity) in other species
(Jungheim et al., 2012; Meagher et al., 2012). Whatever the mechanism, suppressed
reproduction (and other health-related markers of poor welfare) has been observed frequently
among intelligent species housed in zoos (e.g., in elephants; Veasey, 2006). Regarding
intelligence, then, there are multiple alternative hypotheses. A final hypothesis related to
behavioural flexibility suggests that conservation status is a predictor of captive success, with
endangered species expected to fare relatively worse than non-endangered ones.
Endangeredness is not actually a biological trait; however, endangered species are often
suggested to be particularly difficult to keep successfully (Mason et al., 2013), and so the
rationale is that the combination of traits that predisposes species to extinction risk in the wild
may also predispose vulnerable species to fare poorly in captivity. For instance, a recent
paired-species comparison revealed that mammal and bird species held in zoos tend to be less
threatened than their close relatives not held in zoos (Martin et al., 2014); and endangered
species that are housed in captivity apparently tend towards susceptibility to low fecundity and
high infant mortality (Macdonald et al., 2008) – though this may often simply reflect the reduced
genetic diversity that results from small population sizes (Macdonald et al., 2008; Romiguier et
al., 2014). Certainly, only a relatively small proportion of threatened taxa has been consistently
(and reliably) bred in captivity (Conway, 1986; Snyder et al., 1996) and, regarding birds
specifically, captive breeding is suggested to be more challenging with endangered species
than with their non-endangered close relatives (Derrickson and Snyder, 1992). Potential
support for this theory can be found in the results of the aviculture census described above
(Allen and Johnson, 1991), whose authors remarked that threatened parrot species listed on
Appendix I of the Convention on International Trade in Endangered Species of Wild Fauna and
Flora (CITES; see International trade in parrots in 1.3.2. ii.) seemed poorly represented in
private aviculture. In that sample (1,183 breeding collections), of 21 Appendix I-listed species
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reported, only two (salmon-crested cockatoo; and scarlet macaw, Ara macao) were held in large
numbers by breeders. Furthermore, Appendix I-listed species represented about ~10% of total
individual birds held by breeders, but produced only ~5% of total chicks hatched annually (Allen
and Johnson, 1991).
As stated at the opening of this introduction, the general purpose of this research project
was to identify, using the comparative method, intrinsic risk or protective factors for welfare in
captive parrots. A list of the general hypotheses and associated predictions examined in
Studies 2-4 is presented in the General introduction (see 1.4.) In Study 3, I used published data
on captive reproduction to test these hypotheses in the context of species-typical reproductive
success in parrots from private aviculture. Accordingly, presented immediately below is a list of
the specific hypotheses and predictions tested in this study. (Note: these correspond directly to
the general hypotheses listed in 1.4., but reference the welfare outcomes measured in this
study.)

Specific hypotheses for Study 3
(See 1.4. for general versions)

a) Sociality (social group size)
Hypothesis
Welfare problems are caused by social isolation (absence of and/or lack of opportunity for
interaction with conspecifics)
Prediction
Among aviculture parrots, reproductive success will be lowest in species that naturally
congregate in the largest groups
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b) Foraging effort
Hypothesis
Welfare problems are caused by the restriction of foraging behaviours
Prediction
Among aviculture parrots, reproductive success will be lowest in species with the most timeconsuming or manipulative natural foraging behaviours

c) Ecological flexibility
Hypothesis
Welfare problems are caused by a limited ability to modify behaviour in order to adjust to the
novel ecological challenges, opportunities, and features of the captive environment
Prediction
Among aviculture parrots, reproductive success will be lowest in ecologically inflexible species;
i.e., resource specialists with the narrowest habitat or diet requirements

d) Intelligence
1) Hypothesis
Welfare problems are caused by a limited ability to modify behaviour in order to adjust to the
novel cognitive challenges, opportunities, and features of the captive environment
Prediction
Among aviculture parrots, reproductive success will be lowest in species that are relatively least
intelligent (and thus, cognitively inflexible; e.g., smallest-brained or least innovative)

2) Alternative hypothesis
Welfare problems are caused by “boredom” or frustration of intrinsic motivations to explore,
learn, and/or problem solve
Prediction
Among aviculture parrots, reproductive success will be lowest in species that are relatively most
intelligent (and thus, intrinsically motivated to seek cognitive challenge; e.g., largest-brained or
most innovative)
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3) Alternative hypothesis
Intelligence is an intrinsic determinant of captive welfare, but its relationship with welfare
problems is non-linear
Prediction
Among aviculture parrots, increasing intelligence (e.g., brain sizes or innovation frequencies)
will predict improving reproductive success up to a point, beyond which further increases in
intelligence will predict declining success

e) Conservation status
Hypothesis
Species that are non-resilient in the wild (vulnerable to, e.g., population decline or poor
establishment success in response to various forms of anthropogenic threat) are similarly nonresilient in captivity (e.g., difficult to maintain as self-sustaining populations, or susceptible to
other indicators of poor welfare)
Prediction
Among aviculture parrots, reproductive success will be lowest in the most highly endangered
species

5.3. Methods
I followed the same basic methods for each of the comparative studies (Studies 2-4).
Those methods that were common to all three are presented in the General methods (see
Chapter 3, which includes information about the study species examined, the variables used to
measure proposed intrinsic welfare determinants [natural biology variables], and the
comparative analyses applied to the data [general background and specific statistical
procedures]). This chapter provides additional methodological details that were specific to
Study 3.
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5.3.1. Indicators of relative welfare in captivity – reproduction variables
My initial aim was to collect original data on reproductive success in captivity (i.e.,
species-typical reproductive measures that I expected would be sensitive to differences in
relative welfare) either via an online research survey of private parrot breeders, as in Study 2
(see Chapter 4) or by directly accessing records from institutions with large, multi-species
breeding collections of parrots. However, during the extensive planning stage of this study, I
was advised by several aviculture experts and researchers who had previously attempted to
work with private breeders that members of this group would be reluctant to participate in a
survey; and particularly, to share their breeding records (partly due to a lack of consistent
record-keeping). I also discovered that the curators of several large breeding collections were
interested in my project, but were equally unwilling to share their institutions’ records (citing
primarily confidentiality, but also concerns that artificial selection and/or species-specific
breeding interventions might obscure the species differences in intrinsic captive breeding
success that I wanted to assess). (See 5.5. for additional discussion of these issues.)
Eventually, in the interest of time and to ensure that I could obtain sufficient data to analyze, I
decided to record reproduction data from already-published resources. Accordingly, described
in this section are details about the data sources I used and the specific variables I created to
estimate two different measures of species-typical reproductive success in captivity. Also
described here, where applicable, are similar details about an additional variable that I
considered in some of the tests, in order to account for potentially-confounding relationships
with a captive reproduction variable.

Captive reproduction variable
i) Hatch rate
Basic annual breeding data were available for multiple parrot species from the Psittacine
Captive Breeding Survey – a major census of private aviculturists in the United States that was
published in 1991 by TRAFFIC USA (Allen and Johnson, 1991). The project described in this
report was the first such large-scale survey of private aviculturists and, because a follow-up
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study has never been attempted (Rosemary Low 2012, personal communication), the
comprehensive breeding data set it summarizes remains the most recent.
According to the report, the captive breeding survey was initiated by TRAFFIC USA – a
wildlife trade monitoring program created through a partnership between the World Wildlife
Fund (WWF) and the International Union for Conservation of Nature (IUCN) – to address an
almost total absence of readily-available quantitative data on captive breeding by private
aviculturists. At that time, as wild bird imports into the United States dropped dramatically in
response to the passage of the Wild Bird Conservation Act (U.S. Fish & Wildlife Service:
International Affairs, 1992), specific goals of the survey were to assess the ability of private
aviculture (current and potential) to meet a growing demand from the United States pet bird
industry for captive-bred parrots, and to identify factors driving private aviculture in that country
(Allen and Johnson, 1991). The survey form, which included a short questionnaire and a
census sheet on which respondents recorded breeding parameters by species present in their
collections for a single, specific year, was distributed by mail to members of the American
Federation of Aviculture and its affiliated bird clubs for completion between May and August
1990. The form was also published as an insert in the May/June 1990 issue of Bird World
magazine, and provided to persons who requested it directly from TRAFFIC USA. The
completion rate was estimated at approximately 6-8% of between 15-20,000 individuals who
received the form, and the data submitted documented breeding activity among at least 31,000
individual parrots representing 183 different species and maintained in 1,183 private breeding
collections. Of course, as noted by the authors, the sample population described by the
Psittacine Captive Breeding Survey was not a true random sample of all parrots maintained for
captive breeding by private aviculturists in the United States at the time the survey was
conducted; and therefore, the extent to which the survey data represented that overall
population was unclear (Allen and Johnson, 1991).
I used basic breeding data published the Psittacine Captive Breeding Survey (Appendix
II in Allen and Johnson, 1991) to calculate each species’ hatch rate, which was the number of
chicks hatched per breeding pair per year (calculated by dividing the total number of chicks
hatched in 1989 by the number of breeding pairs present in the collection that year). Data were
available for 122 species (Table 3.1.; 115 of these were available for analysis after excluding
species for which calculated values for hatch rate were based on data from fewer than three
breeding pairs; and after considering natural fecundity, as described immediately below).
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Potentially-confounding variable considered
Natural fecundity
I accounted for the fact that species differ in their “normal” or baseline reproductive rates
(i.e., with some exhibiting intrinsically lower hatch rates [or mating frequencies, fertilization
rates, etc.] than others even in optimal free-ranging conditions, such that values recorded in
captivity should be compared with benchmark values determined for the same species in the
wild) (Mason, 2010). For each species, I recorded median number of eggs per clutch (clutch
size) and median number of clutches per year as reported for wild-living parrots by Juniper and
Parr (1998) and del Hoyo and colleagues (1997); and then calculated natural fecundity, which
was the product of median clutch size and median clutches per year. This method followed,
e.g., Cassey and colleagues (2004a; 2004b) and Munshi-South and Wilkinson (2006). Data
were available for 178 species (Table 3.2.) Natural fecundity accounts for all eggs laid in a
single year, while (captive) hatch rate accounts for only those eggs that actually hatch (though it
may potentially reflect human intervention to promote multiple clutches among species that
typically produce only one in the wild); however, both measures are similarly unaffected by
subsequent chick survival rates.

Captive reproduction variable
ii) Relative breeding difficulty
Qualitative data on relative captive breeding success were published for multiple species
in a technical reference manual on parrot aviculture that was written by a group of aviculture
researchers and avian veterinarians (Schubot et al., 1992). In particular, this text includes a
table in which species are classified as typically ‘difficult’, ‘moderate’, or ‘prolific’ in reference to
how subjectively “easy” it is to breed them successfully in the context of private aviculture (Table
3-1 in Schubot et al., 1992). These classifications were based on the consensus judgments of
the authors (including Susan Clubb, a well-known avian veterinarian and researcher), in
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consultation with other well-known aviculture experts (in particular, Rosemary Low, the author of
more than 30 books on aviculture and a former Curator of Birds at Loro Parque, Tenerife –
which holds one of the world’s largest multi-species breeding collections of parrots). Referring
to the ‘ease of breeding’ classifications, I recorded each species’ relative breeding difficulty,
which was a categorical measure of how “difficult” a species is to breed successfully in captivity
(i.e., relative to other species): easy, moderate, or difficult.

Data were available for 141

species (Table 3.1.) Relative breeding difficulty should be a useful compliment to the
quantitative measure of species-typical reproductive success in captivity (i.e., hatch rate) –
especially because, when assessed by the categorical measure, intrinsic tendencies for species
to be relatively ‘easy’ vs. ‘difficult’ to breed should not be obscured by possible effects of
breeding interventions that vary with species.

5.4. Results

5.4.1. Potential confounders identified and controlled for
In addition to controlling, in all relevant models, for potential confounders that I identified
a priori based on their associations with specific natural biology variables or captive
reproduction variables (see 3.3. and 5.3. respectively, for variables and descriptions), I tested
and controlled for multicollinearity of the predictors.
Correlated predictors
As described in detail in Chapter 4 (see 4.4.2. for results), the ecological flexibility
variables were related (as were habitat breadth and Red List status); and the social group size
variables appeared to be related. There were also some potentially-confounding relationships
among predictors. These relationships are detailed in 4.4.2.; and the procedure I used to
control for the influence of correlated predictors is described in 3.4.3.
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5.4.2. Predictors of reproductive problems in aviculture parrots
There was no support for the prediction relating reproductive success in captivity to
social group size (hypothesis a). Thus, hatch rates were not decreased among species with
naturally large social groups, nor were such species judged by aviculture experts as relatively
difficult to breed in captivity (Table 5.1.) However, these measures of reproductive success
among aviculture parrots were related to several aspects of natural biology, two of which –
foraging effort and intelligence – also predicted rates of SB among companion parrots in Study
2 (see Chapter 4; e.g., Table 4.4.)
Foraging effort
As predicted by hypothesis b, reproductive problems in captivity were prevalent among
species whose natural foraging behaviour is relatively time-consuming. Specifically, relative
breeding difficulty was predicted by relative food search time, with expert classification of a
species as relatively “difficult” to breed in captivity most common among those whose main food
type requires a relatively long time (i.e., more effort) to search for and access in the wild (Table
5.1.)
Ecological flexibility
As predicted by hypothesis c, reproductive problems in captivity were prevalent among
resource specialists. Specifically, relative breeding difficulty was predicted by habitat breadth,
with expert classification of a species as relatively “difficult” to breed in captivity most common
among those with naturally narrower habitat breadths (Table 5.1.) However, reproductive
problems in captivity were unrelated to diet breadth (Table 5.1.)
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Table 5.1. Results from linear regressions of phylogenetically-independent contrasts to test relationships between species-typical measures of
reproductive success in captivity and natural biology variables.
(See 3.3. and 5.3. for variable definitions.)
Hypothesis / proposed
intrinsic determinant of welfare

Natural biology variable
(when controlling for confounder listed)

Captive reproduction variable

a

(when controlling for confounder listed)

Hatch rate
Natural fecundity

a

Relative breeding difficulty
(easy  difficult)

Maximum group size

F (1,25) =0.28, P=0.701

F (1,39) =1.86, P=0.912

Communal roosting (n  y)

F (1,35) =0.44, P=0.254

F (1,48) =1.38, P=0.879

b) Foraging effort

Relative food search time (short  long)

F (1,32) =0.57, P=0.226

F (1,47) =11.41, P=0.001 (+)

c) Ecological flexibility

Diet breadth

F (1,35) =0.27, P=0.303

F (1,48) =0.034, P=0.573

Habitat breadth

F (1,35) =0.005, P=0.527

F (1,48) =5.46, P=0.012 (-)

F (1,28) =3.13, P=0.088 (-)

F (1,34) =0.17, P=0.685

F (1,25) =3.20, P=0.086 (-)

F (1,36) =0.004, P=0.952

F (1,35) =3.17, P=0.042 (-)

F (1,48) =0.44, P=0.255

a) Social group size

d) Intelligence

Avg brain volume

b

Avg body mass

Innovation frequency

b

Research effort

e) Conservation status

IUCN Red List status
(least concern  extinct in wild)

All tests were 1-tailed, except where indicated. Significant results and trends are in bold font. (+) Natural biology variable was a positive predictor
of the captive reproduction variable; (-) Natural biology variable was a negative predictor of the captive reproduction variable.
Abbreviations
Avg, average
IUCN, International Union for Conservation of Nature
Footnotes
a. Terms in italic font are potential confounders related to systematic species differences in body mass, research intensity in the wild, or baseline
reproductive rate (see 3.3. and 5.3. for details and definitions).
b. This test was 2-tailed because the prediction was not unidirectional (see 1.4. and 3.3. for details).
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Intelligence
As predicted by hypothesis d2, reproductive problems in captivity appeared to be
prevalent among relatively intelligent species. Specifically, there were trends for hatch rate
(corrected for natural fecundity) to be predicted by both average brain volume (corrected for
average body mass) and innovation frequency (corrected for research effort), with hatch rates
apparently lower among naturally larger-brained species and those with more reported
instances of innovative feeding behaviours (Table 5.1.)
Conservation status
As predicted by hypothesis e, reproductive problems in captivity were prevalent among
relatively endangered species. Specifically, hatch rate (corrected for natural fecundity) was
predicted by International Union for Conservation of Nature (IUCN) Red List status, with hatch
rates lower among increasingly endangered species (Table 5.1.)

As described in 3.4.3. and 4.4.2., I repeated several of the models with the inclusion of
multiple, correlated natural biology variables to check for the potentially-confounding influence
of related predictors. For all models with relative breeding difficulty as the response variable,
none of the relationships observed in the original analysis was changed (i.e., no previously
significant effects or trends were lost, and no previously-masked significant effects or trends
were revealed). The same was true for all models with hatch rate (corrected for natural
fecundity) as the response variable – with a single exception: In the main analysis, larger brain
volumes tended to predict lower hatch rates in captivity (above, and Table 5.1.); however, brain
volume (corrected for body mass) was positively correlated with another natural biology
variable: relative food search time (see 4.4.2.) Even though food search time did not predict
captive hatch rate either alone (Table 5.1.) or when brain volume was included in the model as
an additional predictor (F (1,23) =0.96, P=0.166, 1-tailed), the original trend for larger brain
volumes to predict lower captive hatch rates was lost when food search time was included as an
additional predictor in that model (F (1,23) =0.87, P=0.353, 2-tailed). However, recall that each
comparison in the analysis included only those taxa for which data were available on all
variables in the associated model (see 3.4.2.) The original model comparing brain volume and
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hatch rate included 88 species, but the model that added relative food search time as another
predictor included just 79 – too few species to detect the tentative relationship between brain
volume and hatch rate in the first place (F (1,24) =1.68, P=0.20, 2-tailed – i.e., when the
relationship with food search time was not considered in the 79-species model). Thus,
subsequent testing suggested that the apparent loss of trend when food search time was
considered reflected not an effect of the correlated predictor itself, but rather, a loss of taxa from
the comparison when the extra predictor was included (and thus, potentially a loss of statistical
power to detect the effect of brain volume on hatch rate).

5.5. Discussion
It is apparent that some parrot species thrive in captivity, while others are prone to
suppressed reproduction. As the results of this study demonstrate (and in line with previous
findings for other taxa), these differences in captive performance reflect, at least in part, intrinsic
differences in species’ natural biology. The purpose of this comparative study was to identify
intrinsic risk factors for reproductive problems in aviculture parrots by testing for hypothesized
relationships between aspects of natural biology and outcomes reflecting species-typical
reproductive success. I found that natural foraging effort, ecological flexibility, conservation
status, and (possibly) measures of intelligence all predicted reproductive outcomes in parrots
maintained for aviculture. Specifically, “difficulty” breeding in captivity was most common
among species whose main food type is relatively time-consuming to access in the wild and
those with narrower habitat breadths; and captive hatch rates were lower among increasingly
endangered species, and tended to be lower among larger-brained species and those with more
reported instances of innovative feeding behaviours.
In support of hypothesis b, I identified high natural foraging effort as an intrinsic risk
factor for relative breeding difficulty in aviculture parrots. This may be the first empirical
demonstration of a relationship between species-typical foraging behaviour in the wild and
suppressed reproduction in captivity, and the implication for compromised welfare among
naturally effortful foragers kept in captivity is strengthened by a comparable finding from Study 2
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(see 4.5.), in which I determined that high natural foraging effort is also an intrinsic risk factor for
SB in companion parrots. A potential – though indirect – link between genetic differences in
foraging behaviour and reproductive success is also apparent from published work on
genetically different strains of commercial laying hen. In that taxon, strains that differed in
aspects of their foraging behaviour also differed in their tendencies to exhibit (stereotypic)
feather pecking behaviour (see 4.5.) and, in other studies, “high feather pecking” strains were
found to produce fewer and lighter eggs than those from strains less susceptible to developing
feather pecking (Su et al., 2006) (and see Huber-Eicher and Sebo, 2001). Although my findings
in this study identify a direct link between natural foraging effort and captive reproductive
success at the species level, they are based on relative food search time, which is actually an
indirect measure of foraging effort that was derived from information about species’ natural
diets. Consequently (as explained in detail in 4.5.), it is difficult to interpret exactly what aspect
of the natural foraging behaviour might be responsible for the observed relationship between
“foraging effort” and captive breeding difficulty; that is, it remains unclear whether susceptibility
to breeding difficulties among aviculture parrots from species with long food search times is
linked with time-consuming natural foraging behaviour specifically, or with some related
variable. For a full discussion of this issue, see 4.5.
As discussed in the General introduction (see Ecological flexibility, cognitive flexibility,
and intelligence in 1.3.4.) and in the Introduction to this study (see 5.2.), accumulating evidence
that qualities related to behavioural flexibility (one component of intelligence) promote resilience
in the face of HIREC has prompted suggestions that some of the same qualities may be
beneficial – or not – for success or good welfare in captivity. Specifically, large brains and
innovativeness could be protective in captivity (as they are in HIREC), if intelligence by these
measures confers mainly an ability to adjust to its novel challenges and opportunities
(hypothesis d1); or could be risk factors for poor welfare, if intelligence confers mainly intrinsic
motivations to explore and learn that are not easily accommodated in captivity (hypothesis d2);
or could be protective only up to a point, if intelligence is related to captive success and welfare
in non-linear or otherwise nuanced ways because of hallmarks of captivity (like monotony and
spatial restriction) that are absent in HIREC (hypothesis d3) (Mason et al., 2013; Mason,
2010). This study addressed all three of these previously untested forms of the hypothesis, and
the results may provide support for intelligence as an intrinsic risk factor for poor captive
welfare: consistent with hypothesis d2, I identified both large brain volume relative to body
mass and high innovation frequency as possible risk factors for low hatch rate (corrected for
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natural fecundity) in aviculture parrots. These relationships between measures of speciestypical intelligence and suppressed reproduction in captivity were statistical trends; however, if
they can be replicated (in parrots and/or other intelligent taxa like, e.g., primates), then this will
strengthen the implication for compromised welfare among relatively intelligent species kept in
captivity that was suggested by a comparable finding from Study 2 (see 4.5.), in which I
determined that large relative brain volume is also a significant risk factor for SB in companion
parrots. Of course, as discussed in the General methods (see 3.3.), both relative brain volume
and innovation frequency are indirect measures of intelligence that correlate also with numerous
life history variables. Consequently, and in light of the lack of statistical significance, the links
between brain volume or innovation and captive hatch rate thus do not constitute proof that
intelligence is an intrinsic risk factor for poor captive welfare (or at least, for reproductive
problems). Still, the relationships are consistent with hypothesis d2, and notably, support for
this idea is bolstered by the fact that both intelligence measures tended to predict the same
captive reproduction variable (hatch rate). However, it is difficult to interpret exactly what aspect
of intelligence might mediate the observed relationships; that is, it remains unclear what
captivity lacks for aviculture parrots from highly innovative species or those with relatively large
brains, and whether or not this is actually related to “boredom” or the frustration of intrinsic
motivations to explore, learn, and/or problem solve.
Consistent with hypotheses c and e, I identified narrow habitat breadth and a correlated
predictor, endangered conservation status, as intrinsic risk factors for reproductive problems
(relative breeding difficulty and low hatch rate, respectively) in aviculture parrots. As explained
in the General introduction (see Ecological flexibility, cognitive flexibility, and intelligence and
Conservation status in 1.3.4.), both of these risk factors relate to a group of hypotheses that
suggest captive welfare is determined by anatomical and/or physiological aspects of
behavioural flexibility that moderate species’ abilities to adjust their behaviour in order to cope
with a changing environment. For example, Martin and colleagues (2014) recently made the
broad suggestion that, “Key mechanisms which can increase the inherent conservation risk of
mammal and bird species can also act as barriers to their representation in zoos.” They had
found that species held in zoos are less likely to be endemic (which suggests they are less
extremely habitat restricted) and tend to be less endangered than their close relatives that are
not held in zoos. If species commonly held in zoos tend to be those that are “easier” to keep in
captivity or better able to adjust to captive conditions (unclear, but a reasonable assumption),
then those findings point to conservation status and related characteristics as likely intrinsic
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determinants of captive welfare. Regarding hypothesis e, the link between species-typical
conservation status and suppressed reproduction provides empirical support for the existing
notion that endangered birds are more difficult to breed in captivity than non-endangered ones
(e.g., Derrickson and Snyder, 1992). Regarding hypothesis c, my findings establish a
statistical relationship between species-typical ecological flexibility (specifically, habitat
generalism) and reproductive success in captivity that was proposed to parallel the similar one
already demonstrated between habitat generalism and measures (like establishment success or
population resilience) that reflect reproductive success in wild-living populations exposed to
HIREC (Cassey, 2002; Shultz et al., 2005) (see also General introduction 1.3.1. and 1.3.4., and
the Introduction to this study, 5.2.)
I tested two measures of ecological flexibility: habitat breadth and diet breadth (both of
which are quantitative indices of generalism vs. specialism with respect to different ecological
resources; see 3.3. in the General methods), but only habitat breadth predicted reproductive
success in aviculture parrots; i.e., only habitat specialists (and not diet specialists) were
identified as intrinsically difficult to breed in captivity. Why might this be? Perhaps both
characteristics are important, but specialized diets are simply easier to accommodate within the
spatial and logistical constraints of a captive breeding environment than are the (potentially
complex) environmental needs of habitat specialists. In line with my findings, comparative
studies that assessed species-typical habitat and diet breadths in wild-living populations of
translocated birds or mammals showed that only habitat breadth predicted reproduction-related
outcomes in those groups (Cassey, 2002; Kumschick et al., 2013). Habitat breadth and diet
breadth are similar, or convergent, measures (in that they both describe ecological flexibility and
the potential to adapt to changed environments); but they are not identical (Ducatez et al.,
2015). For instance, in my data set, the two variables were correlated with one another, but not
with the same other natural biology variables; and only habitat breadth (not diet breadth) was
significantly related to innovation frequency – which was another predictor of reproductive
problems in captivity in this study. Similar relationships among habitat breadth, diet breadth,
and innovation frequency were reported for North American birds (Overington et al., 2011) (but
see Ducatez et al., 2015).
Of course, it is unlikely that aspects of foraging effort, intelligence, and behavioural
flexibility are the only natural biology-related predictors of reproductive success in parrots from
private aviculture. Other intrinsic determinants could involve natural biology variables for which

177

the numbers of species with data available were fewer than for other variables (e.g., maximum
group size) or for which small sample sizes within species may have reduced the accuracy of
species average estimates (though this was only an issue for brain volume, and I addressed it
by setting a minimum sample size) – or others that I was unable to test at all due to lack of
available data (e.g., aspects of locomotor behaviour/flight [see 1.3.4. for details], exploratory
behaviour, or grooming in the wild). My results may also have been affected by the quality of
the data on the hatch rate variable (for which it was difficult to ensure consistency since the
extent and accuracy of record keeping probably varied extensively among the hundreds of
individual aviculturists who submitted breeding data); or by the potentially confounding
influences of unmeasured husbandry variables. It is well known that many aspects of rearing or
management can directly affect the behaviour and welfare of captive animals (e.g., Mason et al.,
2007; Morgan and Tromborg, 2007). Since the aviculture census that provided the data on
which hatch rate was based did not collect information on relevant elements of husbandry for
the sample population, I was unable to test and account for relationships (between husbandry
variables and the natural biology predictors) that could act as confounders in the analyses (as I
did in Study 2, in which relevant husbandry data were available: see 4.3.3. and 4.4.2.)
My results did not support the prediction relating reproductive success in captivity to
social group size (hypothesis a). It is important to note that, while the reproduction variables
were not predicted by social group size (maximum group size or communal roosting), this does
not mean that there is no link between species-typical sociality and reproductive success in
captive parrots. For a discussion of how social group size relates to sociality per se, and the
implications for whether true sociality may still be an intrinsic risk factor for reproductive
problems in aviculture parrots (even if social group size is not), refer to the Discussion for Study
2 (see 4.5., in which I addressed this issue in detail).
Although the significant relationships identified in this study provide support for the
hypotheses implicating natural foraging effort, ecological flexibility (habitat generalism),
intelligence (brain size and innovativeness), and conservation status as intrinsic determinants of
relative welfare in captive parrots, my results need to be interpreted cautiously. First, because
different types of welfare indicator have different advantages and are subject to different
shortcomings (see 1.3.3.), reliable conclusions about relative welfare should always be inferred
based on data from multiple measures (reflecting, e.g., physiological functioning, survivorship,
reproduction, and SB) (Clubb and Mason, 2007). Because this study focused on a single type

178

of welfare indicator, reproductive success in captivity, we should consider the possibility that
species that naturally expend much effort on foraging, or those that are ecologically inflexible
with respect to habitat, relatively intelligent, or endangered, are susceptible to suppressed
reproduction – but not generally poor welfare – in captivity. Recall that, in Study 2 (see Chapter
4), I identified foraging effort and intelligence (brain size) as predictors of another type of welfare
indicator, SB. Taken together, the results of the two studies strongly suggest that high foraging
effort and high intelligence are, in fact, risk factors for poor overall welfare in captive parrots.
Meanwhile, ecological inflexibility and endangeredness may also be risk factors for poor welfare
– or they may instead identify species that are, e.g., simply rare in captivity (making the
identification and matching of compatible breeding pairs logistically more difficult, and
suggesting a relative lack of specialized captive breeding experience among aviculturists; but
not necessarily implying compromised welfare).
Second, as discussed in the Introduction to this study (see 5.2.), both measures of
reproductive success referred to/represented parrots maintained for private aviculture. This
limits the applicability of the results to parrots housed in private aviculture setups (and not those
held in, e.g., private homes or zoos, or even commercial breeding setups, where enclosure and
management systems might differ considerably). In fact, though the survey form that collected
data on which I based my hatch rate variable was circulated widely and attracted a diverse pool
of respondents from across the private aviculture community (see 5.3. for details), the
recruitment strategy may still have systematically excluded certain groups (e.g., aviculturists
residing outside of the United States or those who were not American Federation of Aviculture
members) or been biased towards others (e.g., those who were subscribers to Bird World
magazine [where the survey was advertised] or had relatively strong interests in economic or
conservation issues surrounding aviculture) (e.g., Dale et al., 2010; Fatjo et al., 2006; Kinkaid et
al., 2013). Together, these sampling issues limit the potential to generalize the results of this
study from the non-random sample I analyzed to the larger population of all parrots maintained
by private aviculturists. Overall then, I can be much more confident drawing conclusions about
risk factors for reproductive problems in the surveyed sample of aviculture parrots than about
risk factors for poor welfare in captive parrots generally. Fortunately, it is unlikely that selfselection or other biases would have systematically compromised my hatch rate data set (i.e.,
artefactually resulted in relatively higher or lower counts of breeding pairs or eggs hatched for
one species vs. others in the sample). As well, the validity of my species-level hatch rate
estimates is supported by the fact that I identified similar intrinsic determinants (i.e., natural

179

biology variables that also predicted SB in Study 2; or correlated ones that reflect behavioural
flexibility) for the second captive reproduction variable, breeding difficulty, which was collected
in quite a different way (see 5.3. for details).
It is now clear that measures of reproductive success in captivity vary with species
among aviculture parrots in ways that reflect intrinsic species differences in natural biology. The
results of this study will need to be replicated using up-to-date (most current) captive breeding
data when these become available for multiple species. Also, in order to better characterize the
species differences, future analyses would benefit from the incorporation of additional variables
that describe other, welfare-relevant reproductive outcomes (like, e.g., rates of egg infertility or
chick survival – though the appropriateness of the latter as a welfare indicator could be
complicated by the effects of hand rearing), and ones that describe species-typical husbandry
(to control for potential confounders related to varying management regimes, as mentioned
above). There are many measures of reproductive success in captivity, but not all are
appropriate indicators of relative welfare. For the purposes of this study, I required a measure
that responds to the stress-related effects of a captive environment, and for which data were
available for multiple species that express a range of values for the variable. At the outset of my
research project, my original plan was to collect relevant data by surveying private breeders
and/or obtaining records from commercial breeders (i.e., those breeding parrots for the pet
market); and obtaining records from zoos or similar institutions (i.e., those breeding parrots for
conservation or to augment/maintain zoo collections). These latter would come directly from
institutions with large, multi-species collections and that specialize in breeding, since zooderived chick hatch or survival data catalogued in the International Species Inventory System
(ISIS) or published in the International Zoo Yearbook (IZY) are of limited usefulness for
assessing welfare. This is because neither source records information about breeding
“attempts” despite the fact that (non-specialist) zoos maintaining parrots often do not make
particular efforts to encourage (or even accommodate) breeding, thus making it impossible to
determine whether limited breeding is due to possible welfare effects rather than simple lack of
opportunity. As well, the IZY records only chick mortality, which can be confounded in captive
hatched parrots by the effects of hand rearing (which is quite widespread).
While in the planning phase of this study, I sought advice from a number of experts
about working with data from private or commercial breeders. Through these discussions, I
became aware of some practical and other concerns that are typically associated with these
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types of data. These include poor or sporadic record keeping, overrepresentation of species or
individuals that are artificially selected for companion traits or consistently successful breeding,
and an associated underrepresentation of consistently “difficult” breeders. In addition, general
expectations were that the response rate for a survey of private parrot breeders would likely be
very low. In due course, I decided not to proceed with a breeder survey, but instead to make
use of published data from a comprehensive captive breeding census and an aviculture text;
i.e., welfare-relevant quantitative and qualitative measures of species-typical captive breeding
success in private aviculture (see details in the Methods for this study: 5.3.) Although dated
(and potentially subject to confounders related to selection for companion or breeding qualities,
as outlined above), these data sets were the most recent ones to include such information about
multiple, diverse species (Rosemary Low 2012, personal communication) – probably due to
some of the practical difficulties associated with obtaining data from breeders.
Captive reproduction data from specialist zoos and conservation breeding institutions (or
similar) may avoid some of the potential biases associated with data from private or commercial
breeders, since the former tend to focus on propagating not successful pet species, but a wide
or representative range of species (often including endangered or rare species, and a variety of
“prolific” to “poor” captive breeders that are not subject to artificial selection for companion
traits). However, data from large, multi-species breeding collections may still involve other
sources of bias; are limited by poor or incomplete record keeping; and importantly, are not
readily available to external researchers at present. Thus, of ten collection directors or curators
I contacted to inquire about accessing their institutions’ breeding records, seven expressed
clear support for my project and/or a (theoretical) willingness to contribute data from their
institutions – but all ultimately declined to participate (citing concerns that complete records
were either not available or were confidential; and/or that breeding interventions that varied with
species might have obscured any natural species differences in their biological pre-dispositions
to breed relatively well or poorly in captivity). Hopefully, improved record keeping – whether in
general, via enhancements to ISIS’ online database that facilitate wider participation and
accommodate additional, important measures (e.g., re: breeding “effort”); or at the level of
individual centres that begin to move their own extensive records online so they can be more
easily shared – will gradually increase the availability of multi-species captive reproduction data
from specialist zoos and similar institutions for future comparative analysis by outside
researchers. Of course, improved record keeping/access will not eliminate the potential for
certain breeding interventions to systematically affect species-typical captive breeding success,
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and so future analyses will benefit from the inclusion of variables characterizing any such
potential confounders, and/or complementary, qualitative measures (like, e.g., the one used in
this study: see 5.3.) that are less vulnerable to their effects.
Pending confirmation using refined or additional measures, my findings provide some
early empirical evidence regarding which aspects of natural biology influence the varying
success of different parrot species used in aviculture. This information can be used to inform
subsequent investigations about how reproductive problems develop in this taxon, but it also
offers practical implications for the housing and husbandry of aviculture parrots. For instance,
we can use information about relevant aspects of natural biology to predict which parrot species
are most – or least – likely to be successful, productive breeders in captivity. This application
would be particularly useful for predicting the likely captive success of species for which
reproduction data have not yet been collected in captivity (like the nearly 50 species in my data
set for which I had information on natural biology but not captive reproduction). Based on the
results from this study, species with naturally effortful foraging behaviour and those that are
naturally ecologically inflexible (i.e., habitat specialists), or relatively intelligent (i.e., relatively
large brained or innovative), or endangered, will be intrinsically likely to exhibit breeding
problems when maintained for aviculture. With this information in hand, we can make informed
decisions about which species to keep – and how. Thus, we might consider avoiding keeping,
e.g., species that are high-effort foragers and/or habitat specialists, like the Ducorp’s corella
(Cacatua ducorpsii), that we expect will be vulnerable in captivity – or instead, promote the
keeping of, e.g., low-effort foragers and/or habitat generalists, like the Major Mitchell’s cockatoo,
that we predict will fare better. Indeed, among species present in my captive reproduction data
set, there are several examples of typically “difficult” breeders with naturally long relative food
search times (e.g., black-capped parrot, Pionites melanocephalus) or low habitat breadth (e.g.,
red-crowned Amazon, Amazona rhodocorytha); low hatch rates in those that are relatively
innovative (e.g., ~80% reduction in fecundity in captivity vs. the wild in the Eastern rosella,
Platycercus eximius) or endangered (e.g., ~90% reduction in fecundity in captivity vs. the wild in
the blue-throated macaw, Ara glaucogularis); and suppressed reproduction according to both
breeding variables in species with multiple risk factors (e.g., the yellow-faced Amazon,
Amazona xanthops, which has a long relative food search time and relatively large brain).
Similarly, the peach-faced lovebird, a low-effort forager and non-innovative, non-endangered
species, is a typically “easy” captive breeder whose annual hatch rate in captivity nearly
matches that in the wild.
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Individuals from vulnerable species, once identified, could be targeted with appropriate
enrichments, especially before they reach sexual maturity (i.e., before breeding is attempted).
As for which types of enrichment might be most appropriate, my results suggest that
reproductive problems should be best addressed by enrichments that increase foraging time
(particularly the appetitive phase) or cognitive engagement, or housing modifications designed
to accommodate the very narrow environmental requirements of habitat specialists.
Experimental studies assessing the effects of foraging or cognitive enrichments on reproductive
outcomes in parrots are lacking, though observational accounts from aviculturists suggest
increased breeding success in parrots after their enclosures were augmented with speciestypical foraging opportunities (Wilson, 2006). In experimental studies involving other avian
species or mammals, enrichment programs that included foraging and/or cognitive components
were associated with increased breeding behaviours, egg or offspring production, or overall
reproductive success; e.g., in a captive colony of Northern bald ibis, Geronticus eremita (Clark
et al., 2012); and in zoo bobcats, Lynx rufus (Molla et al., 2011). For behaviourally inflexible
habitat specialists, the most effective interventions might arguably involve modifying their
housing in ways that are designed to accommodate each species’ very particular habitat
requirements. Here again, empirical studies testing this strategy for parrots are lacking, but
aviculture texts commonly report instances in which “enhancing” enclosures to accommodate
other aspects of species-typical natural biology seemed to increase parrot reproductive success
(see 5.2.)
Overall, the results of this study identify natural foraging effort, markers of ecological
flexibility or intelligence, and conservation status as intrinsic determinants of reproductive
success in parrots from private aviculture; however, still unknown is what the mechanisms of
these effects are. Captive conditions are apparently least adequate for normal reproductive
functioning in relatively larger-brained or innovative species, habitat specialists, endangered
species, and those that naturally spend a relatively long time searching for food in the wild. But
why, exactly, are species that exhibit one or more of these risk factors susceptible to low captive
hatch rates or other breeding difficulties within an aviculture context? The relationships could
be mediated by motivational frustration, developmental brain changes, behavioural inflexibility,
or a combination. And given that hatch rate and relative breeding difficulty were predicted by
different aspects of natural biology, the mechanisms involved might well differ in each case.
This issue is addressed in detail in the Discussion for Study 2 (see 4.5.) Also unknown at this
point (i.e., based on the results of Study 3 alone) are whether the same intrinsic determinants
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identified here also predict reproductive success in parrot populations that are maintained under
different captive conditions (e.g., those housed in private homes or zoos); and whether foraging
effort, indicators of ecological flexibility or intelligence, and/or conservation status also predict
other, non-breeding-related welfare measures in any of the captive settings (thus suggesting
that they are determinants of welfare in general) – or instead, whether the intrinsic risk factors
for other welfare problems or in other captive settings are different. Some of these questions
were the focuses of Studies 2 and 4, which are described in Chapters 4 and 6 of this thesis.

184

Chapter 6
Study 4: Intrinsic risk factors for shortened lifespan in zoo-housed parrots: a preliminary
investigation

6.1. Abstract
Some parrot species thrive in captivity, while others appear inherently prone to exhibiting
stereotypic behaviour, breeding difficulties, shortened adult lifespans, or other signs of poor
welfare. As demonstrated previously in other taxa (carnivores, ungulates, and primates), these
variations in relative welfare among closely-related species reflect intrinsic differences in the
species’ natural biology. The purpose of this preliminary comparative study was to identify
which natural characteristics might be intrinsic risk factors for shortened lifespan in zoo-housed
parrots – a group that includes thousands of captive individuals from this taxon and dozens of
biologically-diverse species that seem to exhibit marked differences in their susceptibilities to
premature mortality. My welfare-relevant captive lifespan measure was relative lifespan, which
considers how closely a species’ average lifespan in captivity approaches its theoretical
maximum ‘potential’. To estimate this, I recorded average captive lifespan (represented in this
preliminary study by a proxy variable that co-varied with body mass: median number of years
spent by adults of a species in ISIS-monitored zoos; published for 201 species in the literature)
and maximum recorded lifespan (years; published for 201 species in an online database). I
investigated four species-typical characteristics that were hypothesized to predict poor welfare:
large natural group size, high natural foraging effort, ecological specialism, endangered
conservation status; and one, intelligence, that was suggested as either a risk or protective
factor for welfare. For each species, I recorded from the literature data on several variables
corresponding to these characteristics. I tested for hypothesized relationships between the
natural biology variables and relative lifespan in captivity. I controlled for phylogenetic nonindependence (by using phylogenetically-independent contrasts) and, as necessary, for intrinsic
species differences in body size, differential research effort among species, and correlated
predictors. Initial results suggested that relative lifespans (by the proxy measure) were longer
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among relatively larger-brained species (F (1,41) =4.63, P<0.05). However, this result was
dependent on a confounding relationship between the lifespan measure and inherent captive
breeding success (average lifespans were artificially short among populations of successful
captive breeders with many young recruits). None of the other natural biology variables
appeared to predict relative lifespan in captivity. Based on these preliminary results alone, it is
unclear whether or not a marker of relatively low intelligence is an intrinsic risk factor for
shortened adult lifespan in zoo-housed parrots (i.e., if relative lifespan was assessed more
precisely). However, the findings highlight the importance of using appropriate and valid
measures and being aware of confounders when making inferences about relative welfare
based on species-typical mortality patterns.
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6.2. Introduction
The general purpose of this research project was to identify, using the comparative
method, the intrinsic risk or protective factors for poor welfare in captive parrots. The rationale
for focusing on this particular taxon is discussed in detail in the General introduction (Chapter 1:
see 1.3.) Existing hypotheses suggest that aspects of natural biology that are constrained in
captivity, or ones that influence behavioural flexibility, are risk factors that account for the
apparently intrinsic species differences in relative welfare. These hypotheses make testable
predictions: species that typically exhibit the risk factors (or have the highest levels) will be
inherently most susceptible to poor captive welfare by various measures. The general
hypotheses and associated predictions that I examined in Studies 2, 3, and 4 are summarized in
1.4. In Study 4, I used published life history data to carry out a preliminary assessment of the
relationships between proposed biological risk/protective factors and species-typical lifespans
(see 1.3.3.) in zoo-housed parrots.
The natural diversity of parrots is well represented in zoological institutions around the
world, where nearly 46,000 individual parrots representing more than 200 different species are
held in institutions affiliated with the International Species Information System (ISIS) – an
international, non-profit organization that maintains a database of basic biological information
about animals (~375,000 living and 3 million total individuals from 10,000 species) housed in at
least 850 member institutions in more than 80 countries (K. Maciej [ISIS] 2014, personal
communication). The ISIS database is populated with information (on, e.g., animals’ ages,
sexes, parentages, and dates and locations of births/hatches and deaths) submitted voluntarily
by member institutions and accessible to all members for use in the demographic and genetic
management of their animal collections. The upload and exchange of information is facilitated
by web-based data collection and sharing software – the Zoological Information Management
System – that ISIS provides to its members (International Species Inventory System, 2015).
Some details about the size and composition of the overall zoo parrot population are provided in
the General introduction (see 1.3.2. iii), along with a brief description of the captive conservation
or population management programs in place for this taxon. Within the overall population,
‘managed’ species populations – i.e., those for which a co-operative breeding program is in
place, typically supported by a studbook that carefully documents the demographic history of all
individuals in that population – are overseen by ISIS-affiliated international or regional zoo
associations (e.g., World Association of Zoos and Aquariums or American Zoological
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Association, respectively) whose member institutions are almost all ISIS members, too (Long et
al., 2011). However, while studbooks are currently in use for fewer than 10% of all zoo-housed
parrot species worldwide (Young et al., 2012), ISIS records basic biological information for all
individuals and all species in the System. Thus, for parrots, the ISIS database is the most
comprehensive source of multi-species data underlying captive life history variables like lifespan
– and is essentially the only source of these in light of most parrots’ notably long life
expectancies (Prinzinger, 1993; Wasser and Sherman, 2010) (and see 1.3.1. ii). These data
are of practical and theoretical use for, e.g., zoo population managers or those evaluating the
relative merits of different captive management regimes (Clubb et al., 2009; Lynch et al., 2010;
Muller et al., 2010b; Young et al., 2012); researchers comparing lifespans in captive vs. freeliving populations (Clubb et al., 2008; Lynch et al., 2010; Muller et al., 2010a); or those using the
comparative method to identify associations between natural history and either wild lifespan
(when life history data recorded in the wild are not available for the species of interest – as is
the case for most parrots) (Costantini et al., 2008; Munshi-South and Wilkinson, 2006; Wasser
and Sherman, 2010) or captive lifespan (Mueller et al., 2011) (since shortened lifespans [i.e.,
premature mortality: see 1.3.3.], along with other effects of poor health [i.e., morbidity: see
1.3.3.], can signal compromised welfare among captive animals). This concept is described,
and the use of morbidity- and mortality-related variables as welfare indicators is examined, in
the General introduction (see Impaired health in 1.3.3.)
At the individual level, lifespan is naturally regulated by a combination of genetic factors
(like sex) and environmental factors (like exposure to pathogens) (e.g., Mueller et al., 2011;
Rodriguez-Rodero et al., 2011; Walker et al., 2012). For captive individuals, environmental risk
factors for premature death include aspects of the captive management system – related to,
e.g., diet and nutrition, exercise and veterinary regimes, or access to and structure of social
housing or environmental enrichment setups – that exert either direct or indirect (i.e., chronic
stress-mediated) negative effects on overall health and morbidity (Mason and Veasey, 2010;
Walker et al., 2012) (and see Impaired health in 1.3.3.) In parrots specifically, one example is
being regularly hand fed with a tube (vs. a syringe or spoon), which was identified as an
individual-level risk factor for poor general health in gray parrots, Psittacus erithacus (Schmid et
al., 2006). Published life history data are generally lacking for parrots (Brouwer et al., 2000;
Young et al., 2012), but a comparative analysis of maximum lifespans recorded in captivity
(which have been catalogued for several species in an online database, and which represent
only the longest-lived individual from each species, but tend to co-vary with measures of
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species-typical lifespan; Brouwer et al., 2000; Tacutu et al., 2013) found that these were shorter
for some parrot species than would be expected based on their body masses, considering that
larger species typically have naturally longer lifespans (Munshi-South and Wilkinson, 2006) (and
see Impaired health in 1.3.3.) Another study compared maximum lifespan with a measure
supposed to reflect average lifespan across multiple parrot species housed in zoos, and
identified some species for which the average value of this proxy “captive lifespan” variable
tended to approach the maximum lifespan for that species, and others for which it fell far short
(Young et al., 2012). This latter finding needs to be corroborated using measures that validly
reflect the extrinsic effects of captivity on species-typical lifespan (see the Methods in 6.3.), but
it does suggest that some parrot species may be inherently predisposed to experience
shortened lifespans (relative to natural baselines based on body sizes, etc.) in captivity – while
others are not. If so, then this potential indicator of poor welfare is predicted not only by
individual-level risk factors related to genetics and husbandry, but also by species-level (i.e.,
intrinsic) factors. Indeed, natural diet and natural mating system were recently identified as
species-level predictors of relative lifespan in zoo-housed members of another taxon: ruminants
(Mueller et al., 2011).
As indicated above (and discussed in the General introduction; and in 4.2. and 5.2., in
the contexts of stereotypic behaviour [SB] and captive reproduction), a number of hypotheses
have been proposed to account for the species differences in relative welfare among parrots.
According to these still-untested hypotheses, various genetically-determined species
characteristics (i.e., those that reflect species-typical physiology or natural behavioural biology)
are risk factors that are associated with intrinsic susceptibility to welfare-sensitive outcomes like
premature mortality in captivity. Each existing hypothesis is presented and detailed individually
in the General introduction (see 1.3.4. and 1.4.); but essentially, they are of two main types, and
are discussed here in relation to their implications for lifespan in captive parrots.
The first type of hypothesis suggests the intrinsic risk factors for poor captive welfare are
natural, species-typical behaviours that are prevented in captivity. As discussed in Chapters 4
and 5 (see 4.2. and 5.2.), an animal may remain persistently motivated to engage in such
behaviours even when the structure of their captive environment makes this impossible. If the
resulting motivational frustration is ongoing, then exposure to the physiological effects of
prolonged stress can give rise to a host of health problems that tend to co-vary with behavioural
and other signs of poor well-being (Garner et al., 2003), and that may culminate in premature
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death (see Impaired health in 1.3.3.) The physiological effects of chronic stress include
immunosuppression, which can increase parrots’ susceptibility to opportunistic infections (like,
e.g., aspergillosis, avian chlamydiosis, or coccidiosis; Engebretson, 2006; S. Clubb 2011,
personal communication) that have high mortality rates; and telomere shortening (as
documented in gray parrots subject to chronic isolation stress; Aydinonat et al., 2014), which
can speed cellular senescence and so hasten death. For captive parrots, the most severely
constrained classes of natural behaviour appear to be sociality, foraging, and locomotion
(Meehan and Mench, 2006); and there is some empirical evidence that both interacting with
conspecifics and performing foraging-related activities are, in fact, highly-motivated behaviours
in this taxon (Meehan and Mench, 2006; Rozek and Millam, 2011; and see 4.2. and 5.2.) Like
the abovementioned demonstration of shortened telomeres in socially-isolated gray parrots (vs.
age-matched, pair-housed controls), other empirical findings and their interpretations are also
consistent with links between the restriction of these apparently motivated natural behaviours
and measures suggesting shortened lifespans in captive parrots, birds in general, and other
taxa. For instance, shorter maximum lifespans in captivity (controlled for body mass) in
frugivorous/nectarivorous (vs. granivorous) parrot species (Munshi-South and Wilkinson, 2006)
could be explained by greater captivity-imposed restriction of species-typical foraging behaviour
in those whose natural diets are associated with higher foraging effort (see definition and
explanation in 3.3.), assuming (as I did in my Studies 2-4) that fruits and nectar are more
scarce, inconspicuous, and patchily-distributed than are small seeds; and thus, are associated
with high foraging effort (which is difficult to accommodate in captivity).
Of course, as discussed in Chapter 5 (see 5.2.), the developmental effects of restricting
the natural social behaviours of very young animals are well known. In particular, premature
maternal separation can impair normal brain development and have other negative effects on
the lifelong health and welfare of unweaned animals (reviewed briefly in Fox, 2006), including
parrot chicks (Schmid et al., 2006). Tentative links between early maternal separation and
captive lifespan have already been identified in other social species, including Asian and African
elephants (Elephas maximus and Loxodonta africana, respectively). For example, average
adult lifespans tended to be shorter in zoo Asian elephants that were removed early from their
mothers as calves (vs. those that were not) (Clubb et al., 2008); and typically later removal from
mothers of zoo African (vs. Asian) elephant calves was suggested as one potential underlier of
improving adult survivorship that was apparent only in Africans (Clubb et al., 2009). Some
additional examples of lifespan-related outcomes in the context of captive settings that
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constrained one or more key, species-typical behaviours are reviewed by Walker and
colleagues (Walker et al., 2012). These include decreases in various measures of average
lifespan in highly social rhesus macaques (Macaca mulatta) that experienced early social
deprivation or atypically unstable social groups (Capitanio et al., 1998; Lewis et al., 2000); and
in golden-headed lion tamarins (Leontopithecus chrysomelas) kept in restrictive, indoor zoo
enclosures (vs. enclosures that allowed outdoor access, locomotion, and free roaming)
(Steinmetz et al., 2011). Finally, shorter relative lifespans among zoo ruminants whose natural
diets include mainly browse (leafy material from trees and plants) vs. those that naturally
consume more grass (Mueller et al., 2011) reflect a mismatch between the limitations of the zoo
environment and the species-typical feeding ecology (and physiological needs) of ruminants
that is more severe in browsers (whose leafy diets are more difficult to accommodate in
captivity) than in grazers.
The second type of hypothesis suggests that the intrinsic determinants of welfare involve
cognitive or anatomical/physiological aspects of behavioural flexibility (i.e., cognitive flexibility, or
ecological flexibility: resource generalism vs. specialism), or other properties of intelligence.
Traits like these moderate species’ abilities to adjust their behaviour in order to cope with a
changing environment. The basic concepts underlying these hypotheses are covered in the
Introductions to Chapters 4 and 5 (see 4.2. or 5.2.), and additional details and supporting
research are reviewed in the General introduction (see 1.3.1. iv. and 1.3.4.) However, while the
direction of the proposed relationship between flexibility and welfare seems obvious (e.g.,
generalist omnivores [vs. more specialized species] are commonly reported to adjust most
readily to captivity), it is less clear whether high intelligence would act as a protective factor in
captivity (conferring the ability to flexibly and appropriately adjust behaviour); or a risk factor
(conferring intrinsic motivations to explore or problem solve that may be frustrated in a
monotonous environment); or some combination of the two. Considering that potentially “bored”
individuals appear prone to inactivity (Meagher et al., 2013; Meagher and Mason, 2012), it is
plausible that intelligent species whose cognitive motivations are frustrated in captivity might be
susceptible to increases in morbidity or mortality secondary to obesity (as reviewed briefly in
Clubb et al., 2009). Whatever the mechanism, accumulated data on survivorship and health
status suggest intelligent species like, e.g., elephants and cetaceans, are more difficult to
manage successfully in zoos than are other, less intelligent, ones (Veasey, 2006). To illustrate,
African and Asian elephants and orca whales (Orcinus orca) maintained in captivity experience
shorter average lifespans and/or higher annual mortality rates than their free-living (protected)
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or wild conspecifics (Clubb et al., 2009; Small and Demaster, 1995); but across many species of
wild ruminants, the opposite is true: aging rates in that taxon are consistently lower in zoo vs.
wild populations (Lemaitre et al., 2013). Interestingly, in humans, higher intelligence appears to
predict longer lifespans (even when controlling for various confounders Weiss et al., 2009).
Regarding intelligence, then, there are multiple alternative hypotheses. A final hypothesis
related to behavioural flexibility suggests that conservation status is a predictor of captive
success, with endangered species expected to fare relatively worse than non-endangered ones
(see additional details in 4.2. or 5.2.) For instance, endangered species housed in captivity
apparently tend towards enhanced susceptibility to disease (Macdonald et al., 2008; Snyder et
al., 1996). Contrary to this pattern were findings from the only study to assess the relationship
between International Union for Conservation of Nature (IUCN) conservation status and lifespan
measures in zoo-housed parrots, in which threatened species had greater values (vs. nonthreatened ones) for both (uncorrected) maximum lifespan and another measure intended to
reflect average adult lifespan (Young et al., 2012) (but see the Methods in 6.3.)
As stated at the opening of this introduction, the general purpose of this research project
was to identify, using the comparative method, the intrinsic risk or protective factors for welfare
in captive parrots. A list of the general hypotheses and associated predictions examined in
Studies 2-4 is presented in the General introduction (see 1.4.) In Study 4, I used published life
history data to test these hypotheses in the context of species-typical lifespans in zoo-housed
parrots. Accordingly, presented immediately below is a list of the specific hypotheses and
predictions tested in this study. (Note: these correspond directly to the general hypotheses
listed in 1.4., but reference the welfare outcome measured in this study.)

192

Specific hypotheses for Study 4
(See 1.4. for general versions)

a) Sociality (social group size)
Hypothesis
Welfare problems are caused by social isolation (absence of and/or lack of opportunity for
interaction with conspecifics)
Prediction
Among zoo parrots, captive lifespans (average relative to maximum) will be shortest in species
that naturally congregate in the largest groups

b) Foraging effort
Hypothesis
Welfare problems are caused by the restriction of foraging behaviours
Prediction
Among zoo parrots, captive lifespans will be shortest in species with the most time-consuming
or manipulative natural foraging behaviours

c) Ecological flexibility
Hypothesis
Welfare problems are caused by a limited ability to modify behaviour in order to adjust to the
novel ecological challenges, opportunities, and features of the captive environment
Prediction
Among zoo parrots, captive lifespans will be shortest in ecologically inflexible species; i.e.,
resource specialists with the narrowest habitat or diet requirements

d) Intelligence
1) Hypothesis
Welfare problems are caused by a limited ability to modify behaviour in order to adjust to the
novel cognitive challenges, opportunities, and features of the captive environment
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Prediction
Among zoo parrots, captive lifespans will be shortest in species that are relatively least
intelligent (and thus, cognitively inflexible; e.g., smallest-brained or least innovative)

2) Alternative hypothesis
Welfare problems are caused by “boredom” or frustration of intrinsic motivations to explore,
learn, and/or problem solve
Prediction
Among zoo parrots, captive lifespans will be shortest in species that are relatively most
intelligent (and thus, intrinsically motivated to seek cognitive challenge; e.g., largest-brained or
most innovative)

3) Alternative hypothesis
Intelligence is an intrinsic determinant of captive welfare, but its relationship with welfare
problems is non-linear
Prediction
Among zoo parrots, increasing intelligence (e.g., brain sizes or innovation frequencies) will
predict longer captive lifespans up to a point, beyond which further increases in intelligence will
predict shorter ones

e) Conservation status
Hypothesis
Species that are non-resilient in the wild (vulnerable to, e.g., population decline or poor
establishment success in response to various forms of anthropogenic threat) are similarly nonresilient in captivity (e.g., difficult to maintain as self-sustaining populations, or susceptible to
other indicators of poor welfare)
Prediction
Among zoo parrots, captive lifespans will be shortest in the most highly endangered species
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6.3. Methods
I followed the same basic methods for each of the comparative studies (Studies 2-4).
Those methods that were common to all three are presented in the General methods (see
Chapter 3, which includes information about the study species examined, the variables used to
measure proposed intrinsic welfare determinants [natural biology variables], and the
comparative analyses applied to the data [general background and specific statistical
procedures]). This chapter provides additional methodological details that were specific to
Study 4.

6.3.1. Indicators of relative welfare in captivity – lifespan variables
Various measures of lifespan are available for different species and different types of
population (e.g., free-living or captive) – and different metrics are more or less appropriate for
different purposes. Because I was interested in relative welfare among species (which is
concerned with the extrinsic effects of captivity), and because species’ differential mortality
patterns in captivity reflect a combination of extrinsic effects caused by the captive environment
and evolved, biological ‘pace of life’ effects (i.e., natural lifespan), I needed to obtain a lifespan
measure that would separate those extrinsic effects that I was actually interested in from the
biological ones also at play (Mason, 2010). One way to do this is to express each species’
average lifespan in captivity relative to its maximum lifespan (or longevity; i.e., the longest
lifespan ever achieved by a member of that species – generally under free-living conditions),
and then compare species with respect to this relative measure that basically estimates how
closely each species’ average lifespan in captivity tends to approach its (biological) maximum
potential lifespan (e.g., Mueller et al., 2011; Muller et al., 2010b). For this purpose, suitable
species-level measures of average lifespan in captivity would include, for example, median life
expectancy (i.e., a population’s median age at death, or the average length of time between
hatch and death) and median survival age (i.e., the age by which 50% of individuals in a
population are dead and 50% still alive) (Kleinbaum and Klein, 2012; Wiese and Willis, 2004).
While both of these measures are concerned with identifying the average “tipping point” at
which the accumulating deleterious effects of aging (i.e., senescence) curtail lifespan (Lemaitre
et al., 2013; Walker et al., 2012), median survival age is particularly useful because it considers
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data from still-living, long-lived individuals, and so is relevant to current populations and does
not underestimate lifespan (e.g., Jackson et al., 2011; Wiese and Willis, 2004). It is ideally
derived using techniques that can consider data from dead and living individuals, as well as
those for which birth/hatch or death dates are unavailable (known as left- or right-censored data,
respectively); these tools include life tables (which record the proportion of individuals in a given
age class that survive to the next) and survivorship curves (which illustrate how a population’s
risk of dying changes over the lifespan by plotting the proportions of individuals that survive
against age or time) (e.g., Kleinbaum and Klein, 2012; Wiese and Willis, 2004).
This basic ‘relative lifespan’ approach was recently used by Mueller and colleagues
(2011) to compare ‘husbandry success’ (i.e., captive welfare) among zoo-housed ruminants.
Here, mean life expectancy was first calculated for each species using only data from birth
cohorts from which all individuals had already died (i.e., had lived out their full lifespans), and
was then expressed as a proportion of the species’ maximum recorded lifespan (Mueller et al.,
2011). This produced a valid measure of relative life expectancy for each species, in which
early-dying individuals from cohorts that also contained living members were not overrepresented in the calculations (nor were the longer lifespans of the still-living individuals in
those cohorts under-represented) (Guillot and Kim, 2011; Shavelle et al., 2015). This method
was, however, subject to reduced sample sizes since it excluded data from entire cohorts that
contained living members.
In light of all these considerations, I initially planned to use a variation of the relative
lifespan measure adopted by Mueller and colleagues (2011), with two main modifications: First,
I would integrate data from still-living individuals (and the cohorts that contained them) into the
‘average captive lifespan’ component of the measure by plotting survivorship curves (which
include data from both living and dead individuals) and then obtaining median survival age (as
described above). And second, for the ‘maximum recorded lifespan’ component of the
measure, I would use data recorded exclusively from captive parrots (rather than from free-living
parrots, or a combination of these and captives) – since for this taxon, captive records are the
only source of maximum lifespan data (Wasser and Sherman, 2010). Because the data
required to calculate median survival age (which would include individual hatch and death dates
over many years) have not been published for multiple parrot species, these would need to be
obtained directly from the ISIS database (see 6.2. for an overview of this database and the
information it contains). Together with my supervisor, Georgia Mason, and a collaborator of
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ours, Tim Wright (of New Mexico State University, whose research group previously published
analyses that used parrot demographic data from ISIS; Young et al., 2012), I prepared and
submitted a formal Research Request for ISIS Data (i.e., an application to access and use
specific ISIS data in specific ways for a specific research project); but unfortunately, the request
was denied. (For details and additional discussion about the ISIS Research Request and its
outcome, see 6.5.) Subsequently, I decided to make use of the limited lifespan-related data that
have been published for multiple parrot species, and proceed with Study 4 as a preliminary
investigation of the intrinsic determinants of lifespan in captive parrots. Accordingly, described
in the remainder of this section are details about the data sources I consulted, and the specific
variables I used to approximate species-typical lifespan in captivity and account for the
potentially-confounding effects on this of natural species differences in lifespan potential.

Captive lifespan variable (‘average captive lifespan’)
i) Median adult time in ISIS zoo
As part of a study that analyzed parrot demographic records logged in the ISIS database
between 1800 and 2008, Wright and colleagues published species estimates for a variable they
called “median adult lifespan” (Young et al., 2012). To obtain this measure, they recorded dates
of “hatch” (specifically, hatching in an ISIS-reporting facility or transfer into an ISIS facility from a
non-ISIS one) and “death” (death in an ISIS facility or transfer out of an ISIS facility to a nonISIS one) for each individual that survived for at least four years (excluding those for which
“hatch” date was either before 1800, or else unknown); and then calculated, for each species,
the median length of time between coded “hatch” date and “death” date (or “present” date [i.e.,
March 24, 2008], for individuals that were still alive) (Young et al., 2012). The authors chose
four years as the threshold for avoiding juvenile mortality because their preliminary analyses
using survivorship curves indicated that a majority of species exhibited high initial mortality that
plateaued after four years; and they used the median as a measure of central tendency
because the data had a non-normal (positively skewed unimodal) distribution (Young et al.,
2012).
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There are a number of problems with the “median adult lifespan” variable calculated by
Young et al (2012) that significantly limit its validity as the index of species-typical “median adult
lifespan” that it was intended to be. Some of these issues were noted by the authors (e.g.,
transfers in and out of ISIS-reporting institutions produced incomplete lifespan records for many
individuals and, less problematically, record-keeping and data-entry reliability probably varied
among ISIS-reporting institutions) – but there are others. Main problems include the following:
- Left- and right-censored data were incorrectly handled: i.e., arrivals at ISIS-reporting facilities
were coded as “hatches” even if the individuals were already adults, and departures from ISIS
facilities were coded as “deaths” even if the individuals were still alive
- The authors pooled “median adult lifespan” values for all dead and still-living individuals from a
species into a single measure rather than using life tables or survivorship curves to combine this
information appropriately (as mentioned above)
- Because data from still-living individuals were treated as complete lifespan records, “median
adult lifespans” calculated for species with relatively high inherent captive breeding success
(and thus, relatively many young recruits in their species populations) would likely have been
artificially short
The Young et al (2012) “lifespan” variable was also subject to zoo-specific and/or enclosurespecific effects, plus sex effects (since data from males and females were pooled); and –
though data from individuals “hatched” before 1800 were excluded – the species estimates
included data from Victorian-era zoos (the husbandry and welfare standards of which were
arguably much lower than those of more modern zoos). Essentially then, the species-level
measure actually calculated by Young et al (2012) was not “median adult lifespan” as those
authors suggested, but more accurately, the median amount of time that passed while adults of
a species were housed in ISIS-monitored facilities (i.e., median adult time in ISIS zoo) – a
variable that will certainly underestimate species’ true median lifespans.
However, despite its poor reflection of ‘real’ lifespans, median adult time in ISIS zoo
(calculated as "median adult lifespan" by Young et al; 2012) was significantly predicted by body
mass in the way that valid lifespan measures typically are (F (1,167) =182.65, P<0.0001, R2=0.52)
(Young et al., 2012; and confirmed using body mass data from my own data set), thus
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suggesting that this variable may, in fact, still reflect something meaningful about lifespan –
perhaps capturing relative differences among the species. So, with access to ISIS data denied
and more reliable (and welfare-relevant) data on parrot lifespans unavailable, I cautiously
adopted the median adult time in ISIS zoo estimates published by Young et al (2012) as the
‘average captive lifespan’ component of my relative lifespan measure, and proceeded to try to
identify its intrinsic determinants from among those proposed (see, e.g., 3.3.) Regarding the
data reliability issues identified above for median adult time in ISIS zoo, I proceeded with the
assumption that most of these (with the exception of artificially short lifespans for successful
captive breeders) would affect all species similarly, thus introducing largely statistical noise,
rather than systematic bias, into the data set – and hopefully preserving relative differences
between the species.
For each species, I recorded median adult time in ISIS zoo, which, as discussed, was
originally published as “median lifespan” of adults aged 4+ years (Table 2 in Young et al., 2012;
see details in this subsection, above). Data were available for 201 species (Table 3.1.) (166 of
these were available for analysis after excluding species for which calculated values for median
adult time in ISIS zoo were based on data from fewer than 20 individuals [following Young et al];
and after considering maximum lifespan in captivity, as described immediately below).

Potentially-confounding variable considered (‘maximum recorded lifespan’)
Maximum lifespan in captivity
As discussed, I considered species’ average captive lifespans (i.e., median adult time in
ISIS zoo, described above) in relation to their maximum recorded lifespans (to estimate how
closely each species’ typical lifespan in captivity approached its inherent maximum potential;
see details in this subsection, above). Because the ‘relative lifespan’ approach assumes that
longevity records identify the theoretical natural maximum for each species (i.e., separate from
any extrinsic effects), these values are normally obtained from free-living animals. However,
longevity records for parrots are available exclusively from captive individuals. Even though
using captive longevity records introduces the theoretical possibility that relative lifespan could
be artificially increased for any species whose members all – even the longest-lived one – die
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consistently prematurely in captivity, maximum lifespan (unlike average lifespan) has been
described as a mainly “genetically-determined parameter not greatly affected by the
environmental conditions of animal maintenance” (Costantini et al., 2008; Perez-Campo et al.,
1998). On its own, maximum lifespan in captivity is a poor measure of central tendency or
species-typical captive lifespan (because the estimate for each species is based on just one
extreme individual).
Captive longevity records for parrots are available from two sources: recorded in the
publically-accessible online Animal Ageing and Longevity (AnAge) Database (which lists
longevity records originally published by Brouwer and colleagues, but now continuously updated
as new records are reported and then confirmed) (Brouwer et al., 2000; Tacutu et al., 2013);
and published by Wright and colleagues (as part of their study that analyzed ISIS demographic
records from 1800-2008) (Young et al., 2012). For each species, I recorded maximum lifespan
in captivity (most recent confirmed record). Data were available for 201 species (Table 3.2.)

6.4. Results

6.4.1. Potential confounders identified and controlled for
In addition to controlling, in all relevant models, for potential confounders that I identified
a priori based on their associations with specific natural biology variables or captive lifespan
variables (see 3.3. and 6.3. respectively, for variables and descriptions), I tested and controlled
for multicollinearity of the predictors.
Correlated predictors
As described in detail in Chapter 4 (see 4.4.2. for results), the ecological flexibility
variables were related (as were habitat breadth and Red List status); and the social group size
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variables appeared to be related. There were also some potentially-confounding relationships
among predictors. These relationships are detailed in 4.4.2.; and the procedure I used to
control for the influence of correlated predictors is described in 3.4.3.

6.4.2. Predictors of shortened lifespan in zoo-housed parrots
There was no support for the predictions relating ’relative lifespan’ in captivity to social
group size, foraging effort, ecological flexibility, or conservation status. Thus, the average
amount of time spent in ISIS-monitored captivity was not decreased among species with
naturally large social groups or time-consuming foraging behaviour, ecological specialists, or
endangered species (Table 6.1.) However, median adult time in ISIS zoo was related to one
aspect of natural biology, intelligence, that also predicted rates of SB among companion parrots
and tended to predict reproductive success among aviculture parrots (see Chapters 4 and 5,
respectively; e.g., Tables 4.4. and 5.1.)
Intelligence
As predicted by hypothesis d1, relative lifespan in captivity (by the time in ISIS zoo
measure) was increased among relatively intelligent species. Specifically, median adult time in
ISIS zoo (corrected for maximum lifespan in captivity) was predicted by average brain volume
(corrected for average body mass) (though not by innovation frequency corrected for research
effort; Table 6.1.), with average time spent in ISIS-monitored captivity longer among naturally
larger-brained species (Table 6.1.)
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Table 6.1. Results from linear regressions of phylogenetically-independent contrasts to test relationships between species-typical measures of
lifespan in captivity and natural biology variables.
(See 3.3. and 6.3. for variable definitions.)
Hypothesis / proposed intrinsic
determinant of welfare

Natural biology variable
(when controlling for confounder listed)

Captive lifespan variable

a

(when controlling for confounder listed)

a

Median adult time in ISIS zoo
Maximum lifespan in captivity

Maximum group size

F (1,41) =0.51, P=0.238

Communal roosting (n  y)

F (1,58) =1.76, P=0.907

b) Foraging effort

Relative food search time (short  long)

F (1,51) =3.76, P=0.971

c) Ecological flexibility

Diet breadth

F (1,57) =0.83, P=0.818

Habitat breadth

F (1,58) =8.71, P=0.998

a) Social group size

d) Intelligence

Avg brain volume b

F (1,41) =4.63, P=0.037 (+)

Avg body mass

Innovation frequency

b

F (1,43) =0.99, P=0.321

Research effort

e) Conservation status

IUCN Red List status (least concern  extinct in wild)

F (1,57) =16.14, P=0.999

All tests were 1-tailed, except where indicated. Significant results are in bold font. (+) Natural biology variable was a positive predictor of the
captive lifespan variable.
Abbreviations
Avg, average
IUCN, International Union for Conservation of Nature
Footnotes
a. Terms in italic font are potential confounders related to systematic species differences in body mass, research intensity in the wild, or inherent
maximum lifespan (see 3.3. and 6.3. for details and definitions).
b. This test was 2-tailed because the prediction was not unidirectional (see 1.4. and 3.3. for details).
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On its own, this positive relationship between relative brain size and a measure used to
approximate relative lifespan seems plausible, since the hypothesis involving intelligence as an
intrinsic determinant of captive welfare (hypothesis d: see, e.g., 1.4. and 6.2.) is multidirectional, with three alternatives – one of which (alternative hypothesis d1) predicts that
relative lifespans will be longest in zoo-housed parrot species that are relatively most intelligent
(and thus, cognitively flexible; e.g., largest brained). However, because the nature of the
relationship between relative brain size and relative welfare identified here, in Study 4 (i.e.,
positive: having a relatively large brain is protective for welfare) was opposite to the nature of
those I previously identified for outcomes related to SB or reproductive problems in Studies 2
and 3 (i.e., negative: having a relatively large brain is a risk factor for poor welfare; see 4.4. and
5.4. for details), the finding from this study was unexpected in the overall context of this
research project. In light of this, I decided to investigate whether the apparent positive
relationship between relative brain size and relative lifespan (as judged by median adult time in
ISIS zoo corrected for maximum lifespan in captivity) might reflect one of the problems with the
‘average captive lifespan’ component of the relative lifespan measure that I discussed in the
Methods section for this study: specifically, that, because data from still-living individuals were
(incorrectly) treated as complete lifespan records, calculated values for the median adult time in
ISIS zoo variable may have been artificially low for species with relatively high intrinsic captive
breeding success (and thus, relatively many young recruits in their zoo populations) (see 6.3. for
details). If this was a factor, then successful captive breeding should predict lower values for
median adult time in ISIS zoo, and accounting for each species’ captive breeding success in the
original model that compared relative brain size and time in ISIS zoo (corrected for maximum
lifespan in captivity) should eliminate the apparent relationship between relative brain size and
relative lifespan that was initially identified.
Testing this idea required data on captive breeding success. Since these were not
available for zoo-housed parrots (i.e., the population examined in this study), I used the captive
reproduction data collected from parrots in private aviculture and used in Study 3 (see 5.3. for
variable descriptions and other details). Note that, for all the studies described in this thesis, I
generally avoided directly comparing data collected from parrots in one type of captive setting
with data collected from those in a totally different setting (since systematic differences in
environmental and social structures are likely to significantly complicate the relationships). In
this particular case, using captive reproduction data from aviculture parrots was a practical
necessity, and so I proceeded under the assumption that species that are intrinsically
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successful breeders in the context of aviculture should be equally successful in zoos.
Consistent with relatively young average ages among easy-to-breed species that produce
frequent influxes of juveniles, and thus, a confounding influence of intrinsic captive breeding
success on the species estimates for median adult time in ISIS zoo (which was meant to
represent ‘average captive lifespan’), I identified a strong trend for relative breeding difficulty to
predict median adult time in ISIS zoo (corrected for maximum lifespan in captivity). Specifically,
average times spent in ISIS-monitored captivity tended to be shorter among species classified
by experts as relatively “easy” to breed in aviculture (F (1,40) =2.66, P=0.056, 1-tailed; there was
also a weak trend for ISIS captivity time to be shorter among species with higher relative hatch
rates: F (1,31) =1.77, P=0.096; 1-tailed). Furthermore, the apparent positive relationship between
relative brain size and relative lifespan (median adult time in ISIS zoo corrected for maximum
lifespan in captivity) was not significant when relative breeding difficulty was accounted for in the
model (F (1,29) =2.21, P=0.141, 2-tailed).

As described in 3.4.3. and 4.4.2., I repeated several of the models with the inclusion of
multiple, correlated natural biology variables to check for the potentially-confounding influence
of related predictors. For all models with median adult time in ISIS zoo (corrected for maximum
lifespan in captivity) as the response variable, none of the relationships observed in the original
analysis was changed (i.e., no previously significant effects or trends were lost, and no
previously-masked significant effects or trends were revealed).

6.5. Discussion
Some parrot species seem to thrive in captivity, while others appear prone to shortened
adult lifespans or other signs of potentially poor welfare. Previous comparative research
focused on other taxa has shown that such differences in captive performance can reflect
intrinsic differences in the species’ natural biology. The purpose of this preliminary
investigation was to identify possible intrinsic risk factors for shortened lifespan in zoo-housed
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parrots by testing for relationships between hypothesized natural biology-related determinants
of captive welfare and a measure that appeared to indirectly reflect the effects of captivity on
species-typical lifespans in this population. Initial results suggested that the proxy measure of
captive lifespan was positively predicted by a measure of intelligence (i.e., relative brain size).
However, this apparent relationship was dismissed after additional investigation demonstrated
that the captive lifespan measure appeared (irreversibly) confounded with inherent captive
breeding success (see 6.4.)
As discussed in the General introduction (see Ecological flexibility, cognitive flexibility,
and intelligence in 1.3.4.) and in the Introduction to this study (see 6.2.), accumulating evidence
that qualities related to behavioural flexibility (one component of intelligence) confer resilience in
the face of human-induced rapid environmental change (HIREC) has prompted suggestions that
some of the same qualities may be beneficial – or not – for success or good welfare in captivity.
Specifically, large brains and innovativeness could be protective in captivity (as they are in
HIREC), if intelligence by these measures confers mainly an ability to adjust to its novel
challenges and opportunities (hypothesis d1); or could be risk factors for poor welfare, if
intelligence confers mainly intrinsic motivations to explore and learn that are not easily
accommodated in captivity (hypothesis d2); or could be protective only up to a point, if
intelligence is related to captive success and welfare in non-linear or otherwise nuanced ways
because of hallmarks of captivity (like monotony and spatial restriction) that are absent in
HIREC (hypothesis d3) (Mason et al., 2013; Mason, 2010). This study addressed all three of
these previously untested forms of the hypothesis, but the results ultimately supported none of
them: initial findings were consistent with hypothesis d1 (intelligence is an intrinsic protective
factor for good captive welfare), but the apparent positive relationship between species-typical
brain volume (relative to body mass) and average time spent by zoo parrots in ISIS-monitored
captivity (relative to maximum lifespan in captivity) was not significant when a confounding
variable affecting the relative lifespan measure was subsequently factored into the analysis (see
details in 6.4.)
I am not aware of any publications reporting a statistical relationship between individualor species-level measures of intelligence and adult lifespan (or indeed, any marker of potentially
poor welfare) in captive animals. Among humans, higher intelligence has been statistically
linked to longer lifespans (i.e., low cognitive ability was identified as an independent risk factor
for early mortality in adult males, even when controlling for various confounders; Weiss et al.,
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2009) (see Ecological flexibility, cognitive flexibility, and intelligence in 1.3.4.) However, results
from my own comparative studies described earlier in this thesis (Studies 2 and 3: see Chapters
4 and 5) suggest that the opposite may be true for animals in captivity – or at least for parrots
kept in private homes or aviculture setups: among those groups, consistent with hypothesis d2,
markers of high intelligence were identified as risk factors for other indicators of compromised
welfare (specifically, SB and possibly reproductive problems) (see, e.g., Discussion in 5.5.)
Thus, while the results of the present study do not exclude the possibility that having a relatively
large brain is protective for parrot welfare judged by relative lifespan (or protective in zoos in
general) but a risk factor for poor welfare by other measures (or in other captive contexts), an
arguably more plausible expectation is that intelligence is at once protective for well-being in
humans but a risk factor for generally poor welfare in captive parrots. As well, the fact that a
component of the relative lifespan measure was confounded with inherent captive breeding
success may help to explain why an aspect of natural intelligence that tended to predict
reproductive problems in aviculture (Study 3: see, e.g., Table 5.1.) also initially appeared to
predict long relative lifespans in zoos (this study).
As outlined in the Methods for this study (see details in 6.3.1.), lack of access to raw
demographic data from the ISIS database meant that I was limited to using published data on
species-typical lifespans – including a proxy measure of ‘average captive lifespan’ (i.e., median
adult time in ISIS zoo) that, though significantly predicted by body mass, did not validly reflect
species’ true adult lifespans (see also the Results in 6.4.) I took this approach only after the
Research Request for ISIS Data that I submitted to ISIS (together with my supervisor and two
collaborators) was denied. Basic details of the application process were as follows: Through
communications with Tim Wright, whose research group had obtained raw demographic data
directly from ISIS in 2007 and then used these to calculate (rough) captive lifespan estimates for
numerous parrot species (Young et al., 2012), my supervisor and I learned that his group was in
possession of all the raw data required to obtain new, valid species estimates of average
captive lifespan. However, as the data were protected by the conditions of the research data
use agreement under which ISIS had originally released them to Wright and colleagues, we
were not permitted to view the raw data or to use them. Instead, we were required to prepare
and submit a Research Request for ISIS Data that – if approved – would grant us permission to
access the raw data and use them to calculate new lifespan estimates that would correct
problems we had identified with those originally published by Wright and colleagues (Young et
al., 2012) (as “median adult lifespan”, but more accurately referred to in this study as median
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adult time in ISIS zoo). My supervisor and I prepared and submitted our Research Request in
collaboration with Tim Wright and his student, Anna Young (who was responsible for much of
their published work with the parrot data from ISIS), and sponsored by Jake Veasey and Axel
Moehrenschlager of the Calgary Zoo (our required ISIS member sponsoring institution). Both
Tim Wright and Anna Young were generous with their time and advice, and both were keen to
be involved in the refinement of their original lifespan calculations. Our application included a
brief description of my overall research project and its aims; details about the successful
Research Request submitted to ISIS by Wright and colleagues in 2007 and the subsequent data
analysis and publication (Young et al., 2012); a discussion of the specific ways in which the
captive lifespan estimates as calculated by Wright and colleagues could be improved or refined;
and a clear description of the methods I proposed to apply to the raw data in order to obtain
new, valid species estimates of average captive lifespan. Specifically, I planned to use the raw
demographic data to plot survivorship curves and then obtain median survival age for each
species (see 6.3.) I also planned to further refine the lifespan estimates by limiting the
potentially confounding influences of site-specific effects (by using zoo identity codes to exclude
any species not held in at least four zoos) and ‘date of entry’ into the ISIS-monitored population
(by obtaining an average value of this for each species that could then be factored into the
analysis). As outlined in 6.3., median survival age would then serve as the ‘average captive
lifespan’ component of a measure that would reflect the extrinsic effects of captivity on relative
lifespan (i.e., how closely each species’ average lifespan in captivity tends to approach its
maximum potential lifespan).
Our Research Request received preliminary approval, but was subsequently rejected at
the final approval stage. The specific reason for this decision was unclear; however, two
concerns cited by ISIS representatives included a new hesitation to share raw demographic
data with non-demographers after they became aware of how the data accessed by Wright and
colleagues in 2007 were used (e.g., ISIS representatives were “alarmed” that left-and rightcensored data were used “incorrectly” despite being clearly and appropriately labelled in the
database); and questions about whether or not our proposed lifespan variable (relative lifespan)
is actually an accurate measure of captive welfare (i.e., whether the more closely a species’
average captive lifespan approaches its maximum potential lifespan, the better that species
fares in captivity). Interestingly, at least one relevant publication supported by ISIS data and
with an ISIS-affiliated co-author states that "Relative life expectancy (life expectancy as
proportion of longevity) describes husbandry success of captive populations…[and] describes
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the adaptability of a species to live under captive conditions” (Mueller et al., 2011). Relative
lifespan does seem likely to reflect species-typical welfare (e.g., see Impaired health in 1.3.3.) –
though not on its own (i.e., additional measures are needed to make confident inferences about
welfare), and only if derived and applied in ways that neither misinterpret populations in which
all individuals (including the longest lived) die prematurely as long-lived (since relative lifespan
will be artificially high in these), nor misinterpret young populations as short-lived (since relative
lifespan could be artificially low in these, if calculated incorrectly). Potential errors like these can
most easily be corrected and/or avoided by working with the original, raw demographic data
logged by ISIS (rather than with published data that have already been manipulated by others),
and so the hope is that ISIS will eventually increase its capacity to assess and grant larger
numbers of Research Requests (the process is currently quite cumbersome and slow).
With increased access to ISIS data, future welfare researchers could also attempt to
validate measures of relative lifespan by calculating and comparing alternatives across species.
For instance, if the relevant data were available, it might be useful to determine whether the
same natural biology variables predict relative lifespan in captivity whether the ‘average captive
lifespan’ component of this measure is median survival age (the age by which 50% of
individuals in a population are dead and 50% still alive; see 6.3.) or, e.g., ‘25% survival age’ (the
age by which just 25% of individuals in a population remain alive): a similar measure that might
better reflect the fact that the harmful physiological effects of chronic stress may accumulate
very slowly, such that they are only detectable via changes in mortality after a prolonged period,
near the end of life (reviewed in, e.g., Walker et al., 2012). Likewise, would the same natural
biology variables that predict relative lifespan in captivity (average relative to maximum) also
predict an alternative measure that reflects, e.g., average annual mortality rates during
pubescence – a phase during which differences in mortality are unlikely to be related to
differences in care or natural senescence?
In light of the problems that I identified with my outcome measure of relative welfare, it is
unlikely that the findings of this preliminary investigation accurately reflect which proposed
intrinsic determinants really do or do not predict relative lifespan in zoo parrots. In particular,
there was no support for the predictions relating relative lifespan in captivity to social group size,
foraging effort, ecological flexibility, or conservation status (hypotheses a, b, c, and e,
respectively), even though Studies 2 and 3 revealed that most of these aspects of natural
biology were related to other welfare-sensitive measures like SB or reproductive success, or
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both (see, e.g., 4.4. and 5.4.) Of course, while the results of this study were mainly affected by
the quality of the data for the median adult time in ISIS zoo variable, inaccuracies could also
have been introduced by natural biology variables for which the numbers of species with data
available were fewer than for other variables (e.g., maximum group size), or ones for which the
connection to a proposed intrinsic welfare determinant was indirect or not obvious (e.g., see
4.5., in which I discussed relative food search time as a measure of natural foraging effort; and
how measures of social group size [maximum group size or communal roosting] relate to
sociality per se). My results may also have been affected by the potentially confounding
influences of unmeasured husbandry variables, since it is well known that many aspects of
rearing or management can directly affect the health and welfare of captive animals (e.g.,
Mason et al., 2007; Morgan and Tromborg, 2007). Here, the published species estimates for
median adult time in ISIS zoo were not accompanied by any additional, species-typical
information on relevant elements of husbandry, and so I was unable to test and account for
relationships (between husbandry variables and the natural biology predictors) that might act as
confounders in the analyses (as I did in Study 2, in which relevant husbandry data were
available: see 4.3.3. and 4.4.2.)
Based on the results of Study 4 alone, it remains unclear whether or not low intelligence
(or any of the other aspects of natural biology considered) predicts intrinsic susceptibility to
shortened adult lifespan in zoo-housed parrots – and thus, whether or not the same intrinsic
determinant(s) (if any) might also predict relative lifespan in parrot populations that are
maintained under different captive conditions (e.g., those housed in private homes or breeding
facilities); and/or predict other, non-lifespan-related welfare measures in zoo parrots. Those
questions remain to be answered by future analyses that will hopefully make use of good-quality
demographic data for multiple parrot species – incorporating newly-derived, valid measures of
captive lifespan and, where possible, refined natural biology variables and/or additional ones
that describe species-typical husbandry. Meanwhile, the findings of this preliminary
investigation highlight some points to consider when using lifespan measures as indicators of
relative welfare among species held in captivity: it is important to choose a measure that
accurately reflects how species-typical lifespans are influenced by the extrinsic effects of
captivity, and to consider the potential for confounding variables to affect the validity of that
measure or its components (e.g., average captive lifespan or maximum potential lifespan).
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Chapter 7
General discussion

Though they are held by the thousands of species and millions of individuals in captivity
– mainly in zoos, but also as exotic pets – most wild animals maintained by humans have basic
welfare needs that are quite poorly understood. This issue has been highlighted by interested
parties ranging from welfare scientists to policy working groups (European Commission, 2012;
Melfi, 2009), and a recent analysis of publication trends for animal welfare science predicted
that research focused on the welfare of captive wild animals should, and will, increase going
forward – especially given the valuable opportunities for fundamental research offered by the
diversity of species held in zoos (Walker et al., 2014). Fortunately, the comparative method
offers a useful technique for identifying basic causes of welfare problems in large, ecologically
diverse groups of related species that show unexplained variation in welfare-sensitive
measures. I focused on parrots because their considerable natural diversity is well represented
in a variety of captive systems, where the species appear to differ considerably in their
susceptibilities to health- or behaviour-related problems that may reduce the welfare of
individual parrots, and which certainly present practical difficulties for institutions that maintain
them for display or breeding. In order to test previously-suggested hypotheses about the
intrinsic, biological roots of welfare problems in captive parrots, I assessed the relationships
between several potential species-level determinants of parrot welfare and welfare-sensitive
outcomes in three different captive systems. I also confirmed (in a preliminary study) the
assumed existence of species differences in feather-damaging behaviour (FDB) among
individual parrots. The findings as they relate to specific outcome measures or captive systems
are well covered in the individual Discussions (see Chapter 2, and sections 4.5., 5.5., and 6.5.)
In this section, I examine the results all together and consider what they reveal about the
intrinsic determinants of welfare in captive parrots overall; list some limitations of this project
and recommend how these could be addressed in future studies; and finally, discuss what
thinking about intrinsic welfare determinants suggests about the success of wild animals in
captivity.
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7.1. Results summary: are there intrinsic determinants of welfare in captive parrots – and
if so, then what are their practical implications?
The findings of my research project contribute empirical support for a number of
potential intrinsic risk factors that have been hypothesized to increase susceptibility to some of
the common health- and behaviour-related problems of captive parrots. However, considering
that the overall purpose of this project was to identify the intrinsic determinants of welfare in
captive parrots, which of these (problem-specific) risk factors might also be more general
determinants of relative welfare? As described in the General methods (see 3.2.), a thorough
assessment of welfare should ideally consider numerous measures that are sensitive to stress,
such as those reflecting, e.g., hypothalamic-pituitary-adrenal axis functioning, general health
and adult survival, reproduction, and stereotypic behaviour (SB) (Clubb and Mason, 2007). This
is because, as reviewed in the General introduction (see 1.3.3.), each welfare-sensitive
measure is also regulated by factors independent of psychological well-being and may not covary with poor well-being in the expected direction – and so any single measure, on its own, is
not always a reliable indicator of relative welfare (Mason and Veasey, 2010). In the
comparative studies described in Chapters 4-6 of this thesis, I tested for biological predictors of
several different categories of welfare indicator (SB, general medical health, reproductive
success, and adult lifespan), and generated relevant information for two of them: SB and
reproductive success. And since neither one of these is a perfectly reliable welfare indicator, I
am most confident identifying a particular aspect of natural biology as a likely determinant of
relative welfare when there is evidence that the characteristic in question is a risk factor for both
types of welfare-sensitive outcome. I found that species with naturally high foraging effort and
those with relatively large brains were at increased risk for both SB and suppressed
reproduction in captivity (though note the relationship between relative brain volume and captive
hatch rate was a trend), while ecological specialists and endangered species were at increased
risk for suppressed reproduction only. Thus, specific aspects of natural foraging behaviour and
intelligence appear to be intrinsically important for welfare in parrots. These results are
summarized in Table 7.1.
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Table 7.1. Summary illustrating outcomes related to stereotypic behaviour and captive reproduction that were predicted by each of the proposed
intrinsic determinants. Risk factors that predict both SB and suppressed reproduction (bold font) are most likely to be determinants of welfare in
general (see text in Chapter 7).
Hypothesis / proposed intrinsic risk
factor for poor welfare a

Predicts stereotypic behaviours? b

Predicts suppressed captive reproduction? c

High % FDB

High % Oral or Whole-body
SB

Low hatch rate
(corrected for natural fecundity)

High relative breeding difficulty

a) Large social group size

-

-

-

-

b) High foraging effort

Yes

-

-

Yes

c) Low ecological flexibility

-

-

-

Yes

d1) Low intelligence

-

-

-

-

d2) High intelligence

-

Yes

Trend

-

e) Endangered conservation status

-

-

Yes

-

Abbreviations
FDB, feather-damaging behaviour
SB, stereotypic behaviour
Footnotes
a. See 3.3. for definitions of the proposed intrinsic risk factors and the specific variables used to estimate these; and see 3.3., Table 4.2., and
4.4.2. for details about potential confounders that were controlled for in analyses involving particular variables.
b. See Table 4.2. for definitions of the SB variables.
c. See 5.3. for definitions of the captive reproduction variables, including details about potential confounders that were controlled for in analyses
involving particular variables.
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We can use this information to make informed predictions about the suitability for
captivity of different species, even in the absence of existing knowledge about their health and
behaviour when under human care. Captive setting- specific predictions, as well as supporting
examples taken from my parrot data set, have already been presented for the different welfare
outcomes in the Discussions for Studies 2 and 3 (see 4.5. and 5.5.) As for which species we
might expect to fare poorly across settings, my findings suggest that the two best predictors of
this should be high natural foraging effort and large relative brain volume, such that species
characterized by either one (or both) of these risk factors are intrinsically predisposed to adjust
relatively poorly to captive conditions in general. Among the species in my data set, candidates
include the yellow-fronted parakeet (Cyanoramphus auriceps), double-eyed fig parrot
(Cyclopsitta diopthalma), swift parrot (Lathamus discolor), yellow-collared macaw (Propyrrhura
auricollis), red-capped parrot (Purpureicephalus spurius); and several lorikeets, including the
Musschenbroek’s lorikeet (Neopsittacus musschenbroekii), varied lorikeet (Psitteuteles
versicolor), and three species from the same genus: the musk, purple-crowned, and little
lorikeets (Glossopsitta concinna, G. porphyrocephala, G. pusilla, respectively). All of these
species lack available data on SB and reproductive success in captivity, but all are also known
to have both long relative food search times and relatively large brains. Furthermore, in line
with expectations for low reproductive success in captivity, six of these species are also
endangered and/or have low habitat breadths. As another example, we might even venture to
predict intrinsic difficulties adjusting to captivity for, e.g., the red-and-blue lory (Eos histrio) and
blue-streaked lory (Eos reticulata) even without knowing their food search times or relative brain
volumes, because we know that their fellow genus members, the black-winged lory (Eos
cyanogenia) and violet-necked lory (Eos squamata), are effortful foragers with large brains, and
are thus likely susceptible to developing SB or reproductive problems in captivity.
As described in the General methods (see 3.3.) and reviewed in the Discussion for
Study 2 (see 4.5.), I estimated natural foraging effort using a categorical measure that was
based on relevant characteristics of the main food type in a species’ natural diet. Because it
was derived from information about species’ diets and not their foraging behaviour specifically
(e.g., within the context of a daily activity budget), this relative food search time variable is an
indirect measure of foraging effort. Consequently, it is difficult to interpret exactly what aspect of
the natural feeding biology might be responsible for the observed relationships between
foraging effort and FDB or captive breeding success. Do parrots from species with long food
search times fare poorly because captive environments provide insufficient opportunities for
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them to engage in a critical phase of their natural foraging behaviour (as hypothesis b
suggested), or could the mediating factor actually be a different aspect of feeding biology (like,
e.g., the precise nutritional compositions of different foods)? It is certainly possible that the
short and long categories for the diet-based relative food search time variable distinguished not
only between food types requiring less or more time to discover or access (and thus, between
species that naturally devote less vs. more time from their activity budgets [or “effort”] to the
appetitive phase of feeding specifically), but also (or alternatively) between other food type
characteristics that may reflect foraging effort less directly, or not at all. From the published
work used to derive the relative food search time variable for this project (see General methods,
3.3.), parrot species identified as most exploratory in captivity (i.e., those that exhibited shortest
latencies and/or longest durations of exploration when exposed to a novel object) included ones
that naturally feed primarily on difficult-to-discover foods from my ‘long’ food search time
category (e.g., buds or fruit); while the least exploratory species included ones that naturally
consume mainly easy-to-discover, ‘short’ food search time foods, like small seeds (MettkeHofmann et al., 2005; Mettke-Hofmann et al., 2002). The same author had earlier found that
parrot species judged as exploratory in captivity were those that tended to exhibit FDB (Mettke,
1995). It could be, then, that the food search time categories separated food types associated
with less or more ‘exploratory’ lifestyles – thus potentially identifying species that are naturally
less or more exploratory overall (i.e., not just in relation to appetitive foraging behaviour). Of
note, the proposed relationship between species-typical exploration in captivity and FDB
(Mettke, 1995) has yet to be statistically confirmed (or to account for the effects of phylogeny);
and even if it is genuine, it remains unclear whether susceptibility to FDB or other measures of
poor welfare would also be exhibited by naturally exploratory species (see below).
Alternatively, the food search time categories may have separated food types that are
easier or more difficult to provide for captive animals – thus potentially identifying species whose
nutritional needs are simply more or less fully met in captivity. Indeed, ‘short’ food search time
items like small seeds or grains are probably easier for human caregivers to acquire
consistently and store than are many of the ‘long’ food search time items, like nectar or pollen,
blossoms, or fruits – and relationships between natural diet and captive well-being have already
been demonstrated in zoo-housed ruminants, among which grazing species had longer relative
lifespans than those that were dependent on the regular provision of browse (Mueller et al.,
2011). Furthermore, diet quality (e.g., concentrations of tryptophan or antioxidants) has been
shown to affect barbering and excessive scratching in mice (Dufour et al., 2010; George et al.,
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2015). Clearly, testing hypothesis b (welfare problems are caused by the restriction of foraging
behaviours, such that welfare will be poorest in species with the most time-consuming natural
foraging behaviours) more directly will require as-yet unavailable multi-species data on foraging
times or activity budgets collected from wild parrots. Ideally, it might also involve controlling for
nutritional (i.e., biochemical) differences in diet type. In the meantime, my results suggest that
increasing the time and effort required to search for and assess or manipulate food might be
especially good ways of enriching parrot enclosures (see the Discussions in 4.5. and 5.5.)
Particular care might also be taken to provide food items that are nutritionally similar to those
that would be eaten in the wild.
Like the variable I used to estimate natural foraging effort, the intelligence measures I
considered – brain volume relative to body mass, and innovation frequency – are indirect
measures of the biological concept that they are assumed to reflect; and, as with the
relationships identified between foraging effort and welfare outcomes, it is difficult to interpret
exactly what aspect of intelligence is actually responsible for the relationships between brain
volume and/or innovation frequency and SB or captive hatch rate. Do parrots from innovative
species and/or those with relatively large brains fare poorly because captive environments offer
insufficient opportunities for them to engage intrinsic motivations to explore, learn, or problem
solve (as hypothesis d2 suggested)? Situations in which animals lack ‘agency’ – opportunities
to expand their behaviour through voluntary exploration of and interaction with their environment
– are proposed to lead to negative subjective states that are analogous to boredom (Meehan
and Mench, 2007; Wemelsfelder, 1993; Wemelsfelder and Birke, 1997). Thus, one possible
mechanism of the apparent link between high intelligence and poor welfare is boredom, a
negative state caused by under-stimulation. This idea is in line with hypothesis d2, and some
empirical support for the concept of boredom in caged animals comes from experiments with
captive mink, in which – consistent with boredom – individuals housed in welfare-poor nonenriched conditions exhibited heightened exploration of diverse stimuli (both positive and
negative) (Meagher et al., 2013; Meagher and Mason, 2012). If a similar captivity-induced
increase in exploration is involved in some of the relationships between intelligence and welfare
in parrots, then the most intelligent species should be most exploratory in captivity; and those
that exhibit the highest levels of captive exploration should have the highest prevalences of oral
and whole-body SB (predicted by high relative brain volume in my project: Study 2 – plus
possibly FDB, as suggested by earlier work (Mettke, 1995), but never confirmed) and/or the
lowest captive hatch rates (potentially also predicted by measures of high intelligence in my
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project: Study 3). These predictions could potentially be tested using my own data on speciestypical intelligence (relative brain volume and innovation frequency), in combination with multispecies data on exploration in captivity (latency to explore and duration of exploration for
captive parrots presented with a novel object) collected by Claudia Mettke-Hofmann and
colleagues (2014). Any results from these tests would be tentative, since it is currently
impossible to separate captivity-induced exploration from intrinsic tendencies for species to be
more or less exploratory, which have not been assessed in parrots. Indeed, preliminary
attempts to test these relationships revealed that none was significant – though this was partly
due to missing data (models can only include species for which data are available for all
variables) and low power (degrees of freedom were reduced by the presence of many soft
polytomies in the parrot phylogeny; see General methods, 3.4.) (J. Kroshko 2015, unpublished
data). Pending further research into the precise mechanisms that connect intrinsic determinants
and welfare outcomes in parrots, my results suggest that providing opportunities to learn and
problem solve might be particularly good ways of enriching enclosures (see the Discussions in
4.5. and 5.5.)
My work also suggests that it would now be useful to perform comparative analyses for
other similarly large-brained or relatively intelligent taxa – like corvids, primates, or cetaceans –
in order to determine whether some of the same biological risk factors identified for parrots also
predict relatively poor welfare among those groups. For example, natural day journey length
and group size were already identified as species-level determinants of stereotypic pacing and
hair pulling, respectively, among zoo-housed primates (Pomerantz et al., 2013). Intelligence
measures were not tested in that study; however, the authors noted that being wide-ranging is
positively correlated with brain size (and thus, high cognitive ability) among primates, and
suggested “frustrated motivations for cognitive challenges” as a possible mediator of the
relationship between day journey length and SB (Pomerantz et al., 2013).
Ecological flexibility and conservation status may or may not be intrinsic determinants of
parrot welfare, but both low habitat breadth and endangered International Union for
Conservation of Nature Red List status were risk factors for reproductive problems (high relative
breeding difficulty and low relative hatch rate, respectively) in aviculture parrots. This confirms
the astute insights of some aviculturists who have long held that this is the case. Since
resource specialism is also a species-level risk factor for low population resilience and/or poor
post-translocation establishment success in wild-living populations of birds, including parrots
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(Cassey, 2002; Cassey et al., 2004b; Delhey et al., 2013; Shultz et al., 2005), it appears that
both habitat specialists and endangered species (probably often the same species, since these
variables are related; see 4.4.) may be in what Clubb and Mason (2007) referred to as “double
jeopardy”: that is, poorly able to maintain population sizes both in the wild and in captivity. This
is true whether or not the overall welfare of individual parrots from species that are endangered
or have narrow habitat requirements is actually compromised in captivity. A related possibility is
that these may be species for which reproduction per se (rather than welfare in general) is
particularly sensitive to stress, such that minor shifts in stress that are too small to affect SB or
other standard welfare measures may nonetheless disrupt reproductive success.

7.2. Some limitations of this study and how to address them going forward
I did, of course, encounter a number of issues that limited my scope for drawing broad
conclusions about parrot welfare in general and about species differences in some potential
welfare indices in particular. Most of these limitations have already been identified and
described in the Discussion sections for the relevant studies; however, an overarching theme
was one of limited data availability. This was frustrating at times – but is also encouraging, since
it suggests that many of the main limitations that affected my research project may be quite
easily addressed once more or newer species-level data on parrot health, behaviour, and
natural biology become available. In fact, some of the pertinent data for captive parrots already
exist, and need only to be successfully accessed. Because specific limitations related to one or
more of the individual studies were already detailed in other sections of this thesis (see
Discussion sections for Studies 1-4 in Chapter 2, 4.5., 5.5., and 6.5.), I will consider here a few
issues that are relevant to my research project as a whole, and that should be accounted for in
any future comparative work with this taxon in particular.
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Limited data from captive parrots
The fact that I was able to collect or find and collate qualitative and quantitative data on
several welfare-sensitive measures and for multiple, diverse parrot species (this latter point is
important for a comparative analysis) was a strength of this research project. However, a
significant limitation of the project’s design was the fact that species-level data on the three
main types of welfare indicator I assessed (i.e., SB, reproductive success, and adult lifespan),
were obtained from parrots maintained in three quite different types of captive setting (i.e.,
private homes, private aviculture setups, and zoos, respectively), so complicating direct
comparison of the findings and the ability to draw general conclusions about welfare within the
various settings. This was a practical limitation, since suitable, multi-species data on SB,
reproductive success, and captive lifespan that were derived from parrots housed in similar
conditions were either not available or not accessible when I carried out my data collection.
This may be because the practical importance of the different outcomes varies across different
captive contexts, such that certain outcomes are much more likely than others to be tracked and
systematically recorded within a certain context. For instance, aviculturists are necessarily
interested in reproductive success, and so are more likely to carefully note and record breeding
variables than are, say, pet owners, who may keep single birds and be uninterested in breeding,
but are much more concerned about their pets’ obvious ‘behavioural problems’, like FDB and
other SB. Overall, of course, as suggested in the Discussion for Study 3 (see 5.5.), if a
particular natural biology variable predicts effects in the same direction for multiple welfare
indicators and across different settings (like, e.g., foraging effort, which predicted SB
prevalences in companion parrots and relative breeding difficulty in aviculture parrots in Studies
2 and 3), then this is a clue that the natural biology variable is a determinant of welfare in
general, and not just the predictor of a single outcome in a certain setting (like, e.g., hatch rate
in zoos), which may or may not reflect welfare. Still, drawing stronger and more confident
conclusions about parrot welfare in different captive contexts (e.g., when kept as pets vs. for
breeding vs. in zoo collections) will require the species-level assessment of multiple welfare
indicators in each of those contexts. Some of the indicators would be practically difficult to
assess accurately in certain settings (e.g., average lifespans among companion parrots that
may often be acquired as adults of unknown age or rehomed multiple times (Meehan, 2004); or
reproductive success among zoo parrots, for which a lack of breeding might simply reflect a lack
of opportunity, depending on housing and social groupings). However, species estimates for
other indicators could more feasibly be collected in multiple settings. For example, private
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aviculturists with small breeding populations could be asked to assess the prevalences of
various SB among their birds (though this would require a time commitment, and so sufficient
participation in such a project could be difficult to secure). Meanwhile, updated data sharing
software from the International Species Inventory System (ISIS’ Zoological Information
Management System, ZIMS) may soon allow zookeepers to accurately record behavioural data
about individual birds more easily than they previously could (International Species Inventory
System, 2015). In fact, the new ZIMS software may even accommodate the recording of
important variables (like, e.g., opportunities to breed) alongside reproduction data that were
previously un-useable (i.e., without additional information for appropriate context). This
information would then, theoretically, be available for analysis.
For two of my studies, in order to obtain relevant species-level estimates for the welfarerelated outcome of interest, I had to rely on previously-published data that either were quite
outdated (hatch rates and expert assessments of breeding “difficulty”, in Study 3); or else
consisted of average values that reflected a non-ideal measure (“median adult lifespan” –
actually median adult time in ISIS zoo, in Study 4); or – in both cases – were lacking
supplementary details about potentially confounding aspects of husbandry. I have already
discussed these issues individually, in the contexts of the relevant studies (see Discussion
sections in 5.5. and 6.5.) Considered together, they suggest a general lack of published data on
parrots that is both current and (most important) high-quality, and/or deficiencies in record
keeping or data sharing among certain groups. Of course, while the published data I used to
calculate hatch rate and relative breeding difficulty were published in 1991-1992, I assume that
they were still valid for my purposes, since I was interested in relative differences between
species, and not in absolute values for the variables (which probably increased similarly in most
or all species in response to general improvements in breeding methods or technologies). Still,
newer and more detailed data that could be used to update or refine species estimates;
calculate additional, complementary ones; and/or include additional controls in comparative
analyses already exist, and are held by various groups. For example, a number of the larger
zoos that specialize in keeping and breeding birds (or parrots specifically) have compiled
extensive records on reproductive success for their multi-species collections, and these could
now be used to calculate various breeding measures that would augment the original data from
aviculture that were published in 1991 (Allen and Johnson, 1991). Some of these institutions
may even be recording valuable husbandry data that could be incorporated into analyses
focusing on intrinsic risk factors for captive breeding problems, or have the potential to do so
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easily. I would encourage specialist bird parks (especially those that have already expressed
goals of supporting research and promoting the welfare of parrots in the wild and in captivity) to
update (e.g., digitize) their existing record-keeping systems so that their data can be more easily
shared with researchers who can help to analyze them. I would similarly encourage
aviculturists to recognize the value of their combined expertise, and so endeavor to keep
detailed or standardized records about their experiences; and to consider contributing these,
when requested, to research efforts that may inspire scientifically-informed improvements
benefitting parrots and aviculturists alike. As another example, ISIS already holds all the data
required to recalculate refined (i.e., valid) species estimates for ‘average captive lifespan’ in
parrots. As discussed in Chapter 6 (see 6.5.), the organization does have a formal application
procedure in place that aims to facilitate the transfer of ISIS data to researchers (International
Species Inventory System, 2015), but its valuable catalogue of life history data is underutilized
for research even as its web-based information management system is upgraded to reduce
errors, encourage member participation, and accommodate new types of data. This is partly
because the current Research Request for ISIS Data process is prohibitively slow (and, as I
experienced, sometimes unsuccessful even when planning ahead). Hopefully, these barriers to
accessing the ISIS database will start to disappear as the new ZIMS system evolves.
Meanwhile, my experience working with “second hand” life history data from ISIS is underscores
the need to be critical of published data that include average values compiled or calculated by
others.
Even the most up-to-date captive welfare data sets I analyzed lacked some potentially
useful details. For example, as discussed in Chapter 4 (see 4.5.), SB prevalence data from our
pet owner research survey did not distinguish between potentially different forms of FDB (e.g.,
feather plucking vs. feather chewing). Consequently, I could not address whether these two
slight behavioural variations actually represent different sub-types of FDB or have different risk
factors. In order to evaluate the potential homogeneity or heterogeneity of different forms of SB,
future analyses might usefully refine the straightforward prevalence measures I used. Relevant
individual-level data collected for our research survey that are already available for future
analyses include whether or not FDB included a skin-damaging component, and the extent and
severity of feather damage due to FDB.
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Limited data from wild and ancestral parrots
There are also gaps in the published literature on parrot natural biology. In particular, as
mentioned above and in the Discussion for Study 2 (see 4.5.), additional information on speciestypical activity budgets would be especially valuable for establishing which aspects of foraging
behaviour are intrinsic determinants of welfare among captive parrots; and information on
species-typical social structures could be used to confirm whether aspects of sociality really are
not welfare determinants for this group. The non-involvement of sociality seems intuitively
unlikely given the general importance of conspecific presence for the welfare of social species
(see 1.3.4. in the General introduction), and so species-typical data on particular social
behaviours could be used to rule out sociality-related alternatives to, e.g., redirected foraging as
explanations for FDB in parrots. For example, data on time naturally spent allopreening might
address the possibility of FDB as redirected social grooming, which has been raised to explain
similar behaviours in other taxa (e.g., Pomerantz et al., 2013). Because data on daily travel
distances and/or home range sizes are also sparse for wild parrots, I was unable to test whether
these components of natural ranging behaviour predict captive welfare or SB in parrots as they
do in carnivores and primates (Clubb and Mason, 2003; Clubb and Mason, 2007; Pomerantz et
al., 2013). Given that parrot species that naturally undertake more extensive seasonal
movements (i.e., nomads) were found to exhibit lower establishment success after translocation
to new wild environments than did more sedentary species (Cassey et al., 2004a; Cassey et al.,
2004b), it might be fruitful to investigate other aspects of annual ranging behaviour, like site
fidelity.
Regarding foraging effort and intelligence, one unanswered question is whether these
intrinsic risk factors have additive effects: are species that naturally have both long food search
times and relatively large brains the ones at highest risk for poor general welfare when
maintained in captivity? For instance, would such species be extra vulnerable to developing a
combination of welfare problems, such as multiple types of SB, or SB together with suppressed
reproduction? Among the species in my data set, there are examples that are consistent with
this idea. For instance, the black-capped parrot (Pionites melanocephalus) is a relatively largebrained, high-effort feeder that exhibited generally high prevalences of at least 20% for multiple
SB (FDB, oral SB, and whole-body SB; 20% is higher than average, at least for FDB) along with
suppressed captive reproduction (rated "difficult" to breed by experts, and low hatch rate relative
to natural baseline). Similarly, the Alexandrine parakeet (Psittacula eupatria) is a relatively
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small-brained, low-effort feeder that exhibited no FDB, low prevalences of other SB, and a
relatively high captive hatch rate. However, there are also examples of other relatively largebrained, high-effort feeders that are inconsistent with this pattern. These include the sun conure
(Aratinga solstitialis) and Nanday conure (Nandayus nenday), which exhibited generally high
prevalences of SB (~20-30% for oral and whole-body SB), but no evidence of captive breeding
difficulties (rated “easy” to breed by experts); and the white-bellied parrot (Pionites leucogaster),
which was rated “difficult” to breed by experts and exhibited an FDB prevalence of 18%, but
very low prevalences of other SB (~5% for oral and whole-body SB). On the whole, species for
which I was able to collect or locate data on all relevant variables were relatively few, and so
these questions may become easier to address as the published literature on free-living parrots
continues to accumulate.
Finally, as discussed in the General methods (see 3.4.2., Phylogenetic information: the
Psittaciformes phylogeny), the phylogenetic hypothesis that informed my comparative analyses
is now several years old and its topology is not fully resolved. Thus, all of the significant
relationships described in this thesis should ideally be replicated when a full molecular
phylogeny or an updated supertree becomes available for Psittaciformes. Following on from the
recent publication of a number of studies that have clarified taxonomic connections among
several large groups of parrots (see Phylogeny and classification in 1.3.1. i.), a new supertree
(at least) should be available for this purpose within a few years. Meanwhile, it is worth noting
that new tools for efficiently using existing phylogenetic information are starting to become
available. For instance, the recent publication of a comprehensive molecular phylogeny of
extant bird species (Jetz et al., 2012) was accompanied by a website (BirdTree.org: A Global
Phylogeny of Birds; Jetz et al., 2015) that provides free access to the original data from the
analysis, plus online tools that researchers can use to obtain sets of equally plausible
phylogenetic trees for any group of avian species. These can then be used as phylogenetic
hypotheses: either by summarizing the data to produce a single, ‘consensus’ tree that serves as
the phylogenetic hypothesis for a standard comparative analysis (e.g., phylogenetically
independent contrast analysis, as used for my research project); or by generating sets of trees
for a ‘multi-model’ analysis (which aims to account for uncertainty associated with the
phylogenetic hypothesis, and provides confidence intervals that accompany the parameter
estimates and suggest how much a comparative result can be “trusted”) (Rubolini et al., 2015).
Incidentally, information on within-species variation (e.g., standard errors associated with
species mean values for a particular trait), if available, can also be incorporated into certain
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types of comparative analysis in order to improve the accuracy of the parameter estimates
(Garland et al., 2005; Garland et al., 2004) – though this is often impossible when a data set
includes values obtained from the literature and only means were reported, as was largely the
case in my research project. Other potential advantages associated with incorporating
information about phylogenetic uncertainty include increasing the robustness of the results to
future revisions of phylogenetic information for the relevant taxa; and avoiding the loss of
statistical power introduced when accounting for soft polytomies, which are often associated
with single or consensus phylogenies (and themselves reflect uncertainty) (Garland et al.,
2005). Using BirdTree’s online tool to generate phylogenetic hypotheses based on the
associated data set is proposed to improve on the supertree approach commonly used for
comparative studies, in part because supertrees often integrate data derived from varying (and
potentially poorly comparable) sources (e.g., DNA sequences, morphology, etc.) (Rubolini et al.,
2015), while BirdTree is a complete molecular phylogeny assembled by combining similar types
of molecular data from more than 6,000 taxa, and using two major reference works (extensive
molecular phylogenetic studies on birds) as a “backbone” for the reconstruction (Ericson et al.,
2006; Hackett et al., 2008). Similar online tools are also available for other taxa (e.g., the
10kTrees Project for primates and other mammals: http://10ktrees.nunn-lab.org) (Arnold et al.,
2010). In all cases, a potential benefit of these is ease of use, since currently-available methods
like supertree building necessitate molecular biology expertise, multiple phylogenetic software
packages, and often, manual coding of existing phylogenies from published studies (which can
be time-consuming and prone to errors) (Rubolini et al., 2015).

7.3. In context: what do intrinsic risk factors for poor welfare suggest about the success
of wild animals in captivity?
The practical and ethical challenges inherent in maintaining thriving populations of wild
animals in captivity are many, and they can vary depending on the circumstances of the
population in question; i.e., whether animals are being maintained as human companions, as
breeding stock (for ex situ conservation or the exotic pet market), or as part of a zoological
collection on display. As I observed in a model taxon, animals in captivity are subject to a range
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of problems that include SB and suppressed reproduction, and susceptibility to these is
enhanced among individuals from species that exhibit key risk factors linked to their natural
biology. Some of these intrinsic risk factors are important in a particular captive setting, while
others appear to apply more broadly, perhaps as general determinants of welfare. In the
context of captive breeding for ex situ conservation, the negative effects of captivity may
contribute to suppressed reproductive output (Araki et al., 2007; Woodworth et al., 2002) –
particularly among endangered and/or ecologically inflexible species that would potentially
benefit most from these efforts. Sub-optimal captive environments also promote the
development or persistence of abnormal behaviours that could subsequently interfere with
introduction success by reducing the post-introduction survival or reproductive success of
affected individuals – especially among species that have the key risk factors (e.g., relatively
large-brained parrots and those with high-effort natural foraging behaviour). Among intrinsically
poorly-adjusted species that are maintained in captivity despite their poor suitability, some
populations may undergo rapid phenotypic adaptation to the captive environment (Mason et al.,
2013). Such changes can be beneficial in the context of captivity, but can also lead, over a
number of generations, to genetic adaptations that might further reduce the suitability of these
populations for introduction to the wild (Jule et al., 2008; Snyder et al., 1996) or (even if they are
not destined for the wild) render them poor genetic representatives of their species in captivity
(Allendorf, 1993; Mason et al., 2013). In fact, if large numbers of captive-born individuals are
introduced to an endangered wild population, there is a risk that the captive-adapted genotype
could replace the wild-adapted remnant one or, paradoxically, cause a drop in overall population
size (Adamski and Witkowski, 2007). Captivity-induced developmental changes, such as
compromised acquisition of predator avoidance skills, can be particularly common among
species that normally exhibit social learning or are not allowed to interact with wild individuals in
natural settings during critical early periods (e.g., the scarlet macaw, Ara macao) – though prerelease “skills” programs aim to address this issue by exposing captive-bred individuals to
appropriate stimuli (e.g., as was done with the Puerto Rican Amazon, Amazona vittata) (Myers
and Vaughan, 2004; White et al., 2005).
Taxon-specific knowledge about the intrinsic determinants of welfare in general (or risk
factors for suppressed reproduction specifically) might assist conservation managers with the
allocation of space and resources for their breeding programs by informing evidence-based
choices about which species are the likely best (or worst) candidates for conservation breeding
success. For instance, parrot species with active population management programs
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administered by the World Association of Zoos and Aquariums or the American Zoological
Association (WAZA International Studbooks or AZA Species Survival Plans, respectively) are
the blue-throated, great green, and red-fronted macaws (Ara glaucogularis, A. ambiguus, A.
rubrogenys, respectively); hyacinth macaw (Anodorhynchus hyacinthinus); palm cockatoo
(Probosciger aterrimus); golden conure (Guaruba guarouba); thick-billed parrot (Rhynchopsitta
pachyrhyncha); and kea (Nestor notabilis). Most of these have small relative brain volumes and
are not innovative; but all have long relative food search times. Among this group, perhaps the
best candidates for ex situ conservation success are the great green macaw and the golden
conure (both endangered). Both species eat primarily fruits, and so have high foraging effort;
however, the great green macaw was rated “easy” to breed by expert aviculturists, and the
golden conure has a fairly wide habitat breadth (includes 4 out of 7 main habitat types in its
native range), which predicted captive breeding success in Study 3. Indeed, this species’ hatch
rate in captivity (>53% of wild rate) is higher than the average for the species in my study. On
the other hand, the endangered hyacinth macaw is perhaps the least likely among these
species to achieve conservation breeding success. While relatively small brained, this species
is not only a high effort forager, but is also innovative. Accordingly, it was rated “difficult” to
breed by expert aviculturists, and exhibited higher than average prevalences of SB (>20% for all
three types of SB assessed in Study 2), at least when kept as a companion animal. In light of
my findings from Studies 2 and 3, perhaps a better candidate from a welfare standpoint would
be one that is not only small brained and non-innovative, but also has a short food search time.
From my data set, examples of threatened species that are currently not under WAZA or AZA
population management are the critically endangered red-vented corella (Cacatua
haematuropygia) and the vulnerable Antipodes green parakeet (Cyanoramphus unicolor), both
of which are relatively small brained, non-innovative species, and also low-effort foragers (the
corella eats mainly small grains; and the parakeet, mainly leaves). Another good candidate
might be the critically endangered orange-bellied parrot (Neophema chrysogaster), which is a
non-innovative, low-effort forager that feeds mainly on small grains and has a fairly wide habitat
breadth (uses 4 out of 7 main habitat types), and was rated “easy” to breed by expert
aviculturists. Knowledge about intrinsic welfare determinants could also inform decisions about
which types of environmental enrichment might best prevent welfare problems from developing
(ideally) among animals in a particular breeding program. Which interventions are optimal will
vary depending on the specific problem(s) being targeted, since different forms of a problem can
have different intrinsic risk factors (e.g., in parrots, FDB may be best addressed by enrichments
that increase foraging time, while other SB may respond better to those that increase cognitive
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engagement; see 4.5. and 1.3.4. for details on the features of these types of enrichment, with
examples). In general, approaches that incorporate natural skills-development training are
proposed to be particularly useful in boosting pre- and post-release welfare (and thus, eventual
reintroduction success) among highly social or intelligent species for which success rates are
otherwise typically low (Reading et al., 2013).
Not all implications of poor welfare are of equal concern for all captive populations of
wild animals. Thus, issues to do with ecologically adaptive behaviour or genetic purity that
affect populations intended for introduction to the wild or to contribute to ‘genetic reservoirs’ may
not even apply to wild animals kept as human companions. However, individuals in this latter
subset can far outnumber those in ex situ conservation programs (e.g., accounting for the
overwhelming majority of captive individuals in the case of parrots – and with the potential to live
very long lives in captivity), and so their well-being is an ethical priority. Thinking about the
influence of intrinsic welfare determinants highlights why wild pets (of which birds, and
specifically parrots, are the largest group: see the General introduction, 1.3.2. iii.) are inherently
more likely to exhibit signs of poor welfare in captivity than are domesticated ones. Unlike
domesticated animals, which are genetically adapted to the captive environment, wild animals
are genetically adapted to natural conditions (i.e., to their ancestral environments). Some of
these adaptations are likely to represent poor matches to the features of the captive
environment and, for members of a given taxon, intrinsic risk factors are the key traits for which
the mismatch is a source of frustration or stress in captivity. In addition, wild animals may
simply lack elements of the behavioural flexibility that is required to adjust to such evolutionarily
new surroundings. This also emphasizes why some wild species tend to fare better in captivity
than do their close taxonomic relatives: those that are least susceptible to welfare-related
problems are the ones for which the important risk factors are not part of their natural biology, or
else are expressed at low levels.
Empirical Information about the intrinsic determinants of welfare for taxa that are
commonly kept as pets could help to guide recommendations about which species might make
the most (or least) suitable pets and which ones are most (or least) likely to maintain good
welfare within the frameworks of the private or commercial breeding/aviculture operations that
supply the pet market. As detailed in the General introduction (see 1.3.2.), there are just four
parrot species – all widely popular as pets – that are bred so extensively in captivity that the
Convention in International Trade in Endangered Species places no rules or regulations on their

226

trade: the peach-faced lovebird (Agapornis roseicollis), rose-ringed parakeet (Psittacula
krameri), and two potentially domesticated species, the budgerigar (Melopsittacus undulatus)
and the cockatiel (Nymphicus hollandicus) (see 3.1.) Considering their ubiquity in aviculture
and as pets, we might expect that these species, all four of which were confirmed by expert
aviculturists as “easy” to breed in captivity, are broadly suited for captivity with respect to key
natural characteristics: low foraging effort and low intelligence (relatively small brain volumes
and no behavioural innovations observed in the wild). This is largely true, and in fact, the
cockatiel has every one of these traits, and is also a habitat generalist (which may further
predict captive breeding success). However, the lovebird and budgerigar have relatively large
brains for their small sizes, and the parakeet is highly innovative in the wild (though it is also an
extreme habitat generalist, which seems to be protective, at least against captive breeding
problems). Furthermore, in Study 2, all four species exhibited at least two types of SB (with
high prevalences of between 21% and 33% for at least one type per species) when kept as
pets. This is interesting; however, the apparently notable captive breeding success of these
species (the lovebird, for instance, has an annual hatch rate in captivity that nearly matches that
in the wild) may be influenced by intrinsic welfare determinants not yet identified (some
suggestions were made earlier in this chapter), or by domestication-related changes, or even by
a higher level of accumulated aviculture “experience” for these well-known species vs. other
parrots. Indeed, even if these species were, in fact, predisposed to experience success in
captivity, welfare is affected by extrinsic factors, too. Perhaps, as small, relatively inexpensive,
and very common pets, these particular species are disproportionately acquired by those
wishing a “low-commitment” pet option, rather than by parrot enthusiasts who are prepared to
invest time and money to provide a high-quality captive environment. If so, then they could be
subject to systematic husbandry trends that can boost susceptibility to developing SB (e.g.,
cramped housing or insufficient access to enrichments; see Table 4.2.) when kept as pets. At
least in the case of species that remain undomesticated, information about the intrinsic welfare
determinants of parrots and other common pets might also be used to decide which types of
environmental enrichment might best improve or sustain the long-term welfare of individuals
from particular groups. As discussed, optimal interventions should be those that address
whichever of the known, taxon-specific risk factors a species has. Among parrots, the most
broadly vulnerable species likely have either high natural foraging effort or high intelligence
(relatively large brain, or perhaps high innovation frequency) – or both – and so could be
targeted with foraging or cognitive enrichments, as appropriate. In the end, whether the
recipients of such interventions are beloved companion animals or genetically-valuable
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members of a conservation breeding population (and whether they are well- or poorly-known in
captivity), all may be potential beneficiaries of comparative analyses that make efficient use of
existing data from multiple sources to identify the root causes of their welfare problems, and
then help focus welfare-refinement efforts on the key elements of their natural biology.
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Appendix I. Selected text and images from the “mini-questionnaire” used to guide survey
respondents (companion parrot owners and caretakers) to an accurate identification of their
parrot’s species during the registration step of the online research survey.

The questionnaire was available in six different languages: English, French, Dutch, Spanish, Greek, and
Italian; some text from the English-language version is shown here. We used a branching structure,
which means that each respondent was directed to the relevant set of images based on their response to
the first question (i.e., depending on which parrot group they selected from among the ten available).
Here, all ten sets of images are presented; different parrot groups are identified at the top of each page:
macaws, Amazon parrots, conures, Pionus parrots, African parrots, lovebirds, parakeets, lorikeets,
cockatoos, and one group of various species (parrotlets, caiques, monk parrot, and eclectus parrot).
Respondents who selected Macaws were further directed to indicate whether or not their macaw was a
hybrid species (relatively common among this group, but excluded from my analyses; see 3.1.) and to
differentiate between standard and miniature macaws (or ‘mini macaws’, which measure < 50 cm in total
length and are much smaller than standard macaws). Respondents who selected either Don’t know, or
Other in response to the first question were not provided with any images, and their data were excluded
from my analyses (in practice, this happened very infrequently). Note that none of the images is
accompanied by common or scientific/binomial names. We took this approach in order to avoid the
possibility that respondents might be influenced by previous, unconfirmed ideas about their parrot’s
species, rather than focusing carefully on its physical characteristics in order to obtain an accurate
identification.

Note that the selected questionnaire elements presented here differ visually from those in the online
version. This is because the PDF version of the questionnaire that was exported from SurveyMonkey for
inclusion in this Appendix did not retain image colour or the online formatting / layout. In particular, the
parrot images shown here are much smaller than the ones displayed online; and the “buttons” used to
navigate forward and backward between screens within the online version are not visible here. The full
online “mini-questionnaire” is accessible via a link on the survey website at www.parrotsurvey.com.

The questionnaire was created using SurveyMonkey open source software. All illustrations were
reproduced, with the publisher’s permission, from Parrots of the World (Princeton Field Guides) by
Joseph M. Forshaw (author) and Frank Knight (illustrator), 2010. Images are not to scale. For additional
details, see the text in 4.3.1. i. Survey details.
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Of the different species of mini-macaws pictured here, which is your parrot?
Please select the image that matches your parrot. If your parrot's species is not pictured here, then
please select, "Other".

□

Note chestnut-brown forehead;
lines on face

Note red "shoulders";
blue forehead; green tail

□

□

Note black head; yellow
collar on hindneck

Note red forehead, lower back,
and abdominal patch

□

Other

Images courtesy of Parrots of the World (Princeton Field Guides), by Joseph M. Forshaw (author) and Frank
Knight (illustrator), 2010.
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Of the different species of macaws pictured here, which is your parrot?
Please select the image that matches your parrot. If your parrot's species is not pictured here, then
please select, "Other".
□

□

Note yellow feathers on wings;
bare face with faint lines

Note green feathers on wings;
bare face with conspicuous lines

□

□

Note green forehead; black throat

Note blue forehead; blue throat

□

□

Note red forehead; blue-tipped red tail

Note orange-red crown, ear coverts, and
"shoulders"

□

□

Other

Images courtesy of Parrots of the World (Princeton Field Guides), by Joseph M. Forshaw (author) and Frank
Knight (illustrator), 2010.
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Of the different species of Amazon parrots pictured here, which is your parrot?
Please select the image that matches your parrot. If your parrot's species is not pictured here, then
please select, "Other".

□

Note yellow forehead and orange wing patch
Note blue forehead and red "shoulder"

□

□

Note yellow on nape to hindneck; dark and light
grey bill

Note little or no yellow on forehead; greyish tinge on
back

□

□

Note entirely yellow face and head; pale yellowish
bill

Note yellow on crown or face; orange and grey bill

□

□

□

□

Other

Images courtesy of Parrots of the World (Princeton Field Guides), by Joseph M. Forshaw (author) and Frank
Knight (illustrator), 2010.
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Of the different species of conures pictured here, which is your parrot?
Please select the image that matches your parrot. If your parrot's species is not pictured here, then
please select, "Other".

□

Note green crown and olive green upper tail
feathers

Note brown crown and brownish-red upper tail
feathers

□

□

Note pale-coloured bill and bare eye ring
□

Note black bill and feathered eye ring
□

Note yellow on back, upper wings, and lower
underparts

Note green on back, wings, and lower underparts

□

□

□

□

□

Other

Images courtesy of Parrots of the World (Princeton Field Guides), by Joseph M. Forshaw (author) and Frank
Knight (illustrator), 2010.
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Of the different species of Pionus parrots pictured here, which is your parrot?
Please select the image that matches your parrot. If your parrot's species is not pictured here, then
please select, "Other".

□

□

□

□

□

□

Other

Images courtesy of Parrots of the World (Princeton Field Guides), by Joseph M. Forshaw (author) and Frank
Knight (illustrator), 2010.
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Of the different species of African parrots (Poicephalus parrots and Gray parrots) pictured
here, which is your parrot?
Please select the image that matches your parrot. If your parrot's species is not pictured here, then
please select, "Other".

□

Note all-brown head; no yellow or turquoise
markings

Note turquoise rump; yellow on crown, "shoulders",
and thighs

□

□

Note brownish head (males & females); deep pink
forecrown (females)

Note all-green head and red forecrown (males and
females)

□

□

□

□

Note size (>30 cm), pale grey feathers, and allblack bill
Note smaller size (<30 cm), darker grey feathers,
dark maroon tail, and red and black bill

□

Other

Images courtesy of Parrots of the World (Princeton Field Guides), by Joseph M. Forshaw (author) and Frank
Knight (illustrator), 2010.
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Of the different species of lovebirds pictured here, which is your parrot?
Please select the image that matches your parrot. If your parrot's species is not pictured here, then
please select, "Other".

□

□

□
□

Other

Images courtesy of Parrots of the World (Princeton Field Guides), by Joseph M. Forshaw (author) and Frank
Knight (illustrator), 2010.
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Of the different species of parakeets pictured here, which is your parrot?
Please select the image that matches your parrot. If your parrot's species is not pictured here, then
please select, "Other".

□

□

Note multiple colour variations

□

□

□

□

Note absence of colourful markings on head or
wings (male & female)
Note colourful red and/or yellow markings on head
and wings

□

□

Note proportionately small bill and absence of
maroon "shoulder" patch
Note relatively large size, massive bill, and maroon
"shoulder" patch
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□

□

□

□

□

□

□

Other

Images courtesy of Parrots of the World (Princeton Field Guides), by Joseph M. Forshaw (author) and Frank
Knight (illustrator), 2010.
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Of the different species of lorikeets (or lories) pictured here, which is your parrot?
Please select the image that matches your parrot. If your parrot's species is not pictured here, then
please select, "Other".

□

□

□

□

□

□

□

□

Other

Images courtesy of Parrots of the World (Princeton Field Guides), by Joseph M. Forshaw (author) and Frank
Knight (illustrator), 2010.
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Of the different species of cockatoos pictured here, which is your parrot?
Please select the image that matches your parrot. If your parrot's species is not pictured here, then
please select, "Other".

□

Note pale blue eye ring and
salmon colour between eye
and bill

□

□
□

Note forward-curving crest, size
(50 cm), and nearly all-white
body

Note blue eye ring and
backward-curving yellow crest

□

Note deep blue eye ring and
absence of salmon between
eye and bill

Note forward-curving crest, size
(33 cm), and yellow plumage
on body

□

□

Note all-white feathers

□

Note salmon and yellow
markings

□

Other

□

Images courtesy of Parrots of the World (Princeton Field Guides), by Joseph M. Forshaw (author) and Frank
Knight (illustrator), 2010.
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Of the different species pictured here, which is your parrot?
Please select the image that matches your parrot. If your parrot's species is not pictured here, then
please select, "Other".

□

Note green rump; lack of blue markings behind eye
or on rump

Note greyish tinge on back; blue rump and
blue markings behind eye

□

□

□

□

□

Other

Images courtesy of Parrots of the World (Princeton
Field Guides), by Joseph M. Forshaw (author) and
Frank Knight (illustrator), 2010.
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