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Markus	Gusset1 & Gerald Dick2

Editorial
Whilst conservation of wildlife is the 
core purpose of modern zoos and 
aquariums, animal welfare is our core 
activity. This year, WAZA is going 
to release strategic guidance docu-
ments for both animal conservation 
and welfare: the third iteration of the 
World Zoo and Aquarium Conserva‑
tion Strategy	and	the	first‑ever	World 
Zoo and Aquarium Animal Welfare 
Strategy. This gives testimony to the 
equal value and emphasis that WAZA 
places on wildlife conservation and 
animal welfare.

Animal welfare is understood to vary 
on a continuum from very poor to 
very good. The promotion of positive 
animal	welfare	states	requires	differ-
ent approaches to minimising nega-
tive welfare states. Modern zoos and 
aquariums should work to minimise 
the occurrence of negative states 
in their animals and, concurrently, 
should	make	efforts	to	promote	posi-
tive states.

The “Five Domains” model presents 
a useful framework for undertaking 
systematic and structured assess-
ments of animal welfare in these 
terms. This model outlines four physi-
cal/functional domains of “nutrition”, 

“environment”, “physical health” and 
“behaviour”,	and	the	fifth	domain,	
which is the animal’s “mental” state 
(see	figure).	The	Five	Domains	model	
forms the basis of the World Zoo and 
Aquarium Animal Welfare Strategy.

As welfare is a state within an 
animal and is understood in terms 
of what the animal experiences 
subjectively,	this	model	identifies	the	
two main sources of those mental 
experiences.	The	first	is	the	feelings	
and sensations (collectively known as 
“affects”)	that	motivate	animals	to	un-
dertake behaviours considered to 
be essential for their survival. These 
include thirst motivating an animal to 
drink, hunger motivating it to eat and 
pain indicating things to avoid. These 
and other survival-related factors are 
typically covered within the domains 
of “nutrition”, “environment” and 

“physical health”.

The fourth domain of “behaviour” 
captures the second source of sub-
jective experiences, which can be 
negative or positive, and relates to 
animals’ perception of their external 
circumstances. Negative examples 
include: threat eliciting fear, isola-
tion leading to loneliness and low 
stimulation to boredom; and positive 
examples include: security engender-
ing	confidence	and	pleasure	giving	
rise to a sense of reward.

Reference	to	the	first	four	domains	
enables systematic consideration 
of a wide range of conditions that 
may give rise to a range of subjective 
experiences	found	within	the	fifth	

“mental” domain. The net impact of 
all of these experiences is assessed 
as representing the animal’s welfare 
status. Modern zoos and aquariums 
should provide opportunities for the 
animals in their care to experience 
positive welfare states.

In this edition of the WAZA Magazine, 
we have compiled various conceptual 
and practical approaches to how 
progress towards positive animal 
welfare can be achieved by zoos and 
aquariums. This includes articles on 
taxa that are challenging and contro-
versial to keep in human care, such 
as elephants, dolphins, polar bears 
and great apes. Collectively, these 
articles demonstrate the value of sci-
entific	research,	often	multi‑institu-
tional and longitudinal, to provide an 
evidence base for ensuring that the 
animals kept in our care experience 
positive welfare states – in accord-
ance with the Five Domains model. 
We hope that this edition of the 
WAZA Magazine will substantially 
strengthen	our	community’s	efforts	
to make caring about animals in zoos 
and aquariums continuous with car-
ing for them in the wild. 

1 WAZA	Chief	Conservation	Officer
2 WAZA Executive Director

The Five Domains model for understanding animal welfare, divided into physical/functional  
and mental components, provides examples of how internal and external conditions give rise  
to negative (aversive) and positive (pleasant) subjective experiences, the integrated effects  
of which give rise to an animal’s welfare status (modified from Mellor & Beausoleil 2015; 
Anim. Welf. 24: 241–253).
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Summary

The diverse species living in zoos vary 
in their propensities for good captive 
health and welfare. This variation 
yields opportunities to answer ap-
plied and fundamental research ques-
tions via comparative methods. These 
methods can harness this variation to 
statistically identify intrinsic risk and 
protective	factors	influencing	how	
well	species	of	different	niches	adjust	
to captivity. Known or potential risk 
factors include certain foraging styles, 
and being wide-ranging or migratory, 
timid and/or vulnerable to extinction. 
Empirically	identifying	which	specific	
traits help predict captive welfare 
provides an objective way to specify 
behavioural needs; suggests how to 
improve husbandry; and could help 
decide which species to prioritise for 
conservation in zoos. Such data could 
also be used to test certain funda-
mental evolutionary hypotheses.

Species Differences  
in Animal Welfare

The 10,000+ species kept in zoos 
are not all managed in fully evi-
dence-based, optimised ways. Con-
sequently, although zoo animals are 
typically healthier, longer-lived and 
more fecund than their free-living 
conspecifics,	in	some	species	captive	
individuals often survive and breed 
less well than might be expected, and 
display physiological and behavioural 
signs of stress. Even taxonomically 
close species can vary. Ring-tailed le-
murs, for example, typically show few 
veterinary, breeding or behavioural 
problems, while gentle and black 
lemurs are harder to breed success-
fully and more prone to stereotypic 
behaviour (Mason 2010). Similar 
contrasts exist within many genera 
(Clubb & Mason 2007; Müller et al. 
2012; Pomerantz et al. 2013).

Differences	between	captive	and	an-
cestral environments help explain such 
variation: in captivity, the forms of 
food and shelter provided may be 
evolutionarily new; climates may be 
different;	there	is	close	contact	with	
humans; and abilities to range, explore 
and make choices are constrained. 
Species’ natural lifestyles may help 
determine whether any of these 
differences	are	obstacles	to	success.	
In free-living wild animals adjusting to 
novel habitats (e.g. colonising cities), 
species thrive best if pre-adapted to 
cope well with change, and/or when 
mismatches between new and ances-
tral environments are relatively small 
(reviewed by Mason 2010; Mason et 
al. 2013). The same principles seem 
applicable to animals brought into 
captivity:	differences	between	captive	
and ancestral environments will be 
minor and/or easily adjusted to for 
some species, but large and/or hard to 
accommodate for others.

Using Species  
Differences to Test  
Hypotheses about Intrinsic 
Risk and Protective Factors

What biological characteristics 
predict	how	well	different	species	
adjust to captive life? These can be 
identified	empirically	via	comparative	
methods, in which statistical rela-
tionships between species-typical 
traits and outcomes of interest are 
investigated using data from mul-
tiple species (each being one unit 
of replication). Such techniques are 
common in evolutionary and eco-
logical research (Mason 2010; Mason 
et al. 2013). However, only recently 
have they been used to investigate 
animal welfare, perhaps because 
while their logic is simple, the need to 
control for three potential confounds 
can make implementation complex 
(Clubb & Mason 2007; Mason 2010; 
Müller et al. 2012; Pomerantz et al. 
2013). One of these potential con-
founds is inherent similarity between 
closely related species, making them 
statistically non-independent (Fig. 1). 
The	second	is	that	intrinsic	differ-
ences in pace of life and reproductive 
strategy must be factored in, when 
using dependent variables related 
to life history (e.g. reproductive 
variables or average lifespan) to infer 
the	effects	of	captivity.	The	third	is	
husbandry (e.g. relative exhibit size or 
management related to studbooks), 
which may systematically vary with 
taxon;	to	pinpoint	true	influences	of	
natural	lifestyle,	any	species	differ-
ence in husbandry must therefore be 
controlled for.

Georgia	J.	Mason1,*

Using Species Differences in Health 
and Well‑being to Identify Intrinsic 
Risk and Protective Factors

1 Department of Animal Science,  

University of Guelph, Guelph, ON, Canada

* E-mail for correspondence:  

gmason@uoguelph.ca
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What Potential Risk and 
Protective Factors May  
Operate in Zoos?

Being intrinsically wide‑ranging or 
migratory. Ros Clubb and I investi-
gated whether the degrees to which 
captivity constrains hunting, ranging 
or other aspects of natural lifestyle 
predict stereotypic behaviour and 
captive infant mortality in carnivores 
(e.g. Clubb & Mason 2007). Being 
large and wide-ranging, and travel-
ling relatively long distances each 
day in the wild, emerged as risk 
factors (Fig. 2). A decade after these 
data were collated, Jeanette Kroshko 
re-did the work for her MSc thesis, 
adding additional data, new species 
and more stringent controls for small 
sample sizes. She could not replicate 
the infant mortality result. However, 
she	confirmed	that	species‑typical	
natural home-range sizes and daily 
travel distances predict the intensity 
of stereotypic behaviour (irrespec-
tive of body size); newly found that 
average “prey chase” distance does 
too, suggesting that certain hunt-
ing styles place species at risk; and 
showed that pacing and route-trac-
ing	were	the	specific	stereotypic	
activities best predicted by these 
variables.

Pomerantz et al. (2013) found similar 
effects	in	primates:	across	24	species,	
average natural day journey length 
tended to predict levels of pac-
ing and route-tracing (while these 
animals’ other common abnormal 
behaviour, hair-pulling, was pre-
dicted by natural group size). To-
gether, these studies suggest that 
offering	the	correlates	of	a	ranging	

lifestyle, such as more opportunities 
to disperse or explore, multiple den 
sites and/or greater day-to-day envi-
ronmental variability, might be good 
ways to improve exhibits, especially 
to tackle stereotypic route-tracing. 
They also suggest that being natu-
rally sedentary and little-ranging 
pre-adapts species to captivity.

The plot in (a) shows hypothetical data from 10 carnivore species, showing an apparent  
relationship between natural reliance on burrowing and infant mortality in captivity, which  
could indicate that certain species should be allowed to construct their own burrows.  
However, this conclusion is premature: (b) reveals that half the hypothetical data come from  
Panthera (circles) and half from mustelids (stars). Because each group shares traits inherited  
from a common ancestor, the Panthera are inherently similar, likewise the mustelids.  
The non-independence of these taxonomically similar data points makes it inappropriate  
to draw a regression line through them as in (a). Custom statistical techniques that take  
relatedness into account are therefore needed.

Figure 1

Figure 2

a b

Stereotypic behaviour in carnivores is more time consuming in large, naturally wide-ranging  
species: across 20 species, body weight and minimum home-range sizes extracted from field  
studies predicted this behaviour’s severity in affected individuals – PB = polar bear, L = lion,  
AF = arctic fox, AM = American mink (Clubb & Mason 2003; figure reprinted with permission from  
Nature 425: 473–474). The relationship became more significant if only pacing was considered 
(Clubb & Mason 2007). Note that the figure is a simple cross-species plot; final analyses  
controlled for phylogenetic non-independence.
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Looking to future work on other 
taxa, seeking similar patterns in birds 
could be fruitful because in the 
wild, “resident” avian species (those 
staying in one location year-round) 
are typically better than migrants at 
adapting to new environments (e.g. 
establishing self-sustaining popula-
tions when translocated; reviewed 
by Mason 2010; Mason et al. 2013). 
Restricted ranging has also been 
suggested to be a welfare risk factor 
for some cetaceans and callitrichids; 
further testable hypotheses for fu-
ture research.

Natural diets or foraging style. As 
mentioned, “prey chase” distances 
predict pacing in carnivores, sug-
gesting that mimicking this aspect 
of	foraging	could	be	an	effective	
enrichment. However, this analysis 
was based on few species and needs 
replication. More robust and impres-
sive	are	findings	from	Müller	et al. 
(2012) who analysed data from 78 
ruminant species to relate natural 
foraging niche to captive survivor-
ship. They cleverly controlled for 
species	differences	in	normal	intrinsic	
life expectancy by calculating the 
ratios of mean lifespan in captivity 
to the maxima ever recorded. Across 
females (for whom sample sizes 
were	larger	and	intra‑specific	aggres-
sion not an issue), “relative lifespans” 
negatively co-varied with spe-
cies-typical percentages of browse 
(vegetation from woody plants) 
in the natural diet, showing that the 
needs of grazing species have been 
more readily accommodated by zoos 
than those of browsers.

As for future work, bird species that 
readily develop new foraging modes 
in the wild cope well when translo-
cated or exposed to other evolution-
arily new environments (reviewed 
by Mason 2010; Mason et al. 2013), 
and dietary generalists have been 
proposed to adjust well to captivity. 
Together, this suggests that species 
with	flexible	diets	might	be	particu-
larly easy to keep in zoos; a simple 
hypothesis to test. Focussing on 
abnormal behaviour, oral stereo-
typic behaviours in hoofstock (e.g. 
tongue-twirling) and parrots (e.g. 
feather-plucking) have been suggest-
ed to derive from redirected natural 
foraging. Once again, this hypothesis 
is testable; if correct, natural food 
handling times or daily foraging time 
budgets should predict tendencies to 
develop these abnormal behaviours.

Timidity. Timid species are fearful and 
stressed even when faced with famil-
iar threats, showing little habituation. 
This is problematic when eliciting 
stimuli are actually harmless. Heini 
Hediger suggested decades ago 
that	differential	fearfulness	could	
help explain why zoo life is stress-
ful for some species but not others. 
Furthermore, recent avian research 
shows that in the wild, species that 
are particularly scared of humans 
have shown the greatest population 
declines in Europe and are least likely 
to colonise cities (reviewed by Mason 
2010; Mason et al. 2013). It thus 
seems plausible that timid species 
may be relatively hard to keep well 
in captivity, while bold species are 
pre-adapted to succeed; a fascinat-
ing hypothesis to test.

Conservation status in the wild. Con-
servation breeding has been said to 
be more challenging for endangered 
birds than their non-endangered 
close relatives, while species that 
breed well in research laborato-
ries (e.g. Norway rats and rhesus 
monkeys) are often invasive when 
living free. Furthermore, one study 
suggested that across captive canids, 
endangered species had higher pup 
mortality than unthreatened species. 
Potential reasons for these possible 
links could be that species-typical 
risk factors predicting vulnerability 
in the wild are similar to those likely 
to predict vulnerability in captivity: 
being migratory or wide-ranging 
rather than sedentary; specialist 
rather than generalist; and timid 
rather than bold (reviewed by Mason 
2010; Mason et al. 2013).

So do “weed species” succeed eve-
rywhere, while others are vulnerable 
both in the wild and in zoos? Some 
preliminary evidence supports this. 
Jonathan Jeschke and David Strayer 
collected data on 99 vertebrate spe-
cies moved between North America 
and Europe, cataloguing the fates of 
translocated populations. Together, 
Jonathan Jeschke and I investigated 
whether species coping well with 
such translocations also apparently 
adjust readily to captivity. We clas-
sified	each	species	as	to	whether	or	
not being “commonly captive” (e.g. 
often farmed, used in research, held 

WAZA 16 (2015)
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in zoos or kept by private individuals). 
“Common	captives”	proved	signifi-
cantly more likely to establish after 
translocation than species rarely kept 
captive, suggesting that similar traits 
predispose animals to cope with both 
types of novel environment (Mason 
et al. 2013).

However, there are some counter-ex-
amples (Mason et al. 2013), and 
Jeanette Kroshko’s research found 
no relationships between IUCN Red 
List status and captive carnivores’ 
vulnerability to infant mortality or 
stereotypic behaviour. This could 
reflect	differences	between	taxa;	the	
many complex reasons behind threat 
status;	or	that	differential	manage-
ment may mask such relationships: 
Müller et al. (2012) showed that 
ruminant species managed with 
international studbooks achieve 
longer relative lifespans, suggest-
ing that threatened taxa receive 
more assiduous care. More research 
investigating the hypothesised links 
between vulnerability in the wild and 
in zoos is therefore needed, especial-
ly given that threatened species are 
under-represented in zoos; could this 
perhaps	reflect	that	these	species	are	
intrinsically harder to keep?

Conclusions

The diversity of species kept in zoos 
can yield insights into animal welfare 
that are both practically and funda-
mentally important. It is recognised 
that not all aspects of natural life 
need to be mimicked in captivity, but 
that some – those meeting a spe-
cies’ behavioural needs – should be. 
Comparative approaches can provide 
objective ways to identify such 
needs. They also allow the test of 
hypotheses that would be challeng-
ing to test experimentally, and make 
good,	cost	effective	use	of	existing	
data. Practically, their outcomes can 
help suggest new ways to improve 
husbandry. They could also help 
zoos make population management 
decisions. As several recent analy-
ses reveal, keeping 10,000+ species 
comes at a price: population sizes 
are tiny for most. Keeping larger 
populations of fewer species seems 
advisable, but which to select is de-
bated. Considering intrinsic abilities 
to fare well in captivity seems wise 
in such discussions, in order to favour 
those inherently most likely to form 
healthy, self-sustaining populations.

The types of comparative approach 
described here could also yield novel 
insights into the evolution of behav-
iour and stress responses. For exam-
ple, they could reveal which aspects 
of	behaviour	are	flexible,	to	test	
hypotheses about the evolution of 
phenotypic plasticity; help elucidate 
why species’ responses to anthropo-
genic disturbance vary; and provide 
insights into historical domestica-
tions. Data from the diverse species 
held in zoos are thus a potentially 
superb, largely untapped resource for 
fundamental biologists. 

WAZA 16 (2015)



6

Summary

Zoo animal welfare research is often 
compromised by small sample sizes 
and a multitude of key variables 
not usually under the control of the 
researcher. However, careful study 
design and the use of multi-institu-
tional comparative approaches and/or 
consistent long-term data collection 
on even a small number of individuals 
over time can provide valuable scien-
tific	data,	which	can	in	turn	be	used	
to impact management and care 
decisions to improve animal welfare. 
We highlight these two approaches 
and	provide	specific	examples	of	their	
impact on animal care and welfare.

Introduction

Traditionally, sample size has been 
the bane of zoo research. For obvious 
reasons, studies tend to have small 
sample sizes and are restricted to 
one or two institutions. These kinds 
of studies limit the degree to which 
findings	can	be	applied	or	generalised	
to the larger zoo population, either 
because the circumstances of the 
subjects or the institutions are unique 
or because the full range of variables 
are not adequately represented in the 
dataset.

Here, we explore and give examples 
of two increasingly popular meth-
odologies for improving the predic-
tive power of zoo research. The 
obvious answer to the problem of 
limited sample size is to increase the 
number of animals and institutions 
involved in a given study. The study 
of stereotypic behaviour in polar 
bears conducted by Shepherdson 
et al. (2013) is one example of this 

approach. Another study by Wieleb-
nowski et al. (2002) on husbandry and 
exhibit variables related to clouded 
leopards provides another example 
of the impact this approach can have 
for welfare management of a species. 
The primary challenge encountered 
with the multi-institutional approach 
is the logistical complexity and costs 
of working with multiple institutions. 
Data security and ownership can also 
be a challenge.

A second approach, perhaps less 
common, is to collect detailed 
and consistent records on smaller 
numbers of individuals over long 
periods of time and correlate changes 
in individuals with changing events 
over time. Oregon Zoo has been col-
lecting physiological and behavioural 
data from its Asian elephant herd 
for over 30 years, and Glaeser et al. 
(2012) recently published an analysis 
of female reproductive physiology 
in Asian elephants based on this 
extensive dataset. A major challenge 
with this approach is maintaining 
consistency in data collection over 
long time periods in spite of changes 
in personnel, exhibits, analytical 
tools and techniques. In spite of their 
respective challenges, both types of 
studies	illustrate	nicely	the	benefits	
of these approaches to allow for solid 
scientific	research	in	the	zoo	environ-
ment	that	also	benefits	animal	care	
and welfare.

David	Shepherdson1,*	&	Nadja	Wielebnowski1

The Power of Multi‑institutional 
and Longitudinal Studies for Zoo 
Animal Welfare Research

1 Oregon Zoo, Portland, OR, USA

* E-mail for correspondence:  

david.shepherdson@oregonzoo.org
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Multi‑institutional Study  
of Stereotypy in Polar Bears

Polar bears are infamous for their 
propensity to display repetitive, ap-
parently stereotypic pacing behav-
iour in zoo exhibits. The goals of this 
study were to assess the magnitude 
of the problem, attempt to identify 
environmental correlates of the 
behaviour and investigate poten-
tial links to reduced well-being and 
faecal glucocorticoid concentrations 
(Shepherdson et al. 2013).

A total of 20 North American zoos 
(including Canada and the USA) 
agreed to partner with us on this 
year-long study. Input variables 
consisted of exhibit, husbandry and 
climate factors. Output variables 
were performance of stereotypic 
behaviour and faecal glucocorticoid 
levels. Input variables were collected 
by direct observation and measure-
ment and by questionnaire surveys, 
with the exception of enrichment 
that was assessed directly from video 

tapes. A challenge of multi-institu-
tional studies is consistency of data 
collection and analysis. In this study, 
behavioural data were collected via 
video tape at each institution and 
subsequently analysed at Oregon 
Zoo by a small group of highly 
trained observers. Faecal samples, 
collected every two weeks, were 
sent to Saint Louis Zoo’s endocrine 
laboratory for analysis.

Using these techniques, we found 
that on average polar bears spend 
11% of their time engaged in ste-
reotypic behaviour, but that was 
highly variable from institution to 
institution. We found that stereotypic 
behaviour was negatively correlated 
with enrichment, number of bears 
in the exhibit and whether bears 
could see out of their exhibit. Also, 
zoos that practiced positive rein-
forcement training were linked to 
lower rates of pacing. Further, we 
found that higher faecal glucocor-
ticoid concentrations were associ-
ated with higher rates of pacing and 
smaller dry land exhibit area.

These results suggest a link between 
stress physiology and stereotypic 
behaviour in zoo polar bears. These 
findings	also	suggest	that	some	eas-
ily available tools, namely environ-
mental enrichment (Fig. 1) and posi-
tive reinforcement training, may be 
effective	at	reducing	the	incidence	of	
these behaviours. Exhibit designers 
should take note that providing polar 
bears with a view out of their exhibit 
and larger land areas are associated 
with both behavioural and physi-
ological	benefits.

Polar bear enrichment: working  
to obtain food items frozen in ice.

© Michael Durham/Oregon ZooFigure 1
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Multi‑institutional Study  
of Adrenal Activity,  
Husbandry and Exhibit  
Variables in Clouded  
Leopards

Clouded leopards in zoos are known 
to display a variety of behavioural 
problems; for example, fur-plucking, 
tail-biting, excessive pacing or hid-
ing, and severe mate incompatibility. 
These problems generally indicate 
poor animal well-being and severely 
hinder successful population man-
agement. In this study, we collected 
hormone and behaviour data for 
several weeks on 74 clouded leopards 
at 12 zoos (Wielebnowski et al. 2002).

Using non-invasive faecal hormone 
monitoring, we found that some of 
the observed behavioural problems 
were associated with an increase 
in faecal glucocorticoid concentra-
tions. This increase, in turn, was cor-
related with the following variables: 
exhibit height, predator visibility 
and public display. For example, the 
higher the exhibit the lower the fae-
cal glucocorticoid concentrations; 
and, if predators were visible and ani-
mals were on constant public display, 
faecal glucocorticoid concentrations 
were higher.

In a follow-up study, we tested the 
impact of changes in exhibit features 
experimentally (Butterworth et al. 
2011). Available exhibit height was 
altered through adding or removing 
climbing structures, and the amount 
and type of available hiding spaces 
was changed. Data showed that 
adding both climbing structure and 
hiding space resulted in a decline of 
faecal glucocorticoid concentrations 
in the study animals. Once published, 
these data were also used to inform 
the husbandry guidelines for the 
management of this species.

Three Decades  
of Physiological and  
Behavioural Monitoring  
of Asian Elephants  
at Oregon Zoo

Oregon Zoo has a long-standing 
history of contributing substantially 
to the global knowledge on Asian 
elephant reproduction. For example, 
the Asian elephant reproductive cycle 
was	first	characterised	at	Oregon	Zoo	
(Hess et al. 1981). Indeed, Oregon 
Zoo has the longest continuous 
dataset on female and male Asian 
elephant reproductive hormones ever 
collected and analysed, and data col-
lection continues to this date.

Based on the long-term physiologi-
cal data obtained through weekly 
blood sample collection on all of 
our elephants, it was found that 
zoo elephants were able to become 
mature and ready to conceive much 
earlier than their wild counterparts. 
For example, males can breed suc-
cessfully	as	early	as	five	years	of	
age in zoos, while males in the wild 
become sexually mature at around 
11 years. A recent publication summa-
rised 30 years of data on eight female 

Asian elephants (Glaeser et al. 2012). 
It showed that cycle length, while 
relatively consistent over an individ-
ual’s lifespan, can vary substantially 
between individual elephants. The 
average Asian elephant cycle is about 
16 weeks long.

Because of our long-term hormone 
monitoring of several successful 
pregnancies over time, we can also 
predict the due date for an upcoming 
birth within a few days of the event 
and we can measure signs of impend-
ing birth using hormonal indicators. 
In addition, this in-depth physi-
ological monitoring together with 
behavioural observations is used to 
inform the social management of our 
elephant herd (currently seven ele-
phants, three males and four females; 
Fig. 2). Female cycles are monitored 
to ensure that they are with a breed-
ing male only when appropriate and 
desirable.

Multi-generational herd of Asian elephants  
at Oregon Zoo: social interactions and  
soft substrates are important for  
elephant well-being.

© Michael Durham/Oregon ZooFigure 2
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Monitoring the bulls helps us to 
establish the musth cycles and bulls 
can also be managed accordingly 
to avoid unwanted breeding and 
aggression. Based on our hormone 
studies, we know that a strong surge 
of testosterone occurs during musth. 
Since we have been monitoring male 
elephants of all ages, we were able 
to document the onset of musth 
in young males and correlate the 
hormonal data with onset of sexual 
and other social behaviours. Fur-
thermore, we found that our adult 
males tend to experience their musth 
cycles around the same time. Indeed, 
one male coming into musth appears 
to trigger other bulls to start their 
musth cycle. It is not known yet what 
exactly triggers this synchronisation 
and	why	it	is	beneficial	for	bulls	to	
synchronise musth. We are in the 
process of analysing the long-term 
dataset on males and hope to learn 
even more details about musth 
cycles and male reproduction during 
the next few years.

Most recently we have started analy-
ses of past and current samples for 
cortisol and we plan to look at these 
data in combination with behaviour 
and correlate them with various 
life events and husbandry variables. 
A	benefit	of	taking	part	in	the	el-
ephant welfare project (see below) is 
that we can now add movement and 
recumbence using GPS devices and 
accelerometers inserted into ankle 
bracelets. Our long-term monitoring 
approach has therefore not only pro-
vided	us	with	the	ability	to	effectively	
manage our herd with regards to 
reproductive and social health and 
welfare, but has also yielded much 
valuable	scientific	data	over	the	
years that contribute to the general 
knowledge base of Asian elephant 
biology, physiology and behaviour 
worldwide.

Conclusions

Multi-institutional comparative as 
well as longitudinal study designs 
have yielded much valuable informa-
tion and are certainly key tools for 
the study of zoo animal welfare. To 
succeed with both of these types of 
studies, the zoo community needs to 
be actively supporting and funding 
projects of this type. Zoos, espe-
cially medium- to larger-sized zoos, 
need	to	make	an	effort	to	establish	
an active “on grounds” research 
department	with	qualified	research	
staff	to	lead	such	study	efforts.	
Also, engaging the academic com-
munity that most zoo researchers 
are already linked to is an impor-
tant part of ensuring that valuable 
scientific	data	that	can	be	published	
in peer-reviewed journals is properly 
collected, analysed and disseminated 
in a timely fashion.

A recently completed, large-scale 
multi‑institutional	study	exemplifies	
what can be accomplished if exten-
sive collaboration and zoo support 
is garnered. The elephant welfare 
project, described in more detail by 
Carlstead & Brown (this issue), paves 
the way for integrating previous 
approaches in zoo welfare research. 
North American zoo researchers 
from	different	fields	came	together	
to address a welfare science need 
(addressing the question of welfare 
status and associated variables 
in elephants in North American zoos) 
and engaged with prominent welfare 
scientists at several universities. The 
Association of Zoos and Aquariums 
(AZA) supported the approach and 
helped to ensure wide participation 
of its member institutions. Indeed, 
almost all AZA zoos holding el-
ephants participated in this study of 
unprecedented scale and scope. Due 
to the fact that the study contained 
almost the entire North American 
zoo population of African and Asian 
elephants, it was decided that data 
collected in this study can serve 
to provide a baseline of AZA zoo 
elephant welfare similar to epidemio-
logical models provided by human 
medicine studies.

Moving forward, a study of this 
type integrates both approaches for 
the future: multi-institutional and 
longitudinal monitoring on a major 
sector of a zoo animal population 
to establish a baseline of welfare 
indicators and answer questions of 
the relative impact of various man-
agement variables on welfare. We 
hope that these examples will spark 
additional welfare research on small 
and large scales and lead to increased 
global networks of zoo and university 
welfare researchers working jointly 
to	advance	the	emerging	field	of	zoo	
animal welfare science. 
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Summary

Significant	attention	has	been	
directed towards the housing and 
care of Asian and African elephants 
in zoos, and many questions have 
been raised about whether they 
can meet elephants’ environmental 
and social needs in a manner that 
promotes good welfare. Four years 
ago, a research team set out to evalu-
ate the welfare of elephants in zoos 
accredited by the Association of Zoos 
and Aquariums (AZA). Data were 
collected on elephants’ daily lives, 
how they interact with each other 
and their keepers, and their physi-
ological function. An epidemiological 
approach was then taken to evaluate 
husbandry and management factors 
impacting welfare by looking at asso-
ciations between resource-based en-
vironmental/life-history variables and 
animal-based indicators of welfare. 
We present a brief overview of two of 
our	findings:	factors	associated	with	
reproductive cycle status in females, 
and the quality of relationships be-
tween keepers and elephants.

Asking the Elephants

The science of zoo animal welfare is 
developing	into	a	field	that	guides	
improvements in animal husbandry 
through research that is multi-dis-
ciplinary and multi-institutional. 
A team of zoo scientists, academic 
consultants and elephant managers 
set up a study to evaluate Asian and 
African elephant welfare in Associa-
tion of Zoos and Aquariums (AZA)-ac-
credited zoos (Mellen et al. 2008) by 
analysing animal-based data on a va-
riety of welfare indicators. In a sense 
we were asking the elephants what 
environmental and husbandry factors 
are the most important for enhanc-
ing their welfare. With a 94% com-
mitment from AZA zoos holding 
elephants, the team collected a large 
amount of data on 266 elephants 
in 70 zoos. The study was funded by 
a grant from the Institute of Museum 
and Library Services.

An epidemiological approach was 
used to examine multiple input varia-
bles that predict indicators of welfare 
(Carlstead et al. 2012). The welfare 
framework we used for elephants 
consisted of “gold standard” welfare 
indicators, as well as some new meas-
ures that were developed and vali-
dated. This multi-factorial approach 
to welfare was intended to provide 
a more holistic view of best manage-
ment practices for elephants. All 
welfare indicators (outcomes) were 
animal-based (e.g. body condition, 
foot and joint health, walking rates 
and recumbence, stereotypy, ovarian 
cycling, prolactin, cortisol) and were 
statistically analysed, using univariate 
and multivariable models, in relation 

to a broad range of facility-based 
measures (input variables). Data for 
individual elephants were collected 
on-site by zoo personnel, including 
photographs, video recordings, blood 
and faecal samples, veterinary ex-
aminations and technology-assisted 
observations of elephant movement.

The research made extensive use 
of	survey	data	obtained	from	staff	
members at each zoo. Elephant man-
agers were asked to provide detailed 
descriptions of facilities and manage-
ment practices (e.g. exhibit space, 
social	groupings,	flooring,	feeding	
methods, training and handling pro-
cedures, veterinary care programme, 
enrichment programme) at each zoo 
for each elephant, since not all indi-
viduals at a zoo experience the same 
housing and/or procedures. Keepers 
provided information about their 
own attitudes towards and opinions 
of elephants, and their relationships 
with elephants.

Here, we review some of the study 
results relevant to reproductive 
function in female elephants, and 
the quality of relationships between 
keepers and elephants. More results 
of the study have been submitted 
as a series of papers for concurrent 
publication in the open-access journal 
PLoS ONE.
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Management Factors  
Associated with Ovarian 
Cycles of Female Elephants

Reproductive success contributes 
to the sustainability of zoo elephant 
populations. Lack of reproductive 
function has long been considered an 
indicator of reduced welfare. Ques-
tions were asked about the impacts 
that zoo environments may have on 
the biological systems regulating 
reproductive activity. Some female 
elephants in AZA zoos fail to show 
normal 13–17 weeks ovarian cycles, 
which	may	be	influenced	by	social	
and/or environmental management 
practices. For this study, bi-weekly 
blood samples were collected from 
75 Asian and 93 African female 
elephants of reproductive age (8–55 
years) over a 12-month period for 
analysis of serum progestogens and 
prolactin (Fig. 1).

Rates of normal cycling, non-cycling 
and irregular cycling were 73.2, 22.5 
and 4.2% for Asian elephants, and 
48.4, 37.9 and 13.7% for African 
elephants, respectively, all of which 
differed	between	species	(Brown	et 
al. 2015). Age was strongly associated 
with an increased risk of non-cycling 
for both species. In addition, three 
management factors were found to 
be related to ovarian cycle status: 
enrichment and sociality for African 
elephants, and choice of space for 
Asian elephants.

We used a diversity index of enrich-
ment that takes into account the type 
of enrichment used and the frequen-
cy of its use. Multivariable modelling 
indicated that enrichment diversity 
increases the chance that a female 
African elephant will cycle normally. 
This is possibly due to elephants 

making a positive appraisal of the 
quality of the zoo environment when 
diverse enrichment provides dynamic, 
changing surroundings, stimulating 
investigation and other behaviours. 
In wild savannah elephants, similar 
positive appraisals of a changing en-
vironment, particularly with respect 
to cues signalling incipient water and 
forage availability, are important for 
stimulating ovarian cycling when 
conditions are favourable for concep-
tion and pregnancy (Wittemyer et 
al. 2007).

Univariate results indicated that 
social experience was also associ-
ated with ovarian cycling for female 
African elephants. Females that 
are socially separated, even if they 
have access to one or more other 
elephants through a barrier, have 
a decreased chance of cycling. We 
know that sociality is important for 
elephants behaviourally, and this sug-
gests that it also may be important 
physiologically in terms of supporting 
normal ovarian function.

Although a larger percentage of 
female Asian elephants had normal 
ovarian cycles, univariate analyses 
indicated that more time spent 
in spaces with free choice of being 
indoors or outdoors was associated 
with an increased likelihood of nor-
mal cycles. Time spent in spaces with 
free indoor/outdoor choice was also 
negatively correlated with faecal cor-
tisol concentrations for female Asian 
elephants, and older, non-cycling 
females had higher serum cortisol 
values compared to cycling females 
of the same age. While not conclusive 
until further experimental research is 
conducted, this is a suggestion that 
being able to move freely between 
the indoor and outdoor areas of 
exhibits might reduce stress that 
interferes with normal reproductive 
function in elephants.

Examples of concentrations  
of serum progesterone in  
(a) normal cycling, (b) irregular cycling  
and (c) non-cycling elephants.

Figure 1

a

b

c
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In addition to ovarian cycling, we 
also evaluated prolactin as another 
welfare indicator. Prolactin is a pi-
tuitary hormone that has over 300 
known functions involving multiple 
systems, including reproduction and 
stress. In other species, prolactin has 
direct	and	indirect	effects	on	follicle	
development,	and	is	finely	regulated	
by positive and negative feedback 
mechanisms. Too much prolactin, 
called hyperprolactinemia, is a com-
mon cause of infertility in women, 
and is associated with a disruption 
in normal ovarian cycle activity. 
Hyperprolactinemia was absent 
in female Asian elephants, but 53% of 
non-cycling female African elephants 
were hyperprolactinemic. By contrast, 
no cycling females exhibited consist-
ently elevated prolactin, so there 
appears to be a relationship between 
this condition and compromised 
ovarian activity in female African 
elephants.

Using multivariable modelling, we 
identified	four	input	variables	related	
to the manifestation of this endo-
crine disorder among female African 
elephants. Age was positively associ-
ated with the chance that a female 
will be hyperprolactinemic, as was 
being exposed to a higher number 
of social groups. The latter may be 
related to social instability, a known 
stressor for elephants. We also found 
that increased enrichment diversity 
and feeding diversity (food presented 
in a foraging device, hidden or hang-
ing) is associated with a female being 
less likely to have hyperprolactine-
mia. Again, seeing these links with 
environmental enrichment indicates 
that having more things to do in ex-
hibits, including having to look or 
work harder for food, may promote 
more normal physiological function 
in elephants.

Keeper–Elephant  
Relationships

The quality of relationships between 
humans and animals can be consid-
ered positive, neutral or negative for 
animal welfare. Negative impacts of 
human–animal relationships are well 
known for farm animals, with studies 
showing that caretakers’ attitudes 
and behaviour towards their ani-
mals can cause fear and stress in the 
animals (reviewed by Waiblinger et al. 
2006). Therefore, we used elephant 
stress responses to keepers as an 
indicator of welfare. We character-
ised the quality of the relationships 
between elephants and their caretak-
ers by comparing keeper attitudes 
towards and opinions of elephants 
with varying levels of elephant serum 
cortisol measured in response to 
the blood sampling procedure by 
keepers. Keepers’ perceptions about 
and attitudes towards elephants 
were assessed via a questionnaire 

A Honolulu Zoo elephant keeper makes a shower more enriching 
for Mari and Vaigai by spraying them from a novel location.

© Manny DayaoFigure 2
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from which their answers were then 
grouped into a smaller number of fac-
tors that describe their interactions 
with elephants. The keeper factors 
were averaged for all keepers at a zoo 
and then entered into a multivari-
able model predicting serum cortisol 
values of individual elephants.

Lower stress responses in African 
elephants were associated with 
having keepers who reported a high 
degree of interactions with elephants 
that are positive (versus neutral or 
negative). Keepers also answered 
questions on the Davis Interpersonal 
Reactivity Index, a widely used re-
search tool to assess human-directed 
empathy. Higher scores of keepers 
for “empathic concern” were corre-
lated with lower cortisol concentra-
tions in African elephants. For Asian 
elephants, the more the keeper 
believes in the importance of positive 
physical contact between keeper and 
elephant, such as rubbing, touching 
and petting, the lower elephants’ 
stress responses. This was irrespec-
tive of whether contact with the 
elephants was under protected or 
free-handling conditions. Although 
we were not able to directly assess 
keeper behaviours towards elephants, 
we	did	find	that	self‑reports	of	talking	
to elephants casually or using verbal 
commands when training are be-
haviours correlated to these positive 
keeper attitudes.

Therefore, these results suggest that 
keepers shape the quality of their 
relationships with elephants, with the 
opportunity to enhance elephant wel-
fare with their perceptions, attitudes 
and behaviours towards them (Fig. 2). 
Continued study of keeper–elephant 
relationships could eventually help 
inform keeper selection and training.

Zoo Elephant Welfare,  
Going Forward

From our study of elephant welfare 
in North American zoos we are gain-
ing tools to help improve conditions 
for our elephants. The results re-
ported here suggest that zoos should 
commit to robust environmental 
enrichment and feeding programmes 
that increase both the types of meth-
ods employed and the frequency 
of implementation, and continue 
careful selection of elephant keepers 
with positive attitudes and empathy 
towards elephants.

It is important to remember that 
welfare is complex, especially for 
elephants, and many of the factors 
that we evaluated are interrelated. 
Additional experimental studies are 
needed to tease apart what input fac-
tors	are	most	important	for	specific	
welfare outcomes. Hopefully, using 
science to provide valid evidence 
of welfare impacts will guide our 
decisions around next steps to con-
tinue our focus on the welfare of all 
elephants in zoos.
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Summary

In 1961, the Chicago Zoological Soci-
ety’s	Brookfield	Zoo	became	the	first	
inland facility to exhibit bottlenose 
dolphins for public viewing. Since 
then, dolphin welfare has improved 
due to increases in knowledge about 
day-to-day husbandry, advances 
in medical technology and research 
on veterinary care, husbandry and 
wild	dolphins.	These	efforts	allow	the	
Chicago Zoological Society to take 
a holistic approach to the animal 
welfare management of dolphins. 
This involves a collaboration of many 
departments (animal care, veterinary 
services, behavioural husbandry, 
nutrition, animal welfare research 
and	field	research)	working	to-
gether to ensure that each individual 
dolphin thrives. From operating the 
world’s longest-running study of 
a wild dolphin population in Sarasota 
Bay, FL and the extensive experience 
gained through the management 
of	animals	at	Brookfield	Zoo,	the	
Chicago Zoological Society has an 
unmatched wealth of knowledge on 
the care and welfare of bottlenose 
dolphins.

Preventative Health  
Programme

As part of our ongoing animal welfare 
management, a robust preventative 
health programme plays a critical 
role in maintaining optimal animal 
welfare. Bottlenose dolphins at the 
Chicago Zoological Society’s Brook-
field	Zoo	are	assessed	daily	by	animal	
care	staff	and	receive	semi‑annual	
preventative veterinary exams. Diag-
nostic testing is performed quarterly 
and includes comprehensive blood 
tests, ultrasound examinations and 
cytological	examinations	of	chuff	
(breath exhalate), gastric and faecal 
samples. Weekly measurements of 
weight and blubber thickness as well 
as monthly length and girth measure-
ments are collected to ensure that 
animals fall within body condition 
norms developed from wild bottle-
nose dolphins. This extensive data-
base	of	medical	information	specific	
to each dolphin provides a power-
ful tool for assessing any changes 
in animal health or welfare, which we 
consider best practice in monitoring 
dolphins in zoos and aquariums.

Animal Training

Positive reinforcement training is the 
primary tool, coupled with strong 
trainer–animal relationships, used 
to assist with animal husbandry and 
veterinary procedures. Our preventa-
tive health programme sampling is 
accomplished through conditioning 
the animals to voluntarily partici-
pate. Having the animals participate 
in their own care gives them more 
choice and control within their en-
vironment, two aspects thought to 
enhance animal welfare. Training ani-
mals	for	these	different	procedures	
also allows for better development of 
human–animal relationships that can 
benefit	animal	welfare.

In addition to the dolphins participat-
ing in their preventative health pro-
gramme, they also participate in our 

“Dolphins in Action” programme. 
This educational programme allows 
visitors to see the dolphins engaged 
in species-appropriate behaviours 
with the goal of connecting them 
to nature. Previous research has 
demonstrated that these types of 
programmes are potentially reward-
ing for the animals by giving them 
more stimulation, choice and control 
within their environment (Miller et al. 
2011). Thus, positive reinforcement 
training can provide many animal 
welfare	benefits.
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Social Enrichment

While other enrichment opportuni-
ties are provided (ice blocks, balls, 
etc.), it is likely that a species-ap-
propriate social environment is the 
best form of enrichment for dolphins. 
As social mammals, they engage 
in a wide variety of interactions, and 
the number of potential interactions 
increases exponentially with increas-
ing	group	size.	We	make	every	effort	
to try to recreate naturalistic social 
groupings	based	on	findings	from	
our	long‑term	field	research	(e.g.	
Wells 2014). Typical composition of 
the	dolphins	at	Brookfield	Zoo	over	
the past two decades has included 
nursery groups of mothers and their 
offspring	from	multiple	generations,	
along with individual or paired breed-
ing males (Fig. 1).

Maintaining stability of the group is 
important for social dynamics. This, 
in turn, aids in improving the learning 
experience through familiarity and 
acceptance of each animal within the 
social grouping. For example, expe-
rienced females raising young act as 
role models for daughters, nieces 
and grand-daughters that have yet 
to reproduce. Inexperienced females 
often share in the parenting process, 
providing them with valuable lessons 
they will need later in life.

Nutrition

Research on the diets of bottlenose 
dolphins under professional care have 
been	found	to	differ	from	wild	bottle-
nose	dolphins	(Slifka	et al. 2013). This 
has led to further research examin-
ing the impact of those diets on the 
health and welfare of the dolphins at 
Brookfield	Zoo.	Iron	storage	dis-
ease is recognised in dolphins under 
professional care. It was thought that 
differences	in	the	diets	of	managed	
versus	wild	dolphins	could	affect	the	
incidence of this disease. However, 
examination of the iron levels in the 
species	of	fish	commonly	fed	to	the	
dolphins	at	Brookfield	Zoo	suggests	
that they receive equal to, or less 
than, their wild counterparts. Further 
research is needed to understand 
how	iron	storage	disease	and	differ-
ences in diets may impact the health 
and welfare of dolphins. The Chicago 
Zoological Society is continuing ef-
forts to optimise animal welfare and 
has	altered	diets	to	better	reflect	the	
diversity, type and seasonal changes 
of species common to bottlenose 
dolphins in Sarasota Bay, FL.

Three generations of bottlenose dolphins at the Chicago Zoological Society’s Brookfield Zoo.
© Chicago Zoological SocietyFigure 1
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Reproduction  
and Development

Working with six other institutions, 
Brookfield	Zoo	is	part	of	a	dol-
phin breeding consortium committed 
to the sustainability of the species 
for educational programmes. This 
consortium was started in 1999 
and has produced 23 calves in 10 
years. This equates to a birth rate of 
6.7% compared to 5.4% in the wild 
(Wells 2009). This is likely, at least 
in part, the result of our advanced 
veterinary services and animal 
care programmes. While pregnant, 
females receive ultrasound exams at 
least weekly to monitor foetal and 
maternal health as well as to predict 
the parturition date (Fig. 2; Wells et 
al. 2014). Weekly length and girth 
measurements are used to adjust 
weight	gain	to	aid	maternal	fitness	
for delivery. To prepare for impend-
ing labour, we conduct behavioural 
observations and monitor for a drop 
in body temperature on a daily basis.

After birth, dolphin calves are 
monitored 24 hours each day to as-
sess developmental milestones and 
nursing patterns. With nursing data 
from many previous dolphin calves, 
nursing rates and patterns are a key 
management tool to determine if 
intervention is necessary. Current 
efforts	are	underway	to	digitise	25	
years of nursing and developmental 
milestone data to establish develop-
mental norms for the species. This 
will allow bottlenose dolphin caretak-
ers around the world to determine if 
it is necessary to intervene to ensure 
calf survival.

Behaviour  
and Welfare Monitoring

The Chicago Zoological Society is 
committed to creating tools capable 
of monitoring and enhancing the 
welfare of individual dolphins. Behav-
ioural observations on each individual 
are completed using EthoTrak, an 
electronic behaviour-monitoring 
programme that was developed by 
the Chicago Zoological Society. Using 
EthoTrak,	staff	are	able	to	document	
behavioural patterns and associations 
between individual dolphins, which 
in turn are used to make informed 
management decisions. The time 
spent conducting behavioural obser-
vations is also important for animal 
care	staff	to	attain	a	better	under-
standing of current behaviour outside 
of formal training sessions.

Ultrasound exam of a bottlenose dolphin during pregnancy at the Chicago Zoological Society’s Brookfield Zoo.
© Chicago Zoological SocietyFigure 2
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In addition to behavioural observa-
tions, the Chicago Zoological Society 
has created WelfareTrak® to track 
keepers’ assessments of individual 
animal welfare. Partnering with our 
consortium members, we have cre-
ated	a	species‑specific	survey	for	bot-
tlenose dolphins. The survey includes 
both positive and negative indicators 
of a dolphin’s physical, mental and 
emotional states (e.g. skin condition 
or	playfulness).	Animal	care	staff	
complete surveys on a weekly basis 
and use the system to record “special 
events” (e.g. changes in routine). The 
application then generates reports 
that	“flag”	potential	shifts	in	animal	
welfare status to highlight both dete-
riorating and improving scores.

Sarasota  
Dolphin Research Program

The Sarasota Dolphin Research 
Program, initiated in 1970 in Sara-
sota Bay, FL, has been studying 
a multi-decadal, multi-generational, 
year-round resident community of 
bottlenose dolphins that includes up 
to	five	concurrent	generations	and	in-
dividuals up to 65 years of age (Wells 
2014). Data from this wild population 
inform those who care for bottlenose 
dolphins at facilities about normal 
values and expectations for the 
species under a variety of conditions 
(Wells 2009).

Monthly systematic photographic 
identification	surveys	monitor	the	
presence and absence of individu-
als, habitat use, social association 
patterns and condition. Focal animal 
behavioural observations and tag-
ging and tracking, including digital 
archival tags, provide details of 
behavioural patterns. Occasional 
capture–release health assessments 
provide reference “norms” for bot-
tlenose dolphins relative to age, sex, 
reproductive condition and water 
temperature, including blood chemis-
try and haematology, body condition, 
endocrinology, reproductive param-
eters, environmental contaminants 
and microbiology.

Future Efforts

While dolphins in zoos and aquari-
ums appear to have comparable or 
better survivorship and reproductive 
success relative to their wild counter-
parts (Wells 2009), there will always 
be room for improvement as our 
knowledge and technology advance. 
Zoos	and	aquariums	strive	to	find	
new ways to improve animal welfare 
management.	For	example,	efforts	
are underway to explore dolphin oral 
fluid	for	different	analyses	that	can	
be used as positive and negative 
indicators of animal welfare. Deter-
mining ways to measure autonomic 
nervous system activity could pro-
vide a new way to understand factors 
that	positively	influence	the	welfare	
of dolphins. Alternatively, validating 
ways to examine adrenal activity and 
markers	of	inflammation	or	immune	
function could allow for early detec-
tion of potential problems, helping to 
alleviate issues before they become 
severe. All of which, we hope, can 
be accomplished non-invasively to 
help ensure that each individual 
dolphin under our professional care 
is thriving. 
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Summary

Animal welfare in zoos is most often 
described as a combination of physi-
cal and psychological well-being. Wel-
fare	is	defined	as	good	if	an	animal	is	
healthy, comfortable, well-nourished, 
safe and able to express species-typi-
cal behaviours. An animal’s welfare is 
considered	poor	if	it	is	suffering	from	
unpleasant states such as pain, fear 
or distress. Welfare is best assessed 
by measuring a combination of these 
indicators. Adding science as a frame-
work to the art of animal care can 
enhance the welfare of the animals 
under our care. Science provides 
qualitative and quantitative tools to 
increase the scope and scale of our 
abilities to provide optimal environ-
ments for animals in zoos. At Disney’s 
Animal Kingdom, we are one of many 
zoos	that	use	a	scientific	framework	
to facilitate welfare assessments.

Overview of Animal  
Welfare‑related Research 
at Disney’s Animal Kingdom

Throughout the history of Disney’s 
Animal Kingdom, we have conducted 
research on a wide variety of topics, 
including animal behaviour, social 
dynamics, cognition, vocal communi-
cation, reproduction and human–ani-
mal	interactions.	The	findings	from	
our studies help us to learn more 
about how our animals interact with 
conspecifics,	staff	and	guests,	as	well	
as how the animals relate to their 
environment. All of this information 
guides animal care protocols and 
allows us to make the best manage-
ment decisions to enhance animal 
welfare.

To	aid	in	making	exhibit	modifica-
tions and facilitating expression of 
species-typical behaviours, we have 
conducted several studies that assess 
how animal perceive and utilise their 
environment. One initiative tracked 
our elephants’ movements to assess 
how habitat size and social complex-
ity	influence	walking	rates	(Leighty	et 
al. 2009). The GPS collars continue to 
be	used	today	to	measure	conspecific	
proximity and social bonds (Fig. 1).

Additionally, we have found that plac-
ing visual barriers in exhibits can de-
crease unwanted behaviours in mul-
tiple species. We found that placing 
visual barriers between two tiger 
exhibits decreased overall stereotypic 

pacing behaviour (Miller et al. 2008), 
while placing visual barriers in our 
bachelor gorilla exhibit decreased 
aggression, especially when park at-
tendance was high. Furthermore, we 
found that we could decrease rates of 
displacement between group-housed 
marabou storks by placing visual bar-
riers in their exhibit. The results from 
these	studies	have	had	direct	influ-
ences on our management practices.

Enhancing reproductive success has 
been another area of focus for our 
research teams, particularly in avian 
species. We have assessed physical 
and social environments, includ-
ing nest box design and colony size, 
to optimise reproductive success 
in carmine bee-eater and Taveta 
golden weaver populations. In the 
case of the carmine bee-eaters, we 
found that providing nest boxes 
that	offered	more	space	and	ventila-
tion, compared to previous models, 
led to higher chick survival rates. 
In a study focusing on Taveta golden 
weavers,	we	examined	differences	
in	parental	care	and	fledging	rates	
under a variety of housing and 
colony size conditions (Valuska et al. 
2015). With a smaller colony of birds 
in a more controlled environment, 
the parents spent less time in or near 
the	nest,	but	had	higher	offspring	
fledging	rates	compared	to	our	larger	
mixed-species aviary. Results from 
both	of	these	studies	have	benefited	
our Avian Research Center team and 
their Association of Zoos and Aquari-
ums (AZA)-recognised sustainability 
programmes with both species.
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Successful reproduction is consid-
ered a sign of good welfare. Using 
a variety of enzyme-immunoassay 
techniques, African elephants, rhinos, 
hippos,	giraffes	and	okapis	undergo	
routine, non-invasive monitoring of 
reproduction. We develop and use 
in-house tests to determine when 
females enter puberty, allowing us to 
plan for introductions and breeding 
and	to	confirm	conception,	preg-
nancy and timing of birth. In other 
species such as hippos, cotton-top 
tamarins and African lions, where 
contraception is warranted, research 
studies were conducted to deter-
mine	efficacy	of	contraception	(e.g.	
Wheaton et al. 2013). In some species 
such as sea turtles, lemurs and hippos, 
hormone treatments were studied 
in	males	to	determine	their	effect	on	
androgen reduction for the purpose 
of modifying unwanted social or ag-
gressive behaviours among conspe-
cifics	(e.g.	Ferrie	et al. 2011). Much of 
this	work	has	benefited	our	plans	for	
introductions, impending births and 
social-group management.

At Disney’s Animal Kingdom, we 
are examining how animals process 
information. For example, in 2009 
we began a cognitive research 
programme with eastern box turtles. 
Results indicate that box turtles have 
the ability to make decisions using 
relationships between objects and 
comparing their characteristics; this 
cognitive complexity is beyond what 
has been previously demonstrated 
and has implications for environ-
mental design and enrichment. An 
added	benefit	of	this	research	is	
that it is highly engaging for our 
guests – guests often cheer and 
applaud when the box turtles earn 
a meal worm with a correct response. 
We have also conducted cognitive 
research with mandrills and siaman-
gs. These studies involved teaching 
these primates to use a touch-screen 
computer and then testing them 
to see how well they can learn to 
distinguish	between	different	shapes	
and colours. Cognitive studies serve 
as a form of enrichment by providing 
opportunities to solve puzzles, but 

also advance our understanding of 
our animals’ ability to engage with 
different	enrichment	and	exhibit	
characteristics.

Currently underway are studies 
examining the social dynamics 
in white-cheeked gibbons, fruit 
bats and Nile crocodiles. We are 
studying the social interactions of our 
white-cheeked gibbon family to de-
termine when adolescent individuals 
are approaching maturity; with the 
recommendations of Species Survival 
Plan (SSP) coordinators, we then 
facilitate the creation of new groups 
with these maturing animals. Our 
groups of fruit bats and Nile croco-
diles are both housed in all-male 
groups. Behavioural studies of the 
social dynamics of these all-male 
groups allow us to predict and medi-
ate surges in aggression. As zoos are 
utilising	different	and	new	options	
for	housing	conspecifics,	especially	
bachelor groups, these projects will 
advance management needs of our 
institution as well as others.

African elephant – GPS collar used to measure walking distance, conspecific proximity and social bonds.
© Disney’s Animal KingdomFigure 1
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Current Animal Welfare  
Monitoring at Disney’s  
Animal Kingdom

Over the next several years, Disney’s 
Animal Kingdom is undergoing sig-
nificant	construction	and	exhibit	ren-
ovation in preparation for new park 
attractions. Accordingly, this presents 
a key opportunity to assess animal 
welfare during phases of construction, 
animal	transfer,	exhibit	modification	
and implementation of new enter-
tainment. In early 2014, scientists 
and	animal	care	staff	collaborated	to	
develop a multi-method approach to 
assess animal welfare using a combi-
nation of behavioural, physiological, 
husbandry and physical health vari-
ables. This combination allows us to 
measure welfare states regularly over 
time and to document a cross-section 
of animal welfare indicators. Using 
a “sentinel” approach, we currently 
monitor individuals across 14 species 
at the park (Fig. 2).

How are we monitoring animal wel‑
fare? One aspect of our animal wel-
fare monitoring initiative is the daily 
collection of keepers’ assessments 
of their animals. “Keeper checklists” 
function to document the animal care 
team’s unique perspective of their 
animals’ health, behaviour, person-
ality and overall well-being. These 
perceptions, combined with physical, 
endocrine and behavioural monitor-
ing,	provide	a	systematic	reflection	
of welfare states and guide animal 
management discussions and deci-
sions, especially as they pertain to 
construction and other events.

Each keeper checklist was developed 
by animal keepers and managers 
most closely associated with that 
individual animal. These groups of 
experts met and discussed what they 
felt were most important to the indi-
vidual animals to be monitored:

• What do we identify as positive 
welfare indicators for Donna, the 
African elephant?

• How do we know when Gino, the 
western lowland gorilla, is having 
a good day? A bad day?

• What are the behaviour signs of 
a “happy” Brewer, the red kanga-
roo?

• Do	personality	differences	between	
Hope and Carly, two Reeve’s munt-
jacs,	influence	their	responses	to	
environmental stimuli?

Brown lemur – one of 14 species monitored to study the impact of park reconstruction.
© Disney’s Animal KingdomFigure 2
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In developing these keeper check-
lists, assessment parameters were 
designed	with	flexibility,	in	the	for-
mats of yes or no, Likert scale, free 
response, etc., and coded as poten-
tially positive or negative indicators 
of animal welfare. Completion of 
these keeper checklists each day only 
takes a moment or two, and in do-
ing so has already given our teams 
10 months of holistic, longitudinal 
data. By going through this process, 
our	staff	members	have	been	chal-
lenged to take a closer look at animal 
welfare and articulate and record any 
minor or major events that might 
influence	it.

How loud is too loud? Another animal 
welfare-related endeavour that we 
are undertaking at Disney’s Animal 
Kingdom is research pertaining to an 
animal’s acoustic environment. What 
sounds (and what sound ampli-
tudes) do animals experience during 
the day? During the night? How 
do sound levels change due to near-
by construction and entertainment 
activities? Have animals acclimated 
to these sounds? All these questions 
have sparked abundant discussion 
amongst multiple teams about ways 
to	mitigate	sound,	but	the	first	step	
was to actually record sound levels 
throughout the park.

We placed sound pressure level 
meters around exhibits and in hold-
ing facilities around the park. Re-
cordings typically took place for 48 
to 72 hours and were characterised 
as construction, entertainment or 
baseline (normal operations). After 
analysing the measured sound levels, 
we	have	been	creating	sound	profiles	
for	different	areas,	different	times	
and	different	contexts	–	effectively,	
a “soundscape” for the park. These 
findings	allow	animal	care	and	
entertainment partners to continu-
ously monitor and adjust their opera-
tions to mitigate sound impacts on 
animals. We are also able to test and 
design sound mitigation strategies 
such as acoustic barrier fencing.

Measuring	sound	and	its	influences	
on animals adds another dimen-
sion to animal welfare science and 
monitoring in the zoo environment. 
Combined with closer looks at animal 
behaviour, endocrinology, health and 
human–animal interactions, we can 
work to provide environments and 
experiences that enhance welfare for 
the animals in our care. 
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Summary

Scientific	investigations	in	zoos	are	
crucial to improve our understanding 
of zoo animals and their well-being. 
The research group working at 
Antwerp Zoo and Planckendael uses 
behavioural observations to study the 
animals in both parks and, whenever 
possible, tries to use the outcomes 
in their day-to-day management; 
that is, to generate practical rec-
ommendations for husbandry and 
animal welfare purposes. Although 
such studies are intrinsically valuable 
from a practical point of view, they 
often do not show conclusive results 
that can be generalised. We argue 
that the zoo community needs more 
investigations into the welfare of zoo 
animals, to better describe, measure 
and	define	what	zoo	animal	welfare	
is, and to study the factors that may 
promote or compromise welfare 
in zoo animals.

Introduction

Scientific	research	is	fundamental	for	
better understanding zoo animals and 
can help to improve their husbandry, 
management, welfare and conserva-
tion. At the Centre for Research and 
Conservation of the Royal Zoological 
Society of Antwerp (Antwerp Zoo and 
Planckendael),	we	perform	scientific	
investigations in various zoological 
disciplines to contribute to improv-
ing our knowledge about behaviour, 
welfare and physiology of zoo-living 
and wild animals, and to develop, sup-
port and implement new and innova-
tive methods and strategies for small 
population management and conser-
vation breeding.

One of our key research themes is 
applied animal welfare research, 
which deals with issues related to 
the practical day-to-day manage-
ment of zoo-living animals, such as 
health,	senescence,	effects	of	a	zoo	
environment on behaviour, housing 
and husbandry, animal welfare and 
reproduction.	More	specifically,	ap-
plied ethology involves the practical 
integration of animal behaviour re-
search into zoo animal management. 
Within the Centre for Research and 
Conservation, applied animal welfare 
research is focussed primarily on the 
role of exhibit design, enrichment 
and	the	effects	of	zoo	visitors	on	
animal behaviour and welfare. In ad-
dition, short-term projects are of-
tentimes	initiated	to	answer	specific	
husbandry questions or welfare-re-
lated issues that arise from our own 
curators	and	keeper	staff,	or	from	
within the wider zoo community.

Here, we aim to give some examples 
of	the	different	types	of	research	
projects and topics that we currently 
work on and provide some ideas for 
further research that can contribute 
to creating a better understanding of 
behavioural and other indicators of 
animal welfare in zoo-housed animals.

Environmental Enrichment 
and Exhibit Design

Enrichment studies are becoming 
more common in zoos. Although 
sample sizes within most zoos are 
often small, and small-scale stud-
ies may not tell us much about the 
general applicability of the enrich-
ment devices used, such studies still 
are valuable for better understanding 
and improving the welfare of the 
individuals involved. While studies on 
enrichment often focus on taxa such 
as primates and big cats, our research 
team	attempts	to	focus	its	efforts	
also on less-often studied species.

In spotted hyaenas, appropriate en-
richment schemes can be necessary 
to reduce the occurrence of locomo-
tor stereotypies such as pacing. We 
collected data on activity budgets 
of hyaenas housed at Planckendael 
in baseline conditions when no en-
richment was provided; when keepers 
placed dead chicks, blood trails or 
bamboo sticks in the exhibit in the 
morning; and when an automated 
scatter feeding device spread dog 
biscuits in the exhibit once a day at 
a	fixed	time	in	the	afternoon,	when	
keeper activity was generally low. 
Overall, the results showed that using 
a	scatter	feeder	significantly	reduced	
pacing in hyaenas compared to base-
line or morning-enriched conditions. 
However, pacing already decreased 
prior to food scattering, suggest-
ing that there may be another, yet 
undetermined factor involved, which 
needs more investigation.
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After the hyaena experiment, the 
scatter feeder was used in similar 
set-ups with other species in the 
same park. In the raccoon exhibit, for 
example, the feeder was used to see 
if scatter feeding would stimulate 
foraging behaviour and lead to an 
increase in visibility of these small 
carnivores for the visitors. Overall, 
the results showed no improve-
ment in the raccoons’ activity level. 
However, the observations suggest 
that raccoons may need more time 
to adapt to the scatter feeder, and 
that a learning period should be 
implemented in future studies. We 
aim	to	continue	studying	the	effects	
of	scatter	feeders	in	different	spe-
cies by using randomised feeding 
schedules and investigating the role 
of (un)predictability of the timing of 
providing food.

Zoo Visitor Effects

There is increasing evidence that 
the	presence	of	visitors	affects	the	
behaviour of zoo-housed animals, but 
depending on the species studied, or 
particular	conditions,	the	effect	can	
be positive, negative or neutral. Stud-
ies	of	visitor	effects	were	found	to	
be heavily biased towards primates 
and carnivores (Farrand 2007), which 
is why we performed several studies 
on taxa for which much less is known 
about	the	effects	of	zoo	visitors	
on animal behaviour. One of these 
studies	investigated	the	visitor	effect	
in a group of eight harbour seals at 
Antwerp Zoo (Stevens et al. 2013). 
We related seal behaviour to both 
the number of visitors present at the 
exhibit and the daily total number 
of visitors to the zoo. Both analyses 
showed that with increasing visitor 
numbers, more seals submerged un-
der water. While behavioural changes 
are clear and it seemed that the seals 
were hiding more with increasing 
visitor numbers by diving under water, 
it remains hard to assess whether 
visitors	actually	have	a	negative	influ-
ence on the welfare of the seals.

Other	studies	suggest	positive	effects	
of visitor presence, most notably 
in	bird	species.	We	assessed	the	influ-
ence of visitor numbers on exhibit 
usage	and	intra‑	and	inter‑specific	
behaviours in three penguin species 
in a mixed-species exhibit at Antwerp 
Zoo (Fig. 1). Surprisingly, the results 
showed	an	unanticipated	significant	
decrease in overall agonistic interac-
tions with increasing visitor numbers 
in both king and macaroni penguins, 
but	no	overall	effect	on	exhibit	usage.	
Gentoo penguins, however, showed 
a clear preference for swimming and 
diving in front of a large underwa-
ter viewing window if visitors were 
present. They tended to avoid the 
side where visitors stand above the 
penguins, and showed no prefer-
ence for either sides when no visitors 
were present. In general, the three 
penguin species did not seem to be 
negatively	influenced	in	their	behav-
iour by visitor numbers, and this study 
provided some preliminary evidence 
that the gentoo penguins might actu-
ally be enriched by visitor presence.

Students observing penguins at Antwerp Zoo.
© Centre for Research and Conservation/Jeroen StevensFigure 1
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The results of a similar study com-
paring	different	cracid	species	at	
Antwerp Zoo also showed a positive 
or	neutral	influence	of	higher	visitor	
numbers, depending on the spe-
cies observed. In a variety of studies, 
temperament and personality have 
been shown to have a considerable 
effect	on	bird	behaviour;	ideally,	fu-
ture studies should include individual 
characteristics such as age, person-
alities and origin of the animals as 
a variable. More research on the 
behaviour	and	visitor	effects	on	birds,	
and other zoo-housed animals, is 
necessary to correctly interpret the 
results of these studies.

Anticipatory Behaviour  
and Its Significance

In a recent study on exhibit usage and 
occurrence of repetitive behaviours 
in six Asian elephants at Planckendael 
(Fig.	2),	we	observed	a	significant	
increase in gate-directed behaviours 
and time spent in close proximity to 
the gates of the elephant house in the 
hours preceding the opening of the 
gates. The elephants appeared to use 
temporal and other cues to predict 
the opening of the gates, and seemed 
to be further aroused by keeper-pro-
duced sounds directly before opening 
the door. Although such behaviours 
are often perceived to be a sign of 
negative animal welfare, our observa-
tions suggest that the elephants view 
the gate-opening time as a positive 
event and as such these behaviours 
can be interpreted as food-associated 
anticipation behaviour. Anticipa-
tory behaviour has recently been 
described as a way of assessing how 
zoo-housed animals view an upcom-
ing event, and as a potentially useful 
tool for evaluating animal welfare 
that needs to be further developed 
by the zoo community by describing 
the behaviour and circumstances that 
lead to its modulation (Watters 2014).

Multi‑zoo Studies

While the above studies provide 
information about welfare of the 
individuals housed within a single zoo, 
the results and welfare implications 
for other institutions usually cannot 
be generalised. Multi-zoo studies are 
generally	considered	difficult	to	set	
up, primarily because of logistic chal-
lenges	and	considerable	differences	
in husbandry practices between 
institutions, but there are some good 
examples of successful studies that 
yielded relevant insights that would 
have been impossible to obtain with 
single-zoo studies and with small 
sample sizes.

In close collaboration with the Asian 
elephant EEP, we used a question-
naire to investigate the relationship 
between foot problems, exhibit 
substrates and occurrence of repeti-
tive behaviours in 87 Asian elephants 
housed in 32 European zoos (Hasp-
eslagh et al. 2013). The majority of 
these elephants were found to be 
housed	on	sand	or	concrete	floors,	
and respondents observed foot 
problems in 59 elephants, of which 
53 displayed repetitive behaviours. El-
ephants	with	access	to	sand	flooring	
had	a	significantly	higher	probability	

Space use of Asian elephants at Planckendael.
© Centre for Research and Conservation/Jeroen StevensFigure 2
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of displaying stereotypic behaviour. 
Furthermore, elephants that dis-
played stereotypic behaviour or that 
were kept in an environment with 
sand	or	concrete	flooring	were	more	
likely to have foot problems. Further 
research is required to determine 
whether the relationship between 
substrate, stereotypic behaviour and 
foot problems is of a causal nature.

Quantitative studies of abnormal 
behaviour in zoos are still excep-
tional, particularly studies in mul-
tiple institutions. To evaluate the 
incidence, diversity and duration of 
abnormal behaviour in zoo-housed 
bonobos, we collected behavioural 
data on 43 bonobos in six European 
zoos as part of a long-term study 
of social behaviour in this species. 
In total, 22 behaviours were recorded 
that can be considered abnormal, 
and 40 individuals (93%) showed at 
least one behavioural abnormality. 
The number of abnormal behaviours 
in	each	group	ranged	from	five	to	12	
and was not correlated with group 
size. The individual repertoire varied 
greatly;	there	was	no	significant	
difference	in	repertoire	size	between	
males and females and age did not 
have	a	significant	effect	on	reper-
toire size or proportion of time spent 
performing abnormal behaviour. 
Wild-born bonobos had a larger be-
havioural repertoire, but they did not 
spend more time expressing abnor-
mal behaviour than mother-reared 
or hand-reared individuals. Although 
a direct comparison of our results 
with a similar study on chimpanzees 
in UK zoos (Birkett & Newton-Fisher 
2011)	is	difficult,	overall	the	bonobos	
in our sample showed less abnormal 
behaviour. This may be a conse-
quence	of	different	origins	of	the	
bonobos (none of the bonobos in our 
study had a laboratory background) 
or past and/or current management 
practices; for example, more natural-
istic group sizes and group dynam-
ics. The link between the occurrence 
of abnormal behaviour and animal 
welfare deserves further study.

Development of Objective 
Animal Welfare Indicators

Our research team regularly engages 
in collaborative projects with research 
institutions to further our understand-
ing of animal welfare. A partnership 
with the University of Antwerp and 
University College Odisee in Belgium 
was awarded a two-year research pro-
ject grant from the Belgian Federal 
Government to develop objective ani-
mal welfare indicators for amphibians 
and reptiles kept in zoos and privately. 
The primary objective of this project 
is to contribute to the development 
of criteria for adequate housing and 
to develop simple and non-invasive 
methods to measure stress in am-
phibians and reptiles. In this study, we 
aim to compare the stress response of 
amphibians and reptiles kept in hu-
man	care	under	different	treatment	
conditions or levels of manipulation. 
To establish minimum requirements 
for housing amphibians and reptiles, 
we	aim	to	quantify	the	effects	of	ter-
rarium dimensions, the presence or 
absence of enriching elements, and 
the frequency of manipulation of the 
animals.

A Basic Need for Animal 
Welfare Research

Although animal welfare research 
is gradually becoming standard 
practice in many zoos worldwide, our 
understanding of the welfare of zoo 
animals is still rather limited. The 
diversity	of	taxa,	each	with	different	
biological needs and physiological 
parameters, and the variation in man-
agement practices between institu-
tions make animal welfare research 
in zoos a challenging endeavour. 
There is an urgent need for more 
studies that can help to better under-
stand zoo animal welfare; to describe, 
measure	and	define	what	is	good	or	
bad animal welfare; and to study the 
factors that may promote or compro-
mise animal welfare. With rela-
tively	little	effort	any	zoo	can	initiate	
small-scale research projects with-
in their own institutions, such as the 
ones showcased here. Such projects 
may not be rocket science or produce 
immediate solutions to potential 
welfare issues, but step-by-step the 
zoo community can and should work 
towards better understanding the 
welfare of the animals in our care. 
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Summary

In recent years, zoos have placed 
more emphasis on understanding 
and improving the welfare of animals 
in their care, rather than relying 
solely on meeting high standards of 
care.	There	still	remain	significant	
gaps in our knowledge with respect 
to understanding and fully meeting 
the physical, social and emotional 
needs of each individual animal living 
in our care. Advances in both the 
science and policy of exotic animal 
welfare are needed in order to make 
significant	progress.	The	Detroit	
Zoological Society’s Center for Zoo 
Animal Welfare is focused on making 
such advances. Here, we describe the 
goals of the Center, the framework 
for zoo animal welfare developed 
by the Detroit Zoological Society, 
and several of the Center’s welfare 
research initiatives.

Understanding Animal  
Welfare Challenges and 
Addressing Them

Zoos assume a profound and unique 
responsibility by keeping animals 
in their care. How zoo animals see 
the world – what they perceive and 
experience – is controlled by the hu-
mans and institutions that keep them. 
Yet collectively, we still know little 
about how these animals are faring. 
This is a critical issue facing zoos. It is 
essential for us to engage in compre-
hensive,	systematic,	scientific	work	
aimed at understanding the welfare 
state	of	each	animal	as	well	as	filling	
in our incomplete understanding of 
the full needs and wishes of each 
animal in human care. This requires 
our	full	attention	and	effort.	The	
undocumented impact zoo life has on 
the individual animals living in them, 
and the lack of candid discussion 
within the profession about policies, 
practices and values, represent seri-
ous gaps in meeting our responsibili-
ties. It is essential for zoos to better, 
if not fully, understand and advance 
exotic animal well-being.

Additionally, since much of the public 
looks to us as the principal author-
ity on animals, we not only have an 
opportunity but also an obligation to 
help discuss, interpret, explain and 
shape public understanding, attitudes 
and values about animals, including 
how they are cared for and success-
fully conserved. Conserving a species 
through	zoo	efforts	(also	still	lacking	
significant	evaluation	and	evidence	
in many cases) may be a limited and 
hollow success if individual animals 
are	harmed	or	suffer	in	the	process	
(Kagan & Veasey 2010).

Recognising the need for more fo-
cused resources aimed at improving 
both the science and policy of exotic 
animal welfare, the Detroit Zoologi-
cal Society created the Center for Zoo 
Animal Welfare (CZAW). CZAW is 
dedicated to focusing attention and 
resources on zoo animal welfare sci-
ence and policy. CZAW’s goals are to: 
(1) assemble and make readily avail-
able current knowledge of best prac-
tices and the body of research in ani-
mal welfare science; (2) conduct and 
facilitate both welfare assessments 
and applied research on zoo ani-
mal welfare; (3) convene important 
discussions on animal welfare policy 
and practices by hosting forums and 
symposia; (4) disseminate knowledge 
in part by conducting animal welfare 
training workshops; and (5) create 
awareness	of	advances	in	the	field	
through	awards	recognising	signifi-
cant animal welfare initiatives.
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Animal Welfare Framework

Since 1993, the Detroit Zoological 
Society has been developing policies 
and	procedures	that	reflect	a	funda-
mental focus on improving the wel-
fare of individual animals in the living 
populations of Detroit Zoo and Belle 
Isle Nature Zoo. Based on the Detroit 
Zoological Society’s philosophical and 
operational roadmap and experi-
ences, CZAW developed a universal 
framework for zoo animal welfare. 
It is believed that this framework is 
relevant and applicable for use in any 
zoo.	We	have	tested	and	refined	it	
during two international CZAW-host-
ed welfare symposia (in 2012 and 
2014) and through assessments at 
multiple zoos. The framework is 
comprised of three major compo-
nents: (1) institutional philosophy and 
policy	reflecting	values,	commitment	
and capacity building; (2) program-
matic structure and resources; and (3) 
execution and evaluation. All three 
components are necessary in an 
adaptive system that ensures excel-
lent animal well-being.

The animal welfare framework is 
designed to facilitate development 
and execution of a sustainable, 
science-based, common-sense and 
compassionate approach to ensuring 
great welfare for all animals in zoos, 
with the core principle of ensur-
ing that animals should be able to 
thrive – not just survive – physically, 
psychologically, socially and emo-
tionally. The traditional approach to 
animal care in zoos has focused on 
improving provisioning (food, shelter, 
etc.) and exhibitry. Although impor-
tant, good animal care does not on 
its own guarantee great welfare. An 
animal care- and resource-based 
approach should be combined with 
an evidence-based welfare ap-
proach, which utilises sound science 
to fully understand how animals are 
impacted by, and cope with, their 
environments and conditions as well 
as	effective	ways	to	significantly	im-
prove outcomes (Kagan et al. 2015). 
Enrichment	efforts	as	they	stand	
today are generally modest and often 
inadequate compensatory endeav-
ours with limited scope and impact.

Rockhopper penguin wearing data logger.
© Detroit Zoological SocietyFigure 1
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Animal Welfare Research

One of CZAW’s welfare research 
initiatives is focused on Detroit Zoo’s 
gorillas. In the wild, western lowland 
gorillas most often live in groups of 
one silverback male, multiple females 
and	their	offspring.	Given	that	goril-
las have roughly equal sex ratios at 
birth, there are numerous wild and 
zoo-born males for whom female so-
cial partners are not available. These 
males are often together in all-male, 

“bachelor” social groups. In zoos, that 
is done as an alternative to being 
housed alone. Detroit Zoo houses 
a bachelor group of three male silver-
back gorillas.

Using behavioural and hormonal data, 
we are working to better understand 
how living in a bachelor group im-
pacts	each	gorilla’s	welfare.	Specifi-
cally, we are investigating how stress 
levels and social dynamics change de-
pending on whether the gorillas are 
housed indoors, outdoors, or if they 
have access to both their indoor and 
outdoor habitats. Our results thus far 
suggest that male gorilla welfare may 
improve when they are given pro-
longed outdoor access, but that these 
impacts vary by individual gorilla. 
One of the ways in which we explore 
means to improve their welfare when 
they are indoors is by examining the 
impact of the amount of leafy browse 
available to the gorillas.

The Detroit Zoological Society is 
currently constructing the new 
state-of-the-art Polk Penguin Conser-
vation Center, which will house four 
species of penguins (king, macaroni, 
rockhopper and gentoo penguins). 
The Center incorporates elements 
designed to allow for a wide variety 
of species-appropriate behaviours 
and for the penguins to exercise 
greater choice and control over how 
and where they spend time in the dif-
ferent environments and substrates 
of	the	facility.	Specifically,	the	Center	
features	a	significant	increase	in	land	
space, dramatically deeper and 
greater water space/volume (more 
than one million litres and almost 
8 m deep), as well as more variety 
in substrates.

This new habitat provides a valu-
able opportunity for researchers at 
CZAW to compare the behaviour 
and well-being of the same group 
of	penguins	in	two	very	different	
living spaces. Multiple measures are 
being used to assess penguin welfare, 
including behavioural observations, 
bio-logging of diving parameters 
and monitoring of health param-
eters such as weight and feather 
condition. Because Detroit Zoo’s 
penguin population includes many 
geriatric individuals, this study may 
also provide a unique insight into how 
each environment impacts the wel-
fare of penguins that are aging and/or 
face challenges such as cataracts and 
pododermatitis.

Twenty-seven penguins, representing 
all four species living in the current 
Penguinarium, were selected and 
include	individuals	of	different	sexes,	
age ranges and health statuses. 
Observations are currently taking 
place including recording the behav-
iour, location, substrate type and 
proximity to other penguins for each 
of the 27 penguins selected. This will 
continue for a year after the penguins 
are introduced into the new habitat. 
Additionally, penguin keepers help 
monitor	nest	site	use	and	fidelity	as	
well as body and feather condition.

A	subset	of	penguins	are	outfitted	
with data loggers (small trackers 
worn	like	a	flipper	bracelet)	that	
record how much time penguins are 
spending in the water and at what 
depth (Fig. 1). Data from penguins 
in the current penguin habitat will 
be compared to data after transfer 
to the new habitat – where the pool 
is four times deeper – to assess if 
a deeper pool improves mean time 
in the water and frequency of div-
ing at depth. There is currently no 
information	on	how	pool	size	affects	
the percent of time spent swimming, 
preferred swimming depths or the 
diversity of behaviours expressed 
in the water. It is likely that increases 
in such natural behaviours stimulated 
by penguins having more choice and 
control in an expansive natural habi-
tat will positively impact the welfare 
of the penguins.

Additionally, the feasibility of using 
molted feathers to track changes 
in corticosterone over time is being 
evaluated. Most penguins show a de-
cline in corticosterone levels prior to 
molting, which is thought to minimise 
degradation of proteins needed to 
produce new feathers (Cherel et al. 
1988). Thus, birds that show increased 
levels of corticosterone prior to molt 
may be at risk for poor feather pro-
duction and reduced physical wel-
fare. Therefore, monitoring feather 
condition and molt status will provide 
additional information about physi-
ological stress levels in relation to 
habitat change.

Conservation  
versus Animal Welfare

Animal welfare relates to the well-be-
ing of individual animals while con-
servation relates to the well-being of 
an	entire	species	–	a	potential	conflict.	
However, it is becoming more and 
more apparent that good welfare and 
successful conservation are linked 
both practically and in the public arena. 
Zoo	field	conservation	programmes	
traditionally approach the plight of 
individual animals with a more Darwin-
ian mindset, in which the good of the 
whole is seen as outweighing (or justi-
fying)	the	potential	suffering	or	death	
of some individuals or other species 
in the same environment. In order for 
zoos	to	be	both	ethical	and	effec-
tive animal welfare and conservation 
organisations, the starting point for 
any activities – be they related to care, 
welfare, conservation or education – 
should be compassion and considera-
tion of individual animals. This creates 
a bridge between zoo animal welfare 
and zoo conservation practice that em-
bodies	the	emerging	field	of	compas-
sionate conservation.

As personality traits have implications 
for ecologically relevant factors linked 
to survival success in some species 
(Dingemanse & Wolf 2010), the study 
of animal personality may be an 
important contributor to conservation 
and welfare issues, including select-
ing individuals for reintroduction 
programmes.	CZAW	staff	designed	
a study to look for personality traits 
in Blanding’s turtles, a species of spe-
cial concern in the state of Michigan 
that Detroit Zoo has been helping to 
reintroduce into the wild. Turtles are 
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Figure 2

hatched and raised at the zoo and 
released when they reach a size at 
which they are less likely to be vulner-
able to raccoon predation, a current 
pressure that is causing the popula-
tion to decline. A subset of the turtles 
is	fitted	with	GPS	trackers	prior	to	
being released and their movements 
are subsequently followed.

The goal of the current project was 
twofold. First, we hoped to uncover 
personality traits in the turtles, as lit-
tle animal personality research has fo-
cused on reptiles. Second, personality 
traits are being assessed in relation to 
each turtle’s survival post release. The 
24 turtles selected to wear trackers 
underwent three separate test ses-
sions over the course of one month. 
Each test session was comprised of 
four behavioural conditions based on 
an	open‑field	test	paradigm,	includ-
ing	the	basic	open	field,	a	mirror	test	
and food acquisition under both no 
predator and simulated predator 
present conditions.

Results of the behavioural tests sug-
gest that several personality traits may 
be present in the turtles, including 
a continuum of shyness to boldness. 
The next step will be to use this infor-
mation post release to see if personal-
ity traits had any impact on how well 
each turtle did during the year follow-
ing its release. This kind of information 
could help to make the best possible 
decisions when deciding where (and 
which individuals) to release in order 
to maximise their success.

Our research initiatives continue to 
explore new ways in which to better 
assess welfare, including the use of 
infrared thermography, a technique 
that determines surface temperature 
based on emission of near-infrared 
radiation (Fig. 2). This non-invasive 
method has been shown to assist 
with stress assessments in several 
species (e.g. domestic dogs; Tra-
vain et al. 2015) and has similar 
potential for use in zoo animals.

The initiatives of CZAW all converge 
in order to promote the improvement 
of zoo animal welfare worldwide. 
We believe that the zoo community 
needs far more welfare research and 
dialogue regarding all managed spe-
cies and individuals. This can reveal 
opportunities for systemic improve-
ment, the eventual goal of which is 
a	full,	enriched	and	choice‑filled	life	
experience for all zoo animals. 

Exploring the use of infrared thermography  
as a non-invasive measure of stress in rockhopper penguins.

© Detroit Zoological Society
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Summary

The research programme at Cleve-
land Metroparks Zoo has evolved 
over time from simply accommodat-
ing external investigators to becom-
ing a holistic, integrated programme 
that involves our own scientists, 
students, animal keepers, curators 
and veterinarians. By capitalising on 
the diverse strengths and skill sets of 
our	staff,	we	prioritise	investigations	
aimed at enhancing animal health, 
animal welfare and sustainability of 
populations. Here, we highlight three 
recent studies that have relevance 
to all three of these aims: (1) the 
effects	of	eliminating	biscuits	on	the	
behaviour and health of western low-
land gorillas; (2) the impact of light 
colour and intensity on the health 
and welfare of nocturnal prosimians; 
and (3) factors associated with the 
physiology and behaviour of animals 
used in education programmes. Each 
required a multi-faceted approach, 
team-based implementation and 
adaptive husbandry changes. We con-
clude that integration is essential to 
the future of animal welfare science, 
particularly where real-time applica-
tion of results can immediately en-
hance animal health and welfare and 
potentially	influence	the	long‑term	
sustainability of populations.

Introduction

The question of whether animals 
in zoos experience wellness or enjoy 
better health and welfare than their 
wild	counterparts	is	often	and	justifi-
ably raised by zoo critics and support-
ers alike. The answer is complex and 
difficult	to	evaluate.	We	know	what	
we see but cannot tell ourselves sto-
ries about what we believe to be oth-
ers’ states of mind or health. Without 
communication through language or 
assessment and comparison to es-
tablished norms of health measures, 
finding	real	answers	to	these	ques-
tions in wildlife can be challenging.

To achieve the conservation and edu-
cation aspects of our mission, zoos 
exhibit species that represent the 
world’s biodiversity, much of which is 
understudied in nature. Information 
may be lacking on the wide range 
of taxonomic breadth represented 
in zoos and therefore it is often 
unclear whether threats to individual 
welfare or population sustainabil-
ity are attributable to natural his-
tory characteristics or shortcomings 
in husbandry, health or management. 
Determining why bats are not breed-
ing, if storks are stressed or whether 
porcupine health parameters fall 
within a normal range, for example, 
often requires complex, multi-insti-
tutional investigations that may be 
time-consuming or expensive.

The answers to these and many other 
questions lie in the application of 
animal welfare science (Whitham 
& Wielebnowski 2013). The core of 
animal welfare research has been 
building in zoos for years and now 
many institutions have programmes 
designed to tackle these ques-
tions. Results are being published 
in high-impact, peer-reviewed 
journals and even gaining attention 
from media sources representing how 
zoos are implementing and measur-
ing	the	effects	of	best	practices.	Most	
importantly, the growth of animal 
welfare science and related disciplines 
provides unprecedented opportuni-
ties to learn about the species and 
animals in our care. But research 
results that remain nestled within the 
scientific	literature,	without	practical	
and timely application, may fall short 
of	actually	influencing	animal	health	
and wellness. For the greatest impact 
on populations and individual animals, 
an integrated approach to science and 
management is essential for conduct-
ing and applying research in zoos.

Here, we highlight three multi-dis-
ciplinary and integrated research 
initiatives at Cleveland Metro-
parks Zoo that have revealed how 
small-scale changes in husbandry 
or exhibit design implemented by 
zoo-wide research teams can impart 
long‑term	benefits	for	animal	health	
and welfare.
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Establishing  
a Research Structure

The research programme at Cleveland 
Metroparks Zoo has grown since its 
inception in 1997 from a programme 
driven largely by outside scientists to 
multi-disciplinary, multi-institutional 
investigations	coordinated	by	staff	
scientists and facilitated by integrat-
ed animal care and science teams. We 
have	more	scientific	capacity	on	staff	
now than ever before, with four PhDs, 
four PhD students, two MSc students 
and a conservation medicine resident 
actively conducting wildlife research. 
But the zoo’s research team is actu-
ally much larger. In fact, the key to 
success of our research programme 
is collaboration among all members 
of the Zoological Programs division: 
animal keepers, veterinarians, animal 
curators, veterinary technicians, sci-
entists and students.

This team approach did not oc-
cur overnight. Like many zoos, we 
originally focused on non-invasive 
animal behaviour research, which is 
inexpensive and can be conducted 
with minimal involvement of non-sci-
ence	staff.	In	2003,	we	established	
a partnership with Case Western 
Reserve University that included 

adding graduate students in biology 
to	the	zoo’s	scientific	staff.	These	PhD	
students were supported by the zoo 
and Case Western Reserve University, 
facilitating the implementation of 
long-term research investigations to 
address questions of applied inter-
est to the zoo. A move in 2004 of the 
conservation and science department 
to a new building, the Sarah Allison 
Steffee	Center	for	Zoological	Medi-
cine, facilitated increased integra-
tion of the science and veterinary 
programmes. The new building also 
included a wildlife endocrinology 
laboratory equipped for both enzyme- 
and radio-immunoassays to support 
hormone monitoring and research.

The subsequent addition of full-time 
scientific	staff	members,	a	veterinary	
epidemiologist and endocrinolo-
gist, laid the foundation for a new 
era of research at the zoo that has 
been dedicated to evaluating and 
improving the behaviour, health and 
welfare of individuals and popula-
tions.	By	harnessing	our	scientific	
expertise in ethology, endocrinology 
and epidemiology, we were able to 
address research questions from 

a more comprehensive perspective 
and increase the likelihood of valid 
outcomes. Expanding the complexity 
of our research programme meant 
increased	coordination	among	staff	
to collect biological samples and im-
plement experimental interventions 
such as diet changes.

Finally, new leadership and a restruc-
turing within the zoo in 2012 led to 
the Director of Animal & Veterinary 
Programs and the Director of Conser-
vation & Science serving as co-Di-
rectors of the Zoological Programs 
division. With strong skill sets in lead-
ership, team building and capacity 
building, these two Directors were 
encouraged	and	supported	in	efforts	
to align animal care and science goals 
to examine research questions that 
were pressing, relevant and widely 
applicable.

A switch to a diet of leafy greens showed positive impacts  
on both behaviour and physiology in gorillas.

© Elena H. LessFigure 1
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Gorilla Diet  
and Heart Health

Cardiac disease is known to occur 
at a high frequency in zoo-housed 
apes and is a leading cause of death 
for western lowland gorillas and 
other apes in zoos. In humans, risk 
factors for cardiac disease include 
obesity, cholesterol and insulin resist-
ance. Are the risk factors for heart 
disease in zoo-housed gorillas the 
same? In the wild, western lowland 
gorillas	consume	a	diet	high	in	fibre	
and low in caloric density. In contrast, 
many gorillas in zoos consume a high 
calorie	and	low	fibre	diet.	To	evaluate	
the role of diet in gorilla heart disease 
and other health issues, including 
obesity, we implemented a diet free 
of processed animal biscuits. This diet 
consisted of large amounts of leafy 
greens, alfalfa hay, multivitamin sup-
plements, a very small amount 
of fruit and resistant starch, and 
required	substantial	modifications	
to the way keepers provided food to 
gorillas each day.

We measured serum biomarkers of 
obesity and insulin resistance pre- 
and post-diet change at our zoo and 
two other institutions that agreed 
to make the diet change (Less et al. 
2014a, b). The diet manipulations led 
to a reduction in serum insulin values 
and the potential for weight loss due 
to the low caloric value of the foods 
being fed (Fig. 1). The resistant starch 
manipulation also decreased overall 
serum cholesterol levels. Further 
work is required to determine if the 
results can be used to directly impact 
heart	disease	in	gorillas,	but	the	find-
ings represent a major step forward 
in the design of gorilla diets.

Programme Animal 
Husbandry and Welfare

The use of live animals in education 
programmes is common in zoos, but 
little research exists on these prac-
tices. Do the practices have negative 
welfare impacts on the animals or 
are they enriching and positive? Al-
though this question cannot be easily 
answered, we attempted to provide 
some baseline measures of pro-
gramme animal welfare and develop 
a blueprint for assessing this question 
using a multi-disciplinary approach. 
Seventeen zoos participated in a mul-
ti-institutional research project exam-
ining behavioural and physiological 
measures of welfare in armadillos, 
hedgehogs and red-tailed hawks 
(Baird et al. 2015). Although these 
experiments did not control for the 
variety of situations at individual zoos, 
a number of patterns emerged.

Nocturnal prosimians, including this aye-aye, were trained to chew on a cotton swab 
that allowed for hormone analysis of saliva samples. This holistic approach has allowed 
for a more complete evaluation of welfare enhancements at Cleveland Metroparks Zoo.

© Grace A. FullerFigure 1
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First, whether an animal was an 
exhibit animal or part of an educa-
tion	programme	did	not	affect	either	
overall behaviour or physiology of the 
animals. Rather, the more frequently 
an animal was handled, regardless of 
whether they were exhibit or pro-
gramme animals, the more likely it 
was to have negative physiological 
or behavioural results. Additionally, 
larger home exhibits and increased 
depth of substrate bedding were 
consistently related to positive 
welfare indicators. This was only 
the	first	of	many	potential	studies	
of programme animal welfare, but it 
was interesting that in this prelimi-
nary examination it was not the type 
of programme, but rather the details 
of how the programme was adminis-
tered, that were most important and 
these results were consistent across 
not	only	different	institutions	but	also	
different	species.

Impact of  
Light on Prosimians

Most of us do not think much about 
light in the course of a day, but our in-
ternal clock is set by light. The reality 
can be seen in shift workers with the 
challenge in deviating from the nor-
mal daylight work, night-time sleep 
pattern of life. Research is show-
ing that exposure to light at night, 
whether from urban light pollution or 
computer screens, has major implica-
tions on human health. What then 
is the impact on nocturnal animals 
that are housed in zoos? The ques-
tion may be particularly important for 
nocturnal exhibits, those in which we 
attempt to exhibit nocturnal animals 
during their dark-active cycle. These 
exhibits are typically lit in a man-
ner that allows guests to see these 
animals, but little research has been 
done on the impact to the residents 
of these exhibits. We examined the 
impact	of	artificial	light	on	nocturnal	
prosimians using a husbandry survey 
and behavioural and physiological 
measures of animals at multiple insti-
tutions (Fig. 2; Fuller 2014).

Survey results indicated no clear 
pattern in lighting practices, as many 
different	light	colours	and	intensities	
were used, but our data showed that 
animals were more active under red 
light than under blue light, and that 
blue light may actually suppress me-
latonin.	Although	the	specific	impacts	
of suppressed melatonin in these 
species are unclear, given the human 
research on the topic, there are likely 
health implications for the type and 
intensity of light under which animals 
are housed in zoos.

Conclusions

It is our vision to serve as a centre of 
scientific	excellence	by	conducting	
research to address contemporary 
challenges in animal care and wildlife 
health and to provide training for 
future zoo scientists. By maximising 
our resources and linking with key 
partners, Cleveland Metroparks Zoo 
continues	to	seek	new	and	effective	
ways to encourage species-typical be-
haviour, promote health and provide 
for the welfare of zoo animals and 
conduct research that contributes to 
the enhancement of wildlife health.

But in the end, this is only part of our 
programme. Without implementa-
tion, these are just additional studies 
that are published and sit on a shelf. 
The key to this and any other zoo re-
search programme is the application 
of the results. Our gorillas continue 
to eat their biscuit-free diet and we 
have been able to maintain healthy 
weights, while we monitor their 
heart health as they age. We have 
implemented deeper substrate in our 
programme animal exhibits and have 
looked to create larger exhibits for 
programme animals moving for-
ward. Finally, we have implemented 
low-level red lighting for all our noc-
turnal animals.

The programme does not end there. 
We have created a culture that 
encourages	staff	to	look	for	ques-
tions that need to be answered. 
Good enough is not good enough. 
We are looking to enhance positive 
animal welfare wherever we can. It is 
not hard to imagine that if all zoos 
maximised individual animal welfare, 
population sustainability for these 
species will not be far behind. We still 
have work to do to fully optimise our 
programme, but the focus on integra-
tion	has	been	a	key	first	step	and	we	
hope to positively impact our animal 
populations and serve as a model for 
zoos around the world. 
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Summary

Empirical evidence needs to be the 
foundation of housing and husbandry 
guidelines, support accreditation 
applications and inform legislation 
to ensure good zoo animal welfare. 
Here, we demonstrate how evi-
dence can and should underpin our 
understanding and implementation 
of zoo animal management. In all 
endeavours, it can seem that there 
is a dearth of evidence (which is suf-
ficiently	reliable),	but	as	more	zoos	
actively engage and contribute em-
pirical	evidence,	this	gap	will	be	filled.

Introduction

Ensuring good animal welfare is 
a core goal for all modern zoos, but 
it is not always clear how this can be 
achieved. The ability to achieve good 
animal welfare might be limited by 
uncertainty about the principles that 
underpin it, and consequently how to 
implement them. In reality, the sci-
ence	has	remained	relatively	fixed	for	
many decades; the founding princi-
ples being that an animal’s physical 
and psychological needs should be 
met (Vapnek & Chapman 2011).

These basic tenets have been refor-
mulated	to	reflect	the	promotion	of	
positive welfare states rather than re-
duction of negative welfare states; for 
example, moving from the freedom 
from hunger to the provision of an 
appropriate diet. Though it is impor-
tant to take a proactive approach to 
providing good welfare, rather than 
minimising harm, it likely has few 
noticeable	ramifications	in	practice,	
as modern zoos should aim to exceed 
minimum standards in animal man-
agement	(Melfi	2009).	So,	the	ability	
of zoos to realise good animal welfare 
is	determined	by	their	efficacy	of	
putting these principles into practice 
and using them to proactively inform 
animal management.

Zoos have a proven track record of 
successfully managing many species, 
but the development of these animal 
management systems is based, for 
the most part, on myth and tradi-
tion; terms that have also been used 
to describe the implementation of 

conservation practices (Sutherland et 
al. 2004). Since many animals survive 
with the current modes of animal 
management, it might not appear 
obvious why change is necessary. But 
moving away from myth and tradition 
towards an evidence-based approach 
gives a greater understanding of how 
living	in	a	zoo	affects	animal	behav-
iour	and	welfare;	improves	efficacy	
in our ability to meet the animals’ wel-
fare	needs	and	efficiency	in	the	use	of	
resources and the ability to dissemi-
nate this knowledge; and importantly 
makes transparent to stakeholders 
that welfare goals are being achieved.

An evidence-based approach de-
scribes a proactive decision-making 
process; where the value of evidence 
informs the decision and whether an 
intervention is employed, which is 
then monitored. Evidence can be as-
sessed in terms of its accuracy, validity 
and reliability. Accuracy describes the 
extent to which the evidence repre-
sents what was measured; validity 
is the extent to which it represents 
what you are interested in, such as 
whether	it	comes	from	a	sufficient	
sample (sampling validity) or whether 
it measures what we want it to (con-
struct validity); and reliability provides 
an indication of the degree to which 
we trust the evidence. Reliability can 
be considered along a scale (Fig. 1).

Here, we provide two examples of us-
ing evidence-based approaches when 
(1) considering changes to an existing 
animal management strategy and (2) 
evaluating current animal manage-
ment practice.
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How Can We Improve  
Animal Welfare? A Case 
Study on Environmental 
Enrichment

The provision of environmental 
enrichment in zoos has become ubiq-
uitous, based on decades of research 
demonstrating the positive impacts 
that interventions can have on animal 
welfare. These impacts include reduc-
ing stereotypies and other behaviours 
associated with negative welfare 
states,	and	improving	physical	fitness,	
cognitive function and development. 
And this is true for most animals 
studied, including reptiles, amphib-
ians	and	fish.	In	these	instances,	
empirical data were systematically 
collected and published, where objec-
tive welfare indicators (i.e. behaviour 
and/or physiological function) were 
compared between conditions with 
and without interventions. Only when 
welfare	indices	changed	significantly	
in a positive direction was animal 
welfare deemed to have improved; 
subsequently, the intervention was 
termed “enrichment”.

It is, therefore, erroneous to consider 
that an enrichment is unsuccessful; 
rather, an intervention was not a suc-
cessful enrichment. Regardless of the 
money spent and time devoted by 
keepers in the implementation of an 
enrichment programme, if the goal 
behaviours are not achieved, then the 
programme has not necessarily im-
proved	animal	welfare.	Clarification	is	
important, as enrichment is required 
by zoo animal welfare guidelines, ac-
creditation and legislative documents. 
But without an evidence-based 
approach, the activities undertaken 
to provide interventions and en-
richments are inherently the same, 
costing time and money, but do not 
necessarily improve animal welfare.

It is a simple task to test whether an 
intervention is enriching. The goal of 
the intervention needs to be articu-
lated in a form that can be tested, so 
that the expected behavioural out-
come	is	identified	very	specifically;	
usually, this requires that a behaviour 
is expressed or its duration changes. 
Next, observations of the animal 
with and without the intervention are 
compared and if the goal behaviour 

is achieved with the intervention, it is 
considered to be enriching. It is help-
ful to identify behaviours that you 
would like your animals to express, 
and why these represent good wel-
fare, rather than to concentrate on 
trying to eliminate behaviours from 
their current repertoire.

As zoos maintain so many animals, 
the prospect of testing all interven-
tions to investigate whether they are 
enriching can seem logistically daunt-
ing. But one institution does not need 
to carry this burden alone; when 
shared, and there are many zoos 
globally, this task is manageable. All 
zoos can empirically test whether the 
interventions they provide are “enrich-
ing” and publish these results, creat-
ing a wealth of information that can 
inform the rest of the community. This 
trend has already started. Attempts 
to maximise the number of animals 
that	benefit	from	enrichment,	has	
led to the promulgation of evidence, 
capturing anecdote to empirical data, 
available online and in professional 
and academic publications.

Unfortunately, not all evidence 
is equal. So caution and an evi-
dence-based approach are necessary 
to navigate a path through this vast 
jungle of enrichment documentation. 
For example, if “a man down the pub” 
reported that he had given a big red 
ball to some lions and it improved their 
welfare, you might well be sceptical. 
By contrast, trustworthy evidence 
might	describe	a	significant	increase	
in locomotion and manual dexterity 
in lions housed in multiple zoos, on 
days where they were provided with 
a big red ball compared to days when 
they were not. If your organisation 
has capacity for studying the impacts 
of interventions, then even anecdotal 
reports can be trialled and tested; and 
then you can publish the results. If, 
however, your organisation is restrict-
ed in its ability to test the impact of in-
terventions, then a programme should 
be developed based on evidence from 
empirical studies only.

Figure 1

Reliability can be considered along a scale where the source of evidence, alongside other  
attributes, predicts the extent to which we trust it.
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What Impact Does the  
Zoo Environment Have on  
Animal Welfare? A Case 
Study on Human–Animal 
Interactions

Until about 30 years ago, very few 
people had considered that the 
presence of people in the zoo could 
affect	animal	welfare.	It	was	generally	
assumed that zoo animals became 
habituated to people, and largely 
ignored them; unless those people 
were keepers, in which case it was 
assumed that the animals devel-
oped a kind of relationship similar 
to that we have with our pets. But it 
was important to gather systematic 
evidence to test these assumptions, 
firstly	because	of	growing	awareness	
of the ways in which the zoo environ-
ment	could	influence	welfare,	but	also	
because human presence could be an 
unaccounted-for variable potentially 
skewing the outcomes of research 
undertaken on zoo animals. The earli-
est	“visitor	effects”	studies	tested	the	
habituation idea, either by comparing 
animals	on‑exhibit	with	those	off‑ex-
hibit (e.g. cotton-top tamarins at Rot-
terdam Zoo) or by looking at changes 
in	behaviour	when	different	groups	
of visitors were present (e.g. primate 
species at Chester Zoo). Further stud-
ies	followed	in	different	zoos,	mostly	
involving primates, and a review of 
these indicated that the presence of 
zoo visitors was often aversive to pri-
mates, as judged by changes in their 
behaviour (Hosey 2000).

It is a challenge for zoo animal wel-
fare research that there is a diversity 
of	species	in	different	exhibits	being	
managed	in	different	husbandry	sys-
tems. For this reason, it is useful to try 
and formulate a model or hypothesis, 
which explains the results that have 
been obtained, but more importantly 
provides predictions about situations 
that have not yet been studied, which 
can then be tested. A model incorpo-
rating what was known about human–
animal interactions in zoos suggested 
that many animals do show some 
habituation to human presence; that 
interactions with keepers were likely 
to be positive and might reduce the 
aversive	effect	of	visitors;	and	it	ap-
peared to be important to give the 
animals the opportunity to remove 
themselves from human view if they 
wanted to (Fig. 2).

Studies supported these inferences: 
meerkats at Melbourne Zoo and 
Werribee Open Range Zoo did not 
alter their levels of vigilance or their 
distance from visitors when visitors 
to the exhibit were asked to be more 
quiet, suggesting some degree of 
habituation in the animals to visitors; 
gorillas at Barcelona Zoo displayed 
fewer interactions with the public 
after engaging in more play and train-
ing sessions with keepers, suggesting 
that the positive interactions with 
keepers were generalised to visitors; 
and when chimpanzees and gorillas 
were transferred from a “hardscape” 
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to a naturalistic exhibit at Lincoln Park 
Zoo they showed less visual monitor-
ing of public areas, since the new 
exhibit	afforded	more	opportunities	
for avoiding close proximity to visitors.

It is axiomatic that visitors are 
important to zoos, so early demon-
strations	of	a	negative	“visitor	effect”	
were disappointing. But through 
systematic research and the adop-
tion of an evidence-based approach, 
we are starting to see ways to meet 
visitors’ experience needs without 
compromising animal welfare. There 
are many unknowns that need to be 
addressed. Data collected so far imply 
that	there	may	be	important	differ-
ences between taxa in their responses 
to people, but few species have been 
studied (we know next to nothing 
about how birds, amphibians, rep-
tiles	and	fish	respond	to	visitors).	It	is	
also	likely	that	individual	differences	
between	animals	affect	the	way	they	
behave towards people, but again, we 
know little about that. Finally, we are 
largely ignorant of the welfare con-
sequences of interactive experiences, 
where people come into close proxim-
ity with animals. So, there is a lot of 
research still waiting to be done! 

Figure 2

A model of how interactions between animals and people in zoos influence the quality of the 
relationship they have with each other. Positive interactions make each of them more friendly 
towards each other, while negative interactions make them more fearful and hostile; hopefully, 
these feelings then become generalised to other animals and other people.
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Summary

Many zoos are faced with manag-
ing the welfare of extremely aged 
animals. These animals are likely to 
experience frequent physical and be-
havioural change. The varied changes 
that can occur with aging make 
expectations for how these changes 
should manifest unclear. As a result, 
assessing the well-being of these 
animals should occur frequently. We 
provide a simple behaviour-based 
method that can be used to assess 
the well-being of aging animals. Our 
technique is inexpensive and consid-
ers both animals’ perspective of their 
well‑being	and	their	caretakers’	effort	
in promoting animal welfare.

Introduction

For many species in zoos, advances 
in animal care ensure that individuals 
live past the average life expectancy 
of their wild counterparts. Thus, it is 
increasingly	common	to	find	geriat-
ric animals of many species in zoos. 
But advanced age comes with some 
challenges. There are behavioural, 
health-related and cognitive changes 
that can all impact animals’ well-be-
ing (Neilson et al. 2001). Aging also 
corresponds with physical changes 
that may make locomotion or other 
activities	more	difficult	and	in	a	sense	
more costly for older animals than 
for younger ones. Therefore, it is 
reasonable to expect that the activity 
budgets	of	elderly	animals	differ	from	
those we are familiar with of younger 
or wild animals. Indeed, because each 
older animal may be experiencing 
one or more of a number of potential 
physical and cognitive changes, there 
is no clear expectation for how ex-
actly the old animal’s behavioural rep-
ertoire should look. When trying to 
determine whether there are welfare 
concerns for aging animals, we must 
remember that we should expect 
behavioural and physical changes, 
but that what these changes should 
look like are only generally described 
by research. Thus, as each animal 
experiences a unique combination of 
age-related changes, it will require 
assessment and management cus-
tomised for its physical, psychological 
or health challenges.

Here, we provide a simple guide to 
using behaviour to assess the quality 
of life of aged animals, with emphasis 
on ensuring psychological well-being. 
Such a tool facilitates assessment of 
aged animal care regimes as well as 
helps to determine an appropriate 
time for euthanasia. We acknowl-
edge	that	there	are	differing	opinions	
across the international zoo commu-
nity regarding the value of maintain-
ing post-reproductive animals in spac-
es that managers could otherwise 
afford	to	breeding	or	growing	animals.	
Our goal is not to demonstrate sup-
port for one or the other side in this 
debate. Rather, we aim to help those 
who choose to manage animals into 
old age ensure that they continuously 
and appropriately ask about whether 
the psychological well-being of those 
animals is tended to.

Since there are numerous arenas for 
old	bodies	and	minds	to	show	deficits	
that can impact welfare, it is important 
to ensure that each of these areas is 
considered when making quality of life 
assessments. For many aged animals, 
quality of life management includes 
medical interventions and support. 
The approach that we describe here 
works in conjunction with medical as 
well as behavioural support. The meth-
od that we describe is an assessment 
tool	–	aimed	at	evaluating	the	efficacy	
of the summed components of a qual-
ity of life management programme. It 
should be helpful in monitoring animal 
welfare regardless of the various in-
puts used to manage it. As the method 
is behaviour based, it requires no 
specialised equipment, but care needs 
to be taken to track opportunities pro-
vided to animals and their responses 
to them. Essentially, the technique is 
based on assessing inputs to wellness 
and their outcomes as suggested from 
the animal’s perspective.
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Our method is generalisable across 
species because it considers welfare 
to	be	reflective	of	the	integrated	bal-
ance between positive and negative 
moments in an animal’s day (sensu 
Watters 2014). Rather than using 
a priori assumptions of the frequency 
and duration of a set of behaviours 
that describe positive welfare, the 
approach assesses whether ex-
pressed behaviours describe positive 
or negative opportunities for animals. 
We also consider animals’ motivation 
to partake in activities with positive 
outcomes. To do this, persons assess-
ing the animal must be aware of the 
amount	and	type	of	effort	provided	
by keepers to support behavioural 
opportunities for aging animals. Thus, 
while our approach does not target 
specific	deficits	in	the	aged	animal	–	
physical, physiological or cognitive – 
it assesses whole animal outcomes, 
but helps to understand whether 
specific	caretaker	inputs	are	effective	
at modulating them.

Method for Assessing  
Quality of Life

Caring for geriatric animals should 
include regular, systematic behav-
ioural observation and discussion. 
Like all animals, aged ones may have 
good and bad moments and even 
good and bad days. The method we 
describe considers animals’ behaviour 
across time and assesses animals’ 
behaviour in two primary contexts. 
The	first	context	is	behaviour	out-
side of times when caretakers are 
directly driving what the animal is 
doing. Observations during these 
times provide insight into animals’ 
general	activity	budgets	–	a	reflec-
tion of their overall interest in their 
environment. Gathering a sense of 
animals’ interest in their environment 
is useful for helping to understand 
their psychological well-being, as it 
is an assessment of their cognitive 
engagement. Aged animals that are 
physically challenged with locomo-
tion may still express interest in their 
environment by focusing on unique 
cues or otherwise paying atten-
tion to even subtle changes in their 
environment. Observations of animal 
behaviour during this time may also 

help to indicate to us overall how 
engaging the environment is to the 
animal living in it. Individual users 
of the method can determine for 
themselves whether an animal that 
is interested in its environment, but 
unwilling	to	get	up,	is	worse	off	than	
one that can still move about, but has 
no interest in doing so.

The second context in which we 
track animals’ responses is those 
times	when	caretakers	specifically	
attempt to drive animal behaviour. 
These times may include training 
sessions,	offering	enrichment	items	
or other times when we explicitly ask 
the animal to do something. Gener-
ally, in modern zoo keeping, these 
husbandry practices utilise posi-
tive reinforcement to drive animal 
behaviour. Animals acquire rewards 
for performing particular behaviours. 
As such, these can be considered to 
be opportunities that most animals 
would generally look forward to. 
Observations or reports regarding 
animal behaviour during these times 
help us to assess animals’ overall will-
ingness to partake in positive oppor-
tunities – their motivation. Recognis-
ing these times is additionally useful 
for helping to understand the amount 
of	effort	that	caretakers	put	into	
ensuring that animals are presented 
with positive opportunities – a funda-
mental input to welfare.

Monitoring aged animals’ quality of life includes systematic, but simple, behavioural observation.
© Marianne HaleFigure 1
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Observing the Animal’s Day

For observing behaviour outside of 
times when caretakers are directing it, 
we recommend a simple behavioural 
observation protocol. A detailed 
ethogram is not necessary. Instead, 
the goal is to capture whether the an-
imal experiences a positive moment 
or takes advantage of an opportunity. 
To that end, whatever behaviour the 
animal is performing at the sampling 
time should be recorded and the ani-
mal observed systematically through-
out its day (Fig. 1). Record observa-
tions at set time intervals using a scan 
sampling methodology. Animal 
behaviour can vary throughout the 
day and tends to be quite tuned in to 
keeper schedules. It is more impor-
tant to monitor the animal through-
out the day – even if for only short 
individual periods of time – than it 
is to watch the animal for extended 
periods	at	only	specific	portions	of	
the day. In this way, it is possible to 
develop a cumulative assessment of 
daily animal behaviour. Even as little 
as 30 minutes of observation spread 
out	across	the	day	in	five‑minute	ses-
sions will provide useful data. Such 
a data collection programme often 
easily	fits	into	caretakers’	schedules.

The goal of this data collection is 
not	to	determine	a	specific	activity	
budget, rather to assess the propor-
tion of time that the animal spends 
engaged in positive versus negative 
activities. Positive activities include 
locomotion, foraging, investigating 
and others that require cognitive 
engagement and physical motion. 
For example, a young polar bear 
may regularly partake in the forceful 
pounding behaviour that is reminis-
cent of cracking ice, but an older bear 
may forego this physically demand-
ing behaviour and perform other 

behaviours indicative of engagement. 
Negative activities include inactivity, 
lack of attention and inappropriate 
self-focused behaviours. Each day, 
the proportion of time spent in posi-
tive activities compared to that spent 
in negative activities serves as a quick 
assessment of welfare. Repeated 
days when the proportion of negative 
activities outweighs that of positive 
activities indicate a lasting welfare 
concern. In these cases, when addi-
tional input in the form of enrichment, 
schedule changes, medical inter-
ventions or other techniques does 
not serve to rebalance the animal’s 
expression of behaviour, the welfare 
concern persists.

Observing the Animal’s  
Motivation

Tracking an animal’s willingness 
to take part in rewarding activities 
is a key aspect to monitoring its 
well-being. When animals act as if 
they are interested in rewards and ap-
pear to look forward to certain events, 
they likely gain some enjoyment from 
those opportunities. Animals may 
choose not to take part in such oppor-
tunities	due	to	difficulty	or	pain	mov-
ing to do so. When an animal cannot 
reach a positive outcome through 
its own behaviour, there is a welfare 
concern. When assessing an animal’s 
willingness to take part in positive 
opportunities, caretakers should 
consider whether the animal demon-
strates its awareness of the oppor-
tunity. Aged animals with sensory 
deficits	may	require	new,	less	subtle	
cues that indicate coming rewards. 
An important aspect for caretakers to 
monitor is the relative amount of ef-
fort necessary to get an aged animal 
to respond to such opportunities. 
Doing so allows managers to evalu-
ate the apparent motivation of the 
animal as well as its awareness.

Putting the  
Two Observations Together

Coupled with observations of behav-
iour, it is critical to also track factors 
that should drive behaviour such 
as feedings, enrichment schedules, 
training sessions and others (Wat-
ters et al. 2009). Observations in the 
two above contexts provide a quick 
assessment of animals’ interest 
in their environment and motivation 
to acquire rewards. Together, these 
observations indicate animals’ own 
perception of their well-being. Man-
agers using these observations can 
readily determine whether animals 
demonstrate, through their own 
behaviour, an apparent disinterest. 
They can also determine the relative 
number of opportunities for positive 
outcomes	that	animals	are	afforded	
and make changes when appropriate. 
For example, if caretakers determine 
that an aged animal spends the 
majority of its day inactive and not 
interested in its surroundings, they 
can also determine if the animal is 
given opportunities to demonstrate 
an interest in its environment.

It is possible though that frequently 
offered	items	are	no	longer	perceived	
as valuable to the animal. Similarly, if 
an animal receives a pain-reducing 
medication, managers can determine 
its	effectiveness	in	promoting	the	
animal’s ability to re-engage with its 
environment. It is critical to under-
stand that – just like for younger ani-
mals – a welfare concern for an aged 
animal does not necessitate eutha-
nasia. Managers need to assess the 
types and quantities of opportunities 
animals	are	offered	before	deciding	
if the animal simply does not take 
advantage of them. Evaluating the 
data collected with this approach is 
most productive when managers and 
caretakers regularly communicate 
to assess animal outcomes as well as 
caretaker	efforts.

WAZA 16 (2015)



40

Conclusions

At the time of this writing, San Fran-
cisco Zoo is home to two of the oldest 
polar bears living in zoos anywhere 
(Fig. 2). The process of assessing 
geriatric animals described above 
has	proven	effective	in	assisting	the	
caretakers and managers of these 
bears and facilitated appreciation 
of these aged bears as well as sup-
ported preparation for end of life. The 
assessment described here is simpli-
fied	and	easily	applied.	With	it,	we	
have adjusted medications, observed 
changes in behaviour and focused our 
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management strategies systemati-
cally to support positive outcomes for 
these aged animals. We have built our 
approach with reference to the lit-
erature on quality of life assessment 
in animals (e.g. Wemelsfelder 2007; 
Green & Mellor 2011) as well as from 
our own experience. It is essential 
that workers applying our approach, 
or any other, determine criteria that 
describe a life worth living that are 
appropriate for them culturally and 
institutionally. 

A female polar bear that is currently 32 years of age. Worldwide, there are only four female  
polar bears exceeding this age, one of them also resides at San Francisco Zoo.
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Summary

My research into animal welfare 
began at the California Primate Re-
search Center in 1970 where I studied 
isolated monkeys from the labora-
tory of Harry F. Harlow. Harlow and 
his students exhaustively researched 
the	effects	of	social	deprivation,	
which	led	to	significant	changes	
in the way that zoos managed their 
primate populations. Moving to 
Atlanta in 1975, I began my work 
in zoos and continued collabora-
tions with primate scientists at the 
Yerkes National Primate Research 
Center. My students broadened my 
own interests beyond primatology to 
include antelopes, elephants, giant 
pandas,	giraffes,	hippos	and	other	
species. Despite retirements, my 
research group continues to this day 
with an engagement at Jacksonville 
Zoo	&	Gardens	and	efforts	to	revive	
behaviour analysis in the zoo domain.

Confinement and Behaviour

One	of	the	first	books	to	examine	the	
effects	of	confined	environments	on	
primate behaviour while evoking the 
promise of environmental enrich-
ment, Captivity and Behavior was 
designed	to	benefit	front‑line	keepers,	
curators and veterinarians working 
with monkeys and apes (Erwin et 
al.	1979).	This	was	my	first	bold	step	
into	the	field	now	known	as	animal	
welfare. The volume blended stud-
ies from primate laboratories and 
zoological facilities that focused on 
solutions to behavioural problems 
in a variety of species. A benchmark 
paper in this volume was contributed 
by Hal Markowitz, widely recognised 
as the father of enrichment. Markow-
itz summarised his body of work at 
Oregon Zoo where he tinkered with 
apparatus designed to stimulate 
manipulation and problem-solving 
and promote autonomy in elephants, 
felids, primates and other taxa. His 
most recent book, published before 
his death in 2011, provides guidelines 
and	specifications	for	zoo	manag-
ers who want to learn how to design 
and build interactive technology to 
support and monitor enrichment. As 
a professor at San Francisco State 
University, Markowitz trained dozens 
of students who went on to become 
eminent zoo biologists, marine scien-
tists and veterinarians.

My	first	important	paper	on	the	vari-
ables	that	influence	great	ape	health	
and welfare was published in Captivi‑
ty and Behavior. This contribution was 
written at a time when Atlanta’s zoo 
was beginning to fail. After I moved 
from Emory University to a faculty 
position at the Georgia Institute of 
Technology, my research became 
more applied and my interest in our 

local zoo more focused. A sabbati-
cal at Audubon Zoo in 1980 provided 
new perspectives on the challenge of 
managing and exhibiting great apes. 
New conceptual drawings for great 
ape exhibits, based on our studies of 
behaviour and illustrated by Jon Coe, 
first	appeared	in	a	paper	for	a	1985	
conference on self-sustaining popula-
tions in San Diego. It took nearly 
a decade for me to rise to a position 
of	sufficient	authority	to	plan	and	
build an innovative gorilla exhibit 
based on these ideas.

Recognising the value of collabora-
tion, our Atlanta research group took 
advantage of partnerships with North 
American zoos exhibiting primates 
and the nearby Yerkes National 
Primate Research Center to enable 
a truly comparative approach to the 
study of great apes. We attributed 
breeding problems in great apes to 
the	practice	of	removing	offspring	
from their mothers at an early age. 
The psychologist Harry F. Harlow ex-
haustively studied social deprivation 
in rhesus monkeys in his University of 
Wisconsin laboratory, demonstrating 
the	deleterious	effects	of	this	prac-
tice.	Harlow’s	findings	significantly	
contributed to primate practices and 
standards in zoos. To extend these 
findings,	we	published	two	important	
re-socialisation experiments with the 
mature male gorillas Willie B. and 
Ivan (Fig. 1). After 27 years of social 
isolation, Willie B. became a success-
ful	breeder	producing	six	offspring	
in his later years (Fig. 2). At the time 
of his death at the age of 41, he was 
the oldest living sire in North America.

Terry	L.	Maple1,*

Four Decades of Psychological  
Research on Zoo Animal Welfare

1 Departments of Biological Sciences  

and Psychology, Honors College, Florida 

Atlantic University, Boca Raton, FL, USA 

and Jacksonville Zoo & Gardens,  

Jacksonville, FL, USA

* E-mail for correspondence:  

terrylmaple@msn.com

WAZA 16 (2015)



42

Ivan, rescued from a shopping mall 
exhibit, learned to live with other goril-
las but was observed copulating only 
once in his 17 years at Zoo Atlanta. 
The litigation that enabled Ivan to live 
socially with his own kind was enabled 
by a delicate partnership between 
a cadre of like-minded zoo directors 
and a regional animal welfare organi-
sation, the Progressive Animal Welfare 
Society (PAWS). This case is one of the 
first	examples	of	cooperation	between	
humane organisations and North 
American zoos based on common 
concern about animal welfare. The 
dialogue between rational, reasonable 
animal welfare groups and zoo biolo-
gists has continued in public forums 
such as the Atlanta ethics conference 
(Norton et al. 1995) and a series of 
recent animal welfare workshops 
and symposia hosted by the Detroit 
Zoological Society and other zoos and 
universities around the world.

Environment and Behaviour

The environmental psychologist Rob-
ert Sommer described the ubiquitous 

“cages” in North American zoos as 
examples of “hard architecture”. As 
one of my academic mentors at Davis, 
Sommer encouraged me to study 
the published work of Heini Hediger. 
Sommer acknowledged the construc-
tive impact of Hediger’s scholarship 
on the theory and practice of envi-
ronmental design. Sommer reviewed 
the	consequences	of	confinement	
in prisons, mental hospitals and 
zoos. He took the position that zoos 
should be softened to provide relief 
from	the	symptoms	of	a	confined	life;	
stereotyped pacing, repetitive rocking, 
self-injurious behaviour, coprophagia 
and other deprivation disorders. Soft 
architecture provided more and bet-
ter space, vertical climbing features, 
cover and shade, and opportunities to 
recede to a comfortable distance from 
the intrusion of visitors. Hediger’s 
observation that nature was curvilin-
ear not cubic is another example of his 
ability to literally think outside the box.

As scientists and architects began 
to	examine	the	behavioural	effects	
of the built environment, they soon 
extended the boundary of their re-
search to animals in zoos. Our group, 
working with faculty in the College of 
Architecture at the Georgia Institute 
of Technology and other collabora-

tors at Emory University, carried out 
our	first	post‑occupancy	evaluation	
(POE) at a theme park near Atlanta 
where we studied a small group of 
chimpanzees moved from indoor 
cages at Yerkes onto an outdoor 
island surrounded by a water bar-
rier. The animals exhibited improve-
ments in activity and social behaviour 
and reductions in the expression of 
stereotypies. We carried out addi-
tional POE studies at Audubon Zoo 
in collaboration with primatologist 
Elizabeth Smithgall Watts and her 
students. In a series of publications, 
we advocated the extensive use of 
POE methodology to advance our 

understanding of zoo design. When 
innovative naturalistic exhibits 
for western lowland gorillas were 
built and opened in zoos at Atlanta 
in 1988 and San Diego in 1992, we 
carried out a series of evaluations of 
the	effects	of	salient	environmental	
features on the behaviour of gorillas 
and zoo visitors. Once stable breed-
ing groups were formed, a continu-
ous succession of successful births 
and an unprecedented two decades 
of maternal competence resulted. 
By any criterion, the Zoo Atlanta 
gorilla programme has become one 
of the most successful breeding and 
research populations in any zoo.

Western lowland gorilla Willie B. reaching for vegetation on his first day  
outdoors in the new naturalistic exhibit at Zoo Atlanta.

© Terry MapleFigure 1
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Primate Models

Two decades of behavioural research 
and creative architecture were 
required	to	correct	the	deficiencies	
of hard exhibit architecture in zoos. 
Species-appropriate social groups, 
sufficient	space	for	exploration	and	
interaction, and enrichment features 
introduced by keepers were enough 
to improve breeding and reduce 
abnormal behaviour. Primates were 
the	first	priority	for	welfare	en-
hancements in design and manage-
ment, but the primate model can be 
extended	to	benefit	other	taxa.	Our	
early studies of elephant behaviour 
at	Zoo	Atlanta	included	a	field	ex-
periment on social interaction in the 
night house. Conventional wisdom 
required elephants to be tethered 
at night to prevent aggression when 
keepers were absent. Because 
elephants in the wild are active at 
night, we observed them unchained 
to	demonstrate	the	efficacy	of	this	

reform. In our studies of night house 
behaviour, no altercations were 
recorded.	Our	findings	encouraged	
changes in standards and practices 
and elephants in many zoos are now 
permitted outdoor access at night.

We followed up with a publication 
in which we described a primate 
model for elephant welfare. One of 
the unique features of our concep-
tual model was a lengthy parkway 
outside the zoo where elephants 
could walk to a distant waterhole 
(Maple et al. 2009). We regarded this 
idea as a means to facilitate practical 
perimeter pathways on zoo property 
where elephants could simulate the 
long treks of wild elephants (Maple 
& Perdue 2013). Similar pathways 
constructed as vertical travel tubes 
for felids and primates in zoos at 
Philadelphia and Jacksonville have 
extended the range of exploration 
and activity for these animals.

Wellness as Welfare

My colleague David Bocian and 
I recently compared the psychologi-
cal construct of “wellness” to welfare. 
We argued that wellness has a higher 
ceiling than welfare, as it is derived 
from applications from the human 
potential movement embodied in the 
work of Abraham Maslow. Human-
istic psychologists have promoted 
a comprehensive approach to well-
ness, including mental, physical and 
spiritual well-being. Fundamental to 
Maslow’s characterisation of self-ac-
tualisation is the idea that individuals 
must overcome obstacles to experi-
ence resilience. Similarly, zoo animals 
must be challenged to achieve 
optimal wellness. Both physical and 
cognitive challenges should be ar-
ranged by keepers to achieve the best 
results. Stimulating environments 
encourage the animal to express 
its full repertoire of behaviour and 
reach a state of thriving, rather than 
mere coping with the constraints and 
demands of a zoo.

The first two western lowland gorillas born at Zoo Atlanta in 1989,  
one year after the new naturalistic exhibit was opened.

© Terry MapleFigure 2
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By focusing on total wellness, zoo 
animals will reach a higher level of 
fitness.	However,	greater	fitness	may	
have consequences for managers, as 
fitter	animals	are	stronger,	faster	and	
may be motivated to escape con-
finement.	Therefore,	zoo	managers	
should introduce wellness reforms 
with caution. To be successful with 
an entire collection of diverse species, 
zoo biologists must determine what 
thriving means for each and every 
animal.	Defining	and	implementing	
wellness is the next frontier of zoo 
management. When every animal is 
thriving, zoos will reach previously 
unachievable levels of operational ex-
cellence. An additional consequence 
of wellness is the likely transforma-
tion of the job of zoo keeping. To 
achieve optimal wellness, keepers will 
spend more of their time observing 
and monitoring behaviour, evaluating 
archival data and developing positive 
relationships with individual animals.

Applied Behaviour Analysis

The utility of operant condition-
ing in zoo management has been 
reviewed by members of our research 
team in several publications. In re-
cent research, we have utilised the 
techniques of “functional analysis”, 
habituation and desensitisation, and 
operant studies of food preferences 
in monkeys and apes. Our analysis 
of the decline of behaviour analytic 
animal laboratories on university 
campuses led to our position paper 
on the growing need for sophisti-
cated behaviour analysis in zoo set-
tings (Maple & Segura 2015). It is our 
belief that applied behaviour analysis 
is a very promising tool for achiev-
ing wellness in zoo animals. Current 
training methods in zoos are rudi-
mentary	at	best	and	could	be	signifi-
cantly	improved,	if	qualified	psychol-
ogists	were	recruited	to	offer	advice	
and assistance to zoo biologists. The 
integrated science and practice of be-
haviour analysis is now underway at 
Jacksonville Zoo & Gardens where the 
zoo’s	first	applied	behaviour	analyst	
has been appointed.
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Leadership  
in Zoo Animal Welfare

The	construct	of	wellness	effectively	
unifies	Skinnerian	behaviourism	and	
Maslow’s humanistic psychology 
to generate humane management 
methods that encourage animals to 
thrive. Thoroughly grounded in re-
search, this transformation is the 
essence of zoo animal welfare in the 
21st century. To prosper and spread 
globally, zoo directors will have to 
step up to the responsibility of elevat-
ing the priority of zoo animal welfare, 
while ensuring that a foundation of 
research is supported by dedicated 
staff	or	serious	collaboration	with	
university partners.

Both welfare and conservation are 
currently funded well below the 
projected need. Health and wellness 
in zoo animals is synergistic with 
animal protection in the wild; one 
cause complements the other. Indeed, 
if visitors feel sorry for zoo animals, 
they will never listen to or learn from 
our conservation messages. Our 
challenge is to build and maintain 
facilities where the animals thrive 
in naturalistic settings that serve to 
inspire	and	compel	effective	protec-
tion for wild animals and ecosystems 
throughout the world. 

WAZA 16 (2015)



IIIWAZA 16 (2015)



ISSN: 2074-4528

WAZA	Executive	Office 
IUCN Conservation Centre 
Rue Mauverney 28 
CH-1196 Gland 
Switzerland

www.waza.org


