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Recent Publications Relevant to High-Priority Research Topics in Animal Welfare 
 
In 2015, the AZA Animal Welfare Committee informally surveyed the AZA community and generated a list 
of ten high-priority research topics. Below is a list of several recent peer-reviewed publications (2015 to 
present) that are relevant to those research topics. This document is intended to raise awareness of some 
recent advances relevant to pressing animal welfare-related questions in the community.  
 
Abstracts for provided. If one is interested in a full article that is not open access, directly contacting the 
first author by email to request a personal copy is effective. Contact information usually available with the 
article on the journal’s website. 
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References: Visitor perceptions of animal welfare 
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perceptions of the well-being of gorillas: Implications for zoo exhibit interpretation. Visitor Studies, 21(1), 
57-78. 
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References: Environmental impacts on animal welfare 
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References: Impact of animal training on animal welfare 
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References: Impact of exhibit design on animal welfare 
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Abstracts: Validating positive and negative indicators of animal welfare 
  
Bateson, M. (2016). Cumulative stress in research animals: Telomere attrition as a biomarker in a welfare 
context? BioEssays, 38(2), 201-212. 
 

Progress in improving animal welfare is currently limited by the lack of objective methods for 
assessing lifetime experience. I propose that telomere attrition, a cellular biomarker of biological 
age, provides a molecular measure of cumulative experience that could be used to assess the 
welfare impact of husbandry regimes and/or experimental procedures on non‐human animals. I 

review evidence from humans that telomere attrition is accelerated by negative experiences in a 

cumulative and dose‐dependent manner, but that this attrition can be mitigated or even reversed 

by positive life‐style interventions. Evidence from non‐human animals suggests that despite some 

specific differences in telomere biology, stress‐induced telomere attrition is a robust 

phenomenon, occurring in a range of species including mice and chickens. I conclude that 
telomere attrition apparently integrates positive and negative experience in an accessible 
common currency that translates readily to novel species – the Holy Grail of a cumulative welfare 
indicator. 

 
 
Battini, M., Peric, T., Ajuda, I., Vieira, A., Grosso, L., Barbieri, S., Stilwell, G., Prandi, A., Comin, A., 
Tubaro, F., & Mattiello, S. (2015). Hair coat condition: A valid and reliable indicator for on-farm welfare 
assessment in adult dairy goats. Small Ruminant Research, 123(2-3), 197-203.  
 

The aim of this study is to gather information about the possibility of including the hair coat 
condition as an animal-based indicator in an on-farm welfare assessment protocol for adult dairy 
goats. Validity was tested in two repetitions performed in Portugal and Italy, in order to increase 
the sample size. Two homogeneous groups of 24 adult dairy goats with rough hair coat (RH: 
matted, rough or scurfy hair) and 24 goats with normal hair coat (NH: shiny and sheen hair, 
homogeneous and well adherent to the body) were subjected to general clinical examination, 
evaluation of body condition, collection of hair, faecal samples and skin scraping. RH goats 
showed a significantly poorer body condition compared to NH goats, with a higher percentage of 
very thin goats by sternum area palpation (P < 0.01) and by lumbar area palpation (P < 0.001). 
Moreover, RH goats also showed mineral deficiencies or surplus that may lead to a consistent 
loss of weight (Mg, Fe: P < 0.001; K, Ca, Al, Ti, Na: P < 0.01). RH goats showed a higher 
prevalence of abnormal lung sounds compared to NH goats (P < 0.001). Inter-observer reliability 
was tested in 10 farms in Portugal and 10 farms in Italy by two assessors per country 
demonstrating that hair coat assessment is highly reliable (ρ = 0.901; P < 0.001). Results show 
that hair coat condition is a valid and reliable indicator of goat welfare to be included in on-farm 
welfare assessment protocols. 

 
 
Beausoleil, N. J., & Mellor, D. J. (2015). Introducing breathlessness as a significant animal welfare 
issue. New Zealand Veterinary Journal, 63(1), 44-51. 
 

Breathlessness is a negative affective experience relating to respiration, the animal welfare 
significance of which has largely been underestimated in the veterinary and animal welfare 
sciences. In this review, we draw attention to the negative impact that breathlessness can have 
on the welfare of individual animals and to the wide range of situations in which mammals may 
experience breathlessness. At least three qualitatively distinct sensations of breathlessness are 
recognised in human medicine – respiratory effort, air hunger and chest tightness – and each of 
these reflects comparison by cerebral cortical processing of some combination of heightened 
ventilatory drive and/or impaired respiratory function. Each one occurs in a variety of pathological 
conditions and other situations, and more than one may be experienced simultaneously or in 
succession. However, the three qualities vary in terms of their unpleasantness, with air hunger 
reported to be the most unpleasant. We emphasise the important interplay among various 
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primary stimuli to breathlessness and other physiological and pathophysiological conditions, as 
well as animal management practices. For example, asphyxia/drowning of healthy mammals or 
killing those with respiratory disease using gases containing high carbon dioxide tensions is likely 
to lead to severe air hunger, while brachycephalic obstructive airway syndrome in modern dog 
and cat breeds increases respiratory effort at rest and likely leads to air hunger during exertion. 
Using this information as a guide, we encourage animal welfare scientists, veterinarians, 
laboratory scientists, regulatory bodies and others involved in evaluations of animal welfare to 
consider whether or not breathlessness contributes to any compromise they may observe or wish 
to avoid or mitigate. 

 
 
Blois-Heulin, C., Rochais, C., Camus, S., Fureix, C., Lemasson, A., Lunel, C.Bezard, E., & Hausberger, 
M. (2015). Animal welfare: Could adult play be a false friend? Animal Behavior and Cognition, 2(2), 156-
185. LINK to full article.   
 

There is no consensus regarding the functions of play. As play behavior is a characteristic of 
young stages of development, it has been suggested that the higher prevalence of adult play 
observed in domestic animals could be the result of their “neotenic retardation.” Functional 
hypotheses have dealt with the long term benefits, such as “rehearsal,” “motor training” for future 
adult competencies or “training for the unexpected.” However, there is little consistent 
experimental evidence favoring a particular hypothesis. The present study aimed to test the 
functional significance of adult play as a potential reliable indicator of good welfare, a by-product 
of domestication or a tool for social cohesion. Observations of both a domestic species (the 
horse) and wild/captive animals (cercopithecids) confirm the literature data that show the greater 
prevalence of adult play in the domestic/captive situations. This convergence between a domestic 
and a wild species argue against the idea that adult play may be a mere product of 
domestication. Moreover, animals living in naturalistic situations had the same low level of adult 
play as observed in wild animals suggesting that captive/domestic animals do not play only 
because they are stress free or well fed. Play is not a reliable indicator of welfare: Horses and 
adult macaques that played the most were also those that exhibited the greatest signals of poor 
welfare as stereotypic behaviors. Furthermore, adult play was more frequent at times of social 
disturbances and instability. Adult play is a sign showing that the adult organism needs to 
evacuate stress. 

 
 
Boyer, J.F.F., Swierk, L. (2017) Rapid body colour brightening is associated with exposure to a stressor in 
an Anolis lizard. Canadian Journal of Zoology, 95, 213-219. 
 

Many species use color change to optimize body coloration to changing environmental 
conditions, and drivers of rapid color change in natural populations are numerous and poorly 
understood. We examined factors influencing body coloration in the Water Anole (Anolis 
aquaticus Taylor, 1956), a lizard possessing color-changing stripes along the length of its body. 
We quantified the color of three body regions (the eye stripe, lateral stripe, and dorsum) before 
and after exposure to a mild stressor (handling and restraint). Based on current understanding of 
the genus Anolis Daudin, 1802, we hypothesized that exposure to a stressor would generate 
genus-typical skin darkening (i.e., increased melanism). Contrary to expectations, stress 
consistently brightened body coloration: eye and lateral stripes transitioned from brown to pale 
blue and green and the dorsum became lighter brown. Sex, size, and body temperature did not 
correlate with any aspect of body coloration, and a laboratory experiment confirmed that light 
exposure did not drive brightening. We propose that color change may serve to reduce 
conspicuousness through disruptive camouflage; lizards tended to display brighter stripes on 
mottled green–brown substrates. Together, these results improve our understanding of Anolis 
color change diversity and emphasize the need for a broader interpretation of the mechanism and 
functions of color change across taxa. 

 
 

mailto:kcronin@lpzoo.org
http://animalbehaviorandcognition.org/uploads/journals/6/04.Blois-Heulin_etal_FINAL.pdf


 

List updated Mar 2021; address questions to Katie Cronin (kcronin@lpzoo.org).  
19 

 

Clegg, I. L., Rödel, H. G., & Delfour, F. (2017). Bottlenose dolphins engaging in more social affiliative 
behaviour judge ambiguous cues more optimistically. Behavioural Brain Research, 322, 115-122. 
 

Cognitive bias tests measure variation in emotional appraisal and are validated methods to 
assess animals’ affective states. However, the link between social behaviours and cognitive bias 
has not yet been investigated. Bottlenose dolphins are a gregarious species for whom welfare 
research is increasing in importance, and thus are a good model to test such an association. We 
adapted a spatial location judgement bias test for eight captive bottlenose dolphins to investigate 
the link between cognitive bias and social behaviour, where we conducted behavioural 
observations outside of training sessions and did not experimentally induce an affective state. 
Subjects showed stable individual differences in cognitive biases across the three test days. 
Furthermore, dolphins showing more synchronous swimming, a fundamental affiliative behaviour, 
judged ambiguous cues significantly more optimistically. Our longer-term data showed cognitive 
bias and synchronous swimming frequency were significantly associated for up to two months 
preceding the test, but disappeared prior to that, suggesting that here cognitive bias differences 
were reflected by transitory affective states rather than longer-term traits. We hypothesise that the 
frequency of synchronous swimming may induce affective states and/or be induced by them; 
either way, it has strong potential as an indicator of affective state in this species and beyond. 

 
 
Cronin, K. A., & Ross, S. R. (2019). Technical contribution: A cautionary note on the use of behavioural 
diversity (H-Index) in animal welfare science. Animal Welfare, 28(2), 157-164. 
 

Animal welfare scientists actively seek reliable and practical metrics that can serve as indicators 
of animal welfare for use with agricultural, laboratory and zoo-housed animals. Behavioural 
diversity as a welfare concept originated from early welfare scientists linking poor animal welfare 
with a high proportion of time spent engaged in stereotyped behaviours and little expression of 
behaviours that would be expected under wild, or natural conditions. Recently, the concept of 
behavioural diversity as a welfare indicator has been widely adopted and is frequently quantified 
by the Shannon-Wiener Diversity Index (H-index). However, the H-Index is fraught with 
theoretical and mathematical limitations when applied to animal welfare. Four key problems with 
this metric are demonstrated: the metric's responsivity to the size of the behavioural repertoire 
and the underlying assumption that larger behavioural repertoires reflect better welfare, the 
sensitivity of the metric to arbitrary decisions about the resolution of behavioural categories, the 
fact that the calculation of the metric is agnostic to the valence of behaviours, and the metric's 
susceptibility to the common practice of excluding some behavioural categories. Moving forward, 
we recommend focusing on validated welfare measures that are sensitive to valence when 
evaluating animal welfare. 

 
 
Dai, F., Cogi, N. H., Heinzl, E. U. L., Dalla Costa, E., Canali, E., & Minero, M. (2015). Validation of a fear 
test in sport horses using infrared thermography. Journal of Veterinary Behavior, 10(2), 128-136. 
 

The aims of the present study were to assess feasibility and validity of a fear test in adult sport 
horses and to investigate whether the exposure to a fearful stimulus induces a change in eye 
temperature. Fifty horses, aged 14 ± 6 years, of different breed and gender, entered the study. 
For each horse, a caretaker was asked to fill in a validated temperament questionnaire. A novel 
object fear test (NOT), has been selected from literature to examine fearfulness. Temperature of 
the lacrimal caruncle was measured before the test and after the test on 22 horses, 
representative of the whole sample. To assess discriminant validity of the NOT, 3 human-animal 
relationship tests were performed on the same horses. Data were analyzed with descriptive, 
nonparametric, and multivariate statistic methods. No significant differences were found between 
females and geldings for any of the measured variables. Horses that were described by 
caretakers as more prone to panic, vigilant, excitable, skittish, and nervous (P < 0.001) needed 
significantly longer time to reapproach the novel object (P < 0.01). Eye temperature was 
significantly higher after the NOT compared to basal (P < 0.01), with subjects who did not 
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reapproach the novel object tending to present larger increases (P < 0.10). Horses showing more 
fear-related responses to the NOT did not show more negative reactions to humans during the 
human-animal tests. These results suggest that, to some extent, the NOT predicts horses' 
behavior in real on-farm situations. Our findings reject the hypothesis that reactivity to humans 
and general fearfulness belong to the same basic feature of temperament. Importantly, infrared 
thermography proved to be useful in assessing physiological reactions of fear in horses. 

 
 
Di Nardo, F., Anfossi, L., Ozella, L., Saccani, A., Giovannoli, C., Spano, G., & Baggiani, C. (2016). 
Validation of a qualitative immunochromatographic test for the noninvasive assessment of stress in 
dogs. Journal of Chromatography B, 1028, 192-198. 
 

Salivary cortisol is regarded as a reliable parameter for the noninvasive assessment of the 
welfare of animals, because it is strictly related to stress levels. Several methods are available for 
salivary cortisol measurement in mammals, however rapid diagnostic test for detecting salivary 
cortisol are confined to humans. The availability of such non invasive diagnostic tools operable in 
situ would facilitate monitoring of animal welfare. The Cortisol stress™ test provides a simple and 
rapid tool to discriminate cortisol levels in canine saliva above or below 4 ng/ml, which has been 
suggested as the cut-off value for distinguishing unstressed dogs from those experiencing stress. 
The test is based on a competitive immunochromatographic assay (ICT) using gold nanoparticles 
as probes, in which the color intensity of the Test line is inversely correlated to the salivary 
cortisol level. The qualitative result is obtained by the visual observation of the color formed on 
the Test line compared to that of the Control line 

We evaluated the accuracy of the test by determining salivary cortisol in 85 samples of canine 
saliva belonging to dogs with very variable age, sex, breed, and life history, and comparing the 
qualitative results to those obtained by a reference ELISA kit. Agreeing results were obtained 
through the two methods, and the ICT showed high diagnostic sensitivity, specificity and 
efficiency (100%, 98.4%, and 98.8%, respectively). Furthermore, we evaluated the precision of 
the test by an experimental design approach, which combines errors due to within-day and 
between-day variation with the biological variability, and demonstrated that the test could be 
reliably applied for correctly classifying canine samples, according to their salivary cortisol level. 
Moreover, we studied the shelf-life of the device in three experimental conditions. We confirmed 
the stability of the ICT at 4 °C and 25 °C for at least six months and observed similar results for 
an accelerated stability study conducted for 7 days at 37 °C, which suggest that the stability of 
ICT device could be estimated by the accelerated experiment alternatively to the real-time study. 

 
DuBois, C., Zakrajsek, E., Haley, D. B., & Merkies, K. (2015). Validation of triaxial accelerometers to 
measure the lying behaviour of adult domestic horses. Animal, 9(1), 110-114. 
 

Examining the characteristics of an animal’s lying behaviour, such as frequency and duration of 
lying bouts, has become increasingly relevant for animal welfare research. Triaxial 
accelerometers have the advantage of being able to continuously monitor an animal’s standing 
and lying behaviour without relying on live observations or video recordings. Multiple models of 
accelerometers have been validated for use in monitoring dairy cattle; however, no units have 
been validated for use in equines. This study tested Onset Pendant G data loggers attached to 
the hind limb of each of two mature Standardbred horses for a period of 5 days. Data loggers 
were set to record their position every 20 s. Horses were monitored via live observations during 
the day and by video recordings during the night to compare activity against accelerometer data. 
All lying events occurred overnight (three to five lying bouts per horse per night). Data collected 
from the loggers was converted and edited using a macro program to calculate the number of 
bouts and the length of time each animal spent lying down by hour and by day. A paired t-test 
showed no significant difference between the video observations and the output from the data 
loggers (P=0.301). The data loggers did not distinguish standing hipshot from standing square. 
Predictability, sensitivity, and specificity were all >99%. This study has validated the use of Onset 
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Pendant G data loggers to determine the frequency and duration of standing and lying bouts in 
adult horses when set to sample and register readings at 20 s intervals. 

 
Dunbar, M. L., David, E. M., Aline, M. R., & Lofgren, J. L. (2016). Validation of a behavioral ethogram for 
assessing postoperative pain in guinea pigs (Cavia porcellus). Journal of the American Association for 
Laboratory Animal Science, 55(1), 29-34. 
 

Although guinea pigs (Cavia porcellus) have been used in research for more than a century and 
remain the most prevalent USDA-covered species, little has been elucidated regarding the 
recognition of clinical pain or analgesic efficacy in this species. We sought to assess pain in 
guinea pigs by using newer, clinically relevant methods that have been validated in other rodent 
species: the behavioral ethogram and cageside proxy indicator. In this study, 10 male guinea pigs 
underwent electronic von Frey testing of nociception, remote videorecording of behavior, and 
cageside assessment by using time-to-consumption (TTC) of a preferred treat test. These 
assessments were performed across 2 conditions (anesthesia only and castration surgery under 
anesthesia) at 3 time points (2, 8, and 24 h after the event). The anesthesia only condition served 
to control for the nonpainful but potentially distressing components of the surgical experience. 
Compared with those after anesthesia only conditions, subtle body movements were increased 
and nociceptive thresholds were decreased at 2 and 8 h after surgery. At 24 h, neither subtle 
body movement behaviors nor nociceptive thresholds differed between the 2 conditions. In 
contrast, TTC scores did not differ between the anesthesia only and surgery conditions at any 
time point, underscoring the challenge of identifying pain in this species through cageside 
evaluation. By comparing ethogram scores with measures of nociception, we validated select 
behaviors as pain-specific. Therefore, our novel ethogram allowed us to assess postoperative 
pain and may further serve as a platform for future analgesia efficacy studies in guinea pigs. 
 

Goncalves, I. B., Heistermann, M., Santema, P., Dantzer, B., Mausbach, J., Ganswindt, A., & Manser, M. 
B. (2016). Validation of a fecal glucocorticoid assay to assess adrenocortical activity in meerkats using 
physiological and biological stimuli. PLoS One, 11(4), e0153161. LINK to full article.  
 

In mammals, glucocorticoid (i.e. GC) levels have been associated with specific life-history stages 
and transitions, reproductive strategies, and a plethora of behaviors. Assessment of 
adrenocortical activity via measurement of glucocorticoid metabolites in feces (FGCM) has 
greatly facilitated data collection from wild animals, due to its non-invasive nature, and thus has 
become an established tool in behavioral ecology and conservation biology. The aim of our study 
was to validate a fecal glucocorticoid assay for assessing adrenocortical activity in meerkats 
(Suricata suricatta), by comparing the suitability of three GC enzyme immunoassays 
(corticosterone, 11β-hydroxyetiocholanolone and 11oxo-etiocholanolone) in detecting FGCM 
increases in adult males and females following a pharmacological challenge with 
adrenocorticotropic hormone (ACTH) and biological stimuli. In addition, we investigated the time 
course characterizing FGCM excretion, the effect of age, sex and time of day on FGCM levels 
and assessed the potential effects of soil contamination (sand) on FGCM patterns. Our results 
show that the group specific 11β-hydroxyetiocholanolone assay was most sensitive to FGCM 
alterations, detecting significant and most distinctive elevations in FGCM levels around 25 h after 
ACTH administration. We found no age and sex differences in basal FGCM or on peak response 
levels to ACTH, but a marked diurnal pattern, with FGCM levels being substantially higher in the 
morning than later during the day. Soil contamination did not significantly affect FGCM patterns. 
Our results emphasize the importance of conducting assay validations to characterize species-
specific endocrine excretion patterns, a crucial step to all animal endocrinology studies using a 
non-invasive approach. 

 
 
Hopper, L. M., Freeman, H. D., & Ross, S. R. (2016). Reconsidering coprophagy as an indicator of 
negative welfare for captive chimpanzees. Applied Animal Behaviour Science, 176, 112-119. 
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For captive chimpanzees, ‘abnormal’ behaviours include behaviours observed only in captivity 
(i.e. species-atypical behaviours) and those that are performed at higher rates in captivity 
compared to in the wild. Both types are used as metrics for evaluating captive primates’ welfare. 
However, categorizing all abnormal behaviours together ignores variation in their etiologies, 
which limits our ability to understand them and provide useful interventions. Coprophagy 
(deliberately eating faeces) is an intriguing abnormal behaviour because, unlike many abnormal 
behaviours, it is performed at higher rates among captive chimpanzees that were mother reared, 
compared to those that were human reared, and it has been proposed that it represents a socially 
learnt ‘cultural’ behaviour. Furthermore, coprophagy is observed among both wild and captive 
animals, although at higher rates in captivity. Typically, coprophagy is classed with other 
abnormal behaviours by those evaluating captive chimpanzee welfare, but such categorization 
has arisen from a top–down approach based on a priori assumptions. To apply a bottom–up 
approach, which would allow us to identify relations between behaviours in chimpanzees’ 
repertoire, in this study we ran a principal components analysis on the behaviours performed by 
60 captive chimpanzees, to determine whether coprophagy should be classified with other 
abnormal behaviours. The principal components analysis revealed seven factors that we termed 
social, aggressive, playful, active, feed, abnormal and self-directed. Furthermore, the analysis 
revealed that coprophagy loaded onto the ‘social’ factor, which included positive social 
behaviours, and not onto the ‘abnormal’ factor, which included other abnormal behaviours. 
Supporting previous research, we also found that those chimpanzees that were mother-reared 
showed higher rates of coprophagy than those that were human reared; there was a significant 
positive correlation between time spent with conspecifics during the first four years of life and the 
rate of coprophagy performed by the subjects as adults (r = 0.575, N = 60, P < 0.001). We 
discuss these results giving consideration to the practical applications for monitoring and 
evaluating captive chimpanzee welfare and also from a theoretical perspective about the social 
learning mechanisms that may underpin the transmission of coprophagy among captive 
chimpanzees. 

 
Kis, A., Hernádi, A., Kanizsár, O., Gácsi, M., & Topál, J. (2015). Oxytocin induces positive expectations 
about ambivalent stimuli (cognitive bias) in dogs. Hormones and Behavior, 69, 1-7. 
 

Expectancy bias towards positive outcomes is a potential key to subjective well-being, and has 
been widely investigated in different species. Here we test whether oxytocin, suggested to play a 
role in human optimism and emotional processing, influences how dogs judge ambivalent 
situations (in a cognitive bias paradigm). Subjects first learned in a location discrimination task 
that a bowl either contained food (at the ‘positive’ location) or was empty (at the ‘negative’ 
location). Then, after receiving oxytocin or placebo nasal spray, they were presented with the 
bowl located halfway between the positive and negative positions in communicative or non-
communicative contexts (N = 4 × 16). A Positive Expectancy Score was calculated for each 
subject using the latency to approach this ambivalent location. Compared to placebo groups, 
subjects that received oxytocin pretreatment showed a positive expectation bias in both contexts, 
and this effect was more pronounced in the communicative context. Our study provides the first 
evidence for the impact of oxytocin on dogs' judgement bias and also shows that the social-
communicative nature of the task situation modulates the effect of oxytocin. 
 

Krebs, B. L., Torres, E., Chesney, C., Kantoniemi Moon, V., & Watters, J. V. (2017). Applying behavioral 
conditioning to identify anticipatory behaviors. Journal of Applied Animal Welfare Science, 20(2), 155-175. 

 
The ability to predict regular events can be adaptive for nonhuman animals living in an otherwise 
unpredictable environment. Animals may exhibit behavioral changes preceding a predictable 
event; such changes reflect anticipatory behavior. Anticipatory behavior is broadly defined as a 
goal-directed increase in activity preceding a predictable event and can be useful for assessing 
well being in animals in captivity. Anticipation may look different in different animals, however, 
necessitating methods to generate and study anticipatory behaviors across species. This article 
includes a proposed method for generating and describing anticipatory behavior in zoos using 
behavioral conditioning. The article also includes discussion of case studies of the proposed 
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method with 2 animals at the San Francisco Zoo: a silverback gorilla (Gorilla gorilla gorilla) and a 
red panda (Ailurus fulgens). The study evidence supports anticipation in both animals. As 
behavioral conditioning can be used with many animals, the proposed method provides a 
practical approach for using anticipatory behavior to assess animal well being in zoos. 

 
 
McLennan, K. M., Skillings, E. A., Rebelo, C. J., Corke, M. J., Moreira, M. A. P., Morton, A. J., & 
Constantino-Casas, F. (2015). Validation of an automatic recording system to assess behavioural activity 
level in sheep (Ovis aries). Small Ruminant Research, 127, 92-96. 
 

The welfare of an individual can be assessed by monitoring behavioural changes, such as 
inactivity, that may indicate injury or disease. In this study we validated the Actiwatch Mini® 
activity monitor (AM) for automatic recording of behavioural activity levels of nine Texel ewes. 
The AM devices were attached to collars placed around the necks of the ewes. AM recordings 
were taken at 25 second intervals for 21 consecutive days and in addition, direct behavioural 
observations made on days 9–13. AM recordings were compared with direct behavioural 
observations to investigate whether different levels of behaviour activity could be distinguished by 
the AM. Six different behaviours were matched to the activity scores recorded by the AM which 
were low activity (lying ruminating, lying), medium activity (standing, standing ruminating, and 
grazing) and high activity behaviours (walking). There were differences in the activity scores for 
all three scores. However, higher levels of accuracy in distinguishing between activity levels were 
achieved when combining high and medium activity level behaviours. This method of capturing 
data provides a practical tool in studies assessing the impact of disease or injury. For example, 
assessing the effects of lameness on the activity level of sheep at pasture, without the presence 
of an observer influencing behaviour. 

 
 
Miller, L. J., Pisacane, C. B., & Vicino, G. A. (2016). Relationship between behavioural diversity and 
faecal glucocorticoid metabolites: A case study with cheetahs (Acinonyx jubatus). Animal Welfare, 25(3), 
325-329. 
 

The ability to monitor the welfare of animal collections in zoological institutions is critical to the 
mission of these facilities. Historically, zoos have utilised negative indicators of welfare, such as 
stereotypic behaviour to examine and monitor collection animals. However, absence of 
stereotypic behaviour or negative indicators of welfare does not indicate that an animal is thriving. 
The goal of the current study was to continue efforts to validate behavioural diversity as an 
indicator of welfare using cheetah (Acinonyx jubatus) as a model species. Behavioural and faecal 
glucocorticoid metabolite data were collected on 18 cheetah at the San Diego Zoo Safari Park 
over a period of three months to explore the relationship between behavioural diversity and 
adrenal hormones related to the stress response. Results suggest that behavioural diversity can 
be utilised as an indicator of animal welfare to monitor animal collections within zoological 
facilities. However, additional research with other species should be conducted to better 
understand behavioural diversity as a positive indicator of animal welfare. We hope this 
manuscript will increase discussion surrounding behavioural diversity as well as increase efforts 
to validate it as an indicator of welfare. 

 
Minero, M., Dalla Costa, E., Dai, F., Murray, L. A. M., Canali, E., & Wemelsfelder, F. (2016). Use of 
Qualitative Behaviour Assessment as an indicator of welfare in donkeys. Applied Animal Behaviour 
Science, 174, 147-153. 
 

A fixed list of 16 descriptors was designed on the basis of a consultation in a focus group. The 
fixed list was then used by four trained observers to score nine 2 min videos of groups of donkeys 
owned by six farms and on-farm to score 11 donkey facilities representative of the most common 
type of donkey facilities in Western Europe. On each farm one experienced assessor collected 
different welfare measures on all the adult donkeys. The QBA scores and welfare measures were 
analysed using Principal Component Analysis (PCA, correlation matrix, no rotation). 
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Kendall's W and ANOVA were used to assess inter-observer reliability. PCA revealed three main 
components explaining 79% of total variation between them. PC1 ranged from at ease/relaxed to 
aggressive/uncomfortable, suggesting that this Component is important in the description of the 
valence of donkeys’ affective states. PC2 was more related to the level of arousal of donkeys, 
ranging from apathetic to distressed/responsive. The four assessors showed a good level of 
agreement on the first two dimensions of the PCA (Kendall's W varying from 0.61 to 0.90), and 
there was no significant effect of observer on donkey QBA scores (ANOVA p > 0.05), both for the 
videos and on-farm. PCA of all measures together showed positive QBA descriptors on PC1 
(relaxed, at ease, happy, friendly) to be associated with positive human–donkey interaction 
indicators (absence of tail tuck, no avoidance, and positive reaction to an assessor walking down 
the side of the donkey). Our findings suggest that QBA is a suitable tool to identify the emotional 
state of donkeys on-farm. A fixed list of descriptors can be used consistently by different trained 
assessors as a valid addition to a number of animal welfare assessment indicators. 

 
Otovic, P., & Hutchinson, E. (2015). Limits to using HPA axis activity as an indication of animal 
welfare. ALTEX-Alternatives to animal experimentation, 32(1), 41-50. 
 

HPA axis activity is often measured by corticosteroid release as a means to evaluate stress and 
well-being in animals. While the analysis of corticosteroid levels can provide useful information in 
some circumstances, a variety of methodological and technical problems make them difficult to 
accurately interpret. Furthermore, there is considerable evidence that is inconsistent with the 
widespread notion that high levels of stress result in a large amount of corticosteroid release, and 
in some cases the converse is true. This review highlights the strengths and weaknesses of the 
techniques used to measure corticosteroids, describes a number of studies that failed to find a 
positive correlation between stress and corticosteroid levels, and delineates ancillary behavioral 
and cognitive tests that provide insight into an animal’s well-being. We conclude by emphasizing 
that the most holistic account of animal welfare is provided by utilizing a combination of 
physiological and psychological methods. 

 
 
Rault, J. L., van den Munkhof, M., & Buisman-Pijlman, F. T. (2017). Oxytocin as an indicator of 
psychological and social well-being in domesticated animals: a critical review. Frontiers in Psychology, 8, 
1521. LINK to full article.  
 

Oxytocin is often portrayed as a hormone specific to social behavior, reflective of positive welfare 
states, and linked to mental states. Research on oxytocin in domesticated animal species has 
been few to date but is rapidly increasing (in dog, pig, cattle, sheep), with direct implications for 
animal welfare. This review evaluates the evidence for the specificity of oxytocin as an indicator 
of: 1. Social, 2. Positive, and 3. Psychological well-being. Oxytocin has most often been studied 
in socially relevant paradigms, with a lack of non-social control paradigms. Oxytocin research 
appears biased toward investigating positive valence, with a lack of control in valence or arousal. 
Oxytocin actions are modulated by the environmental and social contexts, which are important 
factors to consider. Limited evidence supports that oxytocin's actions are linked to psychological 
states; nevertheless whether this is a direct effect of oxytocin per se remains to be demonstrated. 
Overall, it is premature to judge oxytocin's potential as an animal welfare indicator given the few 
and discrepant findings and a lack of standardization in methodology. We cover potential causes 
for discrepancies and suggest solutions through appropriate methodological design, oxytocin 
sampling or delivery, analysis and reporting. Of particular interest, the oxytocinergic system as a 
whole remains poorly understood. Appreciation for the differences that social contact and group 
living pose in domesticated species and the way they interact with humans should be key 
considerations in using oxytocin as a psychosocial indicator of well-being. 

 
 
Rose, P. & Riley, L. (2019). The use of qualitative behavioural assessment in zoo welfare measurement 
and animal husbandry change. Journal of Zoo and Aquarium Research, 7(4) 150-161. LINK to full article. 
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Zoological institutions have come a long way over the past 20 years in their measurement and 
evaluation of animal behaviour and welfare. Environments that enable the performance of 
biologically relevant activity patterns, which increase behavioural diversity and ensure appetitive 
behaviours can be completed in full, are commonplace in zoos globally. The use of species-
specific environmental enrichment (EE) techniques, where the effect of EE is evaluated and 
refined, further enhance the opportunities for species to experience positive welfare in zoos. What 
is still required is evaluation of the lasting effect of such husbandry and housing changes that 
provide meaningful long-term welfare improvements. To provide evidence for best practice 
management, benchmarks at a species- specific level are required that are comparable across 
husbandry and management regimes, as well as across environmental conditions in which 
captive populations occur. One such method for addressing individual-level welfare state is 
Qualitative Behavioural Assessment (QBA), an approach increasingly used in domestic animal 
industries to measure the individual’s perception of the situation it finds itself within. This paper 
provides an outline of the relevance of QBA to those working in the field of zoo animal husbandry 
to show how valid and objective measurements of welfare state can be taken of individuals living 
in zoos in a range of different situations. An evaluation of the current literature shows the depth 
and breadth of QBA application and the paper provides suggestions for future areas of research 
investigation and a practical usage in the zoo. It is shown how QBA can be used to target the 
application of EE to meet specific husbandry needs or promote key welfare-positive behaviour. 
The paper evaluates the relevance of positive challenge “eustress” to captive species and 
identifies areas for the wider application of QBA across captive population and institutions to 
further support the key aims of the modern zoo. The paper provides coverage of literature on 
QBA in the domestic animal field and attempts to apply these methods to a zoo-based example. 
The paper concludes by evaluating why zoos need to consider the results of qualitative, multi-
institution studies and how the results of this can be utilised to improve husbandry and animal 
experiences in the zoo.  

 

Salas, M., Temple, D., Abáigar, T., Cuadrado, M., Delclaux, M., Enseñat, C., ... & Tallo‐Parra, O. (2016). 

Aggressive behavior and hair cortisol levels in captive Dorcas gazelles (Gazella dorcas) as animal‐based 

welfare indicators. Zoo Biology, 35(6), 467-473. 
 

Ensuring welfare in captive wild animal populations is important not only for ethical and legal 
reasons, but also to maintain healthy individuals and populations. An increased level of social 
behaviors such as aggression can reduce welfare by causing physical damage and chronic stress 
to animals. Recently, cortisol in hair has been advanced as a non‐invasive indicator to quantify 

long‐lasting stress in many species. The sensitivity of social behavior and hair cortisol 

concentration was evaluated in several groups of dorcas gazelles (Gazella dorcas). Four different 

groups of gazelles from three different zoos were observed and the expression of intra‐specific 

affiliative and negative social behaviors was assessed across the different groups. Hair samples 

were taken from sub‐groups of animals and analyzed for cortisol concentrations. Significant 

differences between groups of dorcas gazelles were found in frequency of negative social 
behavior and hair cortisol concentration. Despite the low sample size, these two parameters had 
a positive Spearman correlation coefficient (rs = +0.80, P = 0.20). These results suggest that hair 
cortisol levels are sensitive to differences in the social structure of dorcas gazelles. Zoo Biol. 
35:467–473, 2016. © 2016 Wiley Periodicals, Inc. 

 
 
Santymire, R. M., Manjerovic, M. B., & Sacerdote-Velat, A. (2018). A novel method for the measurement 
of glucocorticoids in dermal secretions of amphibians. Conservation Physiology, 6(1), coy008. 
 

Amphibians have been declining in both diversity and abundance due in large part to habitat 
degradation and the prevalence of emerging diseases. Although stressors can suppress the 
immune system, affecting an individual’s health and susceptibility to pathogens, established 
methods for directly collecting stress hormones are not suitable for rapid field use or for use on 
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threatened and endangered species. To overcome these challenges, we are developing an 
innovative method to collect and measure amphibian glucocorticoid secretions using non-invasive 
dermal swabs. We tested this methodology using multiple terrestrial, semi-aquatic and fully 
aquatic species. We swabbed the dorsal side of each animal six times and then induced a 
stressor of either hand-restraint, ACTH injection, or saline as a control. We then repeated swab 
collection immediately after the stressor and at 15, 30, 45, 60, 90 and 120 min intervals. Cortisol 
enzyme immunoassay detected changes in cortisol post-stressor. We also tested this 
methodology in the field and were successfully able to detect glucocorticoids from multiple 
species at varying life stages. When using in the field, capture technique should be considered 
since it may impact stress levels in certain species. Upon further testing, this novel method may 
be used to greatly increase our understanding of amphibian health especially as disease and 
environmental changes continue to impact fragile populations 
 

Scheun, J., Greeff, D., Medger, K., & Ganswindt, A. (2019). Validating the use of dermal secretion as a 
matrix for monitoring glucocorticoid concentrations in African amphibian species. Conservation 
Physiology, 7(1), coz022. 
 

The complex interaction between factors leading to amphibian declines is responsible for the 
inability to develop robust, standardized conservation action plans. Monitoring physiological 
stress responses in amphibians may provide an ideal tool to assist conservationists in this regard. 
This study aimed to validate dermal secretions as a robust matrix for monitoring glucocorticoid 
alterations in an African amphibian, the edible bullfrog (Pyxicephalus edulis). Both a biological 
(handling) and physiological (ACTH challenge) validation were conducted to determine which of 
five available enzyme immunoassays (EIAs) tested is most suited for monitoring alterations in 
dermal glucocorticoid (dGC) concentrations. Additionally, the most optimal body region for 
monitoring dGC concentrations in P. edulis was identified. To confirm the activation of the 
hypothalamic–pituitary–interrenal (HPI) axis following ACTH administration, urinary glucocorticoid 
metabolites (uGCM) were also quantified. The tested corticosterone EIA was the only assay able 
to monitor alterations in dGC concentrations following the handling event in P. edulis. Further 
validation during the ACTH challenge supported the corticosterone EIA in this regard. Dermal 
secretions collected from both the ventral and dorsal regions were suitable for monitoring dGC 
concentrations in both sexes. A considerable increase in uGCM concentrations following ACTH 
administration was found, suggesting that the dGC concentrations observed were derived from 
the HPI axis. This study offers further support for the use of dermal secretions as an important 
matrix for monitoring physiological stress, and thus general health, in amphibian species. 

 
 
Staley, M., Conners, M. G., Hall, K., & Miller, L. J. (2018). Linking stress and immunity: Immunoglobulin A 
as a non-invasive physiological biomarker in animal welfare studies. Hormones and Behavior, 102, 55-68. 
 

As the animal welfare community strives to empirically assess how care and management 
practices can help maintain or even enhance welfare, the development of tools for non-invasively 
measuring physiological biomarkers is essential. Of the suite of physiological 
biomarkers, Immunoglobulin A (IgA), particularly the secretory form (Secretory IgA or SIgA), is at 
the forefront because of its crucial role in mucosal immunity and links to physical health, stress, 
and overall psychological well-being. While interpretation of changes in SIgA concentrations on 
short time scales is complex, long-term SIgA patterns are consistent: conditions that create 
chronic stress lead to suppression of SIgA. In contrast, when welfare is enhanced, SIgA is 
predicted to stabilize at higher concentrations. In this review, we examine how SIgA 
concentrations are reflective of both physiological stress and immune function. We then review 
the literature associating SIgA concentrations with various metrics of animal welfare and provide 
detailed methodological considerations for SIgA monitoring. Overall, our aim is to provide an in-
depth discussion regarding the value of SIgA as physiological biomarker to studies aiming to 
understand the links between stress and immunity. 
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Yamanashi, Y., Nogami, E., Teramoto, M., Morimura, N., & Hirata, S. (2018). Adult-adult social play in 
captive chimpanzees: Is it indicative of positive animal welfare? Applied Animal Behaviour Science, 199, 
75-83. 
 

Play is sometimes considered as an indicator of positive animal welfare. However, it is not yet 
sufficiently understood whether or not social play among adults can be considered as such an 
indicator because it is rare in adult animals. This study investigates the factors that influence 
social play in adult captive chimpanzees in order to discuss its function and use as a welfare 
indicator. The subjects were 37 adult chimpanzees (17 males and 20 females) living in 
Kumamoto Sanctuary, Kyoto University, Japan. We completed 367 h of behavioural observation 
of mixed-sex and all-male groups of chimpanzees between June and July 2014, and December 
2014 and March 2015, respectively. We collected data on social play, social grooming (mutual 
and unilateral grooming), aggressive interactions, self-directed behaviours and abnormal 
behaviours. We checked the relationship between social play and age, sex, timing, social group 
formation and different social behaviours. The results reveal that social play increased in males of 
all-male groups compared to those of mixed-sex groups. Furthermore, we analysed behaviours in 
individuals from all-male groups and found that social play increased before feeding. In addition, 
although mutual social grooming showed a negative correlation with aggressive interactions, 
social play did not show such a relationship. Furthermore, social play and mutual social grooming 
were negatively correlated. These results suggest that social play may be used as a means to 
reduce social tension and that it does not necessarily indicate that the individuals formed 
affiliative social relationships such as mutual social grooming indicates. Therefore, although 
social play is important to enable the coexistence of multiple adult males who do not always get 
along well, we need to be cautious when interpreting social play from the view of animal welfare. 
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Abstracts: Visitor perceptions of animal welfare 
  
Dieudonné, D. L., Vamara, T. R. A. O. R. E., Délé, O. W., Daouda, S. S., & Niangoran, B. S. (2017). 
Visitors’ Opinion Regarding Animal Welfare at Zoo National d’Abidjan. Journal of Life Sciences, 11, 304-
310. 
 

De la Fuente, M. F., Souto, A., Caselli, C., & Schiel, N. (2017). People’s perception on animal 
welfare: why does it matter? Ethnobiology and Conservation, 6(18), 1-7.  
Understanding peoples’ perception on animal welfare is vital to promote people awareness and 
changes in attitudes towards this subject. Here we present a short review on public perception of 
animal welfare in different instances and the factors influencing each one of them. While the great 
public concern towards farm and laboratory animals resulted in increased efforts to assess animal 
welfare in these instances, less attention has been given to pets, captive wild animals and their 
use for entertainment purposes. Irrespective of the instance under consideration, public 
perception on animal welfare depends on a myriad of biological and sociocultural factors, ranging 
from people’s gender and age to their own experiences and values. The knowledge on people’s 
perception will help to refine the message to different audiences, which in turn may increase the 
pressure on decision-makers to promote positive welfare in animals. 

 
Hacker, C. E., & Miller, L. J. (2016). Zoo visitor perceptions, attitudes, and conservation intent after 
viewing African elephants at the San Diego Zoo Safari Park. Zoo Biology, 35(4), 355-361. 
 

Elephants in the wild face several conservation issues. With the rebranding of zoos as 
conservation and education pioneers, they have the ability to both educate and inspire guests to 
action. The purpose of this research was to analyze visitor perceptions and attitudes toward 

elephant conservation and outcomes post‐exhibit visit. A one‐page survey was randomly 

administered to assess perceptions of elephant behavior, attitudes about elephant conservation, 
and intended conservation‐related outcomes from September 2013 to January 2014. Principle 

component analysis identified three major components: concern for elephants in zoos, 
importance of elephants in the wild, and modification of nature. Visitors who scored highly on 
conservation intent were those with positive attitudes towards elephants in the wild and negative 
attitudes regarding the modification of nature. The greatest changes in conservation intent were a 

result of a self‐reported up‐close encounter and the ability to witness active behaviors. Providing 

guests with the opportunity to witness or experience such occurrences may aid in a more 
successful delivery of the zoo's conservation message. Further research into guest emotions and 
affective states in relation to viewing elephants in a zoological institution would provide greater 
insight into improving the guest experience and helping zoos meet their conservation mission.  

 
Jacobson, S. L., Hopper, L. M., Shender, M. A., Ross, S. R., Leahy, M., & McNernie, J. (2017). Zoo 
visitors’ perceptions of chimpanzee welfare are not affected by the provision of artificial environmental 
enrichment devices in a naturalistic exhibit. Journal of Zoo and Aquarium Research, 5(1), 56-61. LINK to 
full article.  
 

Zoo-housed animals are provided with many temporary elements in their exhibit, such as 
environmental enrichment devices (EEDs), which may not match the aesthetic of their exhibit. 
Some zoos object to the use of artificial EEDs in naturalistic exhibits, but there has been little 
research into whether the appearance of these temporary elements influences visitors’ 
perceptions. Therefore, we investigated visitors’ opinions about a naturalistic chimpanzee exhibit 
at Lincoln Park Zoo when EEDs were provided to the chimpanzees (Pan troglodytes). We wished 
to determine whether exhibit naturalism was important to visitors; what their perceptions were of 
the chimpanzees’ behaviour and emotions; what their thoughts were about the suitability of 
chimpanzees as pets; and whether these beliefs were affected by the type of EED in the 
chimpanzees’ exhibit. Eight EEDS were chosen for this study: four that were naturalistic in 
appearance and four that were designed to elicit similar species-typical behaviours, but were 
artificial in appearance. Visitors’ responses to the survey revealed that they generally believed 
that exhibit naturalism was important, and that the chimpanzee exhibit was naturalistic in 
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appearance; they viewed the chimpanzees’ behaviour and feelings positively; and they did not 
think chimpanzees made good pets. Visitors’ responses to the survey questions did not differ 
whether artificial or naturalistic EEDs were provided in the exhibit. These results support previous 
research that zoo visitors are not affected by EED aesthetic in a naturalistic exhibit, perhaps 
because the naturalism of the exhibit supersedes any effect or because the EEDs represent such 
small elements within the exhibit. 

 
Gaengler, H., & Clum, N. (2015). Investigating the impact of large carcass feeding on the behavior of 
captive Andean condors (Vultur gryphus) and its perception by zoo visitors. Zoo Biology, 34(2), 118-129. 
 

Naturalistic feeding methods, such as the provision of whole carcasses to zoo animals, are 
potentially controversial because zoo visitors might not approve of them. However, since several 
species of zoo animals feed from large carcasses in the wild, this food type could benefit their 
welfare in captivity compared to other less‐natural food types. Scavengers in particular almost 

exclusively live on carcasses in nature; therefore, their welfare in captivity could significantly 
depend on the opportunity to express behaviors related to carcass feeding. In this study, we 
assessed the frequency of carcass feeding for vultures in North American zoos and investigated 

the effect of different food types on the behavior of zoo‐housed Andean condors (Vultur gryphus). 

We also evaluated the opinion of North American zoo visitors about carcass feeding. Our results 
show that small whole carcasses (rats, rabbits) are part of the diet of vultures in most North 
American zoos, but large whole carcasses (ungulates) are rarely fed. Our behavioral study 
indicated that Andean condors appear to be more motivated to feed on more natural food types, 
which also seem to physically engage the birds more and occupy them longer. Most zoo visitors 
approved of carcass feeding for captive vultures over a range of prey animals, and the majority 
would also like to observe the vultures eat. Collectively, our results demonstrate that carcass 

feeding, particularly with larger prey, potentially enriches both zoo‐housed vultures as well as the 

visitor experience 
 
Godinez, A. M., & Fernandez, E. J. (2019). What is the zoo experience? How zoos impact a visitor's 
behaviors, perceptions, and conservation efforts. Frontiers in Psychology, 10, 1746. LINK to full article.  
 

Modern zoos strive to educate visitors about zoo animals and their wild counterparts’ 
conservation needs while fostering appreciation for wildlife in general. This research review 
examines how zoos influence those who visit them. Much of the research to-date examines zoo 
visitors’ behaviors and perceptions in relation to specific exhibits, animals, and/or programs. In 
general, visitors have more positive perceptions and behaviors about zoos, their animals, and 
conservation initiatives the more they interact with animals, naturalistic exhibits, and zoo 
programming/staff. Furthermore, zoo visitors are receptive to conservation messaging and 
initiatives at zoos and are more likely to participate in on-site conservation opportunities as 
opposed to after their visits. The research also suggests that repeat visitors are even more 
inclined to seek out conservation efforts compared to those visiting zoos for the first time. While 
current research suggests that repeat visitors are more likely to engage in conservation efforts, 
little is known about causal factors related to such findings, and almost no research exists to-date 
comparing the conservation efforts of visitors vs. non-visitors. This latter comparison will likely 
play a greater role in future zoo visitor research, since it poses one of the most important metrics 
for evaluating the specific effects visiting a zoo can have on people engaging in conservation 
efforts in general. 

 
Lee, H. S. (2015). Measurement of visitors' satisfaction with public zoos in Korea using importance-
performance analysis. Tourism Management, 47, 251-260. 
 

Understanding the demands and satisfaction levels of zoo visitors becomes indispensable to 
sustain a flow of visitors in the increasingly competitive tourism market. This research assessed 
the importance and performance of the service and facilities attributes in order to measure visitor 
satisfaction using an importance-performance analysis (IPA). Results of the questionnaire survey 
of 697 visitors at six public zoos in Korea indicated that convenience and safety in observing 
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animals were important to visitors, and children were a particularly significant motivator for zoo 
visits. Although attributes related to animal welfare and information-seeking had low importance 
and low performance in the IPA results, they were identified as the key determinants affecting 
overall satisfaction in the regression analysis. In order to enhance visitors' satisfaction levels, 
more efforts are required to improve zoo environment and animal welfare, in addition to 
developing diverse educational programs that can maximize the intrinsic nature and quality of 
zoos. 

 
Luebke, J.F., Watters, J.V., Packer, J., Miller, L.J., Powell, D.M. (2016) Zoo visitors’ affective responses 
to observing animal behaviours. Visitor Studies, 19, 60-76. 
 

The opportunity to observe or interact with animals in a zoo is often vital in influencing visitors' 
positive feelings towards animals and ultimately their conservation behavior. This study explores 
the relationship between observed animal behavior and zoo visitors' responses. A self-
administered questionnaire was completed by 717 visitors across four exhibits (giraffe, lion, 
cheetah, and red panda) at three zoos (Brookfield Zoo, San Diego Zoo Safari Park, and Central 
Park Zoo). The questionnaire measured observed animal behaviors and visitors' predispositions, 
affective responses, and meaning-making at animal exhibits. Multivariate path analyses indicated 
that up-close encounters with zoo animals, along with observable active animal behaviors, 
predicted visitors' reported positive affective responses which, in turn, predicted their meaning-
making. These findings lend support to the role of positive affect as a mediator between 
observable animal behaviors and visitor meaning-making. Implications are discussed in relation 
to achieving both conservation education and animal welfare outcomes. 

 
Miller, L. J., Luebke, J. F., & Matiasek, J. (2018). Viewing African and Asian elephants at accredited 
zoological institutions: Conservation intent and perceptions of animal welfare. Zoo Biology, 37(6), 466-
477. 
 

African and Asian elephants are popular within zoos, however there is currently limited 
information on how viewing them impacts zoo visitors. The goal of the current study was to 
examine the relationship between viewing elephants in zoos accredited by the Association of 
Zoos and Aquariums and zoo visitors’ reported conservation intent and perceptions of animal 
welfare. Visitors were systematically selected to fill out questionnaires following elephant 
observation at nine facilities throughout North America. Questions included information on 
conservation predispositions, exhibit experience, exhibit perceptions, animal welfare perceptions, 
emotional experience, learning outcomes, conservation intent, and demographics. Results 
suggest that observing elephants engaged in a variety of species‐typical behaviors and having an 

up‐close experience was significantly correlated to visitors having a positive emotional response. 

The positive emotional response, combined with visitor conservation predisposition had a 
significant positive relationship with reported interest in getting involved in conservation. 
Perceptions of animal welfare were significantly related to a positive emotional experience driven 
by seeing animals engaged in a variety of active species‐typical behaviors as well as exhibit 

perceptions and whether or not visitors thought it was important to have elephants in zoos. 
Exhibit perception was primarily correlated with exhibit size. The results provide factors that could 
help to increase visitor interest in conservation as well as the potential impact of viewing 
elephants in an accredited zoo. Facilities can use this information to help ensure their visitors 
have similar type experiences in order to inspire visitors’ interest in conservation as well as 
positive perceptions of animal welfare. 

 
Packer, J., Ballantyne, R., & Luebke, J. F. (2018). Exploring the factors that influence zoo visitors’ 
perceptions of the well-being of gorillas: Implications for zoo exhibit interpretation. Visitor Studies, 21(1), 
57-78. 
 

Modern zoos face increasing pressures to maintain and demonstrate both the physical and 
psychological well-being of animals in their care. However, the informal judgments that zoo 
visitors make about animal well-being may be based on criteria that are inappropriate or 
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misleading. In this research, two self-administered questionnaires were used to explore the 
indicators that zoo visitors use, consciously or unconsciously, to judge the well-being of gorillas in 
a naturalistic zoo exhibit. One questionnaire was completed by 105 adult visitors as they exited a 
gorilla exhibit; another questionnaire was completed by a separate sample of 166 adult visitors 
while they were observing the gorillas in the exhibit. The results demonstrate that visitors are 
willing to make judgments of animal welfare, are able to articulate the reasons underlying their 
judgments, use different indicators when judging health and happiness, and are influenced by 
environmental aspects of the exhibit. Visitors’ assessments of animal well-being were positively 
related to their emotional connections with the gorillas and their satisfaction with the visit. 
Suggestions are provided regarding interpretive information that zoos might provide to better 
inform visitors’ perceptions of animal well-being. 

 
Razal, C. B., & Miller, L. J. (2019). Examining the impact of naturalistic and unnaturalistic environmental 
enrichment on visitor perception of naturalness, animal welfare, and conservation. Anthrozoös, 32(1), 
141-153. 
 

Recent research shows that using different types of enrichment has little to no impact on how zoo 
visitors perceive the animals or the enclosure in general. The primary objective of the current 
research was to examine if viewing naturalistic-looking environmental enrichment (NEE) and 
unnaturalistic-looking environmental enrichment (UEE) has an effect on visitor perceptions of 
exhibit naturalness, animal welfare, and conservation, while controlling for two factors that can 
influence visitor perspective: animal visibility and behavior. Study 1 examined the color of 
enrichment: the NEE was colored to resemble a rock and the UEE was fluorescent pink. Four 
conditions were recorded: Naturalistic/No Animal, Naturalistic/Animal, Unnaturalistic/No Animal, 
and Unnaturalistic/Animal. One video was shown to 306 randomly selected visitors who then took 
a survey including questions on animal welfare, exhibit naturalness, and supporting conservation 
organizations. Naturalistic/No Animal was perceived by visitors to be the most natural 
environment and the best of the exhibits for an animal to live in. Study 2 examined different types 
of NEE and UEE. Eight photos (four with an animal and four without) showing one out of four 
enrichment items (naturalistic rock, wood wool bedding, traffic cone, cardboard box) were shown 
to 618 randomly selected visitors who then took a survey similar to study 1. Visitors rated the 
photos with the NEE consistently higher for questions regarding the naturalness of the exhibit, 
good animal welfare, and the livability of the environment. Visitors were also asked to rank the 
four enrichment items from best to worst, and the NEEs were ranked significantly higher than the 
UEEs. While there are still many unanswered questions regarding visitor perceptions of 
environmental enrichment in zoos, we hope that focusing on one variant such as color and 
examining different types of NEE and UEE can help guide future studies on this subject. 

 
Roth, E. K., Visscher, N. C., & Robinette Ha, R. (2017). Food for thought: Assessing visitor comfort and 
attitudes toward carcass feeding at the ABQ BioPark Zoo. Anthrozoös, 30(2), 227-235. 
 

Enrichment is a key to keeping animals in zoos healthy and stimulated. For carnivores, the 
practice of feeding vertebrate animal carcasses, like those of goats or deer, or whole body prey 
animals like chickens or rabbits, can be an effective form of enrichment. While it is beneficial for 
animal care, carcass feeding may also be off-putting to some visitors. This research aimed to 
address this concern by describing the attitudes and comfort levels of visitors who viewed 
carcass feeding in three exhibits at the ABQ BioPark Zoo in Albuquerque, New Mexico: spotted 
hyena (Crocuta crocuta), Tasmanian devil (Sarcophilus harrisii), and African painted dog (Lycaon 
pictus). Results showed that visitors stayed at exhibits longer when a carcass was introduced and 
reported feeling generally comfortable and at ease while viewing carcass feeding. Findings also 
showed that visitors felt carcass feeding was beneficial to animal care and welfare. 

 
 
 
Yilmaz, S., & Alpak, E. M. (2019). Visitor experiences in a naturalistic zoo exhibit. Fresenius 
Environmental Bulletin, 28, 44-52.  
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Zoos in urban areas are very important as they enable urban people to have relationship with 
nature. Therefore, zoos strengthen the interest and the sense of protecting animals and required 
to help visitors to learn by reflecting the interactions of animals in nature. With their design 
approaches, naturalistic exhibits (third generation zoo exhibits) encourage visitors to know and 
protect animals. No research has yet been conducted on the experiences of visitors in naturalistic 
zoo exhibits in Turkey. Therefore, within the scope of the study, the effects of naturalistic exhibits 
on Turkish visitors (n=480) have been identified. The pre-visit and the post-visit feelings of the 
visitors have been investigated in two stages. According to the results of the study, naturalistic 
exhibits are described by Turkish people as natural, characterizing the habitats of animals and a 
place where animals are happy to live.  
 

Zoo & Aquarium Focused Interest Group (ZAFIG) – Visitor Studies Association (2019). Measuring visitor 
perceptions and attitudes toward animal care and welfare. 17 pages. LINK to full article and LINK to 
related report. 

 
 Overview. In February and March 2019, AZA’s Animal Welfare Committee in partnership with the 
 Visitor Studies Association’s Zoo and Aquarium Focused Interest Group (ZAFIG) gathered 
 information from AZA-accredited zoos and aquariums regarding measures used to assess visitor 
 perceptions and attitudes toward animal care and welfare. Requests for information were posted  
 Technology, Public Relations), the ZAFIG discussion group on Facebook, and personal requests 
 sent to Institutional Liaisons to AZA’s Animal Welfare Committee. This effort will assist the Animal 
 Welfare Committee in making informed recommendations to the Association and its members in 
 how best to proceed in measuring and monitoring perceptions of care and welfare for Zoo and 
 Aquarium animals over time. 
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Abstracts: Environmental impacts on animal welfare 
  
Baines F.M., Chattell J., Dale J., Garrick D., Gill I., Goetz M., Skelton T., Swatman M. (2016). How much 
UVB does my reptile need? The UV-Tool, a guide to the selection of UV lighting for reptiles and 
amphibians in captivity. Journal of Zoo and Aquarium Research 4(1): 42-63. LINK to full article. 
 

Guidance is almost non-existent as to suitable levels of UV lighting for reptiles and amphibians, or 
how to achieve satisfactory UV gradients using artificial lighting. The UV-Tool is a working 
document that seeks to address this problem, by considering the range of UV experienced by 
each species in the wild. The UV-Tool contains an editable and expanding database of the 
microhabitat requirements and basking behaviour of reptile and amphibian species, as derived 
from field studies, or inferred from observed behaviour in captivity. Since an animal’s UV-B 
exposure is determined by its behaviour within its native microhabitat, estimation of its natural 
range of daily UV-B exposure is then possible. The current version of the UV-Tool assigns 254 
species to each of four ‘zones’ of UV-B exposure (Ferguson zones) based upon UV-index 
measurements. Once the likely UV requirement of any species of reptile or amphibian is 
ascertained, the next step is to plan safe but effective UV gradients within the captive  
environment. To do this requires knowledge of the UV spectrum and output of the lamps to be 
used. The UV-Tool therefore includes test reports and UV-index gradient maps for commercially 
available UV-B lighting products, and a guide to selection of appropriate lamps for use in vivaria 
and in larger zoo enclosures. There are reports on 24 different products in the current version of 
the UV-Tool. This document has been compiled by members of the British and Irish Association 
of Zoos and Aquaria (BIAZA) Reptile and Amphibian Working Group (RAWG) with contributions 
from zookeepers and herpetologists from the UK and abroad. Further input is welcome and 
encouraged. 

 
Bettinger, T. L., Leighty, K. A., Daneault, R. B., Richards, E. A., & Bielitzki, J. T. (2017). Behavioral 
management: The environment and animal welfare. In Handbook of Primate Behavioral Management (pp. 
37-51). CRC Press. 
 
 No abstract available. 
 
Bryant, J. L., & Wielebnowski, N. C. (2018). Environmental impact on activity level and fecal 
glucocorticoid metabolite concentration of African elephants and black rhinoceros at Brookfield zoo. Int J 
Avian Wildl Biol, 3(2), 94-100. 
 
 Visitors and the accompanying increased sound levels are two of the factors of daily life for many 

zoo-housed animals. Here the impact different seasons have on the physiological and behavioral 
were evaluated at the Brookfield Zoo. All study animals showed the highest fecal glucocorticoid 
metabolite (FGM) concentrations during the summer when exhibit attendance is the highest, and 
lowest FGM concentrations in the winter when exhibit attendance is the lowest. Interestingly, 
black rhinoceros were less active when FGM levels and exhibit attendance were higher and 
elephants more active. Unexpectedly, ambient sound levels followed no clear pattern between 
seasons. Friedman’s tests showed FGM concentrations and exhibit attendance was significantly 
higher in the summer than in winter. The results highlight that exhibit attendance may be 
associated with some changes in adrenal and behavioral responses of zoo animals, but there is 
also substantial individual variation within and across species in their responses to the same 
environmental factors. 

 
Collins, C. K., & Marples, N. M. (2015). Zoo playgrounds: a source of enrichment or stress for a group of 
nearby cockatoos? A case study. Journal of Applied Animal Welfare Science, 18(4), 375-387. 
 

There is increasing evidence that in some circumstances, zoo visitors may be aversive stimuli to 
nonhuman animals housed in zoos. Yet, most previous research has focused on primates with 
little attention given to numerous other species who are housed in zoos. The focus animal of this 
project was the cockatoo, a species who has received minimal attention in zoo-based research. 

mailto:kcronin@lpzoo.org
https://www.jzar.org/jzar/article/view/150/89


 

List updated Mar 2021; address questions to Katie Cronin (kcronin@lpzoo.org).  
34 

 

Furthermore, although the influence of the zoo setting has become increasingly important in 
visitor effect studies, this is the 1st study to quantify the effect of activity at a children's 
playground on zoo animals. There was an investigation on the effect of a zoo playground on the 
behavior of citron-crested and Moluccan cockatoos (Cacatua sulphurea 
citrinocristata and Cacatua moluccensis), as well as the effect of children standing in front of the 
birds' aviaries. The results showed that in some circumstances, the Moluccan cockatoos 
retreated from visitors, while the citron-crested cockatoos did not retreat from visitors and became 
more social in the presence of visitors. These findings highlight the importance of careful 
selection of species and individual animals to be housed near zoo playgrounds. 

 
Cronin, K. A., Bethell, E. J., Jacobson, S. L., Egelkamp, C., Hopper, L. M., & Ross, S. R. (2018). 
Evaluating mood changes in response to anthropogenic noise with a response-slowing task in three 
species of zoo-housed primates. Animal Behavior & Cognition, 5(2), 209-221.LINK to full article. 
 

In the zoo environment, anthropogenic noise is common as sound levels fluctuate due to visitors, 
construction, habitat design, and special events. In this study, changes in the mood of three 
species of zoo-housed primates in response to a loud annual event were evaluated with the 
response-slowing paradigm. In this paradigm, animals experiencing anxiety slow responses on 
simple cognitive tasks when emotional content is displayed. Following a previously validated 
approach, we measured latencies to touch potentially threatening (conspecific faces with directed 
gaze) and non-threatening (conspecific faces with averted gaze) images overlaid on a grey 
square, relative to neutral control images (grey squares only) on a touchscreen. In Experiment 1, 
four Japanese macaques (Macaca fuscata) were tested in two conditions: during a baseline (non-
stressful) period and opportunistically during three days during which loud jets frequently flew 
overhead. Results indicated a significant effect of condition, with an increase in latency to touch 
images of conspecific faces relative to control images during the days of the loud event. In 
Experiment 2, chimpanzees (Pan troglodytes, n = 4) and western lowland gorillas (Gorilla gorilla 
gorilla, n = 2) were tested during the same loud event following a similar methodology. The 
results revealed subtle changes across conditions; however, this was likely driven by the apes 
increasing their response speed to face stimuli relative to control stimuli over time (habituation). 
These findings suggest that the macaques, but not the apes, underwent detectable affective 
changes during the loud event. With additional development, this relatively simple paradigm may 
be an effective and feasible way to evaluate real-time changes in the mood of zoo-housed 
animals. 

 
Drake, G. J. C., Shea, R. L., Fidgett, A., Lopez, J., & Christley, R. M. (2017). Provision of ultraviolet 
basking lights to indoor housed tropical birds and their effect on suspected vitamin D3 deficiency. Journal 
of Zoo and Aquarium Research, 5(4), 151-157. LINK to full article. 
 

Vitamin D deficiency (measured as 25(OH)D3) can occur if birds are fed a vitamin D deficient diet 
and do not have access to ultraviolet B light (UVB). This can result in eggs with deficient yolks 
and ultimately to metabolic bone disease (MBD) in chicks. In this study, hypovitaminosis D was 
suspected in 31 adult birds, from five orders, housed indoors long-term without prior access to 
UVB light. The study aimed to assess the effect of providing UVB basking lights on vitamin D 
status and the incidence of MBD in chicks. It also aimed to assess whether the birds would 
access the UVB provided. Breeding and pathology records were analysed, and birds were blood 
tested for 25(OH)D3 before, and 12 months after, being provided with access to UVB basking 
lights. The area of perching with UVB irradiance was filmed before and after the UVB basking 
lights were switched on. There was a significant increase in 25(OH)D3 after 12 months of UVB 
provision from a mean of 9.3 nmol/L to 14.2 nmol/L (P=0.001, CI=2.35 to 9.47). Annual incidence 
of metabolic bone disease in chicks dropped from an average of 14.3% over the three years prior 
to UVB provision to 3.2% in the two years afterwards. Birds appeared to actively seek the basking 
spots and significantly increased the proportion of time spent in the area of UVB irradiance 
(P=0.02). No correlation was found between the total amount, or change, in time spent in the 
UVB area and the final, or change, in number of individual birds with circulating 25(OH)D3 levels. 
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These results show that indoor-housed birds will bask in UVB light if provided and that this 
radiation can increase vitamin D levels of the birds, which may prevent MBD in their offspring.  

 
Fuller G., Raghanti M.A., Dennis P.M., Kuhar C.W., Willis M.A., Schook M.W., Lukas K.E. (2016). A 
comparison of nocturnal primate behavior in exhibits illuminated with red and blue light. Applied Animal 
Behaviour Science 184:126-134.  
 

Over evolutionary time, light from the sun, moon, and stars has provided organisms with reliable 
information about the passage of time; but modern artificial lighting has drastically altered these 
cues. Evidence is accumulating that exposure to light at night—particularly blue wavelengths—
from computer screens, urban light pollution, or as an occupational hazard of night-shift work has 
major implications for human health. Nocturnal animals in zoos are generally housed on reversed 
light cycles and are illuminated by blue or red artificial light so that daytime visitors can observe 
their active behaviors. However, previous research suggests that exposure to light all 24 h of the 
day and exposure to blue light during the dark phase can be harmful to human and animal health. 
Information about the consequences of lighting design for animal health and behavior is needed 
to formulate evidence-based guidelines for the exhibition of nocturnal animals in zoos. This study 
was conducted with nocturnal strepsirrhines at two facilities, one where the standard practice was 
to house nocturnal primates under blue light, and the other red. We experimentally changed the 
color of light illuminating habitats during the dark phase using an ABA study design and recorded 
continuous behavior data. We hypothesized that activity levels and time allocated to specific 
active behaviors would be lower under blue light compared to red. The overall percent of time 
spent performing active behaviors was lower when subjects were housed under blue light 
compared to red (generalized linear mixed models: pottos (N = 4), F1,1169 = 54.0, p < 0.001; 
pygmy slow lorises (N = 2), F1,689 = 26.4, p < 0.001; moholi bushbabies (N = 2), F1,482 = 99.1, 
p < 0.001; and aye-aye (N = 1), F1,312 = 8.4, p = 0.005). These changes were largely due to 
increased time spent moving around exhibits and examining objects under red light. We were 
also able to measure concentrations of the timekeeping hormone melatonin in the saliva of the 
aye-aye and found that levels were significantly lower in blue light compared to red (F1,85 = 18.0, 
p < 0.001). These results offer a compelling reason to reconsider the practice of exhibiting 
nocturnal animals under blue light, as wavelength-dependent suppression of behavior and 
hormones may have important implications for animal health and welfare. 

 
Harding, H. R., Gordon, T. A., Eastcott, E., Simpson, S. D., & Radford, A. N. (2019). Causes and 
consequences of intraspecific variation in animal responses to anthropogenic noise. Behavioral 
Ecology, 30(6), 1501-1511. 
 

Anthropogenic noise is a recognized global pollutant, affecting a wide range of nonhuman 
animals. However, most research considers only whether noise pollution has an impact, ignoring 
that individuals within a species or population exhibit substantial variation in responses to stress. 
Here, we first outline how intrinsic characteristics (e.g., body size, condition, sex, and personality) 
and extrinsic factors (e.g., environmental context, repeated exposure, prior experience, and 
multiple stressors) can affect responses to environmental stressors. We then present the results 
of a systematic search of the anthropogenic-noise literature, identifying articles that investigated 
intraspecific variation in the responses of nonhuman animals to noise. This reveals that fewer 
than 10% of articles (51 of 589) examining impacts of noise test experimentally for intraspecific 
variation in responses; of those that do, more than 75% report significant effects. We assess 
these existing studies to determine the current scope of research and findings to-date, and to 
provide suggestions for good practice in the design, implementation, and reporting of robust 
experiments in this field. We close by explaining how understanding intraspecific variation in 
responses to anthropogenic noise is crucial for improving how we manage captive animals, 
monitor wild populations, model species responses, and mitigate effects of noise pollution on 
wildlife. Our aim is to stimulate greater knowledge and more effective management of the harmful 
consequences of this global pollutant. 
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Jakob-Hoff, R., Kingan, M., Fenemore, C., Schmid, G., Cockrem, J. F., Crackle, A., van Bemmel, E., 
Connor, R., & Descovich, K. (2019). Potential impact of construction noise on selected zoo 
animals. Animals, 9(8), 504. LINK to full article. 
 

In anticipation of a major construction project in an urban New Zealand zoo, a study was initiated 
to assess the response to construction noise of selected animal species (elephant, giraffe, emu 
and alligator) previously observed to be sensitive to this kind of noise. The overall aim was to 
detect any signs of aversive responses to this noise to enable keepers to recognize these and 
take any necessary mitigating actions during the construction period. The experimental approach 
involved the creation of acoustic maps of each focal animal enclosure, a series of 90-min video 
recordings of the animals’ behavior in response to ambient noise (control) and amplified 
broadcast of pre-recorded continuous and intermittent construction noise. Concentration of fecal 
corticosterone metabolites was also measured for the emus. Key findings were that giraffes, 
elephants and emus appeared to show an increase in behaviors that could indicate stress or 
agitation including vigilance and locomotion and may prefer quieter regions of their enclosure 
during sound exposure. Giraffes also increased close contact with conspecifics when exposed to 
construction noise. While alligators did not show clear evidence of noise-related stress, our 
findings indicated that all focal species showed some behavioral responses to recorded 
construction noise. 

 
Liu, H., Duan, H., & Wang, C. (2017). Effects of ambient environmental factors on the stereotypic 
behaviors of giant pandas (Ailuropoda melanoleuca). PLoS One, 12(1). LINK to full article 
 

Stereotypies are commonly observed in zoo animals, and it is necessary to better understand 
whether ambient environmental factors contribute to stereotypy and how to affect animal welfare 
in zoo settings. This study investigated the relationships between stereotypic behaviors and 
environmental factors including ambient temperatures, humidity, light intensity, sound intensity 
and number of visitors. Seven giant pandas were observed in three indoor enclosures and three 
outdoor enclosures. Environmental factors were measured for both indoor and outdoor 
enclosures and the effect they had on stereotypical behaviors was investigated. Our research 
found that light intensity significantly correlated with all stereotypies behaviors. Higher 
environmental temperature reduced the duration of pacing but increased the frequency of pacing, 
the duration and frequency of door-directed, meanwhile the duration of head-toss. However, we 
found no noticeable effect of humidity on stereotypic behaviors except for the frequency of head-
toss. We also found that sound intensity was not correlated with stereotypies. Finally, the growth 
of visitors was negatively associated with the duration of door-directed. These results 
demonstrated that various environmental factors can have significant effects on stereotypic 
behaviors causing the expression of various stereotypies. Thus, stereotypies in zoo animals may 
not simply represent suboptimal welfare, but rather might be adopted as a means of coping with 
an aversive environment. 

 
Nielsen, B. L. (2018). Making sense of it all: The importance of taking into account the sensory abilities of 
animals in their housing and management. Applied Animal Behaviour Science, 205, 175-180. 
 

In this selective review, examples are given of how different animal species use different sensory 
modalities in different ways. These examples serve to illustrate that we should not forget to take 
sensory abilities of the animals that we manage into account to ensure or improve their welfare. 
As humans we use predominantly vision and hearing, and do not always consider the housing 
and handling of animals as it is perceived by them. Through published studies on the use of sight, 
hearing, touch, and smell by different species, this review shows that these sensory modalities, 
alone or in combination, are pivotal for appropriate management of animals in our care. This 
includes exposure to and use of appropriate stimuli, as well as removal of potentially stressful 
sensory inputs. Such measures are important not only for the validity of research results, but also 
for improved animal welfare and production. 
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Nielsen, B. L., Jezierski, T., Bolhuis, J. E., Amo, L., Rosell, F., Oostindjer, M., Christensen, J.W., 
McKeegan, D., Wells, D.L., & Hepper, P. (2015). Olfaction: an overlooked sensory modality in applied 
ethology and animal welfare. Frontiers in Veterinary Science, 2, 69. LINK to full article. 
 
 No abstract available. 
 
Orban, D. A., Soltis, J., Perkins, L., & Mellen, J. D. (2017). Sound at the zoo: Using animal monitoring, 
sound measurement, and noise reduction in zoo animal management. Zoo Biology, 36(3), 231-236. 
 

A clear need for evidence‐based animal management in zoos and aquariums has been 

expressed by industry leaders. Here, we show how individual animal welfare monitoring can be 

combined with measurement of environmental conditions to inform science‐based animal 

management decisions. Over the last several years, Disney's Animal Kingdom® has been 
undergoing significant construction and exhibit renovation, warranting institution‐wide animal 

welfare monitoring. Animal care and science staff developed a model that tracked animal 
keepers’ daily assessments of an animal's physical health, behavior, and responses to husbandry 
activity; these data were matched to different external stimuli and environmental conditions, 
including sound levels. A case study of a female giant anteater and her environment is presented 
to illustrate how this process worked. Associated with this case, several sound‐reducing barriers 

were tested for efficacy in mitigating sound. Integrating daily animal welfare assessment with 
environmental monitoring can lead to a better understanding of animals and  
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Abstracts: Impact of animal training on animal welfare 
  
Bacon, H. (2018). Behaviour-based husbandry—A holistic approach to the management of abnormal 
repetitive behaviors. Animals, 8(7), 103. LINK to full article 
 

The field of zoo animal welfare science has developed significantly over recent years. However 
despite this progress in terms of scientific research, globally, zoo animals still face many welfare 
challenges. Recently, animal welfare frameworks such as the five domains or five needs have 
been developed and suggested to improve the welfare of zoo animals, but without practical 
guidance, such tools may remain abstract from the daily experience of zoo animals. Similarly 
specific practical strategies such as those for enrichment development exist, but their lack of 
holistic integration with other aspects of animal husbandry and behavioral medicine means that 
overall, good zoo animal welfare may still be lacking. This paper outlines some of the barriers to 
implementing improved zoo animal welfare in practice, and proposes a new strategy for the 
development of behavioral husbandry routines focused on the management and mitigation of 
abnormal repetitive behaviors. Focusing on enhancing zoo animal welfare by integrating aspects 
of ecology, ethology and clinical animal behavior into a practical and comprehensive approach to 
behavior-based husbandry. 

 
Clegg, I. L., Rödel, H. G., Boivin, X., & Delfour, F. (2018). Looking forward to interacting with their 
caretakers: dolphins’ anticipatory behaviour indicates motivation to participate in specific events. Applied 
Animal Behaviour Science, 202, 85-93. 
 

Anticipatory behaviour describes the actions taken to prepare for an upcoming event. Bottlenose 
dolphins (Tursiops truncatus) in captivity are known to display anticipatory behaviours before 
feeding sessions, but it is unknown whether they would anticipate non-alimentary events. 
Furthermore, there is no published information available for any species on whether the level of 
anticipatory behaviour is predictive of an animal’s actual participation in the following event or 
reward: answering this question would bring us closer to understanding this behaviour and its 
related affective states. In this study, we used sound cues to condition dolphins to the arrival of 
toys in their pool or a positive Human-Animal Interaction (HAI) with a familiar trainer, and 
measured their anticipatory behaviour before each event. The protocol was validated since the 
dolphins performed significantly more anticipatory behaviour before the toys and HAI contexts 
than a control situation, by means of increased frequencies of surface looking and spy hopping. 
Furthermore, we found that dolphins showed more anticipatory behaviour before the HAI than the 
toys context (Linear Mixed Model with 1000 permutations, all P < 0.001). In the second part of the 
investigation, higher anticipatory behaviour before toy provision, HAIs, and feeding sessions was 
significantly correlated to higher levels of participation in the event itself (measured by time spent 
with humans/toys, and number of times dolphins left during feeding sessions; LMM with 1000 
permutations,respectively: β = 0.216 ± 0.100 SE, P = 0.039; β = 0.274 ± 0.097 
SE, P = 0.008; β = −0.169 ± 0.080 SE, P = 0.045). Our results suggest that toys and HAIs were 
perceived as rewarding events, and we propose that non-food human interactions play an 
important role in these animals’ lives. We also provide some of the first empirical evidence that 
anticipatory behaviour is correlated to the level of participation in the following event, supporting 
anticipatory behaviour as a measure of motivation, and hope that this stimulates further work 
regarding the use of this behaviour to assess and improve animal welfare. 

 
Clegg, I. L., Rödel, H. G., Cellier, M., Vink, D., Michaud, I., Mercera, B., Boye, M., Hausberger, M., 
Lemasson, A., & Delfour, F. (2017). Schedule of human-controlled periods structures bottlenose dolphin 
(Tursiops truncatus) behavior in their free-time. Journal of Comparative Psychology, 131(3), 214-224. 
 

Behavioral patterns are established in response to predictable environmental cues. Animals 
under human care frequently experience predictable, human-controlled events each day, but very 
few studies have questioned exactly how behavioral patterns are affected by such activities. 
Bottlenose dolphins (Tursiops truncatus) maintained for public display are good models to study 
such patterns since they experience multiple daily human-controlled periods (e.g., shows, training 
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for shows, medical training). Thus, we investigated the effect of training session schedule on their 
“free-time” behavior, studying 29 individuals within 4 groups from 3 European facilities. Our initial 
time budget analyses revealed that among the behaviors studied, dolphins spent the most time 
engaged in synchronous swimming, and within this category swam most at slow speeds and in 
close proximity to each other. “Slow-close” synchronous swimming peaked shortly after training 
sessions and was low shortly before the next session. Play behavior had significantly higher 
frequencies in juveniles than in adults, but the effect was only seen during the in-between session 
period (interval neither shortly before nor after sessions). Anticipatory behavior toward sessions 
was significantly higher shortly before sessions and lower afterward. We conclude that dolphin 
behaviors unconnected to the human-controlled periods were modulated by them: slow-close 
synchronous swimming and age-dependent play, which have important social dimensions and 
links to welfare. We discuss potential parallels to human-controlled periods in other species, 
including humans themselves. Our findings could be taken into account when designing welfare 
assessments, and aid in the provision of enrichment and maintaining effective schedules 
beneficial to animals themselves. 

 
Fernandez, E. J., Kinley, R. C., & Timberlake, W. (2019). Training penguins to interact with enrichment 
devices for lasting effects. Zoo Biology, 38(6), 481-489. 
 

The modern zoo has brought about two major advances in the behavioral welfare of their 
exhibited animals: (a) The use of environmental enrichment to promote naturalistic behaviors and 
(b) the use of training to improve voluntary husbandry care. Whereas training itself has been 
talked about as an effective enrichment strategy, little has been done to combine training 
procedures with enrichment. Typically, enrichment is treated as a trial and error process, where 
potential enrichment items or procedures are cycled through until successful enrichment is found. 
The use of shaping or other training techniques has seldom been documented to increase 
engagement with possible enrichment items or procedures. The following study examined the 
possibility of combining training and enrichment to produce continued interactions with 
enrichment devices. Two species of penguin, Magellanic and southern rockhopper penguins, 
were studied. Two measures were taken: Time spent swimming and contact with enrichment 
devices. The enrichment devices could be manipulated by placing fish within and hanging out of 
each device. During baseline sessions, no hits to either device were observed. During training 
sessions, several hits were recorded when fish were in the devices and overall swimming time 
increased during these conditions. When baseline was reintroduced without fish in the devices, 
contact with the enrichment devices rapidly declined and swimming time for the rockhopper 
penguins decreased. When the devices were reintroduced with fish but without training, the 
greatest number of enrichment device contacts and the highest percentage of time spent 
swimming were observed for the rockhopper penguins.  

 
Greco, B. J., Meehan, C. L., Miller, L. J., Shepherdson, D. J., Morfeld, K. A., Andrews, J., Baker, A., M., 
Carlstead, K., & Mench, J. A. (2016). Elephant management in North American zoos: environmental 
enrichment, feeding, exercise, and training. PLoS One, 11(7), e0152490. LINK to full article 
 

The management of African (Loxodonta africana) and Asian (Elephas maximus) elephants in 
zoos involves a range of practices including feeding, exercise, training, and environmental 
enrichment. These practices are necessary to meet the elephants’ nutritional, healthcare, and 
husbandry needs. However, these practices are not standardized, resulting in likely variation 
among zoos as well as differences in the way they are applied to individual elephants within a 
zoo. To characterize elephant management in North America, we collected survey data from zoos 
accredited by the Association of Zoos and Aquariums, developed 26 variables, generated 
population level descriptive statistics, and analyzed them to identify differences attributable to sex 
and species. Sixty-seven zoos submitted surveys describing the management of 224 elephants 
and the training experiences of 227 elephants. Asian elephants spent more time managed 
(defined as interacting directly with staff) than Africans (mean time managed: Asians = 56.9%; 
Africans = 48.6%; p<0.001), and managed time increased by 20.2% for every year of age for both 
species. Enrichment, feeding, and exercise programs were evaluated using diversity indices, with 
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mean scores across zoos in the midrange for these measures. There were an average of 7.2 
feedings every 24-hour period, with only 1.2 occurring during the nighttime. Feeding schedules 
were predictable at 47.5% of zoos. We also calculated the relative use of rewarding and aversive 
techniques employed during training interactions. The population median was seven on a scale 
from one (representing only aversive stimuli) to nine (representing only rewarding stimuli). The 
results of our study provide essential information for understanding management variation that 
could be relevant to welfare. Furthermore, the variables we created have been used in 
subsequent elephant welfare analyses. 

 
Mackie, J. (2020). Box B6: The application of positive reinforcement training to enhance welfare of 
primates in zoological collections (Box B6). Melfi, V., Dorey, N. R., & Ward, S. J. (Eds) Zoo Animal 
Learning and Training, pps. 211-215. John Wiley & Sons.  
 
 No abstract available.  
 
Melfi, V. A., & Ward, S. J. (2020). Welfare Implications of Zoo Animal Training (Chapter 11). In Melfi, V., 
Dorey, N. R., & Ward, S. J. (Eds) Zoo Animal Learning and Training, 271-288. John Wiley & Sons.  
 
 Training provides zoo professionals with a tool by which they can effectively manipulate the 
 behaviour of animals in their care. This chapter clarifies how animal welfare science can be used 
 to better understand the impact of training; enable zoo professionals to take an evidence‐based 

 approach to whether training is the best tool for a given a situation. It explores methods of 
 evaluating the impact of training on welfare and initiates discussion and motivates investigation of 
 the relationship between animal welfare and the provision of husbandry training in zoos. 
 Embedded within zoo animal welfare science is the precept that providing control to animals is 
 essential for them to experience a good welfare state and that control in the environment can be 
 achieved by offering choice in that environment. Much of the literature focusing on zoo animal 
 training evidences success of a training programme, by the expression of the desired behaviour. 
 
da Silva Vasconcellos, A., Viranyi, Z., Range, F., Ades, C., Scheidegger, J. K., Möstl, E., & Kotrschal, K. 
(2016). Training reduces stress in human-socialised wolves to the same degree as in dogs. PLoS 
One, 11(9), e0162389. LINK to full article 
 

The welfare of animals in captivity is of considerable societal concern. A major source of stress, 
especially for wild animals, is the lack of control over their environment, which includes not being 
able to avoid contact with human beings. Paradoxically, some studies have shown that 
interactions with human beings may improve the welfare of wild animals in captivity. Here, we 
investigated the behavioural (behaviours indicative of cooperation or stress) and physiological 
(variations in salivary cortisol concentrations) effects of the increasingly used practice of training 
wild animals as a way to facilitate handling and/or as behavioural enrichment. We evaluated the 
effects of indoor training sessions with familiar caretakers on nine human-socialised individuals of 
a wild species, the wolf (Canis lupus), in comparison to nine individuals of its domesticated form, 
the dog (Canis lupus familiaris). All animals were raised and kept in intraspecific packs under 
identical conditions—in accordance with the social structure of the species—in order to control for 
socialisation with human beings and familiarity with training. We also collected saliva samples of 
trainers to measure GC and testosterone concentrations, to control for the effects of trainers’ 
stress levels on the responses of the animals. During the training sessions, separated from pack 
members, the animals stayed voluntarily close to the trainers and mostly adequately performed 
requested behaviours, indicating concentration to the task. Similarly to dogs, the salivary cortisol 
level of wolves–used as an index of stress—dropped during these sessions, pointing to a similar 
stress-reducing effect of the training interaction in both subspecies. The responses to the 
requested behaviours and the reduction in salivary cortisol level of wolves and dogs varied across 
trainers, which indicates that the relaxing effect of training has a social component. This points to 
another factor affecting the welfare of animals during the sessions, beside the rewarding effect of 
getting food and control over the situation by successfully completing a task. As all responses 
performed by the animals corresponded to cues already familiar to them, the reported effects 
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were likely due to the above cited factors rather than to a learning process. Our results support 
previous findings suggesting that training is a potentially powerful tool for improving welfare in 
some wild social canids by creating structured and positive interactions between these animals 
and their human caretakers. 

 
Spiezio, C., Vaglio, S., Scala, C., & Regaiolli, B. (2017). Does positive reinforcement training affect the 
behaviour and welfare of zoo animals? The case of the ring-tailed lemur (Lemur catta). Applied Animal 
Behaviour Science, 196, 91-99.  
 

Positive reinforcement training (PRT) is an established tool to facilitate animal husbandry, care 
and research in modern zoos, with potential positive implications for captive animal welfare. The 
study explored the role of an isolation PRT training programme on the well-being of ring-tailed 
lemurs (Lemur catta). Eleven subjects were observed during an isolation training protocol to 
induce the animals to enter an area (training area) calmly and retrieve rewards separated from 
group members. Duration of individual and social behaviours were collected over two different 
periods: the baseline period, before the beginning of the isolation training protocol and the 
training period, in which the collection of the data started at the end of the isolation training 
sessions. Additionally, behavioural data within the isolation training sessions (latency to enter the 
training area and retrieve the reward, display of stress-related behaviours) were recorded. 
Outside the training sessions, lemurs were out of sight significantly more in the baseline 
(Mean ± SD: 15.46 ± 5.20) than in the training (Mean ± SD: 4.36 ± 2.89) period. Social behaviour 
was performed significantly more in the training (Mean ± SD: 31.80 ± 12.34) than in the baseline 
(Mean ± SD: 12.52 ± 5.14) period; particularly, lemurs were in social contact significantly more in 
the training (Mean ± SD: 14.09 ± 6.00) than in the baseline period (Mean ± SD: 
4.58 ± 2.73). Agonistic behaviours were performed significantly more in the baseline (Mean ± SD: 
0.23 ± 0.15) than in the training (Mean ± SD: 0.07 ± 0.07) period. Within the training sessions, all 
the individuals entered the training area, were isolated from conspecifics, and retrieved the 
reward in 6 out of 9 sessions. Our findings show that, during the PRT period, lemurs displayed 
their natural behaviour in their everyday social life with significant increase of their affiliative 
behaviours and decrease of aggressive behaviours with benefits for their welfare status. Thus, 
lemurs were able to cope with the use of PRT to isolate each individual from its social group – a 
situation which, without training, might be very stressful. In conclusion, PRT may play a crucial 
role for the captive management of ring-tailed lemurs in captive facilities, including zoos. 

 
Spiezio, C., Piva, F., Regaiolli, B., & Vaglio, S. (2015). Positive reinforcement training: a tool for care and 
management of captive vervet monkeys (Chlorocebus aethiops). Animal Welfare, 24(3), 283-290. 
 

In modern zoos, training should be an integral component of the animal care and management. 
The benefits of training include the opportunity for positive interactions with caretakers. This study 
was carried out with a group of vervet monkeys (Chlorocebus aethiops) housed at the Garda 
Zoological Park, Italy. Using focal animal sampling, we observed the behaviour performed by all 
group members from December 2007 to August 2008. The group took part in a training 
programme to be isolated in a familiar area before the subjects were included in a cognitive 
study. We collected behavioural data during a pre-training period to assess the social behaviour 
of the colony and during the training period to investigate the effects of the training programme on 
the behaviour of individuals. Additionally, a second phase of the study was conducted and 
training sessions with individual monkeys were video-recorded to determine the behaviour of 
animals during each training session and to thus confirm that they were suitable for participating 
in the procedure. Our results suggest that the training programme enriched the daily routine of 
these captive primates by increasing affiliative behaviours while decreasing agonistic behaviours. 
Furthermore, there was behavioural response variability among the individuals under the training 
procedure. However, all the individuals were trained to calmly enter a familiar area and be 
isolated from other members of the group. In conclusion, our findings highlight the importance of 
using positive reinforcement training to reduce the tension directly associated with potentially 
stressful procedures by allowing primates to participate voluntarily in these procedures. In 
addition, the training was found to be an enrichment tool for vervet monkeys. 
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Abstracts: Impact of animal transports on animal welfare 
 
Barrows, M., Killick, R., Saunders, R., Tahas, S., Day, C., Wyatt, K., ... & Cook, J. (2017). Retrospective 
analysis of elective health examinations as preventative medicine interventions at a zoological 
collection. Journal of Zoo and Aquarium Research, 5(1), 25-32. LINK to full article.  
 

A retrospective survey of outcomes from elective health examinations on amphibians, reptiles, 
birds and mammals in a zoological collection was carried out in order to compare differences 
between taxa, type of health examination and age of animal, and to quantify whether the benefits 
of such interventions exceed potential welfare risks to the subjects.  Outcomes of 1651 health 
examinations, including import, pre-export, first and routine health examinations, were recorded 
and analysed.  At least one problem was found in 45.7% of health examinations, with subsequent 
action (such as treatment, follow-up or further diagnostics) required in just under half of those 
animals or 21.1% of health examinations overall.  A problem was identified in 52.1% of import 
examinations as opposed to 32.5% of pre-export examinations, and in 52.2% of routine 
examinations, compared to 33.6% of first examinations.  When analysed further by taxon, these 
differences were not significant for all taxa.  In addition, only for mammals was there a significant 
difference between age groups, with problems significantly more likely to be identified as age 
increased.  A complication occurred during 3% of total health examinations, with complications 
significantly more likely to have been caused in birds than in mammals and none at all identified 
in reptiles and amphibians.  Almost 97% of the complications caused during bird health 
examinations were minor wounds resulting from capture for the procedure.  Little has been 
published previously evaluating the effects of preventative medicine interventions on mortality, 
morbidity or welfare of zoo animals.  This kind of information can be used to make evidence-
based decisions on the necessity and frequency of elective health examinations in a particular 
collection. 

 

Campbell‐Palmer, R., & Rosell, F. (2015). Captive care and welfare considerations for beavers. Zoo 

Biology, 34(2), 101-109. LINK to full article. 
 

Beavers (Castor spp.) tend not to be a commonly held species and little published material exists 
relating to their captive care. We review published material and discuss husbandry issues taking 
into account the requirements of wild beavers. As social mammals with complex chemical 
communication systems and with such an ability to modify their environments, studies of wild 
counterparts suggest the captive requirements of beavers may actually be more sophisticated 
than generally perceived. Common field techniques may have practical application in the captive 
setting. Their widespread utilisation in conservation, including reintroductions, translocations and 
habitat management, also requires components of captive care. As welfare science advances 
there is increasing pressure on captive collections to improve standards and justify the keeping of 
animals. Conservation science is increasingly challenged to address individual welfare standards. 
Further research focusing on the captive care of beavers is required.  

 
Fazio, J., Freeman, E.W., Bauer, E.B. & Parsons, E.C.M. (2019). Evaluation of management in North 
American zoos to enhance breeding success of the fishing cat (Prionailurus viverrinus) ex situ population. 
Zoo Biology 38(2): 189-199. LINK to full article.  
 

The ex situ population of fishing cats (Prionailurus viverrinus) face many challenges to its 
sustainability such as mate incompatibility, low founder numbers and disease prevalence. The 

North American population was monitored for a three‐year period during institutional transfers 

and breeding introductions. In total, 26 fishing cats, including 15 different breeding pairs were 
monitored during 20 transfers. Most institutional transfers occurred in the fall months (September, 
October and November; 62%; n = 13) and males were transferred more often (62%; n = 13). 
Breeding success (observed copulations) was recorded in 33% (n = 5) of pairs but only 13% 
(n = 2 pairs) produced offspring during the study period. Institutions with successful breeding pairs 

had a greater number of indoor, off‐exhibit enclosures (2.67 ± 0.29 enclosures; n = 5) compared to 

facilities with unsuccessful pairs (1.69 ± 0.25 exhibits; n = 6; p = 0.035). In addition, facilities 
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housing successful pairs performed positive reinforcement training more frequently (14.77 ± 3.27 
training days/month) than facilities with unsuccessful pairs (4.00 ± 2.73 days/month; p = 0.035). A 
binomial generalized linear model showed that friendly vocalizations (p = 0.000) during physical 
introductions of intended breeding pairs predicted copulation success. Introductions performed 
when a female was exhibiting estrous behavior (p = 0.020), was also predictive of copulation 
success. Results from this study are the first comprehensive analyses of captive management in 
the fishing cat. Environmental factors and management approaches are highlighted that could 
advance animal welfare and improve reproductive success in this species. 

 
Göttert, T., Grothmann, P., & Zeller, U. (2015). Faecal corticosterone responses of black rhinos (Diceros 
bicornis) to a transfer between housing facilities within a zoo. Journal of Zoo and Aquarium 
Research, 3(1), 25-28. LINK to full article. 
 

Faecal corticosterone metabolites (FCM) of four black rhinos (Diceros bicornis) at Magdeburg 
Zoo in Germany were investigated to assess the stress level associated with an internal transfer 
of rhinos between housing facilities. Moving rhinos within the zoo led to a punctual increase of 
FCM concentrations in three animals. We observed no signs of a period of acclimatisation, such 
as increased FCM levels for several days or longer periods. Increased FCM levels of one out of 
three rhinos re-investigated one year after the enclosure change, may be related to the 
reproductive status of this female (five to six months before parturition). The moderate FCM 
response patterns found in this study indicate that the transfer of rhinos between enclosures at 
Magdeburg Zoo was minimally invasive. 

 
Holmes, A. M., Emmans, C. J., Coleman, R., Smith, T. E., & Hosie, C. A. (2018). Effects of transportation, 
transport medium and re-housing on Xenopus laevis (Daudin). General and Comparative 
Endocrinology, 266, 21-28. 
 

Understanding the immediate and longer-term effects of transportation and re-housing in a 
laboratory species is crucial in order to refine the transfer process, enable the optimal introduction 
of new animals to a novel environment and to provide a sufficient acclimatisation period before 
usage. Whilst consideration of animal welfare in most model vertebrate species has received 
attention, little quantitative evidence exists for the optimal care of the common laboratory 
amphibian Xenopus laevis. Techniques for the non-invasive welfare assessment of amphibians 
are also limited and here a non-invasive physiological assay was developed to investigate the 
impacts of transportation, transport medium and re-housing on X. laevis. First the impacts of 
transportation and transport medium (water, damp sponge or damp sphagnum moss) were 
investigated. Transportation caused an increase in water-borne corticosterone regardless of 
transport medium. Frogs transported in damp sphagnum moss also had a greater decrease in 
body mass in comparison to frogs not transported, suggesting that this is the least suitable 
transport medium for X. laevis. Next the prolonged impacts of transportation and re-housing were 
investigated. Frogs were transported between research facilities with different housing protocols. 
Samples were collected prior to and immediately following transportation, as well as 1 day, 7 days 
and 35 days after re-housing. Water-borne corticosterone increased following transportation and 
remained high for at least 7 days, decreasing to baseline levels by 35 days. Body mass 
decreased following transportation and remained lower than baseline levels across the entire 
35 day observation period. These findings suggest the process of transportation and re-housing is 
stressful in this species. Together these findings have important relevance for both improving 
animal welfare and ensuring optimal and efficient scientific research. 

 
Medica, P., Bruschetta, G., Cravana, C., Ferlazzo, A., & Fazio, E. (2019). Effect of transportation on the 
sympatho-adrenal system responses in horses. Research in Veterinary Science, 125, 401-404.  
 

The objective of current study was to evaluate the effect of transportation stress on the circulating 
adrenaline (A), noradrenaline (NA) and dopamine (DA) responses of stallions, according to the 
different distances. Forty-two stallions were studied before and after road transportation of 100, 
200 and 300 km, for a period of 1–3 h. An increase in plasma A after 100 km (P < 0.001) was 
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observed. A similar result was seen in plasma NA after 100 km (P < 0.001), and 300 km 
(P < 0.001). Increases in plasma DA after 100 and 200 km (P < 0.0001) were observed, with a 
decrease after 300 km (P < 0.0001). Significant interactions among groups and times for A 
(P < 0.0001), NA (P < 0.0006) and DA (P < 0.0001) changes were observed. These results 
indicate that the sympatho-adrenal system response of horses was greater after short (100 km), 
than medium-longer period of transportation (200 and 300 km). This may indicate an adaptation 
process during transport, considering A and NA as the primary candidate neurotransmitters for 
the maintenance of homeostatic process to alleviate the effects of the perceived transportation 
stress. 

 
Ochi, T., Yamada, A., Naganuma, Y., Nishina, N., & Koyama, H. (2016). Effect of road transportation on 
the serum biochemical parameters of cynomolgus monkeys and beagle dogs. Bangladesh Journal of 
Veterinary Medical Science, 15(1), 33-38. 
 

To determine the effect of long-distance (approximately 600 km) road transportation on the blood 
biochemistry of laboratory animals, we investigated the changes in serum biochemical 
parameters in healthy cynomolgus monkeys and beagle dogs transported by truck from Osaka to 
Tsukuba, Japan. The concentrations of serum cortisol, total bilirubin and aspartate 
aminotransferase in monkeys increased during transportation. Serum cortisol and total bilirubin 
levels in dogs also increased during transportation, but serum triglyceride decreased. Serum 
parameter values in truck-transported monkeys and dogs returned to baseline levels within two 
weeks following arrival. Taken together, these results suggest that a two-week acclimation period 
is the minimum duration required for adaptation following road transportation. 

 
Santurtun, E., & Phillips, C. J. (2015). The impact of vehicle motion during transport on animal 
welfare. Research in Veterinary Science, 100, 303-308.  
 

Motion sickness is a common response in humans and some species of farm livestock during 
transport, but research on the impact of motion has been primarily focused on the use of animal 
models for humans. During livestock transportation, animals seek to minimise uncontrolled 
movements to reduce energy consumption and maintain posture. Road and sea transport of 
livestock can produce motion sickness and stress responses. Clinical signs are the result of 
autonomous nervous system activation. Studies conducted on road transportation effects in 
domestic animals showed several motion sickness behaviours including vomiting and, 
in ruminants, a reduction in rumination. However, there is a lack of knowledge on the impact of 
sea transport motion. Despite the paucity of data on livestock, there is sufficient evidence to 
believe that motion might affect animal welfare when animals are transported by road or sea. 

 
Tetzlaff, S. J., Tetzlaff, K. E., & Connors, R. J. (2016). Evaluation of thermal regimes for transported 
ambassador ectotherms: One size does not fit all. Zoo Biology, 35(4), 339-345. 
 

Providing appropriate environmental temperatures for captive ectotherms should be a husbandry 
priority. This can be especially challenging for ectotherms that are routinely transported, such as 
those used in education programs at zoos, because they are unable to thermoregulate while 

confined in non‐temperature controlled, compact carriers. To assess if ectotherms used in the 

Fort Wayne Children's Zoo's outreach programs experienced appropriate transit temperatures 
during cold weather, we placed temperature loggers inside two sizes of transport carriers, half 
containing a heat source (bottle of hot water) and half not (control). While transport temperatures 
were appropriate for many ectotherms, this simple procedure failed to meet the thermal 
preferences of species with relatively low or high preferred temperatures such as the eastern tiger 

salamander (Ambystoma tigrinum) and the spiny‐tailed lizard (Uromastyx maliensis), respectively. 

We found large heated carriers were warmer than small heated carriers, but the temperatures of 
control carriers did not differ. Despite considerable interspecific variation, large heated carriers 
provided higher thermal quality environments than both small heated and control carriers for all 
species except eastern tiger salamanders. We suggest further thermal monitoring of ectotherms 
during transit with the aim of identifying appropriate heat sources and developing efficient and 
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effective transportation protocols. This could be achieved by modifying transport carriers so that 
animals are able to thermoregulate. Limiting or ceasing their use when appropriate temperatures 
cannot be provided may be necessary. Particular attention should be given to species with 
temperature preferences markedly different than the majority of others in a given collection. 

 
Tonn, N., Novais, S. C., Silva, C. S., Morais, H. A., Correia, J. P., & Lemos, M. F. (2016). Stress 
responses of the sea cucumber Holothuria forskali during aquaculture handling and 
transportation. Marine Biology Research, 12(9), 948-957. 

Animal welfare during handling and transportation to aquaculture facilities or public aquaria is 
commonly estimated by addressing injury and mortality levels. Although these procedures have 
been optimized for different species, data on individual species’ cellular capabilities to tolerate 
stress are still scarce. In the present study, several biomarkers related with oxidative stress and 
energy metabolism were assessed in Holothuria forskali during animal acclimation, pre-transport, 
transport and quarantine. Combined analyses confirmed that sea cucumbers experienced high 
oxidative stress during transport, but had the capability to deal with it using a complex of cellular 
defence mechanisms, which enabled recovery from oxidative stress without permanent damage. 
Through a better understanding of individual species and the development of optimal parameters, 
this approach has the potential to improve animal wellbeing during and after acclimation, 
transportation and recovery processes. 

Volfová, M., Machovcová, Z., Schwarzenberger, F., Voslářová, E., Bedáňová, I., & Večerek, V. (2019). 
The effects of transport stress on the behaviour and adrenocortical activity of the black-and-white ruffed 
lemur (Varecia variegata). Acta Veterinaria Brno, 88(1), 85-92. 
 

The aim of this study was to assess behavioural and glucocorticoid changes in black-and-white 
ruffed lemur females transported for breeding purposes between Czech ZOOs. The frequency of 
the presented behaviour elements was recorded via direct observation. The faecal samples were 
collected from the floor and subsequently the faecal glucocorticoid values were determined using 
specifically designed assays for faecal glucocorticoid metabolite (FGM) analysis. While the 
frequency of certain comfort behaviour patterns decreased (P < 0.05) in response to transport 
and change of the environment, grooming, resting, sleeping as well as playful behaviour (chasing, 
climbing) were not affected (P > 0.05). No changes were found in the frequency of behaviour 
connected to metabolic events with the exception of defecation. Lemur females defecated more 
frequently (P < 0.05) in their new environment. The frequency of neither fear nor exploratory 
behaviour differed (P > 0.05) before and after transport. The positive effect of the novelty was 
shown by the reduction (P < 0.01) of behavioural signs of frustration and stereotypical behaviour 
after transport. In response to transport, a significant (P < 0.05) increase of FGM levels was 
found the second day after the transport, reaching peak levels in the morning and starting to 
decline to baseline levels in the afternoon. The results of both behaviour and adrenocortical 
activity analysis suggest that despite some presented changes in the monitored indices prior and 
after transport, the transportation under the studied conditions presented only a mild stressor with 
limited behavioural and glucocorticoid responses. 

 
Yang, L., Wang, W., Huang, S., Wang, Y., Wronski, T., Deng, H., & Lu, J. (2019). Individual stress 
responses of white rhinoceros (Ceratotherium simum) to transport: implication for a differential 
management. Global Ecology and Conservation, 17, e00588. 
 

Physiological stress in captive wild animals may be caused by stressors such as capture, 
handling, and transport. Continuous strong stimulation may induce a long-term physiological 
stress in captive wild animals after transport. Fecal Glucocorticosteroid Metabolites (FGM), vital 
signs and behavioral changes were used to establish stress responses of white rhinoceros during 
a translocation process. The result indicated that the overall FGM increased significantly 
(p < 0.05) during transport compared to FGM baseline concentration established in two rhino 
breeding centers. Respiratory rate, heart rate, and body temperature were significantly increased 
during capture and transport. Grouping and aggressive behavior increased after transport, 
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reflecting the acclimatization to the new social environment. Feeding also increased probably due 
to increased energy consumption during transport. The overall FGM concentration increased 
during capture and transport but normalized within an average period of 32 days after transport. 
Individual differences were attributed to previous transport experience and the ability of intrinsic 
control through increased adrenaline levels. Recommendations to improve the management and 
welfare of captive white rhinoceros on transport are provided.  
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Abstracts: Impact of exhibit design on animal welfare 
 
Baird, B. A., Kuhar, C. W., Lukas, K. E., Amendolagine, L. A., Fuller, G. A., Nemet, J., ... & Schook, M. W. 
(2016). Program animal welfare: Using behavioral and physiological measures to assess the well-being of 
animals used for education programs in zoos. Applied Animal Behaviour Science, 176, 150-162. 
 

This study investigates program animal welfare using both behavioral and physiological 
measures in two separate experiments. In Experiment One, we examined possible differences in 
behavior and fecal glucocorticoid metabolites (FGM) between education, exhibit and off-exhibit 
armadillos (N = 59) housed at 17 Association of Zoos and Aquariums (AZA) accredited zoos. In 
Experiment Two, the specific effect of handling for education programs was investigated in an 
ABA study design using the same measures of welfare in armadillos (N = 10), hedgehogs 
(N = 12), and red-tailed hawks (N = 6) at 11 AZA institutions. Mixed model analysis revealed 
FGM and undesirable behaviors did not differ between groups in Experiment One (FGM [μg/g 
feces]: Median[Interquartile Range] education: 28.49[21.05-42.29], exhibit: 30.38[26.33–42.56], 
off-exhibit: 28.2[23.92–47]; F2, 46 = 0.55, p = 0.58; undesirable behavior: Least Squares Mean% 
of time [SEM]: education: 24.95[14.52], exhibit: 9.09[4.16]; F1, 17 = 1.86, p = 0.19). There was 
also no effect of handling specifically for education programs on measures of welfare in 
Experiment Two (p > 0.05 in all FGM and undesirable behavior models). However, the overall 
amount of handling that an animal experienced (for programs or for husbandry) was positively 
correlated with FGM in Experiment One (F1, 979 = 9.35, p = 0.002) and in all species in 
Experiment Two (armadillos: F1, 286 = 5.69, p = 0.02; hedgehogs: F1, 448 = 4.92, p = 0.03; 
hawks: F1, 215 = 4.68, p = 0.03). Amount of handling was also associated with several behaviors 
(undesirable, rest, and self-directed behavior) in both experiments (p < 0.05 in all models), 
indicating that management purpose is not the primary contributor to welfare in these species. In 
addition, the depth of substrate provided and enclosure size were also negatively correlated to 
FGM and consistently related to behavior in both Experiments (p < 0.05 in all models), 
highlighting the importance of housing environment for animal welfare. Our findings will serve as 
a basis for developing handling recommendations for zoo-housed armadillos, hedgehogs, and 
red-tailed hawks, and for planning future research investigating the needs and welfare of 
education program animals. 

 
Bennett, C., Torgerson-White, L., Fripp, D., Watters, J., & Petric, A. (2015). A multi-institutional 
assessment of factors influencing locomotion and pacing in captive okapis (Okapia johnstoni). Journal of 
Applied Animal Welfare Science, 18(sup1), S43-S61. 
 

The okapi (Okapia johnstoni), native to the Democratic Republic of Congo, is a large, solitary, and 
diurnal forest-dwelling ungulate highly sensitive to captive conditions. The captive population 
demonstrates persistent health problems, reproductive abnormalities, and several potentially 
abnormal repetitive behaviors. This study reports on locomotion and pacing in adult male and 
female okapis. Commonly, data on repetitive behavior have been derived from surveys. Although 
insightful, the results are often highly generalized and provide little information about the true 
preponderance and nature of such behavior in a population. In this study, direct observations 
determining how often and when a behavior of interest occurs are paired with information on 
factors (intrinsic and extrinsic) that can impact a nonhuman animal's propensity to perform 
repetitive behavior. More than half of the North American okapi population comprised the study 
population. Each animal was studied for 2 summer and winter seasons. Factors predictive of 
pacing in both males and females included 3 housing and habitat factors and 4 management 
factors. Patterns of locomotion and the rate and pattern of pacing in males when compared with 
females suggested different mechanisms may be driving these behaviors in the different sexes 
and that a sex-specific management strategy would benefit this species. 

 
Biolatti, C., Modesto, P., Dezzutto, D., Pera, F., Tarantola, M., Gennero, M. S, Maurella, C., & Acutis, P. 
L. (2016). Behavioural analysis of captive tigers (Panthera tigris): A water pool makes the 
difference. Applied Animal Behaviour Science, 174, 173-180. 
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The activity budgets of seven captive tigers (Panthera tigris) housed in four zoological gardens 
(A, B, C, D) were analysed to assess their welfare and to relate it to several variables, including 
enclosure type, management, and animal history. Behaviours were recorded by instantaneous 
focal animal sampling at 2-min intervals. Data were collected by five observers using an 
ethogram listing 26 behaviours adapted from the literature. To process the data, the activity 
budgets of each tiger and the overall activity budget were constructed. On the basis of previous 
literature, some of the behaviours, listed in the ethogram, were labelled as indicators of 
diminished welfare and some were labelled as indicators of enhanced welfare. Statistical analysis 
was carried out to determine in which zoo the tigers were more prone to exhibit indicators of 
enhanced welfare and which feature(s) had a major effect on their welfare. Over 195 h of data 
were collected and 5867 observations were recorded. The tigers in zoo A (OR = 4.11, 95% 
confidence interval [CI] 3.2–5.3) and zoo C (OR = 1.83, 95% CI 1.4–2.4) were more prone to 
express indicators of enhanced welfare with respect to zoo D as the reference. Among the 
variables describing animal peculiarity, daily routine management, and enclosure features, the 
presence of a water pool with clean water was significantly associated with enhanced welfare 
(OR = 2.04, 95% CI 1.4–3.04). The data suggested that none of the tigers displayed consistent 
signs of stress and that all experienced a basic welfare status. An essential feature that helped to 
enhance good animal welfare was a water pool in the enclosure containing clean water. 

 
Bloomfield, R., Gillespie, G.R., Kerswell, K.J., Butler, K.L., Hemsworth, P.H. (2015) Effect of partial 
covering of the visitor viewing area window on positioning and orientation of zoo-housed orangutans: A 
preference test. Zoo Biology, 34, 223-229. 
 

The window of the visitor viewing area adjacent to an animal platform in an orangutan enclosure 
was altered to produce three viewing treatments in a randomized controlled experiment. These 
treatments were window uncovered, left side of the window covered or right side of the window 
covered. Observations were conducted on the orangutans present on the platform, and on their 
location (left or right side), and orientation (towards or away from the window) while on the 
platform. The partial covering of the window had little effect on the proportion of time orangutans 
spent on the viewing platform, or on the direction they faced when on the platform. When the 
orangutans were facing towards the window, and the right side was uncovered, irrespective of 
whether the left side was covered, they spent about three quarters of the time on the right side, 
suggesting a preference for the right side of the platform. However, when the right side was 
covered and the left side uncovered, the animals facing towards the window spent only about a 
quarter of the time on the right side, that is, they spent more time on the uncovered side. The 
results suggest that the orangutans have a preference to position themselves to face the window 
of the visitor viewing area. 

 
Brereton, J. E. (2020). Directions in animal enclosure use studies. Journal of Zoo and Aquarium 
Research, 8(1), 1-9. LINK to full article.  
 

Post Occupancy Evaluation is a powerful assessment tool for zoo enclosure design, which 
incorporates animal enclosure use as a key component. Many authors suggest that naturalistic 
enclosures are valuable for animals, but objective analysis is required to support this statement. 
Studies of zoo animal enclosure use have become increasingly popular in published literature, 
and best practice enclosure design has now been investigated for many taxa. Several techniques 
are available to test animal enclosure use, including Spread of Participation Index (SPI), Electivity 
index, behavioural diversity and stereotypy prevalence. Given the variety of methods accessible 
to researchers, there is a need to evaluate which indices would best suit the research goals for a 
range of taxa. This review revealed a bias in favour of enclosure research for large carnivores 
and primates, though studies have also been initiated for birds and fish. Original SPI is well 
represented in published studies, as is stereotypy as a measure of enclosure suitability. By 
contrast, few published studies have used modified SPI, or Electivity index, which allow 
enclosures to be analysed at a resource level. Several influential studies combined behavioural 
analyses with SPI measurements to best understand animal enclosure use. Future directions in 
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enclosure use may include the evaluation of thermal effects on enclosures, effects of visitors on 
zone use, and closer associations between enclosure use and associated behaviours. 

 

Campbell‐Palmer, R., & Rosell, F. (2015). Captive care and welfare considerations for beavers. Zoo 

Biology, 34(2), 101-109. LINK to full article.  
 

Beavers (Castor spp.) tend not to be a commonly held species and little published material exists 
relating to their captive care. We review published material and discuss husbandry issues taking 
into account the requirements of wild beavers. As social mammals with complex chemical 
communication systems and with such an ability to modify their environments, studies of wild 
counterparts suggest the captive requirements of beavers may actually be more sophisticated 
than generally perceived. Common field techniques may have practical application in the captive 
setting. Their widespread utilisation in conservation, including reintroductions, translocations and 
habitat management, also requires components of captive care. As welfare science advances 
there is increasing pressure on captive collections to improve standards and justify the keeping of 
animals. Conservation science is increasingly challenged to address individual welfare standards. 
Further research focusing on the captive care of beavers is required. 

 
Cless, I. T., & Lukas, K. E. (2017). Variables affecting the manifestation of and intensity of pacing 
behavior: A preliminary case study in zoo‐housed polar bears. Zoo Biology, 36(5), 307-315. 

 

High‐speed video analysis was used to quantify two aspects of gait in 10 zoo‐housed polar bears. 

These two variables were then examined as to how they differed in the conditions of pacing 
versus locomoting for each bear. Percent difference calculations measured the difference 
between pacing and locomoting data for each bear. We inferred that the higher the percent 
difference between pacing and locomoting in a given subject, the more intense the pacing may 
be. The percent difference values were analyzed alongside caregiver survey data defining the 
locations, frequency, and anticipatory nature of pacing in each bear, as well as each bear's age 
and sex, to determine whether any variables were correlated. The frequency and intensity of 
pacing behavior were not correlated. However, location of pacing was significantly correlated both 
with the subjects’ age and whether or not the subject was classified as an anticipatory pacer. 
Bears appeared to select specific spots within their exhibits to pace, and the location therefore 
seemed tied to underlying motivation for the behavior. Additionally, bears that were classified in 
the survey as pacing anticipatorily displayed significantly more intense pacing behavior as 
quantified by gait analysis. 

 
Greco, B. J., Meehan, C. L., Heinsius, J. L., & Mench, J. A. (2017). Why pace? The influence of social, 
housing, management, life history, and demographic characteristics on locomotor stereotypy in zoo 
elephants. Applied Animal Behaviour Science, 194, 104-111. 
 

Stereotypic behaviors (SB) are common in zoo-housed elephants, and these behaviors can be 
performed at high rates. Elephants perform different SB forms (e.g., weaving, pacing), but no 
published studies have evaluated the factors contributing to the development or performance of 
these different forms. Instead, as with most SB studies across species, elephant studies have 
relied on analyses that aggregate all SB forms, which limits the development and testing of form-
specific hypotheses or abatement practices. Our objectives were to characterize the SB forms of 
North American zoo elephants and use multivariable epidemiological models to test form-specific 
hypotheses. We videotaped 77 elephants (African: N = 5 males, 31 females; Asian N = 8 males, 
33 females) at 39 zoos who performed SBs and used a novel classification scheme and 5-min 
instantaneous samples to characterize their SB forms. Locomotor and whole-body SBs were the 
most common, but most elephants who performed locomotor SBs also performed whole-body 
SBs. Thus, we characterized each elephant according to whether it included locomotion in its SB 
repertoire [Locomotor Presence (LP)] or only whole-body movements. We used binomial 
regression models fitted with generalized estimating equations to test hypotheses about which of 
26 social, housing, management, life history, and demographic variables were most associated 
with LP. The odds of LP increased by 26% for every 10% increase in time housed separately 
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(odds ratio = 1.026, p = 0.04), 96.2% for every additional social group with which an elephant had 
contact (odds ratio = 1.962, p = 0.01), and 46% for every 10% increase in time housed indoors 
(odds ratio = 1.046, p = 0.01). Age was non-significantly confounded with all three variables. We 
hypothesize that the social variables in our models increase LP risk because they are associated 
with uncontrollable social group changes, anticipation of potentially rewarding social experiences, 
or the frustration of social behaviors. The housing variable included in our model likely increases 
LP risk because indoor spaces are less complex, resulting in the channeling of walking or 
social avoidance behaviors into more simplistic movements. Overall, our results suggest that 
elephant managers may best be able to prevent locomotor SB by enhancing their elephants’ 
social environment and the spatial complexity of their enclosures. Future research should focus 
on determining whether addressing the risk factors for LP results in less frequent performance 
and identifying other temporally proximate eliciting factors. 

 
Hasenjager, M. J., & Bergl, R. A. (2015). Environmental conditions associated with repetitive behavior in 
a group of African elephants. Zoo Biology, 34(3), 201-210. 
 

Repetitive movement patterns are commonly observed in zoo elephants. The extent to which 
these behaviors constitute a welfare concern varies, as their expression ranges from stereotypies 
to potentially beneficial anticipatory behaviors. Nevertheless, their occurrence in zoo animals is 
often viewed negatively. To better identify conditions that prompt their performance, observations 
were conducted on six African elephants (Loxodonta africana) at the North Carolina Zoo. 
Individuals spent most of their time engaged in feeding, locomotion, resting, and repetitive 

behavior. Both generalized estimating equation and zero‐inflated negative binomial models were 

used to identify factors associated with increased rates of repetitive behavior. Time of day in 
conjunction with location on‐ or off‐exhibit best explained patterns of repetitive behavior. 

Repetitive behaviors occurred at a lower rate in the morning when on‐exhibit, as compared to 

afternoons on‐exhibit or at any time of day off‐exhibit. Increased repetitive behavior rates 

observed on‐exhibit in the afternoon prior to the evening transfer and feeding were possibly 

anticipatory responses towards those events. In contrast, consistently elevated frequencies of 

repetitive behavior off‐exhibit at all times of day could be related to differences in exhibit 

complexity between off‐exhibit and on‐exhibit areas, as well as a lack of additional foraging 

opportunities. Our study contributes valuable information on captive elephant behavior and 
represents a good example of how behavioral research can be employed to improve 
management of zoo animals. 

 

Herrelko, E. S., Buchanan‐Smith, H. M., & Vick, S. J. (2015). Perception of available space during 

chimpanzee introductions: Number of accessible areas is more important than enclosure size. Zoo 
Biology, 34(5), 397-405. 
 

Restricting animals to different areas of their enclosure, for both brief and extended durations, is a 
key element of animal management practices. With such restrictions, available space decreases 
and the choices the animals can make are more limited, particularly in relation to social dynamics. 
When unfamiliar individuals are introduced to each other, group dynamics can be unpredictable 
and understanding space usage is important to facilitate successful introductions. We studied the 
behavioral, welfare‐related responses of two groups of zoo‐housed chimpanzees (n = 22) as they 

were introduced to each other and experienced a variety of enclosure restrictions and group 
composition changes. Our analysis of available space while controlling for chimpanzee density, 

found that arousal‐related scratching and yawning decreased as the number of enclosure areas 

(separate rooms) available increased, whereas only yawning decreased as the amount of 
available space (m2) increased. Allogrooming, rubbing, and regurgitation/reingestion rates 
remained constant as both the number of enclosure areas and amount of space changed. 

Enclosure space is important to zoo‐housed chimpanzees, but during introductions, a decrease in 

arousal‐related scratching indicates that the number of accessible areas is more important than 

the total amount of space available, suggesting that it is important to provide modular enclosures 

mailto:kcronin@lpzoo.org
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/avoidance-reaction


 

List updated Mar 2021; address questions to Katie Cronin (kcronin@lpzoo.org).  
52 

 

that provide choice and flexible usage, to minimize the welfare impact of short‐ and long‐term 

husbandry needs.  
 
Holdgate, M. R., Meehan, C. L., Hogan, J. N., Miller, L. J., Soltis, J., Andrews, J., & Shepherdson, D. J. 
(2016). Walking behavior of zoo elephants: associations between GPS-measured daily walking distances 
and environmental factors, social factors, and welfare indicators. PLOS One, 11(7), e0150331. LINK to 
full article. 
 

Research with humans and other animals suggests that walking benefits physical health. Perhaps 
because these links have been demonstrated in other species, it has been suggested that 
walking is important to elephant welfare, and that zoo elephant exhibits should be designed to 
allow for more walking. Our study is the first to address this suggestion empirically by measuring 
the mean daily walking distance of elephants in North American zoos, determining the factors that 
are associated with variations in walking distance, and testing for associations between walking 
and welfare indicators. We used anklets equipped with GPS data loggers to measure outdoor 
daily walking distance in 56 adult female African (n = 33) and Asian (n = 23) elephants housed in 
30 North American zoos. We collected 259 days of data and determined associations between 
distance walked and social, housing, management, and demographic factors. Elephants walked 
an average of 5.3 km/day with no significant difference between species. In our multivariable 
model, more diverse feeding regimens were correlated with increased walking, and elephants 
who were fed on a temporally unpredictable feeding schedule walked 1.29 km/day more than 
elephants fed on a predictable schedule. Distance walked was also positively correlated with an 
increase in the number of social groupings and negatively correlated with age. We found a small 
but significant negative correlation between distance walked and nighttime Space Experience, but 
no other associations between walking distances and exhibit size were found. Finally, distance 
walked was not related to health or behavioral outcomes including foot health, joint health, body 
condition, and the performance of stereotypic behavior, suggesting that more research is 
necessary to determine explicitly how differences in walking may impact elephant welfare. 

 
Holdgate, M. R., Meehan, C. L., Hogan, J. N., Miller, L. J., Rushen, J., de Passillé, A. M., Soltis, J., 
Andrews, J., & Shepherdson, D. J. (2016). Recumbence behavior in zoo elephants: determination of 
patterns and frequency of recumbent rest and associated environmental and social factors. PLOS 
One, 11(7), e0153301. LINK to full article. 
 

Resting behaviors are an essential component of animal welfare but have received little attention 
in zoological research. African savanna elephant (Loxodonta africana) and Asian elephant 
(Elephas maximus) rest includes recumbent postures, but no large-scale investigation of African 
and Asian zoo elephant recumbence has been previously conducted. We used anklets equipped 
with accelerometers to measure recumbence in 72 adult female African (n = 44) and Asian (n = 
28) elephants housed in 40 North American zoos. We collected 344 days of data and determined 
associations between recumbence and social, housing, management, and demographic factors. 
African elephants were recumbent less (2.1 hours/day, S.D. = 1.1) than Asian elephants (3.2 
hours/day, S.D. = 1.5; P < 0.001). Nearly one-third of elephants were non-recumbent on at least 
one night, suggesting this is a common behavior. Multi-variable regression models for each 
species showed that substrate, space, and social variables had the strongest associations with 
recumbence. In the African model, elephants who spent any amount of time housed on all-hard 
substrate were recumbent 0.6 hours less per day than those who were never on all-hard 
substrate, and elephants who experienced an additional acre of outdoor space at night increased 
their recumbence by 0.48 hours per day. In the Asian model, elephants who spent any amount of 
time housed on all-soft substrate were recumbent 1.1 hours more per day more than those who 
were never on all-soft substrate, and elephants who spent any amount of time housed alone were 
recumbent 0.77 hours more per day than elephants who were never housed alone. Our results 
draw attention to the significant interspecific difference in the amount of recumbent rest and in the 
factors affecting recumbence; however, in both species, the influence of flooring substrate is 
notably important to recumbent rest, and by extension, zoo elephant welfare. 
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Jacobson, S. L., Hopper, L. M., Shender, M. A., Ross, S. R., Leahy, M., & McNernie, J. (2017). Zoo 
visitors’ perceptions of chimpanzee welfare are not affected by the provision of artificial environmental 
enrichment devices in a naturalistic exhibit. Journal of Zoo and Aquarium Research, 5(1), 56-61. LINK to 
full article. 
 

Zoo-housed   animals   are   provided   with   many   temporary   elements   in   their   exhibit,   
such   as environmental enrichment devices (EEDs), which may not match the aesthetic of their 
exhibit. Some zoos object to the use of artificial EEDs in naturalistic exhibits, but there has been 
little research into whether the appearance of these temporary elements influences visitors’ 
perceptions. Therefore, we investigated visitors’ opinions about a naturalistic chimpanzee exhibit 
at Lincoln Park Zoo when EEDs were provided to the chimpanzees (Pan troglodytes). We wished 
to determine whether exhibit naturalism was important to visitors; what their perceptions were of 
the chimpanzees’ behaviour and emotions; what their thoughts were about the suitability of 
chimpanzees as pets; and whether these beliefs were affected by the type of EED in the 
chimpanzees’ exhibit. Eight EEDS were chosen for this study: four that were naturalistic in 
appearance and four that were designed to elicit similar species-typical behaviours, but were 
artificial in appearance. Visitors’ responses to the survey revealed that they generally believed 
that exhibit naturalism was important, and that the chimpanzee exhibit was naturalistic in 
appearance; they viewed the chimpanzees’ behaviour and feelings positively; and they did not 
think chimpanzees made good pets. Visitors’ responses to the survey questions did not differ 
whether artificial or naturalistic EEDs were provided in the exhibit. These results support previous 
research that zoo visitors are not affected by EED aesthetic in a naturalistic exhibit, perhaps 
because the naturalism of the exhibit supersedes any effect or because the EEDs represent such 
small elements within the exhibit. 
 

Januszczak, I. S., Bryant, Z., Tapley, B., Gill, I., Harding, L., & Michaels, C. J. (2016). Is behavioural 
enrichment always a success? Comparing food presentation strategies in an insectivorous lizard (Plica 
plica). Applied Animal Behaviour Science, 183, 95-103. 
 

Staggering food availability through a delivery device is a common way of providing behavioural 
enrichment as it is usually thought to increase the amount of natural behaviour due to the 
unpredictability of the food source. Tree-runner lizards (Plica plica) are a Neotropical, scansorial, 
insectivorous species. We provided these lizards with an enrichment device that slowly released 
insect prey and tested its effect on the activity and frequency of a number of behaviours in 
comparison with a scatter control (where prey items were broadcast in the enclosure; standard 
food presentation for captive insectivorous lizards) and a non-feeding control. Both types of food 
increased activity and counts of several behaviours in comparison with the non-feeding control. 
However, we found the provision of the behavioural enrichment device led to a significantly lower 
frequency of almost all analysed behaviours in comparison with scatter control trials, mainly in 
behaviours associated with activity (unsuccessful strikes (= unsuccessful capture of prey) 
(p = 0.004), locomotion (p = 0.004), alertness (p = 0.004) and the number of times a boundary in 
the enclosure was crossed ie. activity (p = < 0.001)). The frequencies significantly increased in 
the enrichment trials (relative to the scatter control) were the number of successful strikes 
(=successful capture of prey; p = <0.001) and targeting prey (p = <0.001). There was no 
significant difference in latency to first strike (p = 0.24), duration of hunting activity (p = 0.83) or 
enclosure use (p = >0.05) between scatter and enriched trials. The relative success of the scatter 
feed in promoting activity and increasing hunting difficulty was likely partly due to the enclosure 
design, where the complex physical environment contributed to the difficultly in catching the prey. 
However, when the feeding duration and enclosure use was analysed there was no significant 
difference between the scatter control and enrichment trails. The results from this study highlight 
the importance of evaluating enrichment strategies, and the role of complex enclosure design in 
creating effective enrichment for insectivores, which can contribute to their welfare in captivity. 
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Le François, N. R., Picq, S., Savoie, A., Boussin, J. C., Plante, S., Wong, E., ... & Genet, J. P. (2015). 
Coupling salinity reduction to aquatic animal well-being and ecosystem representativeness at the 
Biodôme de Montréal. Journal of Zoo and Aquarium Research, 3(2), 70-76. LINK to full article.  
 

This paper presents a case study of a locally adapted sustainable strategy of salinity reduction 
applied to the Saint Lawrence maritime ecosystem at the Biodôme de Montréal.   In conformity 
with the standards of the CAZA (Canadian Aquarium and Zoos Association), this procedure was 
implemented to reconcile animal well-being, ecosystem representativeness and control of costs 
under the operational environment of a cold seawater recirculation system featuring the Golfe du 
Saint Laurent Ecosystem (GSLE) and its associated live collection.  A simple methodology to 
carry out safe salinity reduction procedures of artificial seawater environments (from 28 to 24 
Practical Salinity Units) is proposed and detailed.  Adapted salinity challenge tests at 14, 21 and 
24  were conducted beforehand and simple adapted indicators were used on a selection of key 
species (thorny skate: Raja radiate; little skate: R. erinacea; barndoor skate: R. laevis; Atlantic 
cod: Gadus morhua; green urchins: Strongylocentrolus droebachien and American lobster: 
Homarus  americanus) to evaluate the well-being and mortality risks associated with both a lower 
operational salinity (long-term exposure) and an unavoidable salinity drop (short-term exposure) 
observed during routine large-scale water renewal operations.   Economic gains achieved 
through reduction in the use of costly synthetic salt formulation were calculated.  The savings 
achieved during three years of operation at 24 PSU have been applied to the improvement of the 
water quality control management capacities of the GLSE exhibit such as a sulphur-based 
denitrification unit, additional ozonation and protein skimming capacities. 

 
Learmonth, M. J., Sherwen, S., & Hemsworth, P. H. (2018). The effects of zoo visitors on Quokka 

(Setonix brachyurus) avoidance behavior in a walk‐through exhibit. Zoo Biology, 37(4), 223-228. 

 

The behavior of zoo animals may be influenced by visitors, with possible implications on animal 

welfare. We examined the effects of the presence of visitors on the presence and visibility of free‐
ranging quokkas (Setonix brachyurus) in preferred areas of a walk‐through enclosure at 

Melbourne Zoo, Australia. In a controlled experiment, two visitor treatments were randomly 
imposed: (1) enclosure open to visitors as normal (“Open”) and (2) enclosure closed to visitors 
(“Closed”). Treatments were imposed for 2‐day periods, with five replicates of each treatment (10 

2‐day periods in total). Instantaneous point sampling of camera footage at 1‐min intervals from 

09:00 to 16:00 hr each day recorded the location and visibility of quokkas. Data were analyzed 

using a two‐factor ANOVA (visitor treatment and study area), with 2‐day summary values as the 

unit of analysis. While the presence of quokkas in the study areas was not affected by treatment, 
fewer (p < 0.05) quokkas were visible from the visitor paths and more (p < 0.05) quokkas were 
obscured from the visitor paths in the “Open” treatment than the “Closed” treatment. Number of 
quokkas differed between study areas across treatments (p < 0.01), but there was no interaction 
(p > 0.05) between visitor treatment and study area. The reduction in quokka visibility when 
visitors were present indicates that visitors were at least moderately fear provoking for the 
quokkas in this experiment, but further research is required to examine the effects of visitor 

presence and behaviors on the behavior and stress physiology of quokkas in walk‐through 

enclosures, as there may be possible welfare implications. 

Lucas, C., & Stanyon, B. (2017). Improving the welfare of African elephants Loxodonta africana in 
zoological institutions through enclosure design and husbandry management: an example from Blair 
Drummond Safari and Adventure Park. International Zoo Yearbook, 51(1), 248-257. 
 

Satisfying the physical and psychological needs of animals in zoological institutions can be a 
difficult task. In particular, maintaining high welfare standards for elephants poses a significant 
challenge because of their size, intelligence and complex social dynamic. In 2012, in order to 
address properly the needs of the female African elephants Loxodonta africana at Blair 
Drummond Safari and Adventure Park, UK, a new indoor enclosure was constructed and 
substantial improvements were made to the outdoor habitat. The husbandry regime was also 
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improved to encourage a greater amount of movement and more foraging, and provide additional 

decision‐making opportunities for the elephants. Various physical and behavioural improvements 

were observed after the elephants moved into the new indoor facility. Most notably, there was a 
significant decrease in the amount of stereotypic behaviours displayed by the dominant individual 
and an improvement in the condition of the feet of both elephants. The renovations at Blair 
Drummond Safari and Adventure Park demonstrate how correct enclosure design, combined with 

a well‐managed husbandry regime, can prove to be beneficial and enriching to the lives of 

elephants. 
 

Marshall, A. R., Deere, N. J., Little, H. A., Snipp, R., Goulder, J., & Mayer‐Clarke, S. (2016). Husbandry 

and enclosure influences on penguin behavior and conservation breeding. Zoo Biology, 35(5), 385-397. 
 

Multi‐zoo comparisons of animal welfare are rare, and yet vital for ensuring continued 

improvement of zoo enclosures and husbandry. Methods are not standardized for the 
development of zoo enclosures based on multiple indicators, and case study species are 
required. This study compares behavior and breeding success to various enclosure and 
husbandry parameters for the Humboldt penguin, Spheniscus humboldti, for the development of 
improved enclosure design. Behavioral sampling was completed at Flamingo Land over a period 
of 8 months. Further data on behavior, enclosure design, and breeding success were collected 
via questionnaires, visits to zoos, and literature review. Breeding success was primarily 
influenced by colony age and number of breeding pairs, suggesting an important social influence 
on reproduction. Across zoos, there was also significant variation in behavior. The proportion of 
time spent in water varied between zoos (2–23%) and was used as an indicator of physical 
activity and natural behavior. Regression models revealed that water‐use was best predicted by 

total enclosure area per penguin, followed by land area, with some evidence for positive influence 
of pool surface area per penguin. Predominantly linear/curvilinear increases in our biological 
indicators with enclosure parameters suggest that optimal conditions for S. humboldti were not 
met among the selected zoos. We propose revised minimum conditions for S. 
humboldti enclosure design, which exceed those in the existing husbandry guidelines. We 
present a framework for the evaluation of zoo enclosures and suggest that a rigorous scientific 
protocol be established for the design of new enclosures, based on multivariate methods.  

 
Martín, O., Vinyoles, D., García-Galea, E., & Maté, C. (2016). Improving the welfare of a zoo-housed 
male drill (Mandrillus leucophaeus poensis) aggressive toward visitors. Journal of Applied Animal Welfare 
Science, 19(4), 323-334. 
 

Improving the welfare of nonhuman animals in captivity and maintaining behavioral competence 
for future conservation purposes is of the highest priority for zoos. The behavior of an aggressive 
male drill (Mandrillus leucophaeus poensis) was assessed in Barcelona Zoo. The 2-year study 
presented in this article examined the effects of introducing changes in the exhibit of the drill to 
improve his welfare by analyzing scan behaviors. First, a partial visual barrier was applied and 
proved to be insufficient to decrease the long-term stress indicators assessed. Next, a feeding 
enrichment program was implemented. The results supported the hypothesis that feeding and 
explorative activities would increase, whereas apathetic and stereotypic behaviors would 
decrease. However, visitor-directed aggression did not vary, indicating that more profound 
structural modifications were needed to reduce the negative impact of the agonistic interactions 
between the drill and the public. The study emphasized the usefulness of environmental 
enrichment evaluations in assessing captive animal welfare. 

 
Maślak, R., Sergiel, A., Bowles, D., & Paśko, Ł. (2016). The welfare of bears in zoos: A case study of 
poland. Journal of Applied Animal Welfare Science, 19(1), 24-36. 
 

The welfare of captive bears became a big issue of concern in Poland when a case of a bear 
being ill-treated became a high-profile case in the media. This case created a challenge to verify, 
study, and understand the main problems associated with bear keeping so that zoos could 
significantly improve the conditions in which they keep bears or ensure they keep bears at the 
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minimum required standards. The results presented here are from 1 of the few countrywide 
studies of captive bear conditions conducted in all the captive institutions in Poland that keep 
bears. Thirteen institutions kept bears at the time of the study (2007–2009), including 54 
individuals of 5 species. Major welfare problems were identified, and the results have been used 
to challenge zoos to address the changes required and focus the government's attention on 
areas that require legislative improvement. 

 
Miller, L. J., Chase, M. J., & Hacker, C. E. (2016). A comparison of walking rates between wild and zoo 
African elephants. Journal of Applied Animal Welfare Science, 19(3), 271-279. 
 

With increased scrutiny surrounding the welfare of elephants in zoological institutions, it is 
important to have empirical evidence on their current welfare status. If elephants are not receiving 
adequate exercise, it could lead to obesity, which can lead to many issues including acyclicity and 
potentially heart disease. The goal of the current study was to compare the walking rates of 
elephants in the wild versus elephants in zoos to determine if elephants are walking similar 
distances relative to their wild counterparts. Eleven wild elephants throughout different habitats 
and locations in Botswana were compared to 8 elephants at the San Diego Zoo Safari Park. 
Direct comparisons revealed no significant difference in average walking rates of zoo elephants 
when compared with wild elephants. These results suggest that elephants at the San Diego Zoo 
Safari Park walk similar rates to those of wild elephants and may be meeting their exercise 
needs. 

 
Miller, L. J., Ivy, J. A., Vicino, G. A., & Schork, I. G. (2019). Impacts of natural history and exhibit factors 
on carnivore welfare. Journal of Applied Animal Welfare Science, 22(2), 188-196. 
 

To improve the welfare of nonhuman animals under professional care, zoological institutions are 
continuously utilizing new methods to identify factors that lead to optimal welfare. Comparative 
methods have historically been used in the field of evolutionary biology but are increasingly being 
applied in the field of animal welfare. In the current study, data were obtained from direct 
behavioral observation and institutional records representing 80 individual animals from 34 
different species of the order Carnivora. Data were examined to determine if a variety of natural 
history and animal management factors impacted the welfare of animals in zoological institutions. 
Output variables indicating welfare status included behavioral diversity, pacing, offspring 
production, and infant mortality. Results suggested that generalist species have higher behavioral 
diversity and offspring production in zoos compared with their specialist counterparts. In addition, 
increased minimum distance from the public decreased pacing and increased offspring 
production, while increased maximum distance from the public and large enclosure size 
decreased infant mortality. These results have implications for future exhibit design or renovation, 
as well as management practices and priorities for future research 

 
Nielsen, B. L. (2018). Making sense of it all: The importance of taking into account the sensory abilities of 
animals in their housing and management. Applied Animal Behaviour Science, 205, 175-180. 
 

In this selective review, examples are given of how different animal species use different sensory 
modalities in different ways. These examples serve to illustrate that we should not forget to take 
sensory abilities of the animals that we manage into account to ensure or improve their welfare. 
As humans we use predominantly vision and hearing, and do not always consider the housing 
and handling of animals as it is perceived by them. Through published studies on the use of sight, 
hearing, touch, and smell by different species, this review shows that these sensory modalities, 
alone or in combination, are pivotal for appropriate management of animals in our care. This 
includes exposure to and use of appropriate stimuli, as well as removal of potentially stressful 
sensory inputs. Such measures are important not only for the validity of research results, but also 
for improved animal welfare and production. 
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Orban, D. A., Soltis, J., Perkins, L., & Mellen, J. D. (2017). Sound at the zoo: Using animal monitoring, 
sound measurement, and noise reduction in zoo animal management. Zoo Biology, 36(3), 231-236. 
 

A clear need for evidence‐based animal management in zoos and aquariums has been 

expressed by industry leaders. Here, we show how individual animal welfare monitoring can be 

combined with measurement of environmental conditions to inform science‐based animal 

management decisions. Over the last several years, Disney's Animal Kingdom® has been 
undergoing significant construction and exhibit renovation, warranting institution‐wide animal 

welfare monitoring. Animal care and science staff developed a model that tracked animal 
keepers’ daily assessments of an animal's physical health, behavior, and responses to husbandry 
activity; these data were matched to different external stimuli and environmental conditions, 
including sound levels. A case study of a female giant anteater and her environment is presented 
to illustrate how this process worked. Associated with this case, several sound‐reducing barriers 

were tested for efficacy in mitigating sound. Integrating daily animal welfare assessment with 
environmental monitoring can lead to a better understanding of animals and their sensory 
environment and positively impact animal welfare. 

 
Proctor, C. M., & Brown, J. L. (2015). Influence of handling method on adrenal activity in zoo African and 
Asian elephants. Journal of Zoo and Aquarium Research, 3(1), 1-5. LINK to full article.  
 

As a first step towards investigating the effect of management choice – free contact (FC) or 
protected contact (PC) – on zoo elephant well-being,this study evaluated serum cortisol 
concentrations in weekly samples collected over a 2-year period from 112 female elephants (58 
African, 54 Asian) managed in either FC (n=58) or PC (n=54) management systems at 48 
facilities.  Results showed there were no differences in overall or baseline mean concentrations of 
serum cortisol between the two management systems.  A GLM analysis exploring the response of 
individual baseline cortisol concentration to management (FC vs PC), facility, species, and the 
interaction of management and facility revealed that the only parameter with significant 
explanatory power was the facility where the elephants were housed.  Thus, it may be more 
important to evaluate specific facility effects on adrenal activity, such as enclosure conditions, 
enrichment opportunities, or social interactions, rather than handling technique.  Although many 
zoos are moving to a PC management approach, particularly within the American Zoo and 
Aquarium Association, from a welfare standpoint there is probably not a one-size-fits-all 
management strategy that is ideal.  Rather, it may be necessary to consider individual elephant 
coping styles and social needs on a case by case basis before deciding whether FC or PC is 
most appropriate for management, especially when considering how to address welfare 
concerns. 

 
Razal, C. B., Bryant, J., & Miller, L. J. (2017). Monitoring the behavioral and adrenal activity of giraffe 
(Giraffa camelopardalis) to assess welfare during seasonal housing changes. Animal Behavior and 
Cognition, 4(2), 154-164. 
 

In inclement weather, northern zoos are required to provide animals from warmer climates with 
indoor exhibits. These indoor exhibits are typically smaller, lack natural substrate, and have lower 
levels of stimulation for the animals. The purpose of this study was to examine the welfare of four 
reticulated giraffe (Giraffa camelopardalis reticulata) exhibited at the Chicago Zoological Society - 
Brookfield Zoo - during the summer in an outdoor enclosure compared to the winter in an indoor 
enclosure. A combination of direct behavioral observations, percentage of time spent recumbent, 
and adrenal hormone monitoring through fecal samples were utilized for a more comprehensive 
look at welfare. Individual variation was observed between the giraffe. An adult female giraffe 
engaged in Active Forage behavior significantly more in the winter compared to summer (mean 
difference = 0.23, p = 0.049). An adult female and a juvenile male displayed significantly more 
Active Non-Forage behavior in the summer than in the winter (mean difference = 0.32, p = 0.048; 
mean difference = 0.31, p = 0.048). The predominant behavior in the summer for the group as a 
whole was Active Non-Forage (59%), whereas Active Forage was most prevalent in the winter 
(60%). There was also a significant positive correlation between time spent recumbent per hour 
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for each 24-hour day measured in the summer and winter (r = 0.51, p = 0.010). Although no 
significant differences were found for individual FGM concentrations between the seasons, 
average FGM concentrations for the group were 2306.67 ng/g in the summer and 4261.64 ng/g in 
the winter. Information gained from this study can help aid animal managers to make informed 
decisions to ensure each individual giraffe is thriving year-round. In addition, we hope this study 
can serve as a model to examine the seasonal welfare of other animals in zoological institutions 
with similar conditions. 

 
Robinson, L. M., Altschul, D. M., Wallace, E. K., Úbeda, Y., Llorente, M., Machanda, Z., Slocombe, K. E., 
Leach, M. C., Waran, N. K., & Weiss, A. (2017). Chimpanzees with positive welfare are happier, 
extraverted, and emotionally stable. Applied Animal Behaviour Science, 191, 90-97. 
 

Facilities housing captive animals are full of staff who, every day, interact with the animals under 
their care. The expertise and familiarity of staff can be used to monitor animal welfare by means 
of questionnaires. It was the goal of our study to examine the association between chimpanzee 
(Pan troglodytes) welfare, happiness, and personality. To these ends we collected two waves of 
welfare and subjective well-being ratings of 18 chimpanzees housed at the Edinburgh Zoo and 
one set of ratings of 13 chimpanzees housed at Fundació Mona. Ratings were made on a welfare 
questionnaire that included 12 items related to stress, psychological stimulation, and behavioural 
indicators of negative and positive welfare states, and a 4-item subjective well-being 
questionnaire. In addition, ratings were made on the 54-item Hominoid Personality Questionnaire 
and an abbreviated version of this scale consisting of 37 antonym pairs. We used generalizability 
theory to test whether welfare ratings generalized across items, raters, chimpanzees, and time. 
We then assessed the validity of the welfare and subjective well-being questionnaires by 
examining their associations with behaviour. Finally, we tested whether the welfare and 
subjective well-being ratings were associated with personality. Welfare ratings generalized across 
items, raters, chimpanzees, and time. Principal components analysis and regularized exploratory 
factor analysis indicated that ten welfare items and all four subjective well-being items formed a 
single dimension (welfareSWB). LASSO regression found that lower welfareSWB was associated 
with regurgitation, coprophagy, urophagy, and decreased proximity to nearest neighbour. A linear 
model that adjusted for age, sex, and facility, indicated that higher Extraversion and lower 
Neuroticism were related to higher welfareSWB. Welfare ratings were reliable and associated 
with subjective well-being and personality, demonstrating that staff ratings are a valid and 
potentially valuable tool for chimpanzee welfare assessment. 

 
Rog, J. E., Lukas, K. E., & Wark, J. D. (2015). Social and environmental influences on pacing in a female 
Malayan sun bear (Helarctos malayanus). Journal of Zoo and Aquarium Research, 3(4), 151-156. LINK to 
full article. 
 

Pacing behaviour is complex and identifying the motivational basis for pacing and designing an 
effective remedial strategy can be challenging.  Details of the behaviour may provide insight into 
the motivational basis of behaviour and should be carefully examined.  A long-term observational 
study of pacing by a female Malayan sun bear (Helarctos malayanus) was conducted to gather 
detailed information on the pacing behaviour and guide husbandry changes.   Full-day behaviour 
observations were conducted (n=60; mean duration=5.9 hrs/observation).  Pacing data were 
recorded using continuous sampling methodology with all-occurrences recording of events before 
and after pacing bouts.  Solitary behaviour and social interaction between the focal female and a 
male and female exhibit partner were recorded using instantaneous sampling and all-occurrences 
methodologies, respectively.  All pacing bouts occurred between tunnels to off-exhibit indoor 
holding areas, bouts were short in duration and variable, and pacing often began after the male 
bear entered a shift tunnel.  Social interactions between the two females were frequently 
agonistic.  Based on these findings, the non-focal female bear was removed from the group and 
the focal female and male were given access to indoor holding areas on most days.  The focal 
female only paced once when provided access to indoor holding.  When the bears did not have 
off-exhibit access, pacing characteristics appeared similar to bouts before modifications but 
pacing no longer appear to be influenced by the male’s behaviour.  Our detailed analysis of 
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pacing by the female sun bear provided insight regarding motivation, the need for husbandry 
changes, and evaluation of those change 

 
Roth, T. S., Bionda, T. R., & Sterck, E. H. (2017). Recapturing the canopy: stimulating Bornean orang-
utan (Pongo pygmaeus) natural locomotion behaviour in a zoo environment. Journal of Zoo and 
Aquarium Research, 5(1), 16-24. LINK to full article.  
 

Orang-utans are the largest mainly arboreal animal: wild orang-utans rarely come to the forest 
floor. In contrast, the locomotion behaviour of captive orang-utans encompasses more time on 
the ground and they spend less time on locomotion than their wild conspecifics. Moreover, their 
most frequently employed climbing postures differ from those of wild orang-utans. More natural 
locomotion behaviour may be stimulated by the design of appropriate enclosures. This study 
aimed to investigate how the design of orang-utan enclosures influences locomotion behaviour 
both quantitatively (i.e. time spent above ground and on locomotion) and qualitatively (i.e. types 
of movement). We collected continuous focal samples from 11 captive Bornean orang-utans 
(Pongo pygmaeus) at Apenheul Primate Park (Apeldoorn, The Netherlands). During the study, 
Apenheul offered two types of outdoor enclosures to their orang-utans: horizontal trunk 
enclosures with a relatively high number of large-diameter, horizontal tree trunks; and multiple 
rope enclosures with a relatively high number of small-diameter ropes. The results showed that 
the orang-utans’ quantitative locomotion behaviour was more natural in the horizontal trunk than 
in the multiple rope enclosures: they spent less time on the ground and more time on above-
ground locomotion. However, the orang-utans’ qualitative locomotion behaviour seemed more 
natural in the multiple rope enclosures than in the horizontal trunk enclosures. This indicates that 
both horizontal trunks and small-diameter substrates are required to stimulate natural quantitative 
and qualitative locomotion behaviour. Zoos can apply our recommendations to stimulate natural 
locomotion behaviour in captive orang-utans, which may improve their physical condition and 
thereby increase their wellbeing. 

 
Rowden, L. J., & Rose, P. E. (2016). A global survey of banteng (Bos javanicus) housing and 
husbandry. Zoo Biology, 35(6), 546-555. 
 

Banteng (Bos javanicus) are an example of a species of conservation concern without current 
“best practice” guidance, as they have been the focus of little applied husbandry research. 
Despite their elevated conservation status, and established, increasing global captive population, 
zoos do not yet have information on optimal husbandry. To help address this problem, a 
husbandry survey was distributed to all global holders of banteng. Questions focused on herd 
demographic structure, exhibit features (including mixed‐species exhibition), dietary provision, 

and behavioral management. Completed surveys from 16 zoos enabled analysis of contemporary 
practice between institutions. Results indicate differences in enclosure size between zoos, and 
that herd size is unlikely to predict enclosure size. Herd sizes are smaller than wild examples, and 
enclosure space (per animal) is significantly smaller than a potential wild range. Banteng are 
frequently maintained successfully in mixed species exhibits alongside a wide range of other 
taxa. Nutrient analysis focused on fiber and protein, and although provision of these nutrients 
appears comparable between zoos, more work is needed on browse and forage intake to 
determine overall diet suitability. Behavior management shows variation between zoos, with 
numerous collections providing browse but only a minority undertaking training, and not all 
providing enrichment. The overall diversity in findings between zoos suggest future research 
areas that should focus on key aspects of behavioral ecology, such as wild foraging behavior, 
food plant selection and day/night activity patterns, which may help underpin husbandry 
guidelines and excellent animal welfare. 

 
Scott, N. and LaDue, C. (2018). The behavioral effects of exhibit size versus complexity in African 
elephants: A potential solution for smaller spaces. Zoo Biology, 38, 448-457. 
 

Population‐level analyses suggest that habitat complexity, but not necessarily space availability, 

has important welfare outcomes for elephants in human care. At the Dallas Zoo, the opening of a 
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new exhibit complex allowed us to measure the behavior of two female African elephants across 
three treatments to evaluate the independent effects of complexity and space. Preoccupancy 
observations were conducted in the elephants’ older exhibit, which consisted of a smaller, more 
simple yard (630 m2). Subsequent postoccupancy observations measured behavior in two 
different spaces in the new exhibit: a larger, complex yard (15,000 m2), and a smaller, but 
complex yard (1,520 m2). The elephants’ overall activity levels were greater in complex habitats, 
regardless of their size. Similar effects of habitat complexity oversize were observed with greater 
rates of foraging and lower rates of being stationary. Furthermore, elephants were out of view of 
visitors significantly more in the small, simple yard compared to either of the more complex 
habitats. However, exhibit size affected the incidence of stereotypic behavior (with lower rates of 
stereotypy in the larger exhibit compared to the smaller yards) and investigatory behavior 
(elephants investigated their environments more with increasing size and complexity). Behavioral 
diversity also increased with exhibit size and complexity. These results indicate that space 
availability alone is not sufficient to enhance the behavioral welfare of zoo elephants. Therefore, 
facilities with limited space can still encourage species‐appropriate behaviors and improved 

welfare for the elephants in their care by converting a small, simple area into a more complex 
habitat. 

 
Sherwen, S. L., Harvey, T. J., Magrath, M. J., Butler, K. L., Fanson, K. V., & Hemsworth, P. H. (2015). 
Effects of visual contact with zoo visitors on black-capped capuchin welfare. Applied Animal Behaviour 
Science, 167, 65-73. 
 

Previous research has suggested that the presence of zoo visitors may be stressful for various 
primate species, and visual contact with visitors may be the sensory stimuli that mediate visitor 
effects. We studied a group of black-capped capuchins, Cebus apella, in a controlled experiment, 
randomly imposing two treatments: customised one-way vision screens on the exhibit viewing 
windows to reduce visual contact with visitors; and unmodified viewing windows that allow full 
visual contact with visitors. We sampled capuchin behaviour including intra-group aggression and 
other social interactions, vigilance and abnormal behaviours. To provide a measure of 
physiological stress, we also analysed capuchin faecal samples for glucocorticoid metabolite 
(FGM) concentration. When the view of visitors was obscured, we found marked reductions in 
capuchin aggression (from 14.5 bouts to 4.6 bouts per weekend, P = 0.004) and FGM 
concentration (from 620 to 410 ng/g, P = 0.008) among all adults, as well as reductions in 
abnormal behaviour (P = 0.01) in two individuals. The capuchins also avoided the visitor viewing 
area (P = 0.003) in the unmodified viewing window treatment. These results suggest that 
reducing the capuchins’ ability to view visitors improved their welfare. However we also found a 
reduction in the number of visitors when visual contact was reduced (from an average of 23 
visitors per scan to 15, P = 0.008), suggesting that the visitor experience may have been 
compromised by the lack of interaction with the capuchins. These results highlight a possible 
dilemma for the zoo industry between enhancing animal welfare in primates and providing for 
visitor experience. 

 
Sherwen, S. L., Magrath, M. J., Butler, K. L., & Hemsworth, P. H. (2015). Little penguins, Eudyptula 
minor, show increased avoidance, aggression and vigilance in response to zoo visitors. Applied Animal 
Behaviour Science, 168, 71-76. 
 

Multiple studies have shown that human disturbance can have negative impacts on wild penguin 
populations. Penguins in zoos may also be susceptible to negative impacts from humans, but this 
has not previously been investigated. We examined the visitor effect on a group of 25 little 
penguins, Eudyptula minor, by randomly imposing two treatments: (1) no visitor contact, which 
was achieved by closing the penguin exhibit on study days and (2) exposure to visitors, with the 
penguin exhibit open as usual. Treatments were imposed for 1-day periods, with five replicates of 
each treatment (total of 10 study days). Instantaneous point sampling and continuous sampling 
were used to record penguin behaviour including proximity to visitor viewing area, surface 
swimming, diving, vigilance, visibility, resting and intra-group aggression during a total of 3 h on 
each of the 10 study days. When exposed to visitors, penguins showed increased levels of 
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aggression (P = 0.02), huddling (P = 0.049) and behaviours indicative of avoidance of visitors 
including increased time spent positioned behind enclosure features (P = 0.024) and increased 
distance from the visitor viewing area (P = 0.002). These behavioural results suggest that the 
presence of visitors or some aspect of visitor behaviour may have been fear-provoking for these 
penguins. To generalize beyond this group of animals and this enclosure requires further 
research. 

 
Tetzlaff, S. J., Tetzlaff, K. E., & Connors, R. J. (2016). Evaluation of thermal regimes for transported 
ambassador ectotherms: One size does not fit all. Zoo Biology, 35(4), 339-345. 
 

Providing appropriate environmental temperatures for captive ectotherms should be a husbandry 
priority. This can be especially challenging for ectotherms that are routinely transported, such as 
those used in education programs at zoos, because they are unable to thermoregulate while 
confined in non‐temperature controlled, compact carriers. To assess if ectotherms used in the 

Fort Wayne Children's Zoo's outreach programs experienced appropriate transit temperatures 
during cold weather, we placed temperature loggers inside two sizes of transport carriers, half 
containing a heat source (bottle of hot water) and half not (control). While transport temperatures 
were appropriate for many ectotherms, this simple procedure failed to meet the thermal 
preferences of species with relatively low or high preferred temperatures such as the eastern tiger 
salamander (Ambystoma tigrinum) and the spiny‐tailed lizard (Uromastyx maliensis), respectively. 

We found large heated carriers were warmer than small heated carriers, but the temperatures of 
control carriers did not differ. Despite considerable interspecific variation, large heated carriers 
provided higher thermal quality environments than both small heated and control carriers for all 
species except eastern tiger salamanders. We suggest further thermal monitoring of ectotherms 
during transit with the aim of identifying appropriate heat sources and developing efficient and 
effective transportation protocols. This could be achieved by modifying transport carriers so that 
animals are able to thermoregulate. Limiting or ceasing their use when appropriate temperatures 
cannot be provided may be necessary. Particular attention should be given to species with 
temperature preferences markedly different than the majority of others in a given collection.  

 
Troxell-Smith, S., & Miller, L. (2016). Using natural history information for zoo animal management: a 
case study with okapi (Okapia johnstoni). Journal of Zoo and Aquarium Research, 4(1), 38-41. LINK to 
full article. 
 

Until recently, the impact that the presence of conspecifics may have on stereotypic behaviour in 
naturally solitary species exhibited in zoological institutions has largely been ignored. This study 
examined the effect of adding a visual barrier between animal holding areas at the Brookfield Zoo 
on stereotypic head-rolling behaviour in an adult female okapi (Okapia johnstoni). Instantaneous 
sampling was used to document the proportion of time the female okapi spent head-rolling prior 
to and after visual barriers were constructed. Behavioural surveys were also distributed to animal 
care staff to document behavioural change following the installation of visual barriers. Results 
from both behavioural observations and animal care surveys suggest that obstructing the view of 
neighbouring conspecifics significantly reduced head-rolling behaviour and had a positive impact 
for this okapi. Information gained from this case study will hopefully stimulate discussion around 
how zoos manage solitary species, and increase research efforts to better understand the effect 
of the presence of conspecifics on stereotypic behaviour for solitary species. Moreover, we hope 
these results will contribute to both husbandry recommendations and best practice guidelines for 
zoo-housed okap 

 
Troxel-Smith, S. M., Whelani, C., Magle, S. B., & Brown, S. (2017). Zoo foraging ecology: development 
and assessment of a welfare tool for. Animal Welfare, 26, 265-275. 
 

Foraging ecology and food patch studies are commonly used to elucidate the environmental 
perceptions of wild, free-ranging animals. Their application to captive animals, however, 
especially those in zoos, is still in its infancy. To illustrate some specific applications of zoo 
foraging ecology, we provide a study that evaluated: (i) whether patch use and giving-up densities 
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(GUDs) can reveal areas of preference within an exhibit for zoo species; (ii) if food patches 
provide an effective form of behavioural enrichment; and (iii) if visitor interest and behaviour is 
affected by food patch presence. A combination of behavioural observations, and experimental 
food patches and giving-up densities were used to address these objectives in Parma wallabies 
(Macropus parma) and Patagonian cavies (Dolichotis patagonum) at Lincoln Park Zoo, Chicago, 
Illinois USA. GUDs revealed distinct areas of preference and aversion within the exhibit for 
cavies, but not so for the wallabies. For both species, presence of food patches increased 
foraging behaviours, decreased inactive behaviours, and increased within-exhibit movement, 
demonstrating that food patches serve as an effective behavioural enrichment technique. The use 
of food patches also revealed striking differences between individuals, particularly for the pair of 
cavies. There were encouraging trends toward increased visitor number and stay-time when food 
patches were present in each exhibit, but the effect was not statistically significant. These results 
suggest that utilising patch use, GUDs, and foraging theory in zoo populations may enhance 
animal welfare, and can inform improvements to exhibit design directly from the animal’s 
perspective. We conclude with a broader discussion of zoo foraging ecology as an emerging field, 
with suggestions for future avenues of research. 

 
Varadharajan, V., Krishnamoorthy, T., & Nagarajan, B. (2016). Prevalence of stereotypies and its 
possible causes among captive Asian elephants (Elephas maximus) in Tamil Nadu, India. Applied Animal 
Behaviour Science, 174, 137-146. 
 

Animals in captivity are often confined in small barren enclosures, preventing adequate exercise, 
and socialization with conspecifics. Captivity is also known for depriving young individuals’ 
association with maternal relatives by weaning away from their mothers’ earlier than what their 
peers experience in free-living populations. Such husbandry practices often lead to various 
welfare problems among captive animals. In India, Asian elephants are managed in captivity 
under various systems, for various purposes. To understand the effect of husbandry practices on 
the welfare of elephants, this study first time from a range country examined the prevalence of 
stereotypies and its possible causes among 144 captive Asian elephants managed under three 
captive systems—Private, Hindu Temple and Forest Department—in southern India. Occurrence 
of stereotypies and its possible influences by factors like age, sex, housing type and its size, 
duration of chaining and access to conspecific socialization were obtained by direct observations 
on each elephant and from registers maintained at each facility. Among the systems, the number 
of elephants with stereotypies was the highest in temple system (49%) followed by private (25%) 
and the lowest in the forest department (7%). None of the elephants that born in or brought from 
the wild and managed only at the timber camps was stereotyped. But those transferred from the 
timber camps to the temple, private and zoo and from the zoo to the timber camps showed 
stereotypies. Consistent with the prevalence of stereotypies among the three systems, number of 
elephants managed only at the indoor enclosure and duration of chaining were the highest in 
temple followed by private and the least in forest department system. The proportion of elephants 
displaying stereotypies and the proportion of time spent on stereotypies decreased significantly 
with age, indicating a greater vulnerability of young individuals to stereotypies. Further, logistic 
regression on prevalence of stereotypies with demographic and welfare parameters revealed that 
stereotypies decreased significantly with age and free access to conspecific association until 
juvenile stage, indicating again the juveniles without conspecific association are more susceptible 
to develop stereotypies. Multiple regression on extent of stereotypies and various daily routines 
revealed that the extent increased significantly with daily rituals, resting, and marginally with 
feeding implying that prolonged daily rituals and resting promote its extent. It is argued that 
deprivation of association with maternal relatives and isolation from conspecifics result in the 
appearance of stereotypies among elephants in captivity, with younger individuals being more 
susceptible, perhaps the most active phase of their life being confined by chaining. 

 
 
Wall, E. L., & Hartley, M. (2017). Assessing enclosure design and husbandry practices for successful 
keeping and breeding of the Burmese brow antlered deer (Eld's deer, Rucervus eldii thamin) in European 
zoos. Zoo Biology, 36(3), 201-212. 
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The endangered Burmese brow antlered deer (Rucervus eldii thamin) is a medium sized tropical 
cervid kept in a number of European zoos. Studbook data and anecdotal reports have suggested 
that this species suffers from poor reproductive success and relatively high neonatal mortality in 
captivity. Questionnaires were sent to 10 European zoos, holding 91 (20.71.0) deer, in order to 
record information on husbandry practices and enclosure design. Studbook analysis was 
performed to determine reproductive success and mortality values at each of the zoos 
participating in the study. Statistical analysis was carried out to identify any links between 
husbandry or enclosure design and the population parameters calculated from the studbook. 
From the nine zoos that were analyzed in this study, no significant differences were found for 
population parameters between male and female deer. Neonatal mortality was negatively 
correlated to enclosure size (in males) and enclosure cover (in females). Positive correlations 
were found between enclosure cover, average temperature and group size with life expectancy, 
and negative correlations between enclosure visibility and visitor distance with female life 
expectancy. These results may be useful for informing husbandry guidelines, although further 
research into stress responses in captivity is recommended for this species to improve their 
welfare. 

 
Warwick, C., Arena, P., & Steedman, C. (2019). Spatial considerations for captive snakes. Journal of 
Veterinary Behavior, 30, 37-48. 
 

Captive environments for snakes commonly involve small enclosures with dimensions that 
prevent occupants from adopting straight line body postures. In particular, the commercial, hobby, 
and pet sectors routinely utilize small vivaria and racking systems, although zoos and other 
facilities also commonly maintain at least some snakes under broadly similar conditions. Captive 
snakes may be the only vertebrates where management policy commonly involves deprivation of 
the ability and probable welfare need to freely extend the body to its natural full length. In this 
report, we present background information concerning some relevant physical and behavioral 
characteristics of snakes, discuss pervading beliefs or folklore husbandry and its implications for 
animal welfare as well as factors concerning stress, its manifestations and measurement, and 
provide criteria for the assessment of captive snake welfare. As part of this review, we also 
conducted an observational component involving captive snakes and report that during 60-minute 
observation periods of 65 snakes, 24 (37%) adopted rectilinear or near rectilinear postures 
(stationary 42%; mobile 37%). Of the 31 snake species observed, 14 (45%) adopted rectilinear or 
near rectilinear postures. Ectomorphological associations, normal behavior, and innate drive 
states infer that snakes, even so-called sedentary species, utilize significant space as part of their 
normal lifestyles. We conclude that future policies for snake husbandry require a paradigm shift 
away from an erroneous belief system and toward recognizing the greater spatial needs of these 
reptiles. 

 
White, B. C., Taylor, S. R., Franklin, J. A., Burns, R., & Kozlowski, C. (2015). Faecal glucocorticoid 
concentrations during ACTH challenge tests in captive grizzly bears (Ursus arctos horribilus) and polar 
bears (Ursus maritimus). Journal of Zoo and Aquarium Research, 3(2), 59-62. LINK to full article. 
 

The well-being of wild and captive animals is often assessed through the measurement of faecal 
glucocorticoid metabolite (FGM) concentrations. In order to determine the temporal relationships 
between faecal glucocorticoids and events that might elicit increases in glucocorticoid secretion, 
we conducted adrenocorticotropic hormone (ACTH) challenge tests on polar (Ursus maritimus) 
and grizzly bears (Ursus arctos horribilis) at the Louisville Zoo. FGMs were measured for three 
days before and after an injection of ACTH, using DA Corticosterone I-125 kits (ICN MP 
Biomedicals). FGM excretion increased 343–2258% over baseline concentrations. The latency to 
maximum excretion ranged from 4.5 h to 28.5 h. Five of the bears produced their maximum FGM 
excretion within 6.2 h of the ACTH injection. The first day’s mean FGM concentration after ACTH 
injection for the six bears (mean ± standard error of the mean (SEM): 106.4±21.3 ng/g dry wt) 
was significantly higher than the mean baseline concentration (mean ± SEM: 22.3±5.3 ng/g dry 
wt). The results are consistent with the values obtained in other studies of captive mammals, 
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including polar bears and grizzly bears. However, compared to previous publications, our results 
suggest that a shorter latency to peak response can occur in bears and that collection of faeces 
to evaluate peak responses should occur within hours rather than days of stimulation of the 
adrenal cortex with ACTH. 

 
Whitham, J. C., & Miller, L. J. (2019). A zoo animal's neighbourhood: how conspecific neighbours impact 
welfare. Animal Welfare, 28(2), 127-136. 
 

While the zoological community strives to provide the best possible living environment for non-
human animals, space limitations constrain where zoos can house particular species. Therefore, 
an individual may live in proximity to animals that impact its behaviour, physiology, reproductive 
function or overall welfare status. This article examines how solitary and social species living in 
managed settings are positively and negatively affected by conspecific neighbours. When making 
housing decisions, zoos should follow husbandry recommendations outlined by zoo associations, 
integrate natural history information and attempt to view the environment from the perspective of 
the species of interest. Furthermore, researchers can collect survey, behavioural and 
physiological data to examine how variables, such as density, distance between neighbours, the 
age/sex of conspecifics and types/amount of exposure to others influence welfare. Ultimately, 
zoos should consider the needs of individuals and investigate whether welfare can be enhanced 
by modifying enclosures, husbandry routines, enrichment schedules or access to conspecifics. A 
zoo's willingness to alter an animals exposure to conspecifics may have a substantial impact on 
physical, mental and emotional health. 

 

Williams, E., Bremner‐Harrison, S., Harvey, N., Evison, E., & Yon, L. (2015). An investigation into resting 

behavior in Asian elephants in UK zoos. Zoo Biology, 34(5), 406-417. 
 

Maintaining adequate welfare in captive elephants is challenging. Few studies have investigated 
overnight rest behavior in zoo elephants, yet time spent resting has been identified as a welfare 
indicator in some species. We investigated resting behavior in Asian elephants (Elephas 
maximus) in UK zoos, with the aim of identifying patterns or preferences in lying rest. Details of 
standing (SR) and lying (LR) rest behavior were identified by observing video footage of inside 
enclosures collected for 14 elephants (2 male, 12 female) housed at three UK zoos (Zoo A: 18 
nights; Zoo B: 27 nights; Zoo C: 46 nights) from 16:00 to 08:30 (approximately). Elephants 
engaged in a mean of 58–337 min rest per night. Time of night affected mean duration of LR 
bouts (P < 0.001); longest bouts were observed between 22:01 and 06:00. Elephants showed a 
substrate preference when lying to rest; LR was not observed on concrete or tiled flooring. Where 
sand was available (to 11/14 elephants), all elephants engaged in LR on sand flooring. Only two 
elephants engaged in LR on rubber flooring (available to 7/14 elephants). Mean duration of rest 
bouts was greater when a conspecific was within two body lengths than when conspecifics were 
not (P < 0.01). Our study indicated that elephants show substrate preferences when choosing an 
area for rest and engage in more rest when conspecifics are in close proximity. The results of this 
study could be used as a basis for future studies investigating the link between rest and welfare in 
captive elephants. 
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Abstracts: Impact of ambassador programs on animal welfare 
 
Acaralp-Rehnberg, L. K. (2019). Human-animal interaction in the modern zoo: Live animal encounter 
programs and associated effects on animal welfare (Doctoral dissertation). LINK to full thesis. 
 

Live animal encounter programs are an increasingly popular occurrence in the modern zoo. The 
welfare implications of animals participating in these programs has not been studied extensively 
to date. The aim of the current thesis was, therefore, to explore animal welfare effects associated 
with encounter programs in selected zoo-housed species, using a combined approach of survey 
data and empirical investigations. The survey assessment, which involved over 500 accredited 
zoos and aquariums in Australia and overseas, revealed that most surveyed institutions (85 %) 
engaged in an encounter program with one or more species, most of which were mammals. 
Behaviours indicative of a typical fight-or-flight response were the most commonly reported 
welfare concerns in relation to encounters. Behaviour indicative of positive welfare, as well as 
voluntary participation and interaction with visitors, were commonly mentioned in regard to 
positive welfare during encounters. Positive welfare experiences outweighed the number of 
reported concerns in birds and mammals, but the opposite was true for reptiles. The empirical 
studies involved zoo-housed servals, giraffes and shingleback lizards, and sought to identify a 
potential cause-effect relationship between behavioural and physiological welfare indices and 
short-term variations in encounter frequency. A similar methodology involving a repeated 
treatment design where the frequency of encounters was manipulated to reflect the regular 
frequency of encounters, a temporary withdrawal, and a temporary intensification of regime, was 
adopted across the three studies. Behavioural changes indicative of a positive welfare effect 
when participating in encounters were observed in the servals and giraffes. Servals exhibited a 
significant reduction in stereotypic pacing on weeks when participating in interactive 
presentations, or presentations and behind-the-scenes encounters combined. The giraffes 
engaged in amicable social interactions significantly more often when participating in visitor 
feeding encounters, at either regular or intensified frequency. By contrast, a potentially aversive 
effect of encounters was observed in the shinglebacks, who significantly increased their use of 
concealed locations within the enclosure when handled at either the regular or intensified 
frequency. Approach behaviour during encounters differed significantly between individual 
giraffes, and significant differences in coiling behaviour while handled was observed in the 
lizards. The findings of the empirical studies were in agreement with the survey data, which 
identified taxonomic as well as individual variation as important influences on the welfare of 
animals participating in encounters. The nature of the encounter the animals participate in was 
identified as another key factor, in which encounters that maximise choice and control, and where 
animals are rewarded for participation, were likely to contribute to a more positive welfare 
experience. 

 
Anderson, R., Waayers, R., & Knight, A. (2016). Orca behavior and subsequent aggression associated 
with oceanarium confinement. Animals, 6(8), 49. LINK to full article.  
 

Based on neuroanatomical indices such as brain size and encephalization quotient, orcas are 
among the most intelligent animals on Earth. They display a range of complex behaviors 
indicative of social intelligence, but these are difficult to study in the open ocean where protective 
laws may apply, or in captivity, where access is constrained for commercial and safety reasons. 
From 1979 to 1980, however, we were able to interact with juvenile orcas in an unstructured way 
at San Diego’s SeaWorld facility. We observed in the animals what appeared to be pranks, tests 
of trust, limited use of tactical deception, emotional self-control, and empathetic behaviors. Our 
observations were consistent with those of a former Seaworld trainer, and provide important 
insights into orca cognition, communication, and social intelligence. However, after being trained 
as performers within Seaworld’s commercial entertainment program, a number of orcas began to 
exhibit aggressive behaviors. The orcas who previously established apparent friendships with 
humans were most affected, although significant aggression also occurred in some of their 
descendants, and among the orcas they lived with. Such oceanaria confinement and commercial 
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use can no longer be considered ethically defensible, given the current understanding of orcas’ 
advanced cognitive, social, and communicative capacities, and of their behavioral needs. 

 
Baird, B. A., Kuhar, C. W., Lukas, K. E., Amendolagine, L. A., Fuller, G. A., Nemet, J., ... & Schook, M. W. 
(2016). Program animal welfare: Using behavioral and physiological measures to assess the well-being of 
animals used for education programs in zoos. Applied Animal Behaviour Science, 176, 150-162. 
 

This study investigates program animal welfare using both behavioral and physiological 
measures in two separate experiments. In Experiment One, we examined possible differences in 
behavior and fecal glucocorticoid metabolites (FGM) between education, exhibit and off-exhibit 
armadillos (N = 59) housed at 17 Association of Zoos and Aquariums (AZA) accredited zoos. In 
Experiment Two, the specific effect of handling for education programs was investigated in an 
ABA study design using the same measures of welfare in armadillos (N = 10), hedgehogs 
(N = 12), and red-tailed hawks (N = 6) at 11 AZA institutions. Mixed model analysis revealed 
FGM and undesirable behaviors did not differ between groups in Experiment One (FGM [μg/g 
feces]: Median[Interquartile Range] education: 28.49[21.05-42.29], exhibit: 30.38[26.33–42.56], 
off-exhibit: 28.2[23.92–47]; F2, 46 = 0.55, p = 0.58; undesirable behavior: Least Squares Mean% 
of time [SEM]: education: 24.95[14.52], exhibit: 9.09[4.16]; F1, 17 = 1.86, p = 0.19). There was 
also no effect of handling specifically for education programs on measures of welfare in 
Experiment Two (p > 0.05 in all FGM and undesirable behavior models). However, the overall 
amount of handling that an animal experienced (for programs or for husbandry) was positively 
correlated with FGM in Experiment One (F1, 979 = 9.35, p = 0.002) and in all species in 
Experiment Two (armadillos: F1, 286 = 5.69, p = 0.02; hedgehogs: F1, 448 = 4.92, p = 0.03; 
hawks: F1, 215 = 4.68, p = 0.03). Amount of handling was also associated with several behaviors 
(undesirable, rest, and self-directed behavior) in both experiments (p < 0.05 in all models), 
indicating that management purpose is not the primary contributor to welfare in these species. In 
addition, the depth of substrate provided and enclosure size were also negatively correlated to 
FGM and consistently related to behavior in both Experiments (p < 0.05 in all models), 
highlighting the importance of housing environment for animal welfare. Our findings will serve as 
a basis for developing handling recommendations for zoo-housed armadillos, hedgehogs, and 
red-tailed hawks, and for planning future research investigating the needs and welfare of 
education program animals. 

 
Collins, C., Corkery, I., Haigh, A., McKeown, S., Quirke, T., & O'Riordan, R. (2017). The effects of 

environmental and visitor variables on the behavior of free‐ranging ring‐tailed lemurs (Lemur catta) in 

captivity. Zoo Biology, 36(4), 250-260. 
 

The effect of the zoo environment on captive animals is an increasingly studied area of zoo 
research, with visitor effects and exhibit design recognized as two of the factors that can 
contribute to animal welfare in captivity. It is known that in some situations, visitors may be 

stressful to zoo‐housed primates, and this may be compounded by environmental factors such as 

the weather, the time of day, and zoo husbandry routines. Exhibit design and proximity of the 
public are also known to influence behavioral response of primates to visitors; however, there is 

minimal research on free‐ranging zoo animals, even though they are potentially subjected to 

intense interactions with visitors. The current study explores the effect of the zoo environment, 

several visitor variables and specific animal–visitor interactions on the behavior of free‐ranging 

ring‐tailed lemurs (Lemur catta) at Fota Wildlife Park, Ireland. Data were obtained through scan 

samples collected over 18 months (n = 12,263) and analyzed using a range of statistical tests, 

including general estimating equations (GEE). Results demonstrate that the free‐ranging lemurs’ 

behavior at Fota Wildlife Park is affected by season, weather and time of day. Similarities in 

feeding behavior exist between the free‐ranging group and lemurs in the wild when resources are 

plentiful. Visitor variables had a limited effect on lemur behavior and behavioral diversity level. 
Lemurs rarely reacted to visitors when specific interactions were considered. Generally, the 

results indicate that the ring‐tailed lemurs in this study have adapted well to the zoo environment 

and habituated to visitors. 
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D’Cruze, N., Khan, S., Carder, G., Megson, D., Coulthard, E., Norrey, J., & Groves, G. (2019). A Global 
Review of Animal–Visitor Interactions in Modern Zoos and Aquariums and Their Implications for Wild 
Animal Welfare. Animals, 9(6), 332. Link to full article. 
 

We provide an initial insight into the occurrence and characteristics of animal-visitor interactions 
(AVIs) involving captive wild animals within zoos and aquaria. Using information provided online 
via official public websites of modern zoos and aquaria, we found that AVIs were provided by the 
majority of facilities. Our study revealed that a variety of AVI types were being offered. Globally, 
petting captive wild animals was the most prevalent AVI type advertised (n = 1241 observations, 
43% (534) of facilities) and Mammalia was the most advertised taxonomic class (n = 5142; 53% 
(2739)). We found certain AVI types that were more commonly offered than predicted. These 
were opportunities to: (1) Hand feed captive wild animals in Asia, North America and Oceania; (2) 
ride wild animals in Europe and North America; (3) walk with or swim through wild animal 
enclosures in Asia; and (4) walk with wild animals in Asia and Europe. Given the global 
prevalence of AVIs in modern zoos and aquaria, and an apparent lack of animal welfare focused 
research, we provide recommendations to help effectively balance and manage captive wild 
animal welfare with other primary interconnected goals. 

 
 
Jones, H., McGregor, P. K., Farmer, H. L. A., & Baker, K. R. (2016). The influence of visitor interaction on 
the behavior of captive crowned lemurs (Eulemur coronatus) and implications for welfare. Zoo 
Biology, 35(3), 222-227. 
 

Research suggests that zoo visitors can have positive, negative, and neutral impacts on captive 
primate welfare; however, research investigating the implications of visitor–animal feeding 
experiences is extremely limited. In the UK, a large proportion of BIAZA zoos that house lemur 
species offer visitor interaction experiences (16 out of 33). This study investigated the impact on 
the behavior of a family group of crowned lemurs (Eulemur coronatus) housed at Newquay Zoo, 
UK of visitors, accompanied by a keeper, entering the enclosure to feed the lemurs. Behavior was 
observed under four conditions: (i) during visitor feed; (ii) 30 min post‐visitor feed; (iii) during a 

keeper feed; and (iv) 30 min post‐keeper feed. Keeper feeds were conducted by keepers only, on 

the day after visitor feeds. The lemur group spent significantly less time performing aggressive 
behavior and was also significantly more interactive with keepers during visitor feeds compared 

with keeper‐only feeds. There was no significant difference in behaviors performed immediately 

after interacting with visitors. Over the study period, there was a tendency for interactions with 

visitors to increase, and for interactions with keepers during visitor feeds to decrease. After a 28‐
day interval without visitor interaction, the lemurs’ interaction with visitors had returned to the level 
recorded at the start of the study. In conclusion, visitor interaction did not compromise the welfare 

of the study subjects in either the short‐ or long‐term, while an increase in visitor interactions over 

time has interesting implications for the enrichment properties of, or habituation to, unfamiliar 
humans. 

 
 
Learmonth, M. J., Sherwen, S., & Hemsworth, P. H. (2018). The effects of zoo visitors on Quokka 
(Setonix brachyurus) avoidance behavior in a walk‐through exhibit. Zoo Biology, 37(4), 223-228. 

 
The behavior of zoo animals may be influenced by visitors, with possible implications on animal 

welfare. We examined the effects of the presence of visitors on the presence and visibility of free‐
ranging quokkas (Setonix brachyurus) in preferred areas of a walk‐through enclosure at 

Melbourne Zoo, Australia. In a controlled experiment, two visitor treatments were randomly 
imposed: (1) enclosure open to visitors as normal (“Open”) and (2) enclosure closed to visitors 

(“Closed”). Treatments were imposed for 2‐day periods, with five replicates of each treatment (10 

2‐day periods in total). Instantaneous point sampling of camera footage at 1‐min intervals from 

09:00 to 16:00 hr each day recorded the location and visibility of quokkas. Data were analyzed 
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using a two‐factor ANOVA (visitor treatment and study area), with 2‐day summary values as the 

unit of analysis. While the presence of quokkas in the study areas was not affected by treatment, 
fewer (p < 0.05) quokkas were visible from the visitor paths and more (p < 0.05) quokkas were 
obscured from the visitor paths in the “Open” treatment than the “Closed” treatment. Number of 
quokkas differed between study areas across treatments (p < 0.01), but there was no interaction 
(p > 0.05) between visitor treatment and study area. The reduction in quokka visibility when 
visitors were present indicates that visitors were at least moderately fear provoking for the 
quokkas in this experiment, but further research is required to examine the effects of visitor 
presence and behaviors on the behavior and stress physiology of quokkas in walk‐through 

enclosures, as there may be possible welfare implications. 
 
Normando, S., Pollastri, I., Florio, D., Ferrante, L., Macchi, E., Isaja, V., & De Mori, B. (2018). Assessing 
animal welfare in animal-visitor interactions in zoos and other facilities. A pilot study involving 
giraffes. Animals, 8(9), 153. LINK to full article. 
 

In recent years, awareness of the controversial aspects connected with wild animal-visitor 
interactions (AVIs) in zoos and other facilities has increased due to cultural changes. Therefore, 
the need to apply transparent procedures to evaluate AVIs programs in zoos and similar facilities 
has also increased. This study presents results of animal welfare’s assessment of a pilot test of a 
protocol based on six steps that aim to explore and assess the overall value of AVIs considering 
the impact both on animals and visitors. In the present paper, we discuss the multifaceted 
approach to animal welfare assessment during animal-visitor interactions, combining quantitative 
behavioural observations/analysis and a welfare risk-assessment procedure, which forms the 
basis of the six-step protocol. Pilot testing of said approach to animal welfare assessment 
involved giraffes (Giraffa camelopardalis) in an Italian zoo. No change in behaviour, suggestive of 
an increased welfare risk to the animals, was found. The risk analysis reported overall low risks 
for welfare, whereas enclosure analysis highlighted that the enclosure was suitable for allowing 
interactions without jeopardising animal welfare, mainly because it allowed animals to choose 
whether to interact or withdraw from interactions without decreasing the space available to them. 

 
Orban, D. A., Siegford, J. M., & Snider, R. J. (2016). Effects of guest feeding programs on captive giraffe 
behavior. Zoo Biology, 35(2), 157-166. 
 

Zoological institutions develop human–animal interaction opportunities for visitors to advance 
missions of conservation, education, and recreation; however, the animal welfare implications 
largely have yet to be evaluated. This behavioral study was the first to quantify impacts of guest 
feeding programs on captive giraffe behavior and welfare, by documenting giraffe time budgets 
that included both normal and stereotypic behaviors. Thirty giraffes from nine zoos (six zoos with 
varying guest feeding programs and three without) were observed using both instantaneous scan 
sampling and continuous behavioral sampling techniques. All data were collected during summer 
2012 and analyzed using linear mixed models. The degree of individual giraffe participation in 
guest feeding programs was positively associated with increased time spent idle and marginally 
associated with reduced time spent ruminating. Time spent participating in guest feeding 
programs had no effect on performance of stereotypic behaviors. When time spent eating routine 
diets was combined with time spent participating in guest feeding programs, individuals that spent 
more time engaged in total feeding behaviors tended to perform less oral stereotypic behavior 
such as object‐licking and tongue‐rolling. By extending foraging time and complexity, guest 

feeding programs have the potential to act as environmental enrichment and alleviate unfulfilled 
foraging motivations that may underlie oral stereotypic behaviors observed in many captive 
giraffes. However, management strategies may need to be adjusted to mitigate idleness and 

other program consequences. Further studies, especially pre‐and‐post‐program implementation 

comparisons, are needed to better understand the influence of human–animal interactions on zoo 
animal behavior and welfare. 
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Pérez‐Galicia, S., Miranda‐Anaya, M., Canales‐Espinosa, D., & Muñoz‐Delgado, J. (2017). Visitor effect 

on the behavior of a group of spider monkeys (Ateles geoffroyi) maintained at an island in Lake 
Catemaco, Veracruz/Mexico. Zoo Biology, 36(6), 360-366. 
 

We analyzed the effect of human visitors on the behavior of a group of spider monkeys (Ateles 
geoffroyi) kept on a small tourist island. Although the spider monkey is a common species in 
zoos, there are very few specific studies on visitor effects on these monkeys. We conducted 
behavioral observations on the group of spider monkeys to evaluate the effect of visitors. We also 
used actimetry devices to measure the variations in the spider monkeys' locomotor activity 
associated with human presence. With regard to the effect on behavior, we found an increase in 

self‐directed behaviors and a decrease in vocalization, both associated with human presence. 

Moreover, our results suggest that when people feed monkeys, there is an increase in agonistic 
behaviors. On the other hand, we found that changes in activity levels in response to human 
presence vary among individuals. We conclude that changes in spider monkeys' behavior could 
provide evidence of the negative effect of visitors in our study conditions. Although we discuss the 
differences in activity levels due to differences in social position, further research is required this 
topic. Our results can be used to inform management plans for this species in captivity. Improving 

this relationship between humans and non‐human primates through tourism education programs 

would benefit ecotourism and therefore species conservation programs. 
 
Saiyed, S. T., Hopper, L. M., & Cronin, K. A. (2019). Evaluating the behavior and temperament of African 
penguins in a non-contact animal encounter program. Animals, 9(6), 326. LINK to full article. 
 

Animal ambassador programs are increasingly prevalent in zoos, yet few studies have 
investigated their impact on animal welfare. We assessed the effects of an ambassador program 
on the behavior of a colony (N = 15) of zoo-housed African penguins (Spheniscus demersus) and 
evaluated whether individual characteristics were predictive of participation. Behavioral data were 
collected for 16 weeks and included 43 “penguin encounters”, during which zoo visitors entered a 
designated portion of the penguins’ enclosure. When comparing colony behavior following 
encounters to behavior during a matched control period lacking an encounter, we found no 
significant difference between affiliative or aggressive behaviors, suggesting that the encounters 
did not disrupt interactions in the colony. The same was true when comparing behavior preceding 
the encounter to a matched control period, indicating that any anticipatory period was similarly 
non-disruptive. Space use during encounters suggested comfort near visitors. We also measured 
penguin temperament on the shy-bold continuum by recording the birds’ response to novel 
objects and found that penguins’ temperament, sex, and age were predictive of participation. We 
concluded that this program had a neutral or positive impact on penguin welfare and considered 
the findings in relation to aspects of the ambassador program that provided penguins with control 
over their involvement 
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Abstracts: Impact of human animal relationships / bond on animal welfare 
 
Alba, A. C., Leighty, K. A., Pittman Courte, V. L., Grand, A. P., & Bettinger, T. L. (2017). A turtle cognition 

research demonstration enhances visitor engagement and keeper‐animal relationships. Zoo 

Biology, 36(4), 243-249. 
 

Environmental enrichment techniques present animals with cognitive challenges while providing 
them opportunities to make choices and exert control over their environment. In this way, 
cognitive research and training is enriching to animals and can be used as a form of enrichment 
in zoos and aquariums. Cognitive research demonstrations also provide an opportunity to 
enhance visitor experience, as well as foster interactions between animals and keepers. We 
investigated how cognitive research sessions involving eastern box turtles (Terrapene carolina 
carolina) at Disney's Animal Kingdom® impacted both the rate of visitors coming to the exhibit and 
the amount of time they spent engaged. Further, we used a questionnaire to assess the impact of 
keeper participation in these sessions on their relationships with and perceptions of the turtles. 
While visitation rate to the exhibit was not impacted, cognitive research sessions held visitor 
attention for longer than keeper interpretation or at times during which no keepers or researchers 
were present. We also found that keepers that had worked with the turtles for longer and keepers 
that regularly participated in cognitive research sessions reported stronger bonds with the turtles. 
Our research suggests that use of cognitive research and training demonstrations for guest 
viewing in zoos and aquariums may enhance visitor learning opportunities by increasing the 
amount of time they spend at the exhibit. Our study also provides evidence that participation in 
such demonstrations by zoo and aquarium professionals can be related to improved keeper‐
animal bonds, potentially resulting in better husbandry and enhanced animal welfare. 

 
Anderson, R., Waayers, R., & Knight, A. (2016). Orca behavior and subsequent aggression associated 
with oceanarium confinement. Animals, 6(8), 49. LINK to full article. 
 

Based on neuroanatomical indices such as brain size and encephalization quotient, orcas are 
among the most intelligent animals on Earth. They display a range of complex behaviors 
indicative of social intelligence, but these are difficult to study in the open ocean where protective 
laws may apply, or in captivity, where access is constrained for commercial and safety reasons. 
From 1979 to 1980, however, we were able to interact with juvenile orcas in an unstructured way 
at San Diego’s SeaWorld facility. We observed in the animals what appeared to be pranks, tests 
of trust, limited use of tactical deception, emotional self-control, and empathetic behaviors. Our 
observations were consistent with those of a former Seaworld trainer, and provide important 
insights into orca cognition, communication, and social intelligence. However, after being trained 
as performers within Seaworld’s commercial entertainment program, a number of orcas began to 
exhibit aggressive behaviors. The orcas who previously established apparent friendships with 
humans were most affected, although significant aggression also occurred in some of their 
descendants, and among the orcas they lived with. Such oceanaria confinement and commercial 
use can no longer be considered ethically defensible, given the current understanding of orcas’ 
advanced cognitive, social, and communicative capacities, and of their behavioral needs 

 
Carlstead, K., Paris, S., & Brown, J. L. (2019). Good keeper-elephant relationships in North American 
zoos are mutually beneficial to welfare. Applied Animal Behaviour Science, 211, 103-111. 
 

Relationships between animals and their human caretakers can have profound impacts on animal 
welfare in farms, laboratories and zoos, while human attitudes are important predictors of 
caretaker behavior towards livestock. In this study, we examined the impact of keeper attitudes 
about working with elephants on Keeper-Elephant Relationships (KERs) and Bonds (KEBs), and 
found evidence for reciprocity and welfare benefits to both parties. As part of a large, multi-
institutional study of zoo elephant welfare conducted at 60 zoos accredited by the American Zoo 
and Aquarium Association, blood samples were collected twice monthly for 1 year from 117 
African (Loxodont africanus) and 96 Asian (Elephas maximus) elephants for serum cortisol 
analyses as a measure of well-being. Information was collected via three online questionnaires: 
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1) a Keeper Survey of 277 elephant keepers about their opinions of and attitudes towards 
working with elephants and their job satisfaction; 2) an Elephant Behavior Profile Survey where 
keepers rated a total of 234 elephants on the frequencies of 24 behaviors, and 3) a Keeper-
Elephant Bonds Survey in which 209 individual keepers rated the strength of their bond with a 
specific elephant for a total of 427 keeper-elephant pairings. From the first two surveys, principle 
components analysis was used to create subscales of keeper attitudes, elephant behaviors and 
keeper job satisfaction. Component scores were then used as independent variables in 
epidemiological analyses of elephant mean serum cortisol and mixed model regressions of 
keeper job satisfaction. For African elephants, risk factors of low serum cortisol included Positive 
interactions with elephants (p = 0.039), Positive behaviors of elephants (friendly, affiliative) 
(P = 0.001), and Elephant interacts with public (P = 0.009). Age of the elephant was a small, but 
significant risk factor for higher cortisol (P = 0.005). For Asian elephants, the risk factors for low 
cortisol were attitudes indicating social inclusion in elephant groups (Keeper as herdmate, 
P = 0.039) and Elephant interacts with public (P = 0.006). Latitude of zoo was a predictor of higher 
cortisol (P = 0.041). Significant predictors of keeper Dissatisfaction with job were weaker Keeper-
Elephant Bonds (P = 0.003) and African Species (P = 0.038). Species differences in KERs and 
KEBs are discussed in terms of differing elephant management factors in zoos. The results 
provide evidence of the reciprocity of KERs and the mutual benefits of KEBs to both elephant and 
keeper. These results are relevant for zoo animal management and staff training. 

 
Clegg, I.L.K., Rodel, H.G., Boivin, X., Delfour, F. (2018). Looking forward to interacting with their 
caretakers: dolphins’ anticipatory behaviour indicates motivation to participate in specific events. Applied 
Animal Behaviour Science, 202, 85-93. 
 

Anticipatory behaviour describes the actions taken to prepare for an upcoming event. Bottlenose 
dolphins (Tursiops truncatus) in captivity are known to display anticipatory behaviours before 
feeding sessions, but it is unknown whether they would anticipate non-alimentary events. 
Furthermore, there is no published information available for any species on whether the level of 
anticipatory behaviour is predictive of an animal’s actual participation in the following event or 
reward: answering this question would bring us closer to understanding this behaviour and its 
related affective states. In this study, we used sound cues to condition dolphins to the arrival of 
toys in their pool or a positive Human-Animal Interaction (HAI) with a familiar trainer, and 
measured their anticipatory behaviour before each event. The protocol was validated since the 
dolphins performed significantly more anticipatory behaviour before the toys and HAI contexts 
than a control situation, by means of increased frequencies of surface looking and spy hopping. 
Furthermore, we found that dolphins showed more anticipatory behaviour before the HAI than the 
toys context (Linear Mixed Model with 1000 permutations, all P < 0.001). In the second part of the 
investigation, higher anticipatory behaviour before toy provision, HAIs, and feeding sessions was 
significantly correlated to higher levels of participation in the event itself (measured by time spent 
with humans/toys, and number of times dolphins left during feeding sessions; LMM with 1000 
permutations,respectively: β = 0.216 ± 0.100 SE, P = 0.039; β = 0.274 ± 0.097 
SE, P = 0.008; β = −0.169 ± 0.080 SE, P = 0.045). Our results suggest that toys and HAIs were 
perceived as rewarding events, and we propose that non-food human interactions play an 
important role in these animals’ lives. We also provide some of the first empirical evidence that 
anticipatory behaviour is correlated to the level of participation in the following event, supporting 
anticipatory behaviour as a measure of motivation, and hope that this stimulates further work 
regarding the use of this behaviour to assess and improve animal welfare. 

 
Cole, J., Fraser, D. (2018) Zoo animal welfare: The human dimension. Journal of Applied Animal Welfare 
Science, 21, 49-58 
 

Standards and policies intended to safeguard nonhuman animal welfare, whether in zoos, farms, 
or laboratories, have tended to emphasize features of the physical environment. However, 
research has now made it clear that very different welfare outcomes are commonly seen in 
facilities using similar environments or conforming to the same animal welfare requirements. This 
wide variation is almost certainly due, at least in part, to the important effects of the actions of 
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animal care staff on animal welfare. Drawing mostly on the farm animal literature, we propose 
that this “human dimension” of animal welfare involves seven components: (1) positive human–
animal interaction, (2) consistency and familiarity of keepers, (3) treating animals as individuals 
and taking account of their personalities, (4) the attitudes and personalities of keepers, (5) the 
keepers’ knowledge and experience, (6) the keepers’ own well-being, and (7) the influence of 
facility design on how keepers and others interact with the animals. We suggest that attention to 
these human factors provides major scope for improving the welfare of animals in zoos. 

 
Hosey, G., & Melfi, V. (2015). Are we ignoring neutral and negative human–animal relationships in 
zoos? Zoo Biology, 34(1), 1-8. 
 

Human–animal interactions (HAI), which may lead to human–animal relationships (HAR), may be 
positive, neutral, or negative in nature. Zoo studies show that visitors may be stressful, may have 
no effect, or may be enriching. There is also evidence that good HARs set up between animals 
and their keepers can have positive effects on animal welfare. However, we need to know more 
about negative HARs, and as a first step we attempt to do this here by considering cases where 
animals attack people in the zoo. Due to the sensitivity and rarity of these events data appear 
sparse and unsystematically collected. Here, information available in the public domain about the 
circumstances of these attacks has been collated to test hypotheses about negative HAIs derived 
from a model of zoo HARs. The limited data presented here broadly support the zoo HAR model, 
and suggest that attacks usually happen in unusual circumstances, where there may be a failure 
by the animal to recognise the HAR, or where the relationship, if there is one, does not hold; and 
give some support to the prediction that exposure to many keepers may impair the development 
of a positive HAR. This study may provide useful information for the zoo community to proactively 
collect systematic standardised records, which will enable a fuller understanding of zoo HARs, 
upon which appropriate measures might be adopted to build better zoo HARs, which are likely to 
positively impact zoo animal welfare, and reduce these rare incidences further.  

 
Hosey, G., Birke, L., Shaw, W. S., & Melfi, V. (2018). Measuring the strength of human–animal bonds in 
zoos. Anthrozoös, 31(3), 273-281. 
 

Repeated interactions within individual human and animal dyads can lead to the establishment of 
human–animal relationships (HARs), which may vary in quality from good to bad, defined in terms 
of the positivity (e.g., friendly contact, play) or negativity (e.g., aggression) of the interactions on 
which they are based. Particularly good HARs can be regarded as Human– Animal Bonds 
(HABs) if they are reciprocal and promote wellbeing in both parties. Although there is extensive 
evidence of the effects of HARs in agricultural animals and HABs in companion animals, there 
has been less investigation of these relationships in zoos, even though the development of 
HARs/HABs between zoo animals and their keepers could have important consequences for the 
welfare of both. Here we apply a modified version of the Lexington Attachment to Pets Scale 
(LAPS) in a zoo setting to quantify the strength of attachment of a sample of 22 keepers to the 
animals in their care at the zoo (ZA), in comparison with their attachment to their companion 
animals at home (PA). Results showed that mean PA scores (47.54 ± 3.6) were significantly 
higher than mean ZA scores (32.89 ± 2.6; t = –5.16, df = 13, p < 0.001), indicating stronger 
attachment to the companion animals. PA scores were lower in keepers who thought it 
inappropriate to have a bond with a zoo animal, compared with those who deemed it appropriate. 
Thus, HABs do appear to occur in the zoo context, though they are weaker than those developed 
in the home. This work also shows that a modified LAPS questionnaire is a suitable instrument for 
further investigation of HABs in zoos. 

 
Martin, R. A., & Melfi, V. (2016). A comparison of zoo animal behavior in the presence of familiar and 
unfamiliar people. Journal of Applied Animal Welfare Science, 19(3), 234-244. 
 

As recorded in domestic nonhuman animals, regular interactions between animals in zoos and 
keepers and the resulting relationship formed (human–animal relationship [HAR]) are likely to 
influence the animals' behaviors with associated welfare consequences. HAR formation requires 
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that zoo animals distinguish between familiar and unfamiliar people. This ability was tested by 
comparing zoo animal behavioral responses to familiar (routine) keepers and unfamiliar keepers 
(participants in the “Keeper for the Day” program). Study subjects included 1 African elephant 
(Loxodonta Africana), 3 Rothschild's giraffes (Giraffa camelopardalis rothschildi), 2 Brazilian tapir 
(Tapirus terrestris), and 2 slender-tailed meerkats (Suricata suricatta). Different behavior was 
evident and observed as decreased avoidance behavior toward familiar keepers 
(t7 = 6.00, p <  .001). This finding suggests the zoo animals have a lower level of fear toward 
familiar keepers. Keeper familiarity did not significantly affect any other behavioral measure. This 
finding suggests that in the current study, unfamiliar keeper presence did not appear to have 
detrimental effects. Furthermore, unfamiliar keeper–animal interactions could provide an 
increased number of positive human–animal interactions and potentially enhance animal welfare. 

 
Mehrkam, L. R., & Dorey, N. R. (2015). Preference assessments in the zoo: Keeper and staff predictions 
of enrichment preferences across species. Zoo Biology, 34(5), 418-430. 
 

Environmental enrichment is widely used in the management of zoo animals, and is an essential 
strategy for increasing the behavioral welfare of these populations. It may be difficult, however, to 

identify potentially effective enrichment strategies that are also cost‐effective and readily 

available. An animal's preference for a potential enrichment item may be a reliable predictor of 
whether that individual will reliably interact with that item, and subsequently enable staff to 
evaluate the effects of that enrichment strategy. The aim of the present study was to assess the 
utility of preference assessments for identifying potential enrichment items across six different 
species—each representing a different taxonomic group. In addition, we evaluated the agreement 
between zoo personnel's predictions of animals' enrichment preferences and stimuli selected via 
a preference assessment. Five out of six species (nine out of 11 individuals) exhibited clear, 
systematic preferences for specific stimuli. Similarities in enrichment preferences were observed 
among all individuals of primates, whereas individuals within ungulate and avian species 
displayed individual differences in enrichment preferences. Overall, zoo personnel, regardless of 

experience level, were significantly more accurate at predicting least‐preferred stimuli than most‐
preferred stimuli across species, and tended to make the same predictions for all individuals 
within a species. Preference assessments may therefore be a useful, efficient husbandry strategy 
for identifying viable enrichment items at both the individual and species levels.  

 
Orban, D. A., Siegford, J. M., & Snider, R. J. (2016). Effects of guest feeding programs on captive giraffe 
behavior. Zoo Biology, 35(2), 157-166. 
 

Zoological institutions develop human–animal interaction opportunities for visitors to advance 
missions of conservation, education, and recreation; however, the animal welfare implications 
largely have yet to be evaluated. This behavioral study was the first to quantify impacts of guest 
feeding programs on captive giraffe behavior and welfare, by documenting giraffe time budgets 
that included both normal and stereotypic behaviors. Thirty giraffes from nine zoos (six zoos with 
varying guest feeding programs and three without) were observed using both instantaneous scan 
sampling and continuous behavioral sampling techniques. All data were collected during summer 
2012 and analyzed using linear mixed models. The degree of individual giraffe participation in 
guest feeding programs was positively associated with increased time spent idle and marginally 
associated with reduced time spent ruminating. Time spent participating in guest feeding 
programs had no effect on performance of stereotypic behaviors. When time spent eating routine 
diets was combined with time spent participating in guest feeding programs, individuals that spent 
more time engaged in total feeding behaviors tended to perform less oral stereotypic behavior 

such as object‐licking and tongue‐rolling. By extending foraging time and complexity, guest 

feeding programs have the potential to act as environmental enrichment and alleviate unfulfilled 
foraging motivations that may underlie oral stereotypic behaviors observed in many captive 
giraffes. However, management strategies may need to be adjusted to mitigate idleness and 

other program consequences. Further studies, especially pre‐and‐post‐program implementation 

comparisons, are needed to better understand the influence of human–animal interactions on zoo 
animal behavior and welfare.  
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Proctor, C. M., & Brown, J. L. (2015). Influence of handling method on adrenal activity in zoo African and 
Asian elephants. Journal of Zoo and Aquarium Research, 3(1), 1-5. LINK to full article. 
 

As a first step towards investigating the effect of management choice – free contact (FC) or 
protected contact (PC) – on zoo elephant well-being,this study evaluated serum cortisol 
concentrations in weekly samples collected over a 2-year period from 112 female elephants (58 
African, 54 Asian) managed in either FC (n=58) or PC (n=54) management systems at 48 
facilities.  Results showed there were no differences in overall or baseline mean concentrations of 
serum cortisol between the two management systems.  A GLM analysis exploring the response of 
individual baseline cortisol concentration to management (FC vs PC), facility, species, and the 
interaction of management and facility revealed that the only parameter with significant 
explanatory power was the facility where the elephants were housed.  Thus, it may be more 
important to evaluate specific facility effects on adrenal activity, such as enclosure conditions, 
enrichment opportunities, or social interactions, rather than handling technique.  Although many 
zoos are moving to a PC management approach, particularly within the American Zoo and 
Aquarium Association, from a welfare standpoint there is probably not a one-size-fits-all 
management strategy that is ideal.  Rather, it may be necessary to consider individual elephant 
coping styles and social needs on a case by case basis before deciding whether FC or PC is 
most appropriate for management, especially when considering how to address welfare 
concerns. 

 
Serres, A., & Delfour, F. (2017). Environmental changes and anthropogenic factors modulate social play 
in captive bottlenose dolphins (Tursiops truncatus). Zoo Biology, 36(2), 99-111. 
 

Social play varies among species and individuals and changes in frequency and duration during 
ontogeny. This type of play is modulated by environmental changes (e.g., resource availability). In 
captivity, cetaceans and their environment are managed by humans, and training sessions and/or 
public presentations punctuate the day as well as other frequent or occasional events. There is a 
lack of research on the effects of environmental events that occur in captivity and might affect 
dolphins’ behavior. We studied the context in which nine bottlenose dolphins (Tursiops truncatus) 
played socially and the events that could potentially impact this social interaction. The dolphins’ 
social play behavior was significantly more frequent and lasted longer in the morning than in the 

afternoon and was present before and after interactions with their trainers with a non‐significant 

tendency to be more frequent before and after a training session than a public presentation. In an 
experimental paradigm using familiar environmental enrichment, our results demonstrated that 
environmental enrichment tended to increase social play duration whereas temporary noisy 
construction work around the pool and display of agonistic behaviors by members of the group 
significantly decreased it. These results contribute to better understand the social play distribution 
in captive bottlenose dolphins and the impact of different events within their daily lives. Since play 
decreases or disappears when animals are facing unfavorable conditions, the evaluation of social 
play may relate to the animals’ current well‐being. We suggest that social play has potential to 

become an indicator of bottlenose dolphins’ current welfare state. 
 
Wagman, J. D., Wolfe, B. A., & Schook, M. W. (2015). The effect of fluphenazine decanoate on 
glucocorticoid production, reproductive cyclicity, and the behavioral stress response in the Persian onager 
(Equus hemionus onager). Zoo Biology, 34(6), 525-534. 
 

Artificial insemination, performed to maximize genetic diversity in populations of zoo‐housed 

animals, requires intensive management and has been associated with low success rates in 
fractious species. In these species, stressors, such as frequent handling, may impact fertility. 

Long‐acting neuroleptic pharmaceuticals (LANs) can attenuate the stress response to handling, 

but may also disrupt ovulation in some species, compromising their use for artificial insemination. 
Therefore, the goal of this study was to determine whether LANs may be used to mitigate stress 
during reproductive management in wild equids without inhibiting ovulation. Six female Persian 
onagers (Equus hemionus onager) were treated with fluphenazine decanoate (FD; 0.1 mg/kg IM) 
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or saline control in a random crossover design study. Urinary cortisol, progesterone, estrogen 
metabolites and behavior were monitored, and follicular dynamics were examined using 
ultrasonography until ovulation. Onagers demonstrated significantly lower cortisol concentrations 
(P = 0.03) when treated with FD (6.61 ± 3.26 ng/mg creatinine) compared to saline 
(9.73 ± 3.19 ng/mg creatinine). Overall, there were no differences in peak estrogen (P = 0.51) or 
progesterone (P = 0.38) concentrations between the two groups, and all animals ovulated within 
the expected time frame following FD treatment. However, some onagers exhibited only minor 
reductions in cortisol secretion and one treated female demonstrated a suppressed luteal 
progesterone peak, indicating a possible reproductive cost to FD administration. While FD may 
be useful for highly fractious equids for which the stress of handling delays or inhibits ovulation, 
these results warrant further investigation of dosing.  

 
Ward, S. J., & Melfi, V. (2015). Keeper-animal interactions: Differences between the behaviour of zoo 
animals affect stockmanship. PLoS One, 10(10). LINK to full article. 
 

Stockmanship is a term used to describe the management of animals with a good stockperson 
someone who does this in a in a safe, effective, and low-stress manner for both the stock-keeper 
and animals involved. Although impacts of unfamiliar zoo visitors on animal behaviour have been 
extensively studied, the impact of stockmanship i.e familiar zoo keepers is a new area of 
research; which could reveal significant ramifications for zoo animal behaviour and welfare. It is 
likely that different relationships are formed dependant on the unique keeper-animal dyad 
(human-animal interaction, HAI). The aims of this study were to (1) investigate if unique keeper-
animal dyads were formed in zoos, (2) determine whether keepers differed in their interactions 
towards animals regarding their attitude, animal knowledge and experience and (3) explore what 
factors affect keeper-animal dyads and ultimately influence animal behaviour and welfare. Eight 
black rhinoceros (Diceros bicornis), eleven Chapman’s zebra (Equus burchellii), and twelve 
Sulawesi crested black macaques (Macaca nigra) were studied in 6 zoos across the UK and 
USA. Subtle cues and commands directed by keepers towards animals were identified. The 
animals latency to respond and the respective behavioural response (cue-response) was 
recorded per keeper-animal dyad (n = 93). A questionnaire was constructed following a five-point 
Likert Scale design to record keeper demographic information and assess the job satisfaction of 
keepers, their attitude towards the animals and their perceived relationship with them. There was 
a significant difference in the animals’ latency to appropriately respond after cues and commands 
from different keepers, indicating unique keeper-animal dyads were formed. Stockmanship style 
was also different between keepers; two main components contributed equally towards this: 
“attitude towards the animals” and “knowledge and experience of the animals”. In this novel 
study, data demonstrated unique dyads were formed between keepers and zoo animals, which 
influenced animal behaviour. 

 
 
Ward, S. J., & Sherwen, S. L. (2018). Zoo animals. In: Anthrozoology: Human-Animal Interactions in 
Domesticated and Wild Animals Eds Geoff Hosey & Vicky Melfi pp. 81-103, Oxford University Press. 
 
 No abstract available. 
 
Ward, S. J., Sherwen, S., & Clark, F. E. (2018). Advances in applied zoo animal welfare science. Journal 
of Applied Animal Welfare Science, 21(sup1), 23-33. 
 

Nonhuman animal welfare science is the scientific study of the welfare state of animals that 
attempts to make inferences about how animals feel from their behavior, endocrine function, 
and/or signs of physical health. These welfare measurements are applicable within zoos yet 
inherently more complex than in farms and laboratories. This complexity is due to the vast 
number of species housed, lack of fundamental biological information, and relatively lower 
sample sizes and levels of experimental control. This article summarizes the invited presentations 
on the topic of “Advances in Applied Animal Welfare Science,” given at the Fourth Global Animal 
Welfare Congress held jointly by the Detroit Zoological Society and the World Association of Zoos 

mailto:kcronin@lpzoo.org
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0140237


 

List updated Mar 2021; address questions to Katie Cronin (kcronin@lpzoo.org).  
76 

 

and Aquariums in 2017. The article focuses on current trends in research on zoo animal welfare 
under the following themes: (a) human–animal interactions and relationships, (b) anticipatory 
behavior, (c) cognitive enrichment, (d) behavioral biology, and (e) reproductive and population 
management. It highlights areas in which further advancements in zoo animal welfare science are 
needed and the challenges that may be faced in doing so. 

 
Watters, J. V., & Krebs, B. L. (2019). Assessing and Enhancing the Welfare of Animals with Equivocal 
and Reliable Cues. Animals, 9(9), 680. LINK to full article. 
 

The actions of human caretakers strongly influence animals living under human care. Here, we 
consider how intentional and unintentional signals provided by caretakers can inform our 
assessment of animals’ well-being as well as help to support it. Our aim is to assist in further 
developing techniques to learn animals’ affective state from their behavior and to provide simple 
suggestions for how animal caretakers’ behavior can support animal welfare. We suggest that 
anticipatory behavior towards expected rewards is related to decision-making behavior as viewed 
through the cognitive bias lens. By considering the predictions of the theories associated with 
anticipatory behavior and cognitive bias, we propose to use specific cues to probe the cumulative 
affective state of animals. Additionally, our commentary draws on the logic of reward sensitivity 
and judgement bias theories to develop a framework that suggests how reliable and equivocal 
signals may influence animals’ affective states. Application of this framework may be useful in 
supporting the welfare of animals in human care. 

 
Wilson, M. L., Perdue, B. M., Bloomsmith, M. A., & Maple, T. L. (2015). Rates of reinforcement and 
measures of compliance in free and protected contact elephant management systems. Zoo 
Biology, 34(5), 431-437. 
 

Protected contact is an alternative to traditional captive elephant training techniques that emerged 
as a result of concerns for animal welfare and personnel safety. The present study documented 
the behavior of elephants and their animal care professionals to determine rates of reinforcement 
and measures of compliance under two handling systems. Behavioral data were collected from 
animal care professionals and elephants during the elephants' baths in both free contact (FC) and 
protected contact (PC). Positive reinforcement, in the form of food, was delivered, on average, 
nearly eight times more frequently in the PC condition. Further, the mean rate at which the animal 
care professionals used the ankus in the FC condition as negative reinforcement was similar to 
the mean rate at which they provided positive reinforcement to the elephants in the FC condition. 
Latencies between verbal commands and the elephants' behaviors demonstrated an inconsistent 
pattern, but were generally longer in the PC condition. The mean percent of “refusals” by the 
elephants was higher for most behaviors across elephants in the PC condition. The findings 
suggest that animal care professionals did not heavily rely on positive reinforcement in the FC 
condition to elicit desired behaviors from the elephants, but this was the case in the PC condition. 
We propose that longer latencies and higher mean percent of refusals by the elephants may 
indicate that they were exercising choice or control over their environment, which has been 
associated with improved well‐being. Additional studies of this kind are needed to enable other 

institutions to make informed decisions about elephant management and welfare. 
 
Woolway, E. E., & Goodenough, A. E. (2017). Effects of visitor numbers on captive European red 
squirrels (Sciurus vulgaris) and impacts on visitor experience. Zoo Biology, 36(2), 112-119. 
  

Visitors to zoological collections can have substantial effects on captive animals that vary 
according to species, enclosure design, visitor proximity, and husbandry methods. One 

particularly intense form of visitor interaction occurs in immersive exhibits such as walk‐through 

enclosures. Such enclosures are increasingly common but effects on animal behavior are 
currently understudied. Here, the behavior of captive European red squirrels (Sciurus vulgaris) is 
studied in relation to visitor numbers in a walk‐through enclosure. We also quantify the correlation 

between squirrel encounters and visitor experience. Interaction with humans increased 
significantly as the number of visitors inside the enclosure increased. The number of children 
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present significantly increased locomotion and decreased eating, possibly due to disturbance and 
squirrels moving away from busy areas. By contrast, the number of adults significantly increased 
eating and decreased inactivity due to squirrels approaching visitors. The positive reinforcement 
training used by the keepers (offering food rewards to the squirrels for coming to them to allow 
routine medical checks) meant that squirrels associated adults with food opportunities. Squirrel 
encounter rate (number of squirrels seen by each group of visitors) was significantly affected by 
the number of adults and visitor duration (positive relationships) and noise as perceived by 
visitors (negative relationship). Encounter rate was positively correlated with overall visitor 
experience. Our results indicate that visitors affect behavior but this effect is influenced by 
husbandry methods. It is vital that visitors, especially children, minimize noise, and move slowly in 
the enclosure, both for the sake of the animals and their own experience. 

 
 

Abstracts: Impact of allowing choice and control on animal welfare 
 
Brando, S., & Buchanan-Smith, H. M. (2018). The 24/7 approach to promoting optimal welfare for captive 
wild animals. Behavioural Processes, 156, 83-95. 
 

We have an ethical responsibility to provide captive animals with environments that allow them to 
experience good welfare. Husbandry activities are often scheduled for the convenience of care 
staff working within the constraints of the facility, rather than considering the biological and 
psychological requirements of the animals themselves. The animal welfare 24/7 across the 
lifespan concept provides a holistic framework to map features of the animal’s life cycle, taking 
into account their natural history, in relation to variations in the captive environment, across day 
and night, weekdays, weekends, and seasons. In order for animals to have the opportunity to 
thrive, we argue the need to consider their lifetime experience, integrated into the environments 
we provide, and with their perspective in mind. Here, we propose a welfare assessment tool 
based upon 14 criteria, to allow care staff to determine if their animals’ welfare needs are met. 
We conclude that animal habitat management will be enhanced with the use of integrated 
technologies that provide the animals with more opportunities to engineer their own 
environments, providing them with complexity, choice and control. 

 
Krebs, B. L., Marrin, D., Phelps, A., Krol, L., & Watters, J. V. (2018). Managing aged animals in zoos to 
promote positive welfare: A review and future directions. Animals, 8(7), 116. LINK to full article. 
 

Improvements in veterinary care, nutrition, and husbandry of animals living in zoos have led to an 
increase in the longevity of these animals over the past 30 years. In this same time period, the 
focus of animal welfare science has shifted from concerns over mitigating negative welfare 
impacts to promoting positive welfare experiences for animals. For instance, providing 
opportunities for animals to exert agency, solve problems, or acquire rewards are all associated 
with positive welfare outcomes. Many common age-related changes result in limitations to 
opportunities for positive welfare experiences, either due to pain or other physical, cognitive, or 
behavioral limitations. This review aggregates information regarding common age-related 
physical and behavioral changes across species, discusses how age-related changes may limit 
positive welfare opportunities of aged animals in human care, and suggests potential 
management methods to help promote positive welfare for animals at all life stages in zoos and 
aquariums. 

 
 
Maia, C. M., & Volpato, G. L. (2016). A history-based method to estimate animal preference. Scientific 
Reports, 6, 28328. LINK to full article. 
 

Giving animals their preferred items (e.g., environmental enrichment) has been suggested as a 
method to improve animal welfare, thus raising the question of how to determine what animals 
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want. Most studies have employed choice tests for detecting animal preferences. However, 
whether choice tests represent animal preferences remains a matter of controversy. Here, we 
present a history-based method to analyse data from individual choice tests to discriminate 
between preferred and non-preferred items. This method differentially weighs choices from older 
and recent tests performed over time. Accordingly, we provide both a preference index that 
identifies preferred items contrasted with non-preferred items in successive multiple-choice tests 
and methods to detect the strength of animal preferences for each item. We achieved this goal by 
investigating colour choices in the Nile tilapia fish species. 

 
Špinka, M. (2019). Animal agency, animal awareness and animal welfare. Animal Welfare, 28(1), 11-20. 
 

In nature, animals need to actively engage with the environment in order to prosper in survival 
and reproduction. Hence, agency is a central adaptive characteristic of animal life. In this paper, I 
propose that from the adaptive/functional point of view, four levels of agency can be 
distinguished, namely passive/reactive agency (animal being behaviourally passive or purely 
reactive), action-driven agency (animal behaviourally pursuing current desirable outcomes), 
competence-building agency (animal engaging with the environment to gain skills and information 
for future use) and aspirational agency (the animal achieving long-term goals through planning 
and autobiographical reflection). Recent progress in affective neurobiology indicates that each tier 
of agency is supported by a different type of affective functioning, at least in the case of 
mammals. Furthermore, the particular agency levels can be linked to distinct degrees of 
awareness as defined by recent selfhood theories. Based on this coupling between agency 
adaptive functioning, affective neurobiology and animal awareness levels, I examine several links 
between animal agency and animal welfare, including the notion of animal boredom, and discuss 
how animal agency might be promoted in the restrictive frameworks of intensive animal farming. 

 
Veasey, J. S. (2017). In pursuit of peak animal welfare; the need to prioritize the meaningful over the 
measurable. Zoo Biology, 36(6), 413-425. 
 

Despite the diversity of animal welfare definitions, most recognise the centrality of the feelings of 
animals which are currently impossible to measure directly. As a result, animal welfare 
assessment is heavily reliant upon the indirect measurement of factors that either affect what 
animals feel, or are effected by how they feel. Physiological and health orientated measures have 
emerged as popular metrics for assessing welfare because they are quantifiable, can effect and 
be affected by how animals feel and have merits regardless of their relationship to the feelings of 
animals. However, their popularity in animal welfare assessment has led to them having a 
disproportionate influence on animal management to the detriment of animal welfare in numerous 
instances. Here, the case is made that a tension exists between management that prioritizes 
aspects of care reflecting popular animal welfare metrics such as those relating to physical 

health, and management that emphasizes psychological wellbeing. By re‐examining the relative 

merits of physical and psychological priorities in animal management, an alternate animal welfare 
paradigm emerges less tied to traditional welfare metrics. This paradigm theorizes about the 
possibility for an optimal animal welfare state to exist where managed animal populations 
provided essential psychological outlets but protected from key physical stressors routinely 
experienced in the wild, might experience higher levels of welfare than wild populations would 
routinely experience. The proposition that optimal animal welfare could theoretically be achieved 
in well managed and well designed captive environments challenges a widely held ethical 
perspective that captivity is inherently bad for animal welfare. 
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Abstracts: Tools to assess animal welfare 
  
Benn, A. L., McLelland, D. J., & Whittaker, A. L. (2019). A review of welfare assessment methods in 
reptiles, and preliminary application of the Welfare Quality® protocol to the pygmy blue-tongue skink, 
Tiliqua adelaidensis, using animal-based measures. Animals, 9(1), 27. LINK to full article. 
 

Reptiles are held at wildlife parks and zoos for display and conservation breeding programs and 
are increasingly being kept as pets. Reliable indicators of welfare for reptiles need to be 
identified. Current guidelines for the captive management of reptiles utilize resource-based, rather 
than animal-based indicators; the latter being a more direct reflection of affective state. In this 
paper we review the literature on welfare assessment methods in reptiles with a focus on animal-
based measures. We conclude that, whilst a number of physiological and behavioral indicators of 
welfare have been applied in reptiles, there is need for further validation of these methods across 
the diversity of species within the Class. Methods of positive welfare state assessment are 
comparatively understudied and need elucidation. Finally, we examine some widely-used welfare 
assessment tools in mammals and explore the application of the Welfare Quality® Protocol to the 
endangered pygmy blue-tongue skink, Tiliqua adelaidensis. We propose that this framework can 
form the basis for the development of taxon-specific tools with consideration of species-specific 
biology. 

 
Bethell, E. J. (2015). A “how-to” guide for designing judgment bias studies to assess captive animal 
welfare. Journal of Applied Animal Welfare Science, 18(sup1), S18-S42. 
 

Robust methods to assess nonhuman animal emotion are essential for ensuring good welfare in 
captivity. Cognitive bias measures such as the judgment bias task have recently emerged as 
promising tools to assess animal emotion. The simple design and objective response measures 
make judgment bias tasks suitable for use across species and contexts. In reviewing 64 studies 
published to date, it emerged that (a) judgment biases have been measured in a number of 
mammals and birds and an invertebrate; (b) no study has tested judgment bias in any species of 
fish, amphibian, or reptile; and (c) no study has yet investigated judgment bias in a zoo or 
aquarium. This article proposes that judgment bias measures are highly suitable for use with 
these understudied taxa and can provide new insight into welfare in endangered species housed 
in zoos and aquariums, where poor welfare impacts breeding success and, ultimately, species 
survival. The article includes a “how-to” guide to designing judgment bias tests with 
recommendations for working with currently neglected “exotics” including fishes, amphibians, and 
reptiles. 

 
Clegg, I. L. (2018). Cognitive bias in zoo animals: an optimistic outlook for welfare assessment. 
Animals, 8(7), 104. LINK to full article. 
 

Cognitive bias testing measures how emotional states can affect cognitive processes, often 
described using the “glass half-full/half-empty” paradigm. Classical or operant conditioning is 
used to measure responses to ambiguous cues, and it has been reported across many species 
and contexts that an animal’s cognitive bias can be directly linked to welfare state, e.g., those in 
better welfare make more optimistic judgements. Cognitive bias testing has only recently been 
applied to animals and represents a key milestone in welfare science: it is currently one of the 
only accurate methods available to measure welfare. The tests have been conducted on many 
farm, laboratory, and companion animal species, but have only been carried out in zoo settings a 
handful of times. The aims of this review are to evaluate the feasibility of cognitive bias testing in 
zoos and its potential as a tool for studying zoo animal welfare. The few existing zoo cognitive 
bias studies are reviewed, as well as those conducted on similar, non-domesticated species. This 
work is then used to discuss how tests could be successfully designed and executed in zoo 
settings, which types of tests are most appropriate in different contexts, and how the data could 
be used to improve animal welfare. The review closely examines the many variables are present 
in the zoo which cannot be controlled as in other settings, termed here the Zoo Environment (ZE) 
Variables. It is recommended that tests are developed after consideration of each of the ZE 
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Variables, and through strong collaboration between zookeepers, managers, and academic 
institutions. There is much unexplored potential of cognitive bias testing in the zoo setting, not 
least its use in investigating animal welfare in zoos. It is hoped that this review will stimulate 
increased interest in this topic from zoo managers, scientists, and industry regulators alike 

 
Clegg, I. L., Borger-Turner, J. L., & Eskelinen, H. C. (2015). C-Well: The development of a welfare 
assessment index for captive bottlenose dolphins (Tursiops truncatus). Animal Welfare, 24(3), 267-282. 
 

The field of welfare science and public concern for animal welfare is growing, with the focus 
broadening from animals on farms to those in zoos and aquaria. Bottlenose dolphins (Tursiops 
truncatus) are the most common captive cetaceans, and relevant regulatory standards are 
principally resource-based and regarded as minimum requirements. In this study, the farm animal 
Welfare Quality® assessment was adapted to measure the welfare of bottlenose dolphins, with a 
similar proportion of animal-based measures (58.3%). The 'C-Well®' assessment included eleven 
criterion and 36 species-specific measures developed in situ at three marine mammal zoological 
facilities, tested for feasibility and accuracy, and substantiated by published literature on wild and 
captive dolphins and veterinary and professional expertise. C-Well® scores can be calculated for 
each measure or combined to achieve an overall score, which allows for the comparison of 
welfare among individuals, demographics, and facilities. This work represents a first step in 
quantifying and systematically measuring welfare among captive cetaceans and can be used as a 
model for future development in zoos and aquaria, as well as a means to support benchmarking, 
industry best practices, and certification. 

 
Dalla Costa, E., Dai, F., Lebelt, D., Scholz, P., Barbieri, S., Canali, E., Zanella, A.J., & Minero, M. (2016). 
Welfare assessment of horses: The AWIN approach. Animal Welfare 25, 481-488. 
 

The EU-funded Animal Welfare Indicators (AWIN) research project (2011–2015) aimed to 
improve animal welfare through the development of practical on-farm animal welfare assessment 
protocols. The present study describes the application of the AWIN approach to the development 
of a welfare assessment protocol for horses (Equus caballus). Its development required the 
following steps: (i) selection of potential welfare indicators; (ii) bridging gaps in knowledge; (iii) 
consulting stakeholders; and (iv) testing a prototype protocol on-farm. Compared to existing 
welfare assessment protocols for other species, the AWIN welfare assessment protocol for 
horses introduces a number of innovative aspects, such as implementation of a two-level strategy 
focused on improving on-farm feasibility and the use of electronic tools to achieve standardised 
data collection and so promote rapid outcomes. Further refinement to the AWIN welfare 
assessment protocol for horses is needed in order to firstly gather data from a larger reference 
population and, secondly, enhance the welfare assessment protocol with reference to different 
horse housing and husbandry conditions. 

 
Danish, L. M., Heistermann, M., Agil, M., & Engelhardt, A. (2015). Validation of a novel collection device 
for non-invasive urine sampling from free-ranging animals. PloS One, 10(11). LINK to full article. 
 

Recent advances in non-invasively collected samples have opened up new and exciting 
opportunities for wildlife research. Different types of samples, however, involve different 
limitations and certain physiological markers (e.g., C-peptide, oxytocin) can only be reliably 
measured from urine. Common collection methods for urine to date work best for arboreal 
animals and large volumes of urine. Sufficient recovery of urine is thus still difficult for wildlife 
biologists, particularly for terrestrial and small bodied animals. We tested three collection devices 
(two commercially available saliva swabs, Salivette synthetic and cotton, and cotton First aid 
swabs) against a control to permit the collection of small volumes of urine from the ground. We 
collected urine samples from captive and wild macaques, and humans, measured volume 
recovery, and analyzed concentrates of selected physiological markers (creatinine, C-peptide, 
and neopterin). The Salivette synthetic device was superior to the two alternative devices. 
Concentrations of creatinine, absolute C-peptide, C-peptide per creatinine, absolute neopterin, 
and neopterin per creatinine measured in samples collected with this device did not differ 
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significantly from the control and were also strongly correlated to it. Fluid recovery was also best 
for this device. The least suitable device is the First aid collection device; we found that while 
absolute C-peptide and C-peptide per creatinine concentrations did not differ significantly from 
the control, creatinine concentrations were significantly lower than the control. In addition, these 
concentrations were either not or weakly correlated to the control. The Salivette cotton device 
provided intermediate results, although these concentrations were strongly correlated to the 
control. Salivette synthetic swabs seem to be useful devices for the collection of small amounts of 
urine from the ground destined for the assessment of physiological parameters. They thus 
provide new opportunities for field studies to incorporate physiological markers, particularly on 
smaller bodied and terrestrial animals and where urine collection is difficult. 

 
von Fersen, L., Encke, D., Hüttner, T., & Baumgartner, K. (2018). Establishment and implementation of 
an animal welfare decision tree to evaluate the welfare of zoo animals. Aquatic Mammals, 44(2), 211-220. 
 

During the last few decades, zoos and aquaria have preliminary report made great improvements 
in their exhibit designs, feeding routines, social housing conditions, mixed 3rd Step: In Situ 
Inspection – including verificaspecies presentations, and environmental enrich- tion of protocol 
application, and verification of ment, as well as in the prevention of infectious management, 
observations, and hormonal analysis and parasitic diseases, to enhance animal welfare. To 
monitor the effectiveness of all these changes, 4th Step: Conclusive Report – about the welfare 
animal welfare science is needed. It is important to state of the animals evaluate animal response 
by applying welfare metrics that include behaviour and/or physiology. To get This Decision Tree 
and its applicability were a state-of-the-art overview of animal welfare met- tested for two species 
at Zoo Nuremberg: (1) the rics, Zoo Nuremberg organized a workshop in May bottlenose dolphin 
(Tursiops truncatus) and (2) the 2016, inviting scientists from different disciplines. Antillean 
manatee (Trichechus manatus manatus). The workshop dealt with the challenges we face in The 
results of the practical application of the evaludeveloping and applying animal welfare indicators 
ation are described in this article. for zoo and aquarium animal species and clearly emphasized 
the need to assess the welfare of these Key Words: animal welfare, animal welfare animals. It 
was shown that animal welfare is science, assessment, aquatic mammals, zoo animals, zoo and 
many scientific methods are available to assess inspection, Decision Tree, bottlenose dolphin, 
welfare objectively at the species level, at least for Antillean manatee some vertebrate species. 
However, it remains a challenge to apply different scientific methods for Introduction assessment 
of the broad species collection(s) of zoological parks and the huge number of individuals. High 
standards of animal welfare are vital for The discussion also revealed that the assessment of all 
animals and, therefore, for animal collections animal welfare is a topic of much debate due to the 
in zoological parks. Animal welfare is enforced complexity and practical implications of the evalu- 
by environmental legislation from the overarchation. As a result, a written report was produced, 
ing European government collective (EU Council Assessment of Welfare of Marine Mammal 
Species Directive 1999/22/EC) and by animal welfare legin Zoological Parks (Zoo Nuremburg, 
2016), and a islation on the national level in many countries. A proposal for an animal welfare 
Decision Tree was good welfare state is a prerequisite for justifying created. The Decision Tree 
includes four different keeping animals under human care. Animal holdsteps, involving keepers, 
veterinarians, biologists, ers are responsible to secure animal welfare to the and animal welfare 
inspectors. 

 
Fogarty, E. S., Swain, D. L., Cronin, G., & Trotter, M. (2018). Autonomous on-animal sensors in sheep 
research: A systematic review. Computers and electronics in agriculture, 150, 245-256. 
 

This systematic review explores the use of on-animal sensor technology in sheep research. A 
total of 71 peer-reviewed articles reporting on 82 independent experiments were reviewed, 
ranging in publication date from 1983 to 2017 and distributed across all populated continents. The 
findings demonstrate increasing numbers of published studies that validate the application of 
sensor technology to categorise and quantify sheep behaviour. The studies also used sheep 
sensors for environmental management, validation of data analysis methods and for health and 
welfare research. Whilst historically many applications of sensors in sheep research have been 
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conducted over a short period with small numbers of experimental animals, this trend appears to 
be changing as technology develops and access improves. The literature suggests that many 
applications of sensors have already or are currently moving through a proof-of-concept stage, 
allowing future applications to focus on commercialisation of technology and potential integration 
with other technologies already in use (e.g. weather data). 

 
Harvey, A. M., Beausoleil, N. J., Ramp, D., & Mellor, D. J. (2020). A ten-stage protocol for assessing the 
welfare of individual non-captive wild animals: Free-roaming horses (Equus ferus caballus) as an 
example. Animals, 10(1), 148. LINK to full article. 
 

Knowledge of the welfare status of wild animals is vital for informing debates about the ways in 
which we interact with wild animals and their habitats. Currently, there is no published information 
about how to scientifically assess the welfare of free-roaming wild animals during their normal 
day-to-day lives. Using free-roaming horses as an example, we describe a ten-stage protocol for 
systematically and scientifically assessing the welfare of individual non-captive wild animals. The 
protocol starts by emphasising the importance of readers having an understanding of animal 
welfare in a conservation context and also of the Five Domains Model for assessing welfare. It 
goes on to detail what species-specific information is required to assess welfare, how to identify 
measurable and observable indicators of animals’ physical states and how to identify which 
individuals are being assessed. Further, it addresses how to select appropriate methods for 
measuring/observing physical indicators of welfare, the scientific validation of these indicators 
and then the grading of animals’ welfare states, along with assigning a confidence score. Finally, 
grading future welfare risks and how these can guide management decisions is discussed. 
Applying this ten-stage protocol will enable biologists to scientifically assess the welfare of wild 
animals and should lead to significant advances in the field of wild animal welfare 

 
Justice, W. S. M., O'Brien, M. F., Szyszka, O., Shotton, J., Gilmour, J. E. M., Riordan, P., & Wolfensohn, 
S. (2017). Adaptation of the animal welfare assessment grid (AWAG) for monitoring animal welfare in 
zoological collections. Veterinary Record, vetrec-2017. 
 

Animal welfare monitoring is an essential part of zoo management and a legal requirement in 
many countries. Historically, a variety of welfare audits have been proposed to assist zoo 
managers. Unfortunately, there are a number of issues with these assessments, including lack of 
species information, validated tests and the overall complexity of these audits which make them 
difficult to implement in practice. The animal welfare assessment grid (AWAG) has previously 
been proposed as an animal welfare monitoring tool for animals used in research programmes. 
This computer-based system was successfully adapted for use in a zoo setting with two 
taxonomic groups: primates and birds. This tool is simple to use and provides continuous 
monitoring based on cumulative lifetime assessment. It is suggested as an alternative, practical 
method for welfare monitoring in zoos. 

 
Kagan, R., Carter, S., & Allard, S. (2015). A universal animal welfare framework for zoos. Journal of 
Applied Animal Welfare Science, 18(sup1), S1-S10. 
 

The Detroit Zoological Society's (DZS) Center for Zoo Animal Welfare (CZAW) was created to 
advance the science and policy of the welfare of exotic nonhuman animals in captivity. This 
important part of the DZS mission is achieved through assessments of, and research on, the 
welfare of animals in zoos; by recognizing extraordinary achievement in the advancement of 
animal welfare; by widely sharing knowledge through a bibliographic resource center; by 
conducting professional training for animal care staff; and by convening important discussions in 
the form of international symposia. This special issue of the Journal of Applied Animal Welfare 
Science features selected papers from the most recent international CZAW symposium held at 
the Detroit Zoo in November 2014, as well as a universal framework for zoo animal welfare 
developed by the DZS. 
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McLennan, K. M., Miller, A. L., Dalla Costa, E., Stucke, D., Corke, M. J., Broom, D. M., & Leach, M. C. 
(2019). Conceptual and methodological issues relating to pain assessment in mammals: The 
development and utilisation of pain facial expression scales. Applied Animal Behaviour Science, 217, 1-
15. 
 

Effective management of pain is critical to the improvement of animal welfare. For this to happen, 
pain must be recognised and assessed in a variety of contexts. Pain is a complex phenomenon, 
making reliable, valid, and feasible measurement challenging. The use of facial expressions as a 
technique to assess pain in non-verbal human patients has been widely utilised for many years. 
More recently this technique has been developed for use in a number of non-human species: 
rodents, rabbits, ferrets, cats, sheep, pigs and horses. Facial expression scoring has been 
demonstrated to provide an effective means of identifying animal pain and in assessing its 
severity, overcoming some of the limitations of other measures for pain assessment in animals. 
However, there remain limitations and challenges to the use of facial expression as a welfare 
assessment tool which must be investigated. This paper reviews current facial expression pain 
scales (“Grimace Scales”), discussing the general conceptual and methodological issues faced 
when assessing pain, and highlighting the advantages of using facial expression scales over 
other pain assessment methods. We provide guidance on how facial expression scales should be 
developed so as to be valid and reliable, but we also provide guidance on how they should be 
used in clinical practice. 

 
McLennan, K. M., Skillings, E. A., Rebelo, C. J., Corke, M. J., Moreira, M. A. P., Morton, A. J., & 
Constantino-Casas, F. (2015). Validation of an automatic recording system to assess behavioural activity 
level in sheep (Ovis aries). Small Ruminant Research, 127, 92-96. 
 

The welfare of an individual can be assessed by monitoring behavioural changes, such as 
inactivity, that may indicate injury or disease. In this study we validated the Actiwatch Mini® 
activity monitor (AM) for automatic recording of behavioural activity levels of nine Texel ewes. 
The AM devices were attached to collars placed around the necks of the ewes. AM recordings 
were taken at 25 second intervals for 21 consecutive days and in addition, direct behavioural 
observations made on days 9–13. AM recordings were compared with direct behavioural 
observations to investigate whether different levels of behaviour activity could be distinguished by 
the AM. Six different behaviours were matched to the activity scores recorded by the AM which 
were low activity (lying ruminating, lying), medium activity (standing, standing ruminating, and 
grazing) and high activity behaviours (walking). There were differences in the activity scores for 
all three scores. However, higher levels of accuracy in distinguishing between activity levels were 
achieved when combining high and medium activity level behaviours. This method of capturing 
data provides a practical tool in studies assessing the impact of disease or injury. For example, 
assessing the effects of lameness on the activity level of sheep at pasture, without the presence 
of an observer influencing behaviour. 

 
Minero, M., Dalla Costa, E., Dai, F., Murray, L. A. M., Canali, E., & Wemelsfelder, F. (2016). Use of 
Qualitative Behaviour Assessment as an indicator of welfare in donkeys. Applied Animal Behaviour 
Science, 174, 147-153. 
 

One of the objectives of the Animal Welfare Indicators project was to develop animal-based 
indicators to assess donkey welfare, including their emotional state. This study aimed to develop 
a fixed rating scale of Qualitative Behaviour Assessment (QBA) for donkeys, to evaluate the inter-
observer reliability when applied on-farm, and to assess whether the QBA outcomes correlate to 
other welfare measures. A fixed list of 16 descriptors was designed on the basis of a consultation 
in a focus group. The fixed list was then used by four trained observers to score nine 2 min 
videos of groups of donkeys owned by six farms and on-farm to score 11 donkey facilities 
representative of the most common type of donkey facilities in Western Europe. On each farm 
one experienced assessor collected different welfare measures on all the adult donkeys. The 
QBA scores and welfare measures were analysed using Principal Component Analysis (PCA, 
correlation matrix, no rotation). Kendall's W and ANOVA were used to assess inter-observer 
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reliability. PCA revealed three main components explaining 79% of total variation between them. 
PC1 ranged from at ease/relaxed to aggressive/uncomfortable, suggesting that this Component is 
important in the description of the valence of donkeys’ affective states. PC2 was more related to 
the level of arousal of donkeys, ranging from apathetic to distressed/responsive. The four 
assessors showed a good level of agreement on the first two dimensions of the PCA 
(Kendall's W varying from 0.61 to 0.90), and there was no significant effect of observer on donkey 
QBA scores (ANOVA p > 0.05), both for the videos and on-farm. PCA of all measures together 
showed positive QBA descriptors on PC1 (relaxed, at ease, happy, friendly) to be associated with 
positive human–donkey interaction indicators (absence of tail tuck, no avoidance, and positive 
reaction to an assessor walking down the side of the donkey).Our findings suggest that QBA is a 
suitable tool to identify the emotional state of donkeys on-farm. A fixed list of descriptors can be 
used consistently by different trained assessors as a valid addition to a number of animal welfare 
assessment indicators. 

de Mori, B., Ferrante, L., Florio, D., Macchi, E., Pollastri, I., & Normando, S. (2019). A protocol for the 
ethical assessment of wild animal–Visitor interactions (AVIP) evaluating animal welfare, education, and 
conservation outcomes. Animals, 9(8), 487. LINK to full article. 
 

Due to the popularity of wild animal–visitor interactions (AVIs), there is a need for an ethical 
assessment of their impact on animal welfare, education, and conservation. The protocol 
presented in this study is designed to evaluate such interactions on an integrated level, using a 
transparent analysis of all the aspects involved, including all the stakeholders and the potential 
conflicts of values. The protocol consists of a six-step process encompassing dedicated data 
acquisition and a specific ethical assessment. When the protocol was applied to assess a “giraffe 
feeding” interaction, steps devoted to data acquisition found that animal welfare risks were low, 
and that visitors described giraffes with emotionally linked descriptors more often after the 
interaction. The net promoter score, which refers to how likely visitors would recommend to a 
friend to join the animal–visitor interaction, was 74%. The subsequent ethical assessment, which 
consisted of a comparison of the results of the previous steps with an ethical matrix highlighting 
the ideal situation for all stakeholders’ interests, allowed the overall identification of the ethical 
concerns entailed by the interaction. A final ethical checklist of the examined AVI had a “yes” in 
entries regarding animal welfare, emotional, and conservation mindedness outcomes and ethical 
assessment. 

 
Renggaman, A., Choi, H. L., Sudiarto, S. I., Alasaarela, L., & Nam, O. S. (2015). Development of pig 
welfare assessment protocol integrating animal-, environment-, and management-based 
measures. Journal of Animal Science and Technology, 57(1), 1. 
 

Due to increased interest in animal welfare, there is now a need for a comprehensive assessment 
protocol to be used in intensive pig farming systems. There are two current welfare assessment 
protocols for pigs: Welfare Quality® Assessment Protocols (applicable in the Europe Union), that 
mostly focuses on animal-based measures, and the Swine Welfare Assurance Program 
(applicable in the United States), that mostly focuses on management- and environment-based 
measures. In certain cases, however, animal-based measures might not be adequate for properly 
assessing pig welfare status. Similarly, welfare assessment that relies only on environment- and 
management-based measures might not represent the actual welfare status of pigs. Therefore, 
the objective of this paper was to develop a new welfare protocol by integrating animal-, 
environment-, and management-based measures. The background for selection of certain 
welfare criteria and modification of the scoring systems from existing welfare assessment 
protocols are described. 

 
Sherwen, S. L., Hemsworth, L. M., Beausoleil, N. J., Embury, A., & Mellor, D. J. (2018). An animal welfare 
risk assessment process for zoos. Animals, 8(8), 130. LINK to full article. 
 

There is a growing interest and need for zoos to develop and implement welfare assessment 
tools that are practical to use and provide meaningful results that can inform management 
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decisions. This paper presents a process that was developed to support this type of evidence-
based management in zoo animal welfare. The process is configured to facilitate institutional risk 
assessment, using an adapted version of the Five Domains Model for animal welfare 
assessment. It is designed to systematically analyse information gathered from zoo personnel in 
order to highlight areas of welfare risk, as well as areas that are performing well and areas 
requiring further investigation. A trial was conducted on three zoos over three years. Results of 
the trial suggest the process developed is practical and effective in identifying areas of welfare 
risk in a wide range of species in a zoo setting. It represents a further step towards achieving 
high-level animal welfare in zoos by integrating animal welfare as an institutional priority. The 
more zoos that employ such strategies, the greater the ability of the sector to advance the welfare 
of the animals in their care. 
 

Troxell-Smith, S. M., Watters, J. V., Whelan, C. J., & Brown, J. S. (2017). Zoo foraging ecology: 
Preference and welfare assessment of two okapi (Okapia johnstoni) at the Brookfield Zoo. Animal 
Behavior and Cognition, 4(2), 187-199. LINK to full article. 
 

Applying principles of foraging ecology to zoo-housed animals can positively influence animal 
behavior, and assist with evaluating exhibit space and design. In this study, we implemented zoo 
foraging ecology by measuring giving-up densities (GUDs) in food patches to address several 
welfare-related questions with captive okapi (Okapia johnstoni). Our objectives were to: (1) 
determine whether food patches can reveal how the individual animals perceive their exhibit 
space (i.e., areas of preference and aversion; landscapes of comfort); and (2) determine whether 
implementation of food patches could reduce performance of repetitive behavior. We established 
24 food patches throughout the 929 m2 outdoor exhibit, determined each okapi’s landscape of 
comfort, and evaluated the effects of the presence or absence of these food patches on okapi 
behavior. Food patches revealed landscapes of comfort that were unique to each individual. Food 
patch presence did not significantly lower the proportion of time spent in repetitive behavior, but 
did significantly increase the proportion of time that each animal spent actively foraging and 
animal movement throughout the exhibit space. We conclude that utilizing food patches in animal 
enrichment and welfare regimes can benefit zoo-housed species, particularly okapi, by providing 
not only a valuable form of enrichment, but by also allowing animals to directly reveal their 
individual perceptions and exhibit preferences to their caretakers. 

 

Troxel-Smith, S. M., Whelani, C., Magle, S. B., & Brown, S. (2017). Zoo foraging ecology: development 
and assessment of a welfare tool for. Animal Welfare, 26, 265-275. 
 

Foraging ecology and food patch studies are commonly used to elucidate the environmental 
perceptions of wild, free-ranging animals. Their application to captive animals, however, 
especially those in zoos, is still in its infancy. To illustrate some specific applications of zoo 
foraging ecology, we provide a study that evaluated: (i) whether patch use and giving-up densities 
(GUDs) can reveal areas of preference within an exhibit for zoo species; (ii) if food patches 
provide an effective form of behavioural enrichment; and (iii) if visitor interest and behaviour is 
affected by food patch presence. A combination of behavioural observations, and experimental 
food patches and giving-up densities were used to address these objectives in 
Parma wallabies (Macropus parma) and Patagonian cavies (Dolichotis patagonum) at Lincoln 
Park Zoo, Chicago, Illinois USA. GUDs revealed distinct areas of preference and aversion within 
the exhibit for cavies, but not so for the wallabies. For both species, presence of food patches 
increased foraging behaviours, decreased inactive behaviours, and increased within-exhibit 
movement, demonstrating that food patches serve as an effective behavioural enrichment 
technique. The use of food patches also revealed striking differences between individuals, 
particularly for the pair of cavies. There were encouraging trends toward increased visitor number 
and stay-time when food patches were present in each exhibit, but the effect was not statistically 
significant. These results suggest that utilising patch use, GUDs, and foraging theory in zoo 
populations may enhance animal welfare, and can inform improvements to exhibit design directly 
from the animal's perspective. We conclude with a broader discussion of zoo foraging ecology as 
an emerging field, with suggestions for future avenues of research. 
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Wark, J. D., Cronin, K. A., Niemann, T., Shender, M. A., Horrigan, A., Kao, A., & Ross, M. R. (2019). 
Monitoring the behavior and habitat use of animals to enhance welfare using the ZooMonitor app. Animal 
Behavior and Cognition, 6(3) 158-167. LINK to full article. 
 

Regular monitoring of the behavior, habitat use, and appearance of animals can provide valuable 
insight into their welfare. These ongoing data can help identify meaningful trends that can be 
acted upon to enhance welfare, and potentially reveal individual preferences and patterns that 
can facilitate care tailored to the individual. To provide a low cost, flexible, user-friendly tool for 
staff to conduct systematic behavioral monitoring, Lincoln Park Zoo, with development support 
from Zier Niemann Consulting, created the ZooMonitor app. With ZooMonitor, users can record 
the behavior and habitat use of animals using standardized animal behavior recording methods 
as well as log individual characteristics such as body condition or coat/feather quality. These data 
can be recorded using computers or tablet devices, and data are uploaded to a cloud server 
where the user can conduct automated reliability tests to check observer consistency and 
generate built-in reports such as activity budgets and heat maps showing how animals use their 
available space. To demonstrate the use of ZooMonitor in an ongoing monitoring program, two 
case studies from Lincoln Park Zoo are presented: 1) promoting increased foraging and broader 
habitat use of pygmy hippos (Choeropsis liberiensis); and 2) tracking feather condition changes in 
a flock of domestic chickens (Gallus gallus). These examples highlight the importance of 
standardized monitoring and use of digital tools like ZooMonitor to enable science-based 
husbandry practices and promote positive welfare for animals in human care. 

 
Warwick, C., Arena, P. Lindley, S. Jessop, M., & Steedman. C. (2013). Assessing reptile welfare using 
behavioural criteria. In Practice, 35,123-131.  
 

While clinical reptile medicine as a science is in its ascendancy among veterinary surgeons and 
other interested groups, familiarity with the often related issue of reptilian behavioural and 
psychological health appears less common. Behavioural change in reptiles, as in other animals, 
is often the primary indicator of disturbance, injury or disease. Just as a behavioural sign may be 
an indicator of stress or a physical problem, a physical sign may be an indicator of a behavioural 
problem, and abnormal behaviour may result in injury and disease. This article focuses on 

abnormal behaviour in reptiles, including signs of captivity‐stress, injury and disease and their 

aetiologies, and takes a fresh look at some old and established biological and husbandry 
problems. Concise diagnostic guidance on behaviour issues is also included. The article might 
serve to prompt questions that may be asked of reptile keepers when evaluating animal and 
husbandry background. 

 
Whitham, J. C., & Miller, L. J. (2016). Using technology to monitor and improve zoo animal 
welfare. Animal Welfare, 25(4), 395-409. 
 

While the international zoological community is committed to enhancing the welfare of individual 
animals, researchers have yet to take full advantage of the tools available for non-invasively 
tracking behavioural and physiological indicators of welfare. We review technology currently 
being applied in studies of zoo, farm and laboratory animals to regularly monitor welfare status, 
as well as to evaluate responses to particular stimuli and situations. In terms of behavioural 
measures, we focus on automated assessments that offer insight into how animals — even those 
that are nocturnal or elusive — behave when humans are not present. Specifically, we provide an 
overview of how animal-attached technology (accelerometers, global positioning systems, radio 
frequency identification systems) can be implemented to generate activity budgets, examine use 
of space, conduct gait assessments, determine rates of movement and study social dynamics. 
We also emphasise the value of bioacoustics, as the rate and acoustic structure of certain 
vocalisations may vary across contexts and reflect an animal’s internal state. While it can be 
challenging to identify non-invasive methods for investigating physiological welfare indicators, we 
discuss approaches (thermography, tracking measures of heart rate) that may be especially 
useful for monitoring affective states and psychophysiological functioning. Finally, we make a 
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concerted effort to highlight tools that allow welfare scientists to consider measures of positive 
welfare. Ultimately, zoos can ensure that each animal has the opportunity to thrive by employing 
technology to create baseline behavioural and physiological profiles, conduct ongoing monitoring 
schemes and assess responses to specific conditions, events and stimuli. 

 
Wolfensohn, S., Shotton, J., Bowley, H., Davies, S., Thompson, S., & Justice, W. S. (2018). Assessment 
of welfare in zoo animals: Towards optimum quality of life. Animals, 8(7), 110. LINK to full article. 
 

Zoos are required to maintain a high standard of animal welfare, and this can be assessed using 
a combination of resource-based and animal-based indices usually divided into behavioural 
indicators, physiological indicators and clinical/pathological signs. Modern animal welfare 
assessments should aim to encompass positive affective states and the indicators that are useful 
in assessing these are discussed. When developing factors to be scored for each species, there 
is huge variability in the available information about the natural biology for some zoo species and 
even less information concerning those animals in captivity. Wild baselines are not always the 
most accurate indicator of what is right for an animal in captivity, which makes the identification of 
factors to include within species-specific welfare assessment even more challenging. When 
planning a welfare strategy for any species, it is important that the full range of their biological 
requirements and needs are considered, but this can be challenging for some zoo species and it 
is not possible to define a “one size fits all” welfare strategy. The different approaches for welfare 
assessment are reviewed, including the development of the Animal Welfare Assessment Grid 
which offers an evidence-based tool for continual welfare assessment, using technology where 
appropriate, to facilitate decision making and lead to improvements in the animals’ quality of life.  

 
Yon, L., Williams, E., Harvey, N. D., & Asher, L. (2019). Development of a behavioural welfare 
assessment tool for routine use with captive elephants. PLoS One, 14(2), e0142051. LINK to full article. 
 

There has been much concern in recent years about the welfare of elephants in zoos across 
North America and Europe. While some previous studies have assessed captive elephant welfare 
at a particular point in time, there has been little work to develop methods which could be used for 
regular, routine welfare assessment. Such assessment is important in order to track changes in 
welfare over time. A welfare assessment tool should be rapid, reliable, and simple to complete, 
without requiring specialist training and facilities; welfare assessments based on behavioural 
observations are well suited to this purpose. This report describes the development of a new 
elephant behavioural welfare assessment tool designed for routine use by elephant keepers. Tool 
development involved: (i) identification of behavioural indicators of welfare from the literature and 
from focus groups with relevant stakeholders; (ii) development of a prototype tool; (iii) testing of 
the tool at five UK zoological institutions, involving 29 elephants (representing 46% of the total UK 
captive elephant population of 63 animals); (iv) assessment of feasibility and reliability of aspects 
of the prototype tool; (v) assessment of the validity of each element of the tool to reflect the 
relevant behaviour by comparing detailed behavioural observations with data from the prototype 
tool; (vi) assessment of known-groups criterion validity by comparing prototype tool scores in 
individuals with demographics associated with better or worse welfare; (vii) development of a 
finalised tool which incorporated all elements of the tool which met the criteria set for validity and 
reliability. Elements of the tool requiring further consideration are discussed, as are 
considerations for appropriate application and interpretation of scores. This novel behavioural 
welfare assessment tool can be used by elephant-holding facilities for routine behavioural welfare 
monitoring, which can inform adjustments to individual welfare plans for each elephant in their 
collection, to help facilities further assess and improve captive elephant welfare. This study 
provides an example of how an evidence-based behavioural welfare assessment tool for use by 
animal caretakers can be developed within the constraints of zoo-based research, which could be 
applied to a range of captive species. 
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