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A thorough understanding of how animals fly is a central goal of many scientific disciplines. Birds are a commonly used
model organism for flight research. The success of this model requires studying healthy and naturally flying birds in a laboratory setting. This use of a nontraditional laboratory animal species presents unique challenges to animal care staff and
researchers alike. Here we review regulatory, animal care, and training considerations associated with avian flight research.
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From Greek mythology to Da Vinci’s works on the flying machine, the flight of birds has fascinated men. The modern-day
study of flight is central to many disciplines: ecologists study
flight to better understand the evolution and preservation of
a species; biologists seek to understand how different organ
systems interact to achieve flight; physicists aim to model the
physical properties of flight; and engineers seek to apply these
findings to facilitate advances in aviation and the design and
control microaerial vehicle. The use of birds to further our understanding of flight is essential to each of these endeavors.
Although noteworthy advances have been made in our understanding of the mechanisms mediating flight,74 many questions
remain to be answered.39-41,73 Furthering our understanding of
flight often requires studying flying animals, typically birds,
in a laboratory setting. This need presents unique challenges
to veterinary staff, IACUC, and researchers alike. This review
examines some of the challenges posed by avian research and
summarizes regulatory, animal care, and training considerations
associated with this important field of research.

Regulatory Oversight of Avian Flight Research

Together with laboratory rats and mice, birds are specifically
excluded from the Animal Welfare Act.1 The federal regulation
of ornithological research stems from the Health Research Extension Act of 1985.26 Under this Act the then-director of the
NIH established the Public Health Service Policy,57 which pertains to all live vertebrate animals used or intended for use in
research, research testing, experimentation, or biologic testing
or related purposes and mandates the adherence to the Guide
for the Care and Use of Laboratory Animals29 (the Guide). Compliance with these regulations is required if an institution intends
to conduct animal activities supported by the Public Health
Service, National Science Foundation, Department of Defense,
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or Veterans Affairs or if an institution is to become AAALACaccredited.
At the institutional level, IACUC are tasked with overseeing the animal program, facilities, and procedures to ensure
that they are in compliance with applicable regulations (Public Health Service Policy, the Guide, Guide for the Care and Use of
Agricultural Animals in Research and Teaching,21 and the Animal
Welfare Act Regulations,2 insofar as these may apply). Among
other responsibilities, the IACUC reviews all proposed study activities prior to initiation to ensure that procedures will avoid or
minimize pain and distress to the animals through rigorous design and the provision of appropriate sedation, anesthesia, analgesia, and euthanasia. In addition, IACUC should ensure that
the living conditions and program of animal care is appropriate
for the avian species to be housed. As with previous overviews
for other avian research models,67 the current review should
serve as an aid to IACUC or veterinary teams when avian flight
research is being established in a facility or when reviewing proposed avian flight research studies.

Field Studies

Field studies are commonplace in avian flight research, because they allow for observations and measurements of a range
of flight behaviors that may be impossible or impractical in a
research facility. At a minimum, IACUC must be provided with
the location of the intended field study, the proposed procedures, and a description of how these procedures might affect
the biology and ecology of the studied animals and others in
the immediate study area. In addition, IACUC must be provided with assurance that permit requirements of pertinent
local, state, national, and international wildlife regulators will
be met before work begins. At this point, if the IACUC determines that the proposed activity will not alter or influence the
study animals or their environment, then further review is not
needed. However, if the IACUC determines otherwise, then
full protocol review and subsequent approval is required before initiation of the study. For avian field studies, semiannual
IACUC inspections of study sites are not required and often are
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impractical; however the circumstances should be explained
to the IACUC so that they can consider risks to personnel and
effects on study subjects. This notification may be partially accomplished through written descriptions, photographs, or videos that document the study site. The increasing availability
of video calling, even in remote or inaccessible areas, has the
advantage of allowing real-time interaction and engagement
of the researchers at field sites with local IACUC and veterinary personnel. This technology enhances the review process
beyond that which might be achieved through photos and
written reports. Additional details on the review of field studies can be found in a number of IACUC books,24,69 the Guidelines to the Use of Wild Birds in Research,20 and the NIH Office of
Laboratory Animal Welfare website, specifically the Frequently
Asked Questions.58

Obtaining Birds for Use in Flight Research

Although field studies accommodate observations and recordings of flight in a bird’s natural habitat, flight research often
requires studying birds in a more controlled, laboratory setting.
However, procuring birds can be a challenge for researchers.
The species of bird selected by the researcher depends on a combination of practical considerations, including the size of the
bird (smaller birds are obviously advantageous for maintaining
in the laboratory setting) and plumage coloring (for example,
birds with certain shades of colors may be preferred against a
particular background for image contrast enhancement), and
the type of flight being studied. In particular, different birds
have different patterns of flight—from specialists, such as the
hummingbird, to generalist fliers. Smaller generalist fliers may
display typical flap-glide-bound pattern of flight,65,75 whereas
birds heavier than approximately 300 g flap continuously.76 In
addition, flying birds can be grouped broadly into categories
based on wing tip shape (rounded, pointed, convex or concave)
as well as the aspect ratio of the wing (stubby or slender).44 Bird
species used in flight research include, for example, pigeons,81
hummingbirds,83 quail,3 zebra finches,77 starlings,9 corvids,30
cockatiels,28 lovebirds,37 parrotlets,14 chukar partridge,7 turkeys,64
seabirds,62 hawks,79 and eagles.10 Regardless of the model chosen, none of the species of birds just listed are purpose-bred for
research; consequently high-quality SPF sources are not readily
available. Researchers are therefore often forced to obtain birds
from private breeders, such that birds can vary dramatically in
both the quality and consistency of their health and genetics.
This situation can have adverse effects both on research replicability and on the health of both individual birds and the colony
as a whole. In addition, many private breeders may be reluctant
to sell birds to be used in research, especially research that may
be invasive or terminal in nature. Establishing a long-term relationship among researchers, veterinarian, and breeders may
help to mitigating these issues.
As an alternative, birds can be wild-caught, but this practice
also is not without its challenges. Obtaining the appropriate
permits for wild capture is time-consuming and can be arduous, particularly when the target species is either rare or considered an invasive species, because invasive species cannot
be released once caught. Capturing birds can be technically
challenging, necessitating experience and training, of which the
IACUC should be informed. In addition, the capture process
can potentially expose researchers to members of the public,
particularly in more urban areas. Therefore, consultation with
the institution’s public relations office should be considered
during the protocol review process when wild capture is pursued. Furthermore, obtaining birds from the wild may have
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occupational health and safety concerns, both from injury and
risk of zoonotic exposure. Researchers should therefore be made
aware of these risks and work with the IACUC throughout protocol review to ensure that appropriate steps to mitigate these
risks are taken. Biosecurity implications should be factored in
when wild-caught birds are brought into a facility, due to the
risk of within-species and cross-species disease transmission.
Acclimation of wild birds to captivity can be a major issue, and
a prolonged period of quarantine and steady acclimation—
along with appropriate preventative veterinary care—is necessary to avoid significant loss of life that can occur during this
time. Even with a successful acclimation period, wild-caught
birds are harder to train than their domestic counterparts, thus
potentially greatly extending the time required to complete
an experiment.

Housing

The incredible diversity of birds studied in flight research,
from the 4-g Anna’s hummingbird38 to the 4-kg steppe eagle,63
proves an obvious challenge for the animal care team when considering housing. Special attention must be paid to the details
of the housing set-up, because poorly designed housing can
have negative effects on both research and the welfare of the
birds. In general, evidence-based minimal space requirements
for avian species are sparse, although some guidelines have
been established in the United States and Europe (Figure 1).
However, these minimal guidelines often are not followed.4 In
addition, general husbandry guidelines have been published for
some avian species.8,33 For avian species where space allowances
have not been established, birds must at least have enough
space to hop and fly between resting (for example, perch) and
feeding areas in the cage, using fully extended wings that do
not touch the side walls. Smaller cages can elicit abnormal behaviors,5,22 such as increased stereotypies and decreased time
spent on cage-floor foraging. The length of the enclosure is a
particularly important consideration for birds used in flight research, because they need to be able to achieve flight outside of
the take-off and landing phase to allow for the correct development and maintenance of flight musculature for study. In addition, longer cages have been associated with fewer stereotypies
than taller or shorter cages in some species.5 The height of the
enclosure should be considered also, so that social species can
express dominance hierarchies and to allow prey species the
feeling of being able to escape human ‘predators’ by positioning themselves above them.11 When birds are habituated to humans and are used to receiving food rewards, it is important to
provide perches both in the back of the cage and near the cage
door, so that birds can approach humans at their own pace for
receiving food.
Beyond housing, enrichment programs are an essential component of the animal care program for birds. Enrichment programs can be inspired by the natural history of the species, in
particular in relation to foraging, social, and resting behaviors.
Ideally, these programs should aim to be evidence-based in
their nature and designed to increase the range and duration
of expression of species-specific behaviors. To this end, they
should be reviewed periodically to ensure that these aims are
being achieved and in a cost-effective manner. As a minimum,
birds should be provided with perches because, in general, they
prefer to remain elevated from the ground. In addition, nest
boxes and nesting material should be provided for some species and are necessary for breeding. In addition, other enrichment devices, such as mirrors, which have been shown to be
beneficial, may be placed in the enclosure.45 In general, birds
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Figure 1. Space allowances for bird species commonly used in flight research. Space allowances are taken from US guidelines where available.
When unavailable, European guidelines are provided.

need water baths so that they can clean and preen themselves
daily, allowing maintenance of optimal feather quality. For other
species, dust baths can be added to cages, either continuously
or temporarily, and have been shown to be important in some
species, such as quail, who will demonstrate sham dust-bathing
behavior in their absence.53
When designing the enrichment program, it is important to
consider species-specific preferences and normal behavioral
tendencies. Although both corvids and psittacines are highly
intelligent groups of birds,18 in general, corvids are naturally
more neophobic whereas psittacines are naturally more exploratory.6 In addition, there is variation within the psittacine
group, and African gray parrots can be relatively neophobic.60
Therefore, although providing more exploratory species with
frequently changing enrichment may be beneficial in promoting expression of behaviors, providing frequent novel items to
the more neophobic species may have detrimental effects to the
birds’ psychologic wellbeing, thus countering the purpose of

the enrichment program. In addition, parrots have been shown
to have preference for size, color, and texture of enrichment devices,35 and enrichment devices have long-term effects on behavioral phenotypes.51 The introduction of new items, sounds,
people, and other novel experiences thus needs to occur in
gradual steps, so that birds can adjust and habituate. The pace
between approximations is set by the individual bird, which
should not display arousal or escape behavior with each approximation. Therefore, knowing and being able to observe
the behavioral tendencies of the species—and even individual
birds—being housed can be very helpful for guiding the enrichment program.
Although providing enrichment is undoubtedly important
to promote species-specific behaviors, it must be done in a way
that is compatible with routine husbandry and project-specific
scientific procedures. From the husbandry standpoint, enclosures should be designed to ensure daily provision of fresh
food and water, removal of excess fecal waste, and ease of
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health observation by the animal care team. From the researcher’s standpoint, animals must be accessible for the interactions
and training required to complete research goals. All parties—
research, husbandry, and veterinary—must therefore be collaboratively engaged in the design of the enrichment program.
An additional and important aspect when considering the
specifics of housing and enrichment programs is social housing. The Guide states that single housing of social species should
be the exception, thus implying that social species should be
housed in pair or group settings. Single housing of social species can be justified in light of experimental requirements or
veterinary-related concerns about animal wellbeing but should
be reviewed frequently by IACUC and veterinary personnel.
The majority of avian species used in laboratory studies of flight
are found in social groups in the wild and should therefore be
group-housed. When cohoused, birds form strong pair bonds,
and removing an individual animal can be stressful for both
birds. In addition, studies have shown that, compared with singly housed birds, cohoused birds can learn tasks quicker than
because they learn from watching their cagemate56 and are more
cooperative and easy to train,49 if the trainer is experienced.
However, training birds in social housing can be challenging for
researchers. During training, the dominant bird often displaces
the subordinate to gain access to food rewards. This situation
can result in rewarding the incorrect behavior of the dominant
bird and not rewarding the correct behavior of the subordinate
bird, thus confusing and prolonging training. Therefore, it is
key to organize training sessions with a single bird in a cage to
train effectively. While doing so, it is important that the cages of
flock mates are close enough for birds to stay in vocal contact.
Visual contact during training should be controlled: whereas it
is beneficial for peer-learning, it should be avoided otherwise to
prevent birds from attempting to fly over to other cages during
training sessions.
One particular challenge for social housing is pair bonding,
because some species do not bond well unless birds are placed
together when they are still juveniles, and it can be even harder
if they have been pair-bonded with other mates before. Another challenge can be pair housing of sexually mature male
birds, which can lead to fighting, particularly during the breeding season. Beyond the negative welfare implications, fighting
may lead to damage to feathers or wing structures, which may
temporarily or permanently affect their ability to fly optimally
and thus adversely affecting research goals. Any bird that does
require single housing should, at a minimum, be housed with
visual and auditory access to compatible conspecifics, and ideally cages should be designed to allow preening between single-housed birds. This access should be achieved in a stepwise
manner, where the cages are initially placed adjacent and the
birds are observed to ensure absence of aggressive interactions.
This aggression can be an issue with wild-caught, male pairings, especially in breeding season. If positive interactions are
noted at this stage, cages can be pushed together to allow for
direct contact, with follow-up monitoring of birds for signs of
fighting. This degree of contact is especially important in species that depend on social preening (allopreening) for removing
pinfeathers from their heads and for social bonding, such as parrots.68 Decisions on appropriate social housing should therefore
be carefully considered to optimize both animal welfare and
research outcomes.

Positive Reinforcement Training

The cooperative training of birds is essential for many forms
of flight research. Birds must be trained to fly between 2 points
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for almost all types of flight studies, including wind-tunnel experiments,19 force-plate analysis,42 and video analysis.63,71 This
training is challenging, because birds must overcome their natural fear of humans, who may be viewed as predators, depending on their natural history and previous experiences. This fear
can be especially strong in wild-caught birds. Overcoming the
fear of humans requires that all interactions—whether related to
husbandry, veterinary, or research activities—be conducted in a
way that results whenever possible in a positive experience for
the bird and requires habituating the bird to new experiences
through approximate steps. Therefore, training through positive
reinforcement is essential; otherwise, the research will be limited
to studying human-induced escape behaviors.30 Not only do
escape behaviors only represent a small part of a bird’s natural
behavior repertoire, birds can quickly habituate, thus limiting
the number of trials. The outcome from escape compared with
natural foraging behaviors can be very different. Birds foraging
between perches based on rewards choose take-off angles that
minimize foraging energy expenditure,14 whereas birds escaping take-off over a more erratic range of angles. Furthermore, in
muscle physiology studies, incomplete recovery after invasive
procedures alters wing kinematics and overall flight behavior.78
Ensuring minimally invasive procedures with full recovery and
training based on positive reinforcement are key enablers for
studying the natural low-stress behaviors birds display during
most of their lifetime. Therefore, because of the importance of
positive reinforcement training, facility design, the enclosure,
and husbandry, veterinary, and research practices must all be
optimized to help achieve this goal.
Loud noises can evoke marked startle responses in birds.
Birds should therefore be housed away from high-traffic and
high-noise areas such as cage wash, auditory alarms, and loud
species such as pigs and dogs. However, it is not possible to
completely remove all auditory disturbances. To address this
problem, lower decibel level versions of the sounds that the
birds will experience throughout housing and experiments
can be played in their aviary space to habituate them. Example
of sounds that can be played include knocking on and shutting doors, manipulating research and husbandry equipment,
and sounds made by research equipment such as fan noise
from wind tunnels. Podcasts can be played to accustom the
birds to a variety of voices. However, the use of generalized
noise across a broad band with a decibel level that masks vocalizations of flock mates should be avoided at all time in the
husbandry space, because it has been shown to be an effective bird deterrent.46,72 Caging, transport, and research equipment should be designed so that tasks can be performed with
minimal stress to birds. For example, cages can be designed
to allow for easy transfer of birds during routine cage change
sanitation, and birds can be trained through positive reinforcement target training to fly from one to the other. Finally, it is
essential that all personnel handling the birds be trained in
reading both normal behavior and behavior associated with
fear and stress so that personnel can identify and subsequently
reduce the number of fearful and antagonistic interactions that
birds experience.
With new birds, the number of new people that enter the
room, and variations to the daily schedule, should initially be
minimized to allow for gradual habituation to people and routines. Routine veterinary procedures that involve the capture
and restraint of the birds can be particularly stressful. Disassociating these procedures from the people conducting them
is important for continued trust and stress-free behavior from
the birds. It is essential to maintain the bird’s eagerness to train.

Regulatory, care, and training considerations in avian flight research

This attitude can be achieved by performing capture and examinations in the dark by using night-vision goggles (for example,
using infrared lights to illuminate the room and having the handler wear virtual reality goggles with an infrared-sensitive camera attached [Figure 2]) or by using specially designed hoods or
blindfolds on the birds. Although these measures can be cumbersome and take a while for the bird handler to get used to,
they can be very effective, allowing for successful completion
of veterinary procedures while minimizing the stress on the
birds. Taking this accommodation one step further, it has been
shown that birds can be trained to voluntarily participate in
veterinary procedures.16,47 Only by minimizing stress and using
positive reinforcement training will birds cooperate voluntarily
and therefore consistently fly in the most natural manner. This
approach is particularly effective when the caretakers frequently
train the necessary behaviors.
Positive reinforcement training by caretakers and researchers
requires habituation to hand feeding to be successful (Figure 3).
This goal is easiest to accomplish in birds that have been bred for
this specific purpose and in which hand feeding was introduced
at an earlier age. However, other birds, including wild caught,
can be habituated to hand feeding. The time to successfully
habituate to hand feeding typically is longer for wild-caught
birds, especially those that interact with humans in way that has
made them cautious of our presence, than purpose-bred birds.
Therefore, researchers should assess how much time they are
willing to invest toward taming and obtain their birds appropriately. Alternatively, wild birds can be trained with automated
feeders to perform simple behaviors without people present;
however, this situation limits the usefulness of this approach in
research and requires customized engineering to accommodate
species-specific morphology and behavior. Examples of positive
reinforcement training are shown in Figures 3 through 5. These
figures outline the necessary steps to train a variety of behaviors
that are particularly useful for flight research and that can be
implemented for many bird species. For further understanding of the principles of positive reinforcement training, excellent texts have been written for veterinarians61 and researchers48
to review.
The time required to successfully train new behaviors depends not only on the species involved but also depends on the
capability of the trainer. An experienced trainer can teach a new
behavior with just a few well-planned cue–reward pairs over a
small number of training sessions. A novice trainer may need
many training sessions over the course of multiple days to accomplish the same training. This prolonged time could be due
to reinforcement of incorrect behaviors, inaccurate bridge timing, or poor decision-making regarding the intermediate steps
to reward. Those new to training birds should first observe only
and then work in tandem with experienced bird trainers, before finally being allowed to work alone. In an ongoing effort to
improve training effectiveness, the person training the bird can
periodically film their training sessions with both trainer and
bird in view and then can analyze a randomly selected video
clip with coworkers to get feedback.

Veterinary Care

The veterinary team should be involved in all aspects of
design, implementation, and review of the program for care
of avian species housed in the facility. Because many of these
species are not commonly used in research, they are outside
of the expertise of many lab animal veterinarians. Specialized
training should therefore be sought, or relationships should be
developed with specialist avian veterinarians who can aid in the

Figure 2. Low-cost custom night-vision system for veterinary and research procedures in the dark, which calms birds and stops them from
associating the procedure with the handler. Birds can be habituated to
this procedure, to reduce stress further. The system consists of a firstperson view goggle for flying drones, to which an action camera (for
example, GoPro) is connected directly through existing communication ports and cables. To enable the camera to see infrared light, the
infrared filter is custom-removed by an infrared camera company. To
flood the room with infrared light, commercial infrared power LED
devices are used. The complete system costs between USD$500 and
USD$800.

design of routine veterinary care programs and assist with particularly challenging cases. Bird suppliers should be evaluated
for quality and health of the birds as part of the quality-assurance program. Frequency of routine exams should be determined according to the duration that birds are housed but, at a
minimum, birds should receive visual and physical exams on an
annual basis. In addition, routine diagnostics can be performed
to screen for any underlying pathologies, and infectious disease
testing can be performed to monitor the SPF status of the colony,
especially for important zoonotic avian-specific diseases, such
as psittacosis. An exhaustive list of avian diseases is beyond the
scope of this review, and many useful and well-written textbooks have recently been published.66,70
Effective quarantine is essential due to the lack of SPF commercial laboratory bird vendors. Quarantine is important both
to protect the colony from the introduction of infectious agents
and to protect personnel from potentially zoonotic disease. Due
to the stress of capture, transport, and introduction to a new
facility, the risk of shedding of many avian and zoonotic disease agents may be significantly higher during this period,55
increasing the risk of transmission and the importance of an
effective quarantine. One positive consequence of this increased
shedding is that it may increase the sensitivity of screening
tests. Testing should include fecal swabs for Salmonella spp. and
Escherichia coli and choanal, conjunctival, and cloacal swabs for
Chlamydiaceae. In addition, screening for species-specific disease that may affect individual and colony health is strongly
recommended. In wild-caught birds, parasitism can be extensive, so prophylactic treatment can be advantageous. During
quarantine, staff entering the facility should wear respiratory
protection, such as N95 respirator masks or powered air purifying respirators. Respiratory protection and fit testing should
be managed by the institution’s occupational health and safety
team. Quarantine areas should be housed away from the main
colony unless an ‘all in, all out’ practice is used. In addition,
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Figure 3. Sample workflow for avian research positive reinforcement training. (A) Timeline of major training steps toward experimental readiness according to the party responsible for task completion. Breeders are responsible for handfeeding of the baby birds until they can eat on their
own and for regular handfeeding until shipment of the bird to the research facility, to habituate the bird to human presence. Once at the research
husbandry facility, researchers continue handfeeding and play common noises to the birds to continue habituation. Any time a new stimulus is
introduced to the birds, a habituation period is necessary. Bridging can overlap with the habituation period and involves a reduction in reward
size to a single seed, presented directly after the bridge (often a clicker is used). Once the bridge has been established, training of desired experimental behavior can begin, for example the step-up behavior illustrated. (B) Important behaviors taught during experiment-specific training
that allow for ease of transport and voluntary flight performance. Step-up: bird steps onto a perch placed in front of and slightly above the perch
on which it is stand. The bird remains on the perch until brought to a new perch, where they voluntarily step-off. Target stick: bird travels to and
touches beak to target at end of target stick. The icon demonstrates an approximation toward the full behavior, because a bird often has to fly to
get to target stick location. Target stick can be used as a substitute for pointing when more accurate positioning is necessary or for animals that
do not respond to pointing. Pointing: bird flies to a perch that researcher points at. Carrybox: bird either flies into a transport box or is brought
into one by using a step-up perch. A carrybox is used to transport birds between rooms and buildings. A carrybox is transparent and has 2 large
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Figure 4. Reward strategy affects precision of behavior reinforcement.
This graph displays an example reward schedule for behavior reinforcement, where increase in the y axis represents the behavior to reward. Time T represents a single training session and should be limited
to no longer than 2 min. Time ΔT represents breaks between training
sessions. Bridging reinforces a small timeframe of the behavior, allowing for precise behavior reinforcement, without delays from procuring
reward (as indicated by bridge–reward pair 1). However, this precise
and narrow window of reinforcement means that slight mistiming of
the bridge could reinforce incorrect behavior (bridge–reward pair 2).
Lumping refers to rewarding the animal after they have performed a
desired behavior; this practice lacks specific indication of what part of
the behavior was actually desired; therefore lumping rewards a longer
period of behavior, thus potentially reinforcing undesired behavior
in addition to desired behavior, as indicated by reward 4. However,
lumping can be useful for rewarding longer periods of generally
good behavior where there is no specific peak in behavior, such as
reward 3.

airflow in the room should be maintained negative to the corridor, to reduce potential environmental contamination of the
facility, and recirculation of air should be avoided. Ideally, dedicated staffing and equipment should be used for the quarantine
housing. However, if dedicated staffing and equipment cannot
be provided, all staff should be made aware that quarantine
areas are to be entered last, and staff should change personal
protective equipment or work clothes prior to entering the main
colony.
A particularly important focus of veterinary care for birds
used in flight research is ensuring that their feathers are in optimal condition. Loss of feathers, especially along the wing,
often precludes the ability to fly optimally and may result in
exclusion of data from the study, although studying bird flight
during molt has been informative.36 The causes of feather loss
include ectoparasitism, infectious causes, nutritional disorders,
and behavioral disorders. Ectoparasitism can be diagnosed
and managed with appropriate medication, and nutritional
disorders should be prevented through careful choice of food

according to a thorough understanding of the natural biology of the species. Infectious causes include spontaneous local
diseases, such as bacterial or fungal infection of the feather
follicle, or systemic viral infection such as psittacine beak and
feather disease. Pterotillomania (feather plucking) is associated with poor psychologic wellbeing82 and is often the most
challenging underlying cause of feather loss. Feather plucking can be a particular problem in some psittacines because of
their long lives, extensive social living, high intelligence, and
propensity to develop harmful stereotypic behaviors in barren
environments.34,45 As previously discussed, for these species,
having a complex social49 and physical environment50,52 which
they can interact with, will go some way to mitigate abnormal behavior. Even with a seemingly comprehensive enrichment program, abnormal behavior can develop. Propensity to
develop these abnormal behaviors has been associated with
anxiety-type character traits15 as well as genetic and environmental factors.23 Experienced researchers and animal care staff
often recognize anxious birds and try to preempt the development of abnormal behaviors and can even screen them out
during the purchasing process. A number of assessment forms
are available and can be helpful for recording and monitoring
behavior, health, and psychologic wellbeing. This assessment
should be performed routinely for all birds kept in research
facilities.45

Alternatives to Avian Models of Flight
Research

Flight has evolved independently in several evolutionary
lineages due to the strong selection advantages it affords, including energy-efficient habitat exploration and dispersal. This
situation has resulted in the evolution of a range of wings that
can be studied and whose advantages can be researched and
adapted for human use. Alternative models to birds used in
flight research include bats,27 insects,17 geckos,32 flying snakes,31
and even nonanimal models such as seeds.80 Bats differ from
birds in that bats have membranous skin rather than feathers.
Given that most man-made flying machines do not use feathers but rather a flat surface, researching the mechanical properties of bat wings may be advantageous.12 Insects provide an
invertebrate alternative for flight research, especially for investigating the design and control of miniature drones.13,43 Insects
have been used to understand how flight might be maintained
with damaged wings54 or in turbulent environments,59 both of
which are important issues that may be encountered by selfflying machines. Although due to their size, insects provide an
attractive replacement model for birds, models of flight based
from insects can often be limited when scaled up. Therefore,
although alternative models of flight do exist, birds are and
will remain at the forefront of flight research. Continual evaluation of the care and husbandry of birds used in laboratory
research is therefore essential to ensure that their welfare is
never compromised and that research goals continue to be
achieved.

openings on opposing sides, to train birds to go into the carrybox. The openings ensure that birds do not feel locked in during the first approximations and therefore will go in. The final training step is gradually covering the carrybox for transport. (C) Chaining links individually trained
cues to accomplish a set of tasks. The loop shown demonstrates a typical chain used during experimental flight research. Because birds are social
animals, at least one other bird is within auditory or visual contact with the experimental bird. However, visual contact is prevented by use of
a cage cover when the experimental bird has access to the free space outside of the cages to prevent distraction or undesired flight toward the
other bird. The same is true for training in the husbandry space whenever cage doors need to be open during training.
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Figure 5. Shaping is a crucial tool for training behaviors, because in general training a behavior requires intermediate steps. The first training
step should be a behavior the bird will naturally offer in its repertoire; the subsequent behavioral steps can be built off the initial behavior in
a stepwise fashion as the animal naturally varies its behavior until a particular behavior is reinforced, and so on. The steps need to be small
enough to ensure a high rate of reinforcement (food rewards) can be maintained to keep the animal engaged. The example shows typical intermediate steps to shape the appropriate behavior for target stick touching, which is an essential husbandry behavior to get animals to move
voluntarily to an indicated position. 1: Habituate the bird to the presence of the target stick. Reward the bird for responding correctly to other
cues while the trainer holds the target stick within sight of the bird but outside of the cage. 2: The bird is rewarded for not moving away from
the target stick when it is placed near the bird. When rewarding, it is key to feed for position, so offer the treat between the bird and the target
stick so that the bird voluntary approaches the target stick to get food. Don’t force the bird to be close to the target stick by offering the food too
close near the target stick. If the bird moves away from the target stick in any way or indicates distress through raised feathers, then withdraw
the stimulus to the amount necessary to stop the signs of distress before trying again. As a note, the speed with which the target stick can be
presented should increase incrementally also, although an increase in speed and a decrease in distance should not be paired in the same training
session (that is, only ask for one additional step in the behavior at a time). 3: Reward the bird for looking toward the target stick when it is placed
within the cage. 4: Reward the bird for moving toward the target stick. 5: Reward the bird for moving toward and then touching the target stick
with its beak. 6: Reward the bird for stepping from one perch to another nearby perch to touch the target stick. 7: Reward the bird for flying from
one perch to another to touch the target stick. Then increase the distance between perches; in other steps, increase the height (angle) between the
2 perches. Only move to the next training step when the success ratio equals or exceeds 80% at or beyond 5 trials; if needed, take a step back. The
criterion should be 80% success only, to ensure fluent transitions between each training approximation toward the goal behavior.
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