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The issue of Connect in which the abstract was first published is listed below each abstract.  

The articles are sorted by category; the categories are Animal Health and Welfare, 
Conservation, and Education and Professional Development. See the Table of Contents for 
further subdivisions within each category. Within each heading, the documents are sorted by 
first author’s last name.  

 

 

 

 

 

 

This version includes abstracts from October 2010 through August 2022. This document will be updated 
semiannually, and was last updated August 2022. 

 

 



 
 

2 

Contents 
 

Animal Health and Welfare ...................................................................................................... 3 

Behavior/Training ................................................................................................................... 3 

Enrichment ............................................................................................................................22 

Husbandry Techniques ..........................................................................................................30 

Natural History .......................................................................................................................43 

Physiology .............................................................................................................................48 

Reproduction .........................................................................................................................54 

Conservation ...........................................................................................................................61 

Climate Change/Biodiversity Loss .........................................................................................61 

People and the Environment .................................................................................................65 

Reintroduction .......................................................................................................................71 

Conservation Efforts ..............................................................................................................76 

In Range Conservation Efforts ...............................................................................................83 

Education and Professional Development ............................................................................86 

Visitor Experience/ Public Interaction ....................................................................................86 

Youth and Family ................................................................................................................ 104 

Graphics and Perceptions ................................................................................................... 107 

Conservation and Education ................................................................................................ 115 

Author Index .......................................................................................................................... 129 

 

  



 
 

3 

Animal Health and Welfare  

Behavior/Training  

Is Play Behavior an Indicator of Optimal Welfare? 
Although animal welfare research has historically focused on studying the negative states of animals, it 
has become increasingly important to also identify signs of positive welfare.  Play behaviors have often 
been suggested as one potential indicator of good welfare but few studies have empirically validated this 
presumption.  This review discusses the current state of knowledge regarding the relationship between 
play behaviors and welfare, and importantly, gaps in our understanding.  The authors provide a number of 
counter-examples to the common assumption of play as a positive welfare indicator that illustrate a 
complex relationship between welfare and play behaviors.  Although there is evidence to suggest 
negative welfare can suppress certain types of play (e.g. social vs solitary play), the presence of play 
alone is likely not enough to identify positive welfare.  Surprisingly, few studies have explored play 
behavior in animals or humans experiencing unambiguously good welfare, highlighting an important area 
for future research that is needed before play can be validated as a positive welfare indicator. 

Ahloy-Dallaire, J., Espinosa, J., Mason, G.  2018.  Play and optimal welfare: Does play indicate the 
presence of positive affective states?  Behavioural Processes. 156:3-15. Correspondence to Jamie 
Aholy-Dallaire at j.aholy.dallaire@gmail.com 
Feburary 2019 
 

Effect of Handling and Environment on Program Animal Welfare 
In an effort to promote increased awareness of species and conservation issues, many zoos include live 
animals in educational programs, often referred to as ambassador animals.  Although this practice has 
shown positive effects from an educational perspective, the impact of these demonstrations on the 
welfare of the animals involved is an unresolved question.  In this multi-institutional project, Baird et al. 
explored the influence of educational programs on armadillos, hedgehogs and red-tailed hawks.  In the 
first study, the authors compared behavior and fecal glucocorticoid metabolites (FGM) of armadillos in 
three housing arrangements: education, exhibit and off-exhibit.  In their second study, they experimentally 
evaluated the impact of educational programs by comparing behavior and FGM levels in armadillos, 
hawks and hedgehogs during three three-week phases: baseline phase with normal levels of handling for 
programs; no handling phase when animals were not used in educational programs; and post phase with 
normal levels of handling for programs.  No differences in undesirable behaviors or FGM levels were 
found across the education, exhibit and off-exhibit armadillos in study one or within the armadillos, hawks 
and hedgehogs during the handling manipulation in study two.  However, both studies found the amount 
of handling, as well as factors associated with housing environment, did impact behavior and FGM levels 
in these species.  Although research is needed on other species, these studies suggest that armadillos, 
hedgehogs and red-tailed hawks can be successfully incorporated into educational programs without 
compromising welfare, given proper attention is paid to handling procedures and housing needs. 
 

Baird, BA, Kuhar, CW, Lukas, KE, Amendolagine, LA, Fuller, GA, Nemet, J, Willis, MA, Schook, MW 
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. DOI: 
10.1016/j.applanim.2015.12.004. Correspondence to B. Baird at bab1@clevelandmetroparks.com. 
October 2016 
 

Program Animals: Impact of Handling on Animal Welfare Measures 
While the impact of program animals on education has been assessed, there are limited studies looking 
at the impact of handling on animal welfare. This study assessed both behavioral and physiological 
measures of welfare in program animals and looked at the impact of handling times on welfare indicators. 
They assessed the impact of handling on armadillos and found that program animals did not have 
significantly higher levels of fecal glucocorticoid metabolite (FGM), a measure of stress. However the type 
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and depth of substrate provided and enclosure size did have a significant impact on FGM concentrations. 
Education armadillos had slightly lower levels of rest than exhibit or off-exhibit animals. In a second 
experiment at 11 AZA institutions, researchers assessed the behavior and hormone levels in armadillos, 
hedgehogs, and red-tailed hawks during periods when they were and were not handled. FGM was 
positively correlated with the duration of handling for all species. However, phases of no handling did not 
have significantly different FGM levels or different behaviors than phases with handling, though some 
individuals did show an effect. Findings suggest that management type (education, exhibit, or off-exhibit) 
did not have a significant impact on these measures of animal welfare, but that handling duration can and 
thus limits to amount of time handled should be considered.  
 

Baird, BA, Kuhar, CW, Lukas, KE,  Amendolagine, LA, Fuller, GA,  Nemet, J,  Willis, MA and Schook, 
MW.  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.  
Correspondence to Bonnie Baird: bab1@clevelandmetroparks.com. 
August 2016 
 

Factors Influencing Aggression  
Managers of captive primates work to maintain low levels of aggression in their groups in order to 
promote good health and well-being. This study examined five factors that may influence aggression in 
seven captive groups of female rhesus macaques; season, animal rank, animal age, group size, and their 
enclosure’s substrate. As expected, higher rates of aggression were observed during the breeding 
season and higher-ranking females were more likely to be involved in mild aggression (but interestingly 
this was not the case with intense aggression). Animal age and group size were not found to influence 
aggression. Interestingly, macaques living in enclosures with grass substrate (rather than gravel) showed 
fewer instances of intense aggression, potentially due to an increase in time spent foraging. Further, 
females in a gravel enclosure that were experiencing high levels of intense aggression during breeding 
season showed a significant reduction in this aggression when moved to a grass enclosure. Thus, while 
some level of aggression is both natural and potentially unavoidable, modifications to enclosure substrate 
may help alleviate aggression. 
 

Beisner, B, Isbell, L. 2011. Factors affecting aggression among females in captive groups of rhesus 
macaques (Macaca mulatta). American Journal of Primatology, 73, 1152-1159. Correspondence to 
bab42@psu.edu. 
January 2012 
 

Understanding the Zookeeper-Animal Bond 
How do zookeepers describe their relationship with the animals in their care? This qualitative study 
(N=14) utilized semi-structured interviews to explore keepers’ perceptions of bonding with zoo-housed 
animals. Coded transcripts identified four key themes. The first theme was work. Keepers perform the 
necessary physical and emotional labor based on “love of animals” but also have to navigate the tension 
between distance and familiarity. The second theme was “specialness,” wherein keepers felt they had 
special abilities to work with an individual animal. The third theme was boundaries—how keepers drew 
distinctions between animals, such as pets and zoo animals, and between wild and tame.  
Keepers navigate presenting animals as wild to the public while needing to build relationships for animal 
care.  The fourth theme was bonds with particular zoo animals, typically mammals, which were described 
as interactions with certain animals who responded to keepers as individuals and appeared to 
communicate directly. These findings give insight into keepers’ perceptions of their work by describing the 
close associations with animals in their care, which may be beneficial to both zookeepers and the 
wellbeing of zoo animals.   
 
Birke, L., Hosey, G., and V. Melfi. 2019. “You Can’t Really Hug a Tiger”: Zookeepers and Their Bonds 
with Animals. Anthrozoös. 32(5): 597-612. 
Marcg 2020 
 

Change in Diet Lowers Aggression 
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Lemurs are frugivorous and folivorous but many species consume other plant parts and some have been 
observed eating small vertebrates and/or invertebrates.   In the wild, lemur diets are low in non-structural 
carbohydrates (sugars and starches) and high in neutral detergent fiber.  Zoos typically attempt to mimic 
wild diets by offering large amounts of fruits and vegetables.  However, the fruits and vegetables offered 
by zoos have been selected for human preferences and typically contain high levels of starch and sugars 
and low levels of fiber.  In humans, high levels of sugar are associated with a wide range of health and 
behavioral problems, including implications of elevated levels of aggression, anti-social behavior, and 
hyperactivity.  The behavioral effects of high sugar diets in non-human primates has received less 
attention than for humans but there are indications that sugary diets make increase the incidence of 
aggression and self-directed behaviors in zoo primates.  This study examined the effect of a low sugar 
diet, created primarily by the removal of fruit from the diet, on the behavior of 17 individuals among four 
species of zoo housed lemurs at two zoos.  Prior to the study, diets consisted primarily of fruit, vegetables 
and specially formulated primate biscuits.  The study diets contained no fruit, a reduced amount of 
vegetables (3 species) or slight increase in vegetables (2 species), and a different primate biscuit (Leaf 
Eater)  Energy content of the original and study diets were similar but the latter contained 80-150 percent 
more fiber and 21-30 percent less non-structural carbohydrates.  Aggression and self-directed behaviors 
for all species were reduced substantially by the removal of fruit, despite differences in species, groupings 
and social composition and zoos. These results indicate that simple dietary changes can have significant 
behavioral effects. 
 

Britt, S, Cowlard, K, Baker, K, Plowman, A.  2015.   Agression and self-directed behavior of captive 
lemurs (Lemur catta, Varecia variegata, V. rubra and Eulemur cornatus) is reduced by feeding fruit-free 
diets.   Journal of Zoo and Aquarium Research 3: 52-58.  Correspondence to Amy Plowman at 
amy.plowman@paigntonzoo.org.uk. 
September 2015 
 

How Behavioral Changes Spread Through Online Networks 
This study tested two competing hypotheses: the predominant weak or long ties (small world, random) 
hypothesis posits that single contacts, such as for a disease or information, is sufficient to spread a 
behavior while the clustered ties hypothesis posits that multiple (redundant) contacts are needed for a 
behavior to be accepted. Somewhat surprisingly, the results of multiple experimental trials indicate that 
behaviors spread farther (to 54 vs 38 percent of participants) and faster (4x) in clustered rather than 
random networks: multiple contacts (redundancy) increased the spread of behaviors online. Moreover, in 
the clustered networks, participants were twice as likely to remain connected to the network nexus (where 
the behavior ‘started’). Overall, this study has significant implications for how zoos and aquariums 
communicate with their audiences, particularly with respect to initiatives that aim to change behaviors 
such as those related to climate change or environmental stewardship. 
 

 
Centola, D. 2010. The spread of behavior in an online social network experiment. Science, 329: 1194-
1197. Correspondence to dcentola@mit.edu. 
November 2011  
 

Assessing Emotional States in Dolphins Prior to Training   
Due to routine scheduling patterns and other cues, animals are able to anticipate when an upcoming 
positive event will occur. Individuals more sensitive to positive events may demonstrate higher levels of 
anticipatory behaviors. Prior to training sessions, bottlenose dolphins increased the amount of time 
orienting towards the surface in anticipation of food rewards during positive reinforcement training. In this 
study, researchers assessed the emotional states of eight dolphins prior to training sessions using 
cognitive bias. This procedure involves training an individual to respond differentially to two cues that 
have a high and low value reward. After an ambiguous cue is presented, individuals that are in an 
optimistic state respond with the behavior associated with the high value reward. The authors found that 
dolphins that displayed more anticipatory behavior prior to a training session also exhibited a more 
pessimistic attitude with selecting the ambiguous cues associated with the lower value reward. Cognitive 
tasks provide additional opportunities to better understand the emotional states of individuals during 
different situations and settings. 

mailto:amy.plowman@paigntonzoo.org.uk
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Clegg, I.L.K and F. Delfour (2018). "Cognitive judgement bias is associated with frequency of anticipatory 
behavior in bottlenose dolphins." Zoo Biology 37(2): 67-73. Correspondence to Isabella Clegg at 
izziclegg@hotmail.co.uk. DOI:10.1002./zoo21400 
September 2018 

 
The Use of Training to Reduce Stereotypies 
Eleven adult female rhesus macaques with a history of exhibiting locomotion-related stereotypic behavior 
were observed in this study. After baseline levels of stereotypic behavior were determined, six of the 
animals underwent continued positive reinforcement training to both touch a target and to accept 
venipuncture. Stereotypic behavior of these animals on non-training days was then compared to the five 
animals that did not undergo any training. Findings indicated a significant decrease in stereotypic 
behavior in the trained animals during the first month, and overall less stereotypic behavior in four of the 
six trained animals across the four month study.  
 

Coleman, K, Maier, A. 2010. The use of positive reinforcement training to reduce stereotypic behavior in 
rhesus macaques. Applied Animal Behaviour Science 124: 142-148. Correspondence to 
colemank@ohsu.edu. 
May 2011 
 

Investigating Mood Through Touch Screen Tasks 
The negative effect of anthropogenic noise on free-ranging wildlife has been well-documented and is 
becoming an increasingly important topic for study in zoos and aquariums.  Although most studies have 
focused on the behavioral and hormonal responses of animals to noise, animal welfare research 
ultimately seeks to understand how noise impacts the subjective experience of the animal.  To evaluate 
this, a team of researchers assessed three species of primates on a touch screen task during the 
Chicago Air and Water show, a three-day event involving loud, low-flying jets passing over the 
zoo.  Chimpanzee, gorillas, and Japanese macaques were first trained to touch a dot on a computer 
monitor then were presented with a neutral grey square as control or a grey square containing an image 
of a conspecific animal’s face.  Previous research had demonstrated that people and animals 
experiencing negative mood are more likely to respond slower on a task when emotionally threatening 
content is presented, and this effect can be tested in what is known as the response-slowing 
paradigm.  In the present study, the Japanese macaques slowed their response to emotional images 
(conspecific faces) relative to control trials (grey squares) during the noisy conditions of the air show. This 
selective slowing effect was not seen during quiet baseline periods, suggesting the noisy condition was 
associated with negative mood.  The apes did not show a slowing response, but the authors highlight that 
these individuals primarily spent their time indoors and were tested inside, unlike the macaques who 
spent more time outside and may have been more exposed and sensitized to the noise.  This study 
demonstrates the potential of voluntary cognitive testing as a way to evaluate the mood of zoo-housed 
animals in a variety of circumstances. 

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 and Cognition, 5(2): 209-221. DOI: 10.26451/abc.05.02.03.2018. 
Correspondence to Katherine A. Cronin at kcronin@lpzoo.org 
August 2018 
 

Varying Food Presentation Triples Activity in Lemurs 
By varying location of food trays and/or timing of browse presentation, the activity within a group of ringtail 
lemurs was doubled: percent of observations with at least one animal active increased from 39 to 78 
percent. Moreover, the frequency of high activity behaviors tripled, from 4 to 13 percent of observations.  
 

Dishman, DL, DM Thomson, NJ Karnovsky. 2009. Does simple feeding enrichment increase activity 
levels in ringtail lemurs (Lemur catta). Applied Animal Behaviour Science 116: 88-95. Correspondence to 
dthomson@jsd.claremont.edu. 
October 2010 
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Volunteer Experience Affects Conclusions of Behavioral Studies  
Volunteers often play an integral role in zoo and aquarium research programs by collecting behavioral 
data, but few studies have assessed how reliable their observations are. This is a particularly important 
question when the volunteer data collectors have little or no previous experience recording behavior. A 
study was conducted assessing 1) the reliability of university and high school volunteers with no prior 
behavioral scoring experience and 2) the accuracy of the volunteers’ data to test a specific hypothesis. 
Regardless of age and level of education, inexperienced observers showed poor agreement with an 
experienced observer; in addition, the data of the experienced and inexperienced observers had 
conflicting support of the hypothesis, suggesting that differences in the data lead not only to a lack of 
precision, but a lack of accuracy, as well. However, inexperienced data collectors were very reliable at 
scoring the location of the animals. These results suggest that inexperienced volunteers may be best 
utilized for questions of general patterns of behavior, such as location, but that for more specific 
questions, such as the occurrence of certain behaviors, observers should either have some previous 
experience with behavioral data collection or go through sufficient training before data collection begins.  
 

Duncan, LM, Pillay, N. 2012. Volunteer experience influences the conclusions of behavioural 
experiments. Applied Animal Behaviour Science, 140: 179-187. doi: 10.1016/j.applanim.2012.06.003. 
Correspondence to neville.pillay@wits.ac.za. 
March 2013 
 

Impact of Hand-Rearing on Fearfulness in Birds 
These studies examine the hypotheses that hand-raised birds have reduced fear of humans and/or novel 
objects/environments. Both studies entail comparisons of hand-raised and wild-caught starlings. In the 
first study (Feenders and Bateson), the focus was whether birds captured as nestlings and hand-reared 
are less fearful of humans than birds captured after independence. The measures of fearfulness were 
behavioral responses and use of enclosure space in the presence or absence of humans. In the presence 
of humans, relative to hand-reared birds, non-hand-reared birds were less active, moved away from the 
fronts of their enclosures and were slower to return to pre-exposure levels of activity. In the second study 
(Feenders et al.), the earlier investigations of fearfulness were extended to novel objects and novel 
environments (a small enclosure). There were no differences in behavioral responses of hand-reared or 
wild-caught birds to the novel objects. However, hand-reared birds were less quick to start moving and 
less active in the novel environment. The results of these  two studies are consistent with a growing body 
of literature indicating that early life experiences can affect behavior in later life. 
 

Feenders G, Klaus K, Bateson M. 2011. Fear and exploration in European starlings (Sturnus vulgaris): a 
comparison of hand-reared and wild-caught birds. PLOS ONE 6(4): e19074. 
doi:10.1371/journal.pone.0019074. Correspondence to Melissa.Bateson@newcastle.ac.uk (pdf available 
at www.plosone.org). 
October 2011  
 

Personality and Reproductive Success in Parrots 
Behavioral compatibility has been demonstrated as important to breeding success in several avian 
species. This study examined the efficacy of a previously developed personality assessment to predict 
behavioral compatibility and breeding success in ten pairs of cockatiels. Pairing was free-choice and pairs 
that hatched eggs were more agreeable: less aggressive and better at coordinating incubation. 
Unsuccessful pairs were less agreeable: more aggressive and less well coordinated during incubation. 
The study suggests that personality assessments can be an important tool in establishing successful 
breeding pairs. 
 

Fox, RA, Millam, JR. Personality traits of pair members predict pair compatibility and reproductive 
success in a socially monogamous parrot breeding in captivity. Zoo Biology 33: 166-172. 
Correspondence to: Rebecca Fox, rfox@transy.edu. 
November 2014 
 

Early History Impacts Later Behavior of Pet and Performing Chimpanzees 

mailto:neville.pillay@wits.ac.za
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Early experiences, particularly degrees of exposure to conspecifics, can significantly impact behavior in 
later life, and human-reared chimpanzees stand out in their susceptibility to negative impacts on their 
behavior and, potentially, their welfare.  The current study compared chimpanzees whose early 
experiences were as pets or performers with chimpanzees that had lived their entire lives in their natal 
groups.  All of the animals included in the study resided in either AZA-accredited zoos or North American 
Primate Sanctuary (NAPSA) member sanctuaries.  To accomplish the comparisons, a new Chimpanzee 
Human Interaction Index (CHI) was developed to characterize cumulative time spent with humans and/or 
other chimpanzees.  Results indicate that, in comparison to individuals with high amounts of human 
contact early in life, chimpanzees with high amounts of conspecific contact were more likely 1) to groom 
and be groomed by others, 2) to display appropriate sexual behaviors, and 3) to engage in coprophagy.  
Grooming and sexual behavior are important social behaviors that impact social dynamics and could 
impact welfare of individuals that are less likely to engage in these behaviors.  That early exposure to 
conspecifics is correlated with the frequency of coprophagy later in life is somewhat surprising.  
Coprophagy is often considered an abnormal behavior and might be expected to be more common in 
animals with less conspecific and more human contact early in life.  However, the current study adds to 
existing evidence that coprophagy is socially learned.  Coupled with public safety concerns about pet and 
performing chimpanzees, the results of this study indicated that the impacts of these early experiences 
can potentially impact the welfare of these animals even after they are placed in appropriate physical and 
social environments.   
 

Freeman, HD, Ross, SR.  2014.  The impact of atypical early histories on pet or performer chimpanzees. 
PeerJ 2:e579; DOI 10.7717/peerj.579.  Correspondence to Stephen R. Ross at sross@lpzoo.org. 
May 2015  

Behavioral Response of Nocturnal Primates to Red vs. Blue Lighting 
To provide zoo visitors with an opportunity to view nocturnal animals, these species are commonly 
housed using a reversed lighting schedule with supplemental low-light exposure for visibility during the 
dark phase.  Although this practice allows guests an opportunity to view active animals this may have 
consequences for the health and welfare of nocturnal animals as these individuals are consequentially 
exposed to constant artificial light. This study compared the effects of artificial red vs. blue light exposure 
during the dark phase, the most common wavelengths used across zoos to illuminate exhibits during the 
day on behavior.  Light color was experimentally manipulated in an ABA study design for four species of 
nocturnal strepsirrhine primate: potto, pygmy slow loris, bushbaby and aye-aye.  This experiment was 
conducted at two zoos, with one using red light as standard practice and the other using blue light.  All 
species showed a consistent behavioral response to lighting color, with greater time spent active and less 
time in nest boxes when exposed to red light compared to blue light.  In addition, melatonin, a hormone 
that facilitates internal timekeeping, was measured in an aye-aye through saliva and demonstrated 
suppressed levels during blue light conditions.  Wavelength-dependent suppression of behavior and 
hormones may have implications for animal health and welfare. These results provide strong evidence for 
using red light to illuminate nocturnal primate exhibits and highlight the potential risks of inappropriate 
lighting choices. 

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. Correspondence to G. Fuller at gfuller@dzs.org. 
February 2017 

 

Personality Assessment in Snow Leopards 
The assessment of animal personalities is an animal management tool that has become increasingly 
popular in recent years. In this study, the results of a personality assessment survey given to keepers of 
11 snow leopards were compared to the behavioral responses of a subset of these animals in a series of 
novel object tests. Findings from the personality survey indicated that ratings were consistent across 
keepers and could be reduced to five personality dimensions: Active/Vigilant, Curious/Playful, Calm/Self-
Assured, Timid/Anxious, and Friendly to Humans. Number of visits to the object, time spent locomoting, 
and time spent exploring in the novel object test were all positively correlated with both the Active/Vigilant 
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and Curious/Playful personality dimensions. Thus, some but not all, personality traits and behavioral 
measures were correlated across the survey and novel object test. These findings suggest that the novel 
object test may be a quick way to assess the Active/Vigilant and Curious/Playful aspects of an animal’s 
personality but additional or modified methods are needed to assess other dimensions of personality in 
snow leopards. 
 

Gartner, MC, Powell, D. 2012 Personality Assessment in Snow Leopards (Uncia uncia). Zoo Biology, 31: 
151-165. Correspondence to: m.c.gartner@sms.ed.ac.uk. 
August 2012 
 

Unpredictability Increases Natural Behaviors in Carnivores 
Random feeding times (attained using simple automatic feeders) increased howling and marking 
behaviors in coyotes held in 1,000m2 natural exhibits. Activity increased during the day for animals fed 
unpredictably, apparently as uncertainty increased with increased time since first feeding. Unpredictable 
feeding patterns, rather than special enrichment foods, may be sufficient to stimulate natural behaviors 
and predictable timing and levels of activity. 
 

Gilbert-Norton, LB, Leaver, LA, Shivik, JA. 2009. The effect of randomly altering the time and location of 
feeding on the behaviour of captive coyotes (Canis latrans). Applied Animal Behaviour Science 120: 179-
185. Correspondence to lgilbertnorton@gmail.com. 
October 2010  
 

Personalities in Social Spiders 
This study tests the hypothesis that variation in individual personalities can shape task differentiation in 
the social spider Stegodyphus sarasinorum. Sixteen colonies were collected and 40 spiders from each 
group were randomly chosen. Two different behavioral traits were assessed in all the spiders: boldness 
assessed by response to a puff of air and aggression assessed with a gentle prod stimulus. They found 
that the boldness personality trait was a strong predictor of participation in the cooperative task of prey 
attack. Further studies on social organisms are needed to understand the nature of the link between 
animal personality and social organization. 
 

Grinsted, L, Prutt, JN, Settepani, V, Bilde, T. 2013. Individual personalities shape task differentiation in a 
social spider. Proceedings of the Royal Society Biological Sciences 280: 20131407. Correspondence to 
lena.grinsted@biology.au.dk. 
September 2014 
 

How Lemon Sharks Learn from Other Sharks (and What People Can Learn 
Too) Social learning offers behavioral advantages like hunting or avoiding predators more efficiently. 

However in fishes, social learning research has been conducted more in bony rather than in cartilaginous 
ones. A study was conducted with 18 juvenile lemon sharks to understand how they learn from other 
sharks. Naïve (observer) sharks that had interacted with demonstrators (pre-trained sharks) performed 
more behaviors similar to the original task and also made more transitions from the start zone to the 
target, compared to observers exposed to sham demonstrators (sharks without training). The study 
demonstrated how juvenile lemon sharks use social information to learn about their environment, with 
implications for sharks’ behaviors, ecotourism, fisheries, and positive imagery of sharks to visitors of 
aquaria. 
 

Guttridge, TL, van Dijk, S, Stamhuis E J, Krause, J, Gruber, SH, & Brown, C. 2012. Social learning in 
juvenile lemon sharks, Negaprion brevirostris. Animal Cognition, DOI: 10.1007/s10071-012-0550-6. 
Correspondence to tristanguttridge@gmail.com. 
December 2012  

 
Using GPS to Evaluate Relationships among Social Animals 
GPS collars were used to monitor temporal and spatial activity patterns and positive/negative interactions 
within a group of eight African elephants at a safari park in the United States. Averaged distances 
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between individuals were calculated for nine 24 hour periods.  These data were compared with 
management staff perceptions of animals that were expected to spend high levels of time in close 
proximity.  GPS data validated most preconceived notions about which animals were in close proximity 
and the rate of positive social interactions. The results indicate that GPS technology can be used to 
examine and monitor individual interactions in large spaces and may aid in research and management by 
reducing the extent and/or need for direct observations. 
 

Hacker, CE, Horback, KM, Miller, LJ.  2015.  GPS technology as a proxy tool for determining relationships 
in social animals: an example with African elephants. Applied Animal Behaviour Science 163: 175-182. 
Correspondence to Charlotte E. Hacker at charlotte.hacker230@topper.wku.edu. 
June 2015 
 

Personality Ratings are More Reliable When Based on Behavioral 
Observations 
Research on the personalities of animals has gained popularity in recent years. This study aimed to test 
the reliability of two different personality rating methods. The personality traits of ten Garnett’s bushbabies 
(Otolemur garnettii) were assessed from either the rater’s personal experience with the animal or from 
behavioral observations in varying contexts. Raters were more likely to agree on personality traits when 
based on behavioral observations of the animal rather than on the rater’s personal experience. Thus, 
when assessing the personality of animals it is important to consider the specific relationship and 
experiences that exist between the animal and the rater.  
 

Highfill, L, D Hanbury, R Kristiansen, S Kuczaj, S Watson. 2010. Rating vs. coding in animal personality 
research. Zoo Biology 29: 509-516. Correspondence to highfile@eckerd.edu. 
November 2010  
 

Impact of GPS Tracking Devices on Elephant Behavior 
Tracking devices such as GPS or ‘radio’ collars are assumed to have negligible effects on animal 
behaviors, particularly temporal and spatial patterns of activity.  This study examined the effects of 
wearing GPS collars on the behavior of eight African elephants housed at a safari park in the United 
States.  A structured, positive reinforcement process was used to desensitize the animals to collars and 
train them to participate in the attachment and removal of the procedures.  Observations were made at 
night and during daylight.  Nineteen behavioral categories were used to compare behavioral patterns with 
and without the collars.   Although there were 12 instances of animals touching the collar of another 
animal, no significant differences were found between the behaviors with and without the collars.  The 
results indicate that, with training, GPS collars may have minimal impacts on animal behaviors. 
 

Horback, KM, Miller, LJ, Andrews, J, Kuczaj II, SA, Anderson, M.  2012.  The effects of GPS collars on 
African elephant (Loxodonta africana) behavior at the San Diego Safari Park.  Applied Animal Behaviour 
Science 142: 76-81.  Correspondence to Kristina Horback at Kristina.horback@eagles.usm.edu or 
km.horback@gmail.com. 
June 2015 
 

Comparing Animal Keeper Bonds with Zoo Animals and Pets 
Pet owners experience strong bonds with their animals and research has shown this can have a profound 
effect on the welfare of both parties.  Many animal keepers in zoos and aquariums also report these 
bonds with the animals in their care.  In this study, researchers evaluated the strength of the human-
animal bond animal keepers reported with zoo animals in their care and their pets at home.  Using a 
modified version of the Lexington Attachment to Pets Scale, a standardized questionnaire originally 
developed and validated for assessing relationships between pet owners and their animals, keepers 
responded to 23 survey statements and whether they felt it was professionally appropriate to develop 
relationships with zoo animals.  The authors found that, overall, keepers reported a higher attachment to 
their pets than zoo animals, which the authors suggested may reflect differences in the amount of time 
and types of interactions keepers have with zoo animals compared to their pets.  No demographic 
differences in age or gender were observed.  A quarter of the keepers surveyed did not feel it was 
appropriate to have a bond with a zoo animal.  These individuals also had a significantly lower attachment 
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score to their pets compared to keepers who did feel zoo animal bonds were appropriate.  The authors 
acknowledged that this study represented the perspective of the animal keepers and more work is 
needed to fully understand the reciprocal bonds animals may have with keepers and, ultimately, how 
these bonds impact animal welfare. 

Hosey, G., Birke, L., Shaw, W.S., Melfi, V.  2018.  Measuring the strength of human-animal bonds in 
zoos.  Anthrozoӧs, 31(3): 273-281. DOI: 10.1080/08927936.2018.1455448. Correspondence to Goeff 
Hosey at gh2@bolton.ac.uk 
August 2018 

 

Evaluating Construction Noise at The Zoo 
As zoos work to build new spaces for animals and enhance existing habitats, animals are often 
unavoidably exposed to construction noise.  Previous research has suggested construction noise is a 
potential stressor for some species.  However, separating the effects of noise from other construction-
related signals (e.g. visual cues of trucks passing and construction workers, changing husbandry 
routines) is challenging but important, as these different aspects of construction activities are likely to 
warrant different mitigation strategies. In this study, construction noise was experimentally played back to 
select species that had previously shown signs of noise sensitivity: giraffe, elephant, emu, and alligator.  
Behavioral indicators suggesting agitation were observed in several species and some behavioral 
changes were noted for all species. Noise mapping of the habitat spaces also indicated some avoidance 
of noisy areas. This project was done proactively to allow the zoo to train their staff to identify signs of 
stress to construction, make construction site modifications to reduce noise exposure of the animals, and 
developing communication protocols between the animal care and construction teams to quickly 
communicate planned noisy work and provide feedback of animal responses. Although detailed projects 
like this may not be feasible for all zoos, advanced discussion of the potential behavioral changes that 
may be observed during construction and planning for mitigation strategies are important steps to ensure 
minimal impacts on animal welfare during these periods. 

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: 504.  https://doi.org/10.3390/ani9080504 
November 2019 
 

Anticipatory Behavior of Dolphins Before Shows 
This study compared behavior, breathing rates, use of available space and activity levels of dolphins 
before and after dolphin shows. Anticipation of the show is evident as gradual changes in most variables 
from 30 min prior to show time; one notable exception was breathing rate, which remained unchanged 
prior to show time. All but one variable returned to preshow levels within 5-10 minutes after the show. 
Changes in all variables are comparable to those reported in other studies as anticipation of regular 
management activities (e.g., feeding). There was no indication of abnormal or stress induced behaviors 
prior to shows, nor any indication of residual stress following the shows. Lack of change in breathing rate 
suggests that dolphins in this study did not perceive the shows as either stressful or aversive. 
 

Jensen, AM, Delfour, F, Carter, T. 2013. Anticipatory behavior in captive bottlenose dolphins (Tursiops 
truncatus): a preliminary study. Zoo Biology, 32: 436-445.  Correspondence to annlouisemj@gmail.com. 
October 2013 
 

Problem Solving by Parrots 
This study examined cognitive skills among four species of parrots: spectacled parrotlets, green-winged 
macaws, sulfur-crested cockatoos, and rainbow lorikeets. Five tests involving pulling string to gain a food 
reward were used to tease apart several aspects of cognition. The basic hypotheses were that cognitive 
performance would be related to either ecology or phylogeny. The tests were pulling 1) a single string 
dangling from a branch, 2) one of two strings dangling from a branch, 3) crossed dangling strings with 
reward hanging below the ‘wrong’ string’, 4) long string reachable from another perch or the ground, and 
5) two strings, one broken, each with a reward. There was substantial variation within and between 
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species but only spectacled parrotlets performed well on all tests; there were no indications that 
phylogeny or ecology were related to the solving these cognitive tests, but rather social complexity. The 
complexity of these tasks coupled with interspecific variation in success at accomplishing the full range of 
tasks emphasize the need to neither over nor underestimate the abilities of parrots to solve complex 
problems. This perspective could be of value for both educational demonstrations and design of animal 
care programs, particularly enrichment. 
 

Krasheninnokova, A, Bräger, S, Wanker, R. 2013. Means-end comprehension in four parrot species: 
explained by social complexity. Animal Cognition 16: 755-764. Correspondence to anastacia.k@web.de. 
March 2014  

Revealing Anticipatory Behaviors through Behavioral Conditioning as a 
Means to Assess Well-Being 
 
Anticipatory behaviors, defined as goal-directed behavioral changes preceding a predictable event, have 
recently received attention as a potential means to evaluate welfare.  Animals exhibiting intense bouts of 
anticipatory behavior before an event can indicate a high level of sensitivity to rewards, potentially from a 
lack of frequent positive events.  Other factors, such as the type or location of anticipatory behaviors can 
also indicate the animal’s perception of the event as positive or negative.  In this study, the authors 
developed a behavioral conditioning protocol to identify the development of anticipatory behaviors in 
response to a “positive” interaction with an unfamiliar staff member.  The researchers utilized an auditory 
cue to signal the start of an experimental trial, followed four minutes later by a staff member approaching 
the animal area and talking to the animal in a calm manner.  Behavior of focal subjects in the case study, 
a silverback gorilla and male red panda, were video recorded.  Both species demonstrated evidence of 
anticipatory behaviors in response to the auditory cue during the study, which lasted over three 
months.  Based on the type, location, and intensity of the anticipatory behaviors, the authors argued that 
the behavioral response of the animals were indicative of a positive social interaction with the staff 
member.  Interestingly, each subject demonstrated a unique anticipatory response, highlighting the 
importance of considering both species and individual characteristics when assessing anticipatory 
behaviors. 
 
Krebs, B.L., Torres, E., Chesney, C., Moon, V.K., Watters, J.V.  2017.  Applying behavioral conditioning 
to identify anticipatory behaviors.  Journal of Applied Animal Welfare Science, 20(2): 155-175. 
Correspondence to B. Krebs at BethanyK@sfzoo.org. 
June 2017 
 

Risk Factors Related to Stereotypic Behavior in Carnivore Species 
There is considerable variation in the occurrence of stereotypic behavior amongst captive housed 
Carnivora. This study assessed various risk factors, including ranging behavior, territoriality, natural 
foraging behaviors, cranial volume (as a surrogate measure for intelligence)  and International Union for 
Conservation of Nature (IUCN) Red List™ status, that might help predict the occurrence of pacing 
behavior and captive infant mortality in 23 species of Carnivore. This study found that species with larger 
home range sizes and naturally long chase distances were more likely to display pacing behavior. 
Similarly, other studies have found that in some carnivore species, males, which tend to have larger 
home ranges in the wild, also show more pacing in captivity than females. However, they were unable to 
find good predictor variables to explain captive infant mortality or stereotypic behavior in general. Study 
suggests that in wide-ranging species higher pacing behavior is not necessarily driven by need for active 
locomotion, but may rather be determined by need for novelty, control, or multiple denning sites. Thus 
pacing may be alleviated by addressing these needs rather than just increasing exhibit size or 
opportunities for active locomotion alone. Future investigations into the use of more denning sites, greater 
control, and increased novelty can reduce pacing in wide-ranging carnivores are needed to further 
address this welfare concern.  
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Kroshko, J, Clubb, R, Harper, L, Mellor, E, Moehrenschlager, A & Mason, G. 2016. Stereotypic route 
tracing in captive Carnivora is predicted by species-typical home range sizes and hunting styles. Animal 
Behaviour, 117, 197-209. Correspondence to Georgia Mason: gmason@uoguelpha.ca. 
March 2017 

 
 

Recognition of Human Faces by Wild Birds 
Many domesticated species are able to distinguish between human individuals using facial features. 
However, facial recognition has only been documented in two wild avian species: mockingbirds and 
crows. This study examined the abilities of wild black-billed magpies to discriminate between individual 
human facial features. The design was a comparison of researchers who regularly accessed magpie 
nests during the breeding season against people who had no previous interaction with the nesting birds. 
There was a significant difference between the birds’ responses to individual researchers, to random 
passersby, and to non-researchers who approached the nests. For the experimental portions of the study 
(researchers vs non-researchers), the study controlled for non-facial features such clothing, body type, 
hair color/length, and human behavior near the nests. The results were consistent across all 
observations/treatments: birds responded aggressively to researchers and either ignored or moved away 
from passersby and non-researchers.  
 

Lee, WY, Lee, S, Choe, JC, Jablonski, PG. 2011. Wild birds recognize individual humans: experiments on 
magpies, Pica pica. Animal Cognition 14:817–825. Correspondence to sang_im@hotmail.com; 
magpiekorea@gmail.com. 
February 2012 
 

Validating Keeper Ratings of Gorilla Inactivity 
Conducting systematic behavioral observations of animals across institutions can be both time-
consuming and cost-prohibitive. In this study, the behavior of 63 gorillas at 15 institutions was assessed 
using systematic observation techniques (group scan sampling) as well as via questionnaire completed 
by their keepers ranking gorilla inactivity. Data collected via systematic observation on both time spent 
stationary and time spent idle correlated to keeper rankings of inactivity. These findings demonstrate that 
keeper assessments can be a reliable method of collecting data on gorilla behavior when more 
demanding observational techniques cannot be used. The authors emphasize that when using keeper 
ratings they should always first be validated to a sample of systematically collected behavioral data. 
 

Less, EH, Kuhar CW, Dennis, PM, Lukas, KE. 2012 Assessing inactivity in zoo gorillas using keeper 
ratings and behavioral data. Applied Animal Behaviour Science, 137: 74-79. Correspondence to 
eah@clevelandmetroparks.com. 
May 2012 
 

How Dolphins Respond to the Use of a Biopsy Pole 

Biopsy pole systems are commonly used to obtain tissue samples from cetaceans in-situ providing 
information that is vital to conservation efforts. For example, these tissue samples can be utilized in 
analyses of the population genetics or the detection of certain contaminants. While this sampling 
technique is commonly used, its impacts on behavior and welfare have not been thoroughly investigated. 
Here, researchers present findings on the sampling success and behavioral response to use of the biopsy 
pole in dusky dolphins off the coast of Argentina. Of the 109 sampling attempts, more than 53 percent 
were successful in obtaining an adequate amount of tissue. Overall, behavioral reactions to the technique 
were mild and short-term. Animals sampled from smaller groups (often mother/calf pairs) reacted more 
than those swimming in larger groups, while animals engaged in active behaviors such as foraging, 
socializing, and traveling prior to sampling had reduced responses compared to those engaged in non-
active behaviors. Taken together these findings support the effectiveness of biopsy pole systems in the 
cetacean conservation efforts and provide important information about the influence of group size and 
behavior that should be considered prior to use in order to minimize impact.  
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Loizaga de Castro, R, Hoelzel, AR, Crespo, EA. 2013. Behavioural responses of Argentine coastal dusky 
dolphins (Lagenorhynchus obscures) to a biopsy pole system. Animal Welfare, 22, 13-23. 
Correspondence to rocio@cenpat.edu.ar. 
September 2013 

 

Changing Tank Dimensions to Reduce Fish Aggression 
Aggression among fish is an issue that can become a challenge in some captive situations. Methods to 
alleviate this aggression have been investigated over the years including the manipulation of stocking 
density, availability of refuge locations, flow patterns, and container shape. In this study of aggression in 
male red swordtails, the dimensions of the tank were changed while maintaining the same available 
volume (i.e. keeping biomass constant). Aggression, feeding and courtship behaviors were documented 
for fish while housed in a “long” versus a “tall” tank. Lower levels of aggression were observed in the tall 
tank as compared to the long tank. Courtship behavior and time spent feeding by submissive males was 
unchanged across the two tanks thought to indicate that other essential behaviors remained unchanged 
by the manipulation. The authors propose that given the lateral placement of the eyes and subsequent 
vision along the horizontal plane that the increased depth of the tall tank may allow subordinate 
individuals to utilize other areas of the water column and avoid detection by more dominant individuals. 
 

Magellan, K, Johnson, A, Williamson, L, Richardson, M, Watt, W, Kaiser, H. 2012. Alteration of tank 
dimensions reduces male aggression in the swordtail. Journal of Applied Ichthyology, 28: 91-94. 
Correspondence to k.magellan@ru.ac.za. 
November 2012  
 

Does Familiarity Influence Human-Animal Interactions? 
The dynamics of the Human-Animal Relationship (HAR) between zoo animals and keepers will likely have 
animal welfare implications for many species.  To evaluate the role of familiarity in HAR, Martin and Melfi 
compared the behavioral responses of several species, including one African elephant, three Rothschild’s 
giraffes, two Brazilian tapirs and two slender-tailed meerkats, to familiar keepers and unfamiliar keepers 
involved in a Keeper for a Day program and zoo guests at Experience Events at a zoo.  The authors 
predicted that the animals would be more active and alert in the presence of unfamiliar keepers and show 
greater avoidance behavior.  Although the animals were observed to be more avoidant of unfamiliar 
keepers, no difference was found in general activity or alertness.  These results support that animals can 
distinguish between familiar and unfamiliar people and suggest that repeated positive interactions can 
promote a positive HAR. 
 

Martin, RA, Melfi, V  2016.  A comparison of zoo animal behavior in the presence of familiar and 
unfamiliar people.  Journal of Applied Animal Welfare Science, 19: 234-244. DOI: 
10.1080/10888705.2015.1129907. Correspondence to R.A. Martin at rmarti213@caledonian.ac.uk. 
October 2016 
 

 
Reduced Access to Exhibit Space Reduces Social Behavior 
The impacts of reduced access to exhibit space during a period of construction were examined in a 
captive group of six female tigers. During the construction period one exhibit yard had to be closed and 
thus the tigers were rotated through the other yard during the day resulting in them spending half as much 
time in their outdoor exhibit space. The tigers were seen to significantly decrease both affiliative and 
aggressive behavior during this construction period thus demonstrating an overall social avoidance 
strategy. Interestingly, this avoidance strategy remained in place after the exhibit yard was reopened and 
their housing conditions returned to normal. Thus, exhibit closures can have significant impacts on tiger 
social behavior and these changes can last well beyond the construction period.  
 

Miller, A, Leighty, KA, Maloney, MA, Kuhar, CW, Bettinger TL. 2011. How access to exhibit space impacts 
the behavior of female tigers (Panthera tigris). Zoo Biology, 30, 479-486. Correspondence to 
katherine.leighty@disney.com. 
January 2012 
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Behavioral Diversity as an Indicator of Animal Welfare in Cheetahs 
Until recently, animal welfare studies focused primarily on the presence of negative indicators, such as 
stereotypic behaviors in carnivores. The presence or absence of negative indicators does not indicate 
that an animal is thriving, an important goal of zoological institutions. Researchers investigated the 
relationship between behavioral diversity (richness and frequency of types of behaviors) and faecal 
glucocorticoid metabolites to validate a potential positive indicator of animal welfare in 18 cheetah at a 
zoo over a three-month period. Individuals exhibiting greater behavioral diversity showed lower levels of 
faecal glucocorticoid metabolites. Further research on the relationship of behavioral diversity in a variety 
of species is recommended. 
 
Miller, LJ, Pisacane, CB, Vicino, GA. 2016. Relationship between behavioural diversity and faecal 
glucocorticoid metabolites: a case study with cheetahs (Acionyx jubatus). Animal Welfare. 25:325-329. 
Correspondence to Lance Miller: Lance.miller@czs.org. 
May 2017 
 

Personality Selection Bias in Animal Cognition Research 
In this study, 18 zoo-housed capuchin monkeys were trained for two experiments using positive 
reinforcement and free-choice participation. Researchers identified five personality dimensions: 
assertiveness, openness, neuroticism, sociability and attentiveness. Monkeys that consistently 
participated and performed well on tasks showed significantly higher openness and lower assertiveness 
compared to the others. It seems that the methods used to attempt to control for variables by training 
subjects prior to testing, by allowing free choice participation and providing subjects with food rewards 
actually encourage personality selection bias. Personality selection bias needs to be considered when 
looking at the outcomes of a study. 
 

Morton, FB, Lee, PC, Buchanan-Smith, HM. 2013. Taking personality selection bias seriously in animal 
cognition research: a case study in capuchin monkeys (Sapajus apella). Animal Cognition 16: 677-684. 
Correspondence to morton.blake@gmail.com. 
September 2014 
 

Touchscreen Tortoises 
Red-footed tortoises have the ability to learn spatial navigation tasks, such as mazes, and to extrapolate 
that knowledge to a range of similar tasks.  This study examined the ability of four red-footed tortoises to 
recognize two dimensional images on a touch screen task and then extrapolate that knowledge to a 
comparable three dimensional task.  All four tortoises learned to operate the touchscreen apparatus but 
only two progressed to the end of training.  The two touchscreen trained animals were able to transfer the 
‘correct’ responses from the touchscreen to the three dimensional arena but retained their original 
touchscreen responses when retested on the touchscreen.  Thus, the tortoises demonstrated the ability 
for appropriate behavior and choices in each environmental context. 
 

Mueller-Paul, J, Wilkinson, A, Aust, U, Steurer, M, Hall, G, Uber, L. 2014.  Touchscreen performance and 
knowledge in the red-footed tortoise (Chelonoidis carbonaria).  Behavioral Processes 106: 187-192.  
Correspondence to Julia Muller-Paul at jmuellerpaul@gmail.com 
January 2015 
 

Parrot Bathing Behavior 
This study examined the behavioral response of 12 captive-reared orange-winged Amazon parrots to 
simulated rainfall provided via sprayers. The birds demonstrated bathing behavior similar to that observed 
in other species of wild parrots and were more likely to engage in these behaviors and for longer periods 
when sprayed in the morning. It was also observed that the birds abstained from bathing for four-to-six 
days after demonstrating bathing behavior. Interestingly, preening was found to decrease dramatically 
after engaging in bathing behavior. This is likely related to the fact that Amazon parrots do not have the 
preen oil gland found in waterbirds which are commonly observed to preen after bathing. Thus, preening 
and bathing behaviors may serve different functions in different bird species. Knowledge of the potential 
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for decline in preening following the engagement in bathing behaviors in Amazon parrots may be useful in 
the treatment of behavioral problems of captive birds related to feather damaging behavior.  
 

Murphy, SM, Braun, JV, Millam, JR. 2011. Bathing behavior of captive Orange-winged Amazon parrots 
(Amazona amazonica). Applied Animal Behavior Science, 132: 200-210. Correspondence to 
jrmilliam@ucdavis.edu. 
November 2011 
 

Chimps Don’t Mind Watchful Eyes 
Humans alter their use of resources under watching eyes of other humans – even if those eyes are only 
images or photographs. This study conducted two experiments aimed at whether chimpanzees respond 
similarly to humans when under the watchful eyes of images (photographs). Hypotheses were that under 
the ‘gaze’ of a chimpanzee photograph, chimpanzees would 1) take longer to select their first food item, 
2) take less preferred food items, and 3) that these effects would be more pronounced in subordinate 
animals. Study animals were from a large group at Chimfunshi Wildlife Orphanage Trust, Zambia; 
participation in the experiment was voluntary. There were no significant differences between chimpanzee 
behavior with or without the presence of images of chimpanzees. Given the robustness of results for 
similar studies of humans, this study provides strong indications that chimpanzees are much less 
sensitive that humans to the watchful eyes of strangers. These results are particularly interesting because 
they suggest that chimpanzee images in proximity to zoo exhibits might not inhibit animals on exhibit. 
 

Nettle, D, Cronin, KA, Bateson, M. 2013. Responses of chimpanzees to cues of conspecific observation. 
Animal Behaviour 86:595-602. Correspondence to daniel.nettle@ncl.ac.uk. 
December 2013 

 
Elo-Ratings are Useful for Calculating Dominance Rankings in Small 
Dynamic Groups 
Many species live in social groups that are organized around dominance hierarchies. Rankings in these 
hierarchies are often calculated using matrixes of interactions. These matrixes require groups of five or 
more animals, many observations, and need to be redone to deal with major changes in group dynamics 
(births, deaths, emigrations, etc.). Elo-ratings, on the other hand, continually update based on the 
outcome of events in sequence, and have been used successfully for years to calculate ranking in chess 
and other sports. The progressively updating Elo-ratings can deal with changes in group dynamics, show 
changes in dominance rankings over time, and allow for easy calculations of rank stability in a group. The 
sequential nature of the calculations also allows for creation of dominance rankings based on many fewer 
observations than are required by matrixes. The authors conducted a reanalysis of their previously 
published data sets using Elo-ratings, and demonstrated their reliability and robustness when compared 
to I&SI and David’s score ranking methods which are widely used. Although Elo-ratings do have 
difficulties with strict linear dominance hierarchies such as those in many old-world primate groups, this 
study found that Elo-ratings may be the best option for calculating dominance rankings in small, dynamic 
groups using a limited number of observations. 
 

Neumann, C, Duboscq, J, Dubuc, C, Ginting, A, Irwan, AM, Agil, M, Widdig, A, Engelhardt, A. 2011. 
Assessing dominance hierarchies: validation and advantages of progressive evaluation with Elo-rating. 
Animal Behaviour, 82: 911-921. Correspondence to cneumann@dpz.eu. 
November 2012  
 

Unpredictability of Feeding Time and Location Increases Activity in 
Peccaries  
The responses of collared peccaries (Pecari tajacu) to unpredictable feeding locations alone and 
unpredictable feeding location and unpredictable feeding times, was increased feeding time, decreased 
resting time, and an increase in exploratory behavior; unpredictability did not alter the amount of agonistic 
behavior. Although all available food was consumed earlier in the control periods (predictable feeding 
times, fixed locations), all food in the less unpredictable periods was consumed before additional food 
was provided. Glucocorticoid metabolite concentrations were substantially higher during the two 
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unpredictable phases: this could indicate that unpredictability is stressful but more likely reflects the 
positive effects of increased activity and reduced time spent resting. The study clearly demonstrates the 
potential benefits of relatively simple adjustments from highly to less predictable feeding practices. 
 

Nogueira, SSC, Calzans, SG, Costa, SOT, Peregrino, H, Nogueira-Filho, SLG. 2011. Effects of varying 
feed provision on the behavioral patterns of farmed collared peccary (Mammalia, Tayassuidae). Applied 
Animal Behaviour Science, 132: 193-199. Correspondence to selene.nogueira@pq.cnpq.br or 
selene@uesc.br. 
November 2011 
 

Giraffe Feeding Programs and Giraffe Behavior 
Giraffe feeding programs have become increasingly common in zoos and currently an estimated 63 
percent of Association of Zoos and Aquariums (AZA)-accredited zoos with giraffes have some sort of 
program. This study assessed the impact of guest feeding of giraffes on giraffe welfare with particular 
attention to its impact on behavioral stereotypies at nine zoos. The amount of time spent in the guest 
feeding program was related to an increase in idleness and a decrease in rumination among the 30 
giraffes observed, 9 of which were not exposed to guest feeding. Increase in idleness seemed to be 
influenced by all-day feeding programs that had open but not active feeding programs where giraffes 
waited near platforms. Similarly decrease in rumination was most pronounced in all day feeding programs 
and may result from elevated stress that could reduce rumination during the day. Time in the guest 
feeding program did not have a significant impact on stereotypic behavior, though stereotypic behavior 
was lower for giraffes that participated in feeding programs. Nonetheless stereotypic behavior was 
significantly reduced as time spent feeding increased, suggesting that management strategies that 
increase time spent feeding, like guest feeding programs, could reduce stereotypic behavior. Pre and 
post guest feeding program comparisons of giraffe behavior are needed to fully understand their impact 
on giraffe welfare.   
 

Orban, DA, Siegford, JM, and Snider, RJ 2016. Effects of guest feeding programs on captive giraffe 
behavior. Zoo Biology 35:157-166. Correspondence to David Orban: david.orban07@gmail.com. 
August 2016 
 

Following Their Noses 
In a study testing how Asian elephants (Elephas maximus) understand and respond to different kinds of 
cueing, researchers using a two-way object choice paradigm found that the elephants can use olfactory 
cues to detect a reward (food), but did not learn to use auditory cues for the same reward. Nine Asian 
elephants were tested in olfaction and auditory cues because elephants tend not to rely on vision, but 
rather on their olfactory and auditory capabilities for social situations. These results provide some of the 
first empirical evidence of elephants using non visual senses in a cognitive, physical task. Their ability to 
use, and their reliance on, olfactory cues in finding food rewards have implications for environmental 
enrichment in captive elephants, especially as it pertains to creating cognitively challenging foraging 
activities. 
 

Plotnik, JM, Shaw, RC, Brubaker, D, Clayton, NS. 2014. Thinking with their trunks: elephants use smell 
but not sound to locate food and exclude nonrewarding alternatives. Animal Behaviour, 88, 91-98. 
Correspondence to: Joshua M. Plotnik at Joshua.Plotnik@gmail.com. 
July 2014 
 

Self-Control in Lemurs 
Inhibitory control is the ability to choose an effective response over a tempting but ineffective response.  
There is evidence that inhibitory control varies between social and non-social contexts.  This study 
examined inhibitory control in 52 subjects from five species of lemur that differ greatly in feeding ecology 
and/or degree of sociality:  ring-tailed, ruffed, black and mongoose lemurs and Coquerel’s sifakas.   The 
experiment had three phases, each of which included the presentation of two different-sized rewards with 
1) access to both awards, 2) access only to the smaller reward, and 3) access only to the smaller reward 
because of inhibition of access to larger reward.  All animals preferred the larger award in Phase 1 and 
shifted gradually to the smaller award in Phase 2.  In Phase 3, animals reverted to approaching the larger 

mailto:selene.nogueira@pq.cnpq.br
mailto:selene@uesc.br
mailto:david.orban07@gmail.com
mailto:Joshua.Plotnik@gmail.com


 
 

18 

award at the outset but at a frequency less than that of Phase 1, when the larger reward was accessible.   
Despite differences in ecology and sociality, there were no inhibitory control differences among the five 
species.  The results suggest that lemurs are only partially able to avoid maladaptive behaviors when 
presented with simple choices of food rewards. 
 

Reddy, RB, MacLean, EL, Sandel, AA, Hare, B.  2015.  Social inhibitory control in five lemur species.  
Primates 56:241-252. Correspondence to Rachna B. Reddy at rachnare@umich.edu. 
November 2015 
 

Touchscreen Tasks to Explore Orangutan Musical Preferences 
Providing music as a form of auditory enrichment for animals has demonstrated largely mixed results 
across studies.  Most studies have relied on evaluating the behavioral response to passive background 
exposure of music, with animals having limited control over sounds.  In this study, three Sumatran 
orangutans were provided active control over music playback through touchscreen tasks during voluntary 
sessions.  Two touchscreen experiments were conducted to identify preferences for music vs. silence, 
and to determine if the orangutans could discriminate between the musical stimuli and a scrambled, non-
musical version of the stimuli.  In addition to six standard Western genres, a non-Western genre was also 
included, Tulva throat singing.  In the first experiment, orangutans had a choice to select the touchscreen 
to replay music after a 30 second exposure or continue silence.  Two of the three individuals showed a 
preference for silence over any music genre and the third showed no preference for music or silence.   

Ritvo, S.E., MacDonald, S.E.  2016.  Music as enrichment for Sumatran orangutans (Pongo abelii).  
Journal of Zoo and Aquarium Research, 4(3): 156-163. DOI: http://dx.doi.org/10.19227/jzar.v4i3.231 
Correspondence to Sarah Ritvo at sritvo@yorku.ca. 
February 2017 

The Acclimation of Great Apes to a New Facility  
Zoos and aquariums invest a great deal in providing suitable habitats that promote species typical 
behavior and reduce abnormal or stereotypical behavior. Lincoln Park’s Regenstein Center for African 
Apes replaced the Lester Fisher Great Ape House in 2004. The new facility included increased usable 
space, outdoor access, a deep litter substrate, and more opportunities for choice and control. Behavior of 
the chimpanzees and gorillas was carefully monitored before and after transfer to the new facility in order 
to assess acclimation to a more modern and naturalistic zoo enclosure. Following the move, pacing, 
regurgitation, coprophagy and monitoring of staff and visitors decreased in chimpanzees. In the gorillas, 
agonistic behavior and monitoring of humans decreased after the transfer. Both chimpanzees and gorillas 
showed a marked decrease in activity levels, which could reflect a more relaxed state in the more 
naturalistic environment. Although transfer to the new facility resulted in mostly positive behavioral 
changes, there was some evidence of a gradual adjustment. Scratching rates, which are often used as a 
measure of anxiety in non-human primates, were higher the first year after transfer and declined in years 
two and three. This study highlights the importance of monitoring transfers and demonstrates how 
enclosure upgrades can lead to improved psychological wellbeing.  

 

Ross, SR, Wagner, KE, Schapiro, SJ, Hau, J, Lukas, KE. 2011. Transfer and acclimation effects on the 
behavior of two species of African great ape (Pan troglodytes and Gorilla gorilla gorilla) moved to a novel 
and naturalistic zoo environment. International Journal of Primatology, 32: 99-117. Correspondence to 
sross@lpzoo.org. 
 August 2011 
 

Heat Loss from Incubating Eggs 
Avian parents rotate and rearrange eggs and this behavior helps regulate heat loss from individual eggs.  
This study examines how the shape and position of an egg within an incubating clutch impacts heat loss.  
Laboratory (Japanese quail eggs) and field (northern lapwing eggs) tests were conducted to assess heat 
loss from different areas of eggs. These species were selected because they1) are ground nesters, and 
thus have large temperature gradients away from the nest, and 2) pronounced sharp and blunt ends to 
their eggs. Thermal imaging was used to evaluate egg surface temperature. The results showed that 
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surface temperature and cooling rates differed. Rates were greatest for the sharp end, then mid-point, 
and least for the blunt end.  Differential arrangement of eggs within a nest showed higher central 
temperatures and greater temperature differentials between the center and edge of the nest when the 
sharp ends were pointed inward. The general implication of the study is that egg shape offers a parent 
the ability to regulate heat loss of individual eggs and regions of an incubating clutch through the 
manipulation of egg orientation and location within a clutch. 
 

Salek, ME, Zarybnicka, M.  2015.  Different temperature and cooling patterns at the blunt and sharp egg 
poles reflect the arrangement of eggs in an avian clutch.  PLoS ONE 10(2): e0117728.  
Doi:10.1371/journal.pone 0117728.  Correspondence to Marketa Zarybnicka at 
zarybnicka.marketa@seznam.cz. 
March 2016 
 

Birds ‘Know’ Their Own Wingspans  
This study examined how birds perceive ‘gaps’ between obstacles through experiments that varied gap 
size and recorded whether a bird folded its wings or continued flapping flight.  Birds were surprisingly 
adept at judging the gap relative to their own wing size, only folding or raising their wings when the gap 
was within 6 percent of their wingspan.  As wingspan decreases, so does the margin of clearance that 
triggers a wing response.  These results are particularly important in considerations of how different sizes 
and species of birds might respond to window markings aimed at reducing bird collisions.  
 

Schiffner, I, Vo, HD, Bhagavatula, PS, Srinivasan, MV.  2014.  Minding the gap: in-flight body awareness 
in birds.  Frontiers in Zoology 11:64.  doi:10.1 186/s 12983-014-0064-y. Correspondence to Ingo Schiffer 
at i.schiffner@uq.edu.au.  
July 2016 
 

Meerkat Response to Visitor Noise 
Meerkat (Suricatta suricatta) responses to visitors were studied in three exhibits at two zoos. 
Observations were conducted under two treatments: unregulated (normal) visitor behavior and regulated 
visitor behavior that reduced visitor noise level and attempts to interact with meerkats. The regulated 
treatment resulted in significant decreases in visitor attempts at interactions and a 32 percent decrease in 
noise level. Despite the differences between treatment conditions, there were no observed differences by 
treatment for meerkat vigilance, proximity to visitors, sentry behavior, locomotion, social interactions, or 
foraging. Wild meerkats are readily habituated to the presence of observers and this study suggests that 
they are also readily habituated to the zoo visitors. 
 

 
Sherwen, SL, Magrath, MJL, Butler, KL, Phillips, CJC, Hemsworth, PH. 2014. A multi-enclosure study 
investigating the behavioral response of meerkats to zoo visitors. Applied Animal Behavioural Science 
156: 70-77. Correspondence to Sally L. Sherwen sherwens@unimelb.edu.au. 
October 2014 
 

Additional Benefits of Training 
African wild dogs at the Franklin Park Zoo engaged in significantly less pacing in the hour following a 
husbandry training session as compared to two different control conditions (no training, no training but 
food presented). This work demonstrates that the use of operant training techniques not only facilitates 
participation in husbandry routines but also has additional benefits to the welfare of our animals. 
 

Shyne, A, M Block. 2010. The effects of husbandry training on stereotypic pacing in captive African wild 
dogs (Lycaon pictus). Applied Animal Behaviour Science 13: 56-65. Correspondence to 
amanda.shyne@bridgew.edu. 
October 2010  
 

Shape and Learning in Reef Fish 
Reef fish live in a complex three-dimensional world of color, food sources, competitors and predators. 
This study explored the ability of freshly caught damselfish (Pomacentrus amboinensis) to discriminate 
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simple three-dimensional objects (bars and cylinders) and complex two-dimensional patterns. All fish 
rapidly learned to discriminate between and among 3D and 2D objects and many individuals showed 
anticipatory behavior that is indicative of capabilities for advanced learning. Coupled with earlier research 
on color discrimination (cited in this paper), it appears that reef fish can discriminate among a wide range 
of objects and that the bases of this discrimination are not limited to physical dimensions alone. The 
results of this study have broad implications for husbandry, exhibit design, and training of fishes. 
 

Siebeck, UE, Litherland, L, Wallis, GM. 2009. Shape learning and discrimination in reef fish. The Journal 
of Experimental Biology, 212, 2113-2119. Correspondence to u.siebeck@uq.edu.au. 
August 2011  
 

African Elephants Interpret Human Pointing Cues 
Researchers found that elephants can gain useful information from human pointing without prior training. 
In two studies, researchers tested a total of 11 captive African elephants housed at a safari operator 
providing elephant back rides for tourists. All of these elephants had lived in human care since infancy. 
Their training had been based exclusively on vocal commands so that they could be directed during 
elephant-back safaris without the need for close proximity to their handlers. This study focused on 
elephant responses to novel non-verbal cues to locate food sources. The variety of gestures and variation 
in location of the experimenter in proximity to the food source resulted in some indication of 
understanding of communication intent. A study with Asian elephants that did not get similar results may 
have been due to procedural differences. More studies are needed to explain this ability to interpret 
human gestures. 
 

Smet, AF, Byrne, RW. 2013. African elephants can use human pointing cues to find hidden food. Current 
Biology 23:1-5. Correspondence to: rwb@st-andrews.ac.uk. 
September 2014 
 

Validation of Activity Levels Measured by Accelerometer Devices 
Accelerometer devices worn by animals have the potential to provide continuous 24/7 monitoring of 
behavior states with minimal effort and invasiveness.  Previous research has validated the use of 
accelerometers mounted inside collars for detecting different activity levels in zoo-housed African 
elephants. The current study expands this research by validating simple analysis methods for identifying 
activity levels. The authors concluded that easily calculated standard deviation measures of 
accelerometer data yielded comparable results to complex methods used in previous studies.  In addition, 
mean measures of accelerometer data were able to successfully identify upright vs. recumbent postures.  
As battery life and storage space are limiting factors for accelerometer use, the authors also analyzed 
different sampling rates and analysis durations on accuracy of activity level identification.  To properly 
identify activity levels, high sampling rates (at least 1 sample per second) were necessary, but sampling 
periods used to calculate metrics could be relatively long (5 min).  Using accelerometer data, the authors 
compared information from three adult female elephants housed at Disney’s Animal Kingdom® to three 
adult females in Samburu-Laikipia, Kenya.  Although both groups spent a majority of their time in low 
activity behaviors, the Kenyan elephants did display generally higher activity levels and less restful 
recumbence compared to zoo-housed elephants.  Although accelerometer devices may not be suitable 
for all species due to body size or species characteristics, this study highlights the potential for these 
devices to provide reliable activity level information for some animals beyond the capability of traditional 
observational approaches. 
 

Soltis, J., King, L., Vollrath, F., Douglas-Hamilton, I.  2016.  Accelerometers and simple algorithms identify 
activity budgets and body orientation in African elephants Loxodonta Africana.  Endangered Species 
Research, 31: 1-12. DOI:10.3354/esr00746 Correspondence to Joseph Soltis at 
joseph.soltis@disney.com. 
December 2016 
 

Onager Response to Changes in Enclosure Size and Human Proximity 

The Persian onager, and endangered equid, normally ranges over vast desert spaces in its native habitat 
and is known for its stubborn nature that has prevented successful domestication. Thus, the effects of 
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limited space and human proximity on stress in the onager are of importance when considering the 
management of this species in a typical urban zoo. This manuscript describes how different enclosure 
sizes and degree of proximity to humans affects stress hormones in ten female Persian onagers. The 
study describes that moving these animals from large open pastures with very little interaction with 
humans into a smaller (~one acre) yard with increased proximity to humans (walking into the enclosure to 
clean, collecting daily urine and fecal samples, increased human traffic next to a veterinary hospital) 
elicited a significant but temporary two-fold increase in stress hormones. These stress hormones returned 
to levels seen on large open pasture within three weeks of acclimation to the new, smaller enclosures and 
were still similar to hormone levels in pasture when measured again two months later. However, there 
was one animal in the group that did not acclimate well to this management change and needed to be 
returned to the larger pastures. These data suggest that this species of endangered equid may be well 
suited to acclimate to management-related changes and may thrive in both urban (limited space) and 
rural (larger pasture) zoo settings. However animal managers should consider differences in individual 
animal temperaments when planning animal moves. The current North American AZA population of 
Persian onagers is under 30 animals. Evidence that this species can thrive in an urban zoo environment 
provides incentive to exhibit more onagers in urban zoos to increase population sustainability. 
 

Vick, MM, Wildt, DE, Turner, JB, Palme, R, Wolfe, BA, Pukazhenthi, BS. 2011. Glucocorticoid response 
to changes in enclosure size and human proximity in the Persian onager (Equus hemionus onager). 
Stress, DOI: 10.3109/10253890.2011.578267. Correspondence to mmv@clevelandmetroparks.com. 
November 2011 
 

Keeper Animal Interactions Differ Between Individual Animal 
Good stockmanship is the management of animals in a safe, effective and low-stress manner. This study 
was aimed at determining whether unique relationships form between keepers and animals, whether 
keepers differ in their interactions with animals and what factors impact the nature of keeper animal 
relationships. Direct, quantitative observations of keeper and animal behavior were followed by a 
questionnaire addressing measurable aspects of stockmanship.  Ninety-three keepers were observed 
interacting with either black rhinoceros (12), Chapman’s zebra (11) or Sulawesi crested black macaques 
(12). All three species responded significantly differently to commands/cues of individual keepers.  
Stockmanship as measured by the questionnaire identified differences in their attitudes to the animals, 
their perceived relationships with the animals and their work experience. The positive or negative extent 
of these differences was reflected in the responses of the animals in their care. The conclusions 
emphasize the potential importance of individual keeper attitudes and experience on the care and welfare 
of zoo animals. 
 

Ward, SJ, Melfi, V.  2015.   Keeper-animal interactions: differences between the behaviour of zoo animals 
affect stockmanship.  PLoS One 10(10):e0140237.  doi10:1371/journal.pone.0140237.  Correspondence 
to Samantha Ward at samantha.ward@ntu.ac.uk. 
March 2016 
 

Behavioral Thermoregulation by Colobus Monkeys 
This study describes thermoregulatory behavior within a group of seven colobus monkeys housed in a 
shotcrete island exhibit. The exhibit is furnished with standing deadfalls, caves, and ropes strung between 
deadfalls. Air temperature, wind speed, relative humidity and surface temperatures were measured 
throughout the study. Data were collected over a wide range of air (6.8-36.9C) and surface (0.2-52.7C) 
temperatures. Monkeys sought shaded, cool microclimates when air temperatures exceeded 23C and 
when given the opportunity, preferred to be indoors at temperatures above 23C. Monkeys also displayed 
more open postures, with legs stretched, at higher temperatures. However, activity levels were not 
reduced at higher temperatures, perhaps because colobus are not very active to begin with. Social 
contact and self-directed behavior were elevated at higher temperatures but this could be attributed to 
limited shade availability. As a result of this study, additional shade structures have been added to the 
exhibit. 
 

Wark, JD, Kuhar, CW, Lukas, KE.  2014.   Behavioral thermoregulation in a group of zoo-housed colobus 

monkeys (Colobus guereza).  Zoo Biology 33: 257-266. 
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January 2015 
 

Anthelmintic Treatment Changes Ungulate Behavior 
Infections of intestinal parasites can adversely affect behavior and, in particular, are reported to reduce 
foraging behavior and food intake. This study examined the impact of anthelmintic treatment of nine wild 
Grant’s gazelles in Tanzania. An additional nine untreated gazelles served as the control, and there were 
no significant demographic or parasite load/type differences between the groups before treatment.  
Treated animals spent more time foraging and less time being vigilant than did control animals and these 
differences disappeared during the post-treatment period. No behaviors other than foraging or vigilance 
were affected by treatment. These results emphasize the potential impact of parasites on behavior and 
suggest that animals under long-term anthelmintic treatment in zoos would be expected to display 
behavioral activity patterns that differ significantly from those reported for free-ranging individuals. 
 

Worsley-Tonks, KEL, Enzenwa, VO.  2015.   Antihelmenthic treament affects behavioural time allocation 
in a free-ranging ungulate.  Animal Behaviour 108: 47-54.  Correspondence to K.E.L Worsley-Tonks at 
katherine.worsley.tonks@gmail.com. 
December 2015 

Enrichment  

Complex Environments Enhance Swimming Ability of Trout 
Many aquariums and zoos create complex habitats for freshwater fish species to mimic their native 
environments.  While these tanks appear naturalistic and are likely important for the aesthetic 
appreciation of guests, these structurally complex spaces may also provide functional benefits for the fish.  
This study tested the swimming ability of hatchery-reared rainbow trout after two months of exposure to 
either a control tank with no structural features or enriched tanks with a matrix of plastic plants and PVC 
pipes.  Features in the enriched tank were also moved weekly and novel items were switched in to 
provide added complexity.  Trout exposed to this complex environment were observed to outperform 
control individuals in an agility task that required the fish to swim across a test tank in a sinusoidal pattern 
to view an unfamiliar conspecific housed in an adjacent compartment.  Although both treatment groups 
were able to navigate the test tank in a similar time, trout from the structurally complex tanks had fewer 
collisions with the sides of the test tank.  Although providing structurally complex environments for 
mammals and birds has long been recognized in zoos and aquariums, this research highlights the 
importance of these features for freshwater aquatic species.   

Ahlbeck Bergendahl, I., Miller, S., Depasquale, C., Giralico, L., Braithwaite, V.A.  2017.  Becoming a 
better swimmer: structural complexity enhances agility in a captive-reared fish.  Journal of Fish Biology, 
90: 1112-1117.DOI: 10.1111/jfb.13232. Correspondence to Ida Ahlbeck Bergendahl at 
ida.ahlbeck.bergendahl@slu.se. 
July 2018 

 

Evaluating Enrichment at the Level of the Individual 
Evaluating the efficacy of enrichment is a fundamental activity by all zoos and aquariums.  Most 
commonly, this has been done through day-to-day record keeping of qualitative assessments.  Multi-
facility research projects can provide population-level insights, but are challenging to conduct and, 
consequently, unavailable for many species.  In this paper, Alligood et al. review different behavior 
analytic strategies for evaluating enrichment at the level of the individual.  They highlight that welfare, a 
key focus for enrichment programs, is a characteristic of individuals and traditional evaluation approaches 
involving inferential statistics and large groups of animals may not be necessary for the type of 
information animal managers are seeking.  The authors review multiple types of single-subject study 
designs and provide example scenarios for their application.  These study designs could be similarly 
applied to both quantitative data from behavior observations, as well as to qualitative data from day-to-
day enrichment records.  These methods offer animal managers an additional tool for promoting 
evidence-based decision making to impact the lives of animals in their care. 
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Alligood, C.A., Dorey, N.R., Mehrkam, L.R.  2017.  Applying behavior-analytic methodology to the science 
and practice of environmental enrichment in zoos and aquariums.  Zoo Biology, 36: 175-185. DOI: 
https://doi.org/10.1002/zoo.21368. Correspondence to C.A. Alligood at Christina.alligood@disney.com. 
September 2017 
 

Scatter Feeders Reduce Repetitive Behavior in Bears 
Varied delivery of food items has been shown to reduce repetitive and increase natural behaviors in 
carnivores. However, the expensive and/or complexity of these delivery tactics often prohibits their 
implementation on a routine basis. This study explored the use of inexpensive, off-the-shelf scatter 
feeders to reduce repetitive behaviors in two grizzly bears housed together in a large outdoor habitat. 
With three feeders, each dispersing twice a day but on different schedules, time spent in repetitive 
behaviors was greatly reduced while time spent in active behaviors and use of space within the exhibit 
was increased. 
 

Andrews, NLP, HA, JC. 2014. The effects of automated scatter feeders on captive grizzly bear activity 
budgets. Journal of Applied Animal Welfare Science 17:148-156. Correspondence to Nathan L. P. 
Andrews at 
andren@uw.edu. 
July 2014  

Beneficial Effects of Enrichment For Leopard Geckos 

Providing environmental enrichment is a common strategy to promote good welfare in mammals and will 
likely confer benefits for other taxonomic groups.  Relatively few studies have investigated the impact of 
enrichment on reptiles, compared to the abundant research on primates and large mammals.  Several 
studies have indicated positive effects of enrichment on some reptile species and suggest this may be a 
beneficial practice for this taxonomic group.  The current study investigated the effect of enrichment on 16 
laboratory-housed leopard geckos.  Five different types of enrichment were studied: thermal, feeding, 
olfactory, object and visual enrichment.   

Enrichment was presented for 45 minutes and behavior was video recorded during six two-week baseline 
and enrichment periods.  The authors observed geckos to interact with all enrichment types, with feeding 
enrichment (e.g. puzzle feeders) and thermal enrichment (e.g. branches and hanging bridge near heat 
lamp) having the largest influence on behavior.  Feeding and thermal enrichment promoted increased 
exploratory behaviors and increased behavioral diversity, a response the authors argued indicated 
improved welfare.  Visual enrichment in the form of a hanging mirror had little impact on any behaviors.  
Although more research is needed on other reptile species with additional indicators of welfare, including 
physiological measures, this study supports the findings in previous research that environmental 
enrichment can provide behavioral benefits for reptiles and suggests that some types of enrichment may 
be more beneficial than others. 

Bashaw, M.J., Gibson, M.D., Schowe, D.M., Kucher, A.S.  (2016).  Does enrichment improve reptile 
welfare?  Leopard geckos (Eublepharis macularius) respond to five types of environmental enrichment.  
Applied Animal Behaviour Science 184: 150-160.  Correspondence to Meredith Bashaw at 
mbashaw@fandm.edu. 
February 2017 
 

Measuring Usable Space in Zoo Exhibits 
The size and complexity of zoo habitats influence animal welfare. Habitats should be sufficiently sized to 
promote appropriate levels of movement, exploration, and natural behaviors. In addition, habitats should 
be designed to afford the animal choice and control over their social and environmental conditions. 
Developing a metric for accurately calculating usable space provides a better reflection of the quality of 
the exhibit and a standardized metric for comparisons across exhibits. Historical methods of determining 
exhibit size only considered floor space and height measurements. These dimensions fail to capture the 
usable space provided by the accessible features (e.g., trees, ropes, perches, and platforms) of the 
exhibit. This research compared two methods of measuring usable space employing a pygmy marmoset 
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exhibit as a model. The first metric tested for the usable surface area by summing all of the exhibit 
surfaces accessible to the animals including the floor area, platforms, ropes, mesh walls, and furniture. 
Climbing structures were measured using their length and circumference. The second metric calculated 
the total usable volume. The exhibit space was divided into individual cubes approximately the size of the 
body length of a marmoset using a computer modeling program. Then, the sum of the number of cubes 
that could be occupied while in contact with a surface (i.e., not while jumping between locations) was 
calculated. The authors found that usable volume was more inclusive of all exhibit features and believed it 
to be more flexible across different types of exhibits.  
 
Browning, H., & Maple, T. L. (2019). Developing a Metric of Usable Space for Zoo Exhibits. Frontiers in 

Psychology, 10, 791. Correspondence to Heather Browning at heather.browning@anu.edu.au 

January 2020 

 

Parrot Personalities and Enrichment 
Personality is known to exist in a wide range of avian, carnivore, primate and other species and is related 
to how individual animals respond to a wide range of stimuli (i.e., how they cope with their environments).  
This study examined how personality, as measured by scales for neuroticism and extraversion, impacted 
the responses of orange-winged Amazon parrots to removal and subsequent replacement of physical and 
social enrichment.  Feather condition declined and stereotypic behaviors increased when enrichment was 
removed and remained below/above baseline when enrichment was returned.  The decline in feather 
condition was significant for birds with higher scores for neuroticism, but the latter was not associated with 
levels of stereotypic behavior.  However, compared to more neurotic birds, birds with higher scores for 
extraversion had lower levels of stereotypic behaviors during enrichment removal and replacement. 
Short-term deprivation of enrichment had lasting effects on abnormal behaviors, and the severity of these 
effects varied with personality.    
 

Cussen, VA, Mench, JA.  2015.  The relationship between personality dimensions and resiliency to 
environmental stress in orange-winged Amazon parrots (Amazona amazonica), as indicated by the 
development of abnormal behaviors.   PLoS ONE 10(6):e0126170.  Correspondence to Joy Mench at 
jmench@ucdavis.edu. 
November 2015 
 

Assessing Effectiveness of Enrichment on Felids 
Environmental enrichment is widely used to enhance the welfare of animals living in the care of humans. 
However, the effects can be short-lived and habituation can occur, reducing effectiveness.  Enriching 
felids can be challenging, and evidence is lacking for some species such as cheetahs. In this study, 
researchers applied three types of enrichment to cheetahs and Sumatran tigers living at the Fota Wildlife 
Park in Ireland. The three types of enrichment, a hay ball without scent, a hay ball with catnip, and a hay 
ball with cinnamon, were designed to be low cost, practical and easy to apply in the zoo setting.  The aim 
of the study was two-fold: to assess the effectiveness of the enrichment and to evaluate if habituation 
occurred for any of the enrichment. Enrichment-directed behaviors, as well as pacing, locomotion, 
inactive and exploratory behaviors were investigated. The results indicated that the three forms of 
enrichment had similar effects, in terms of enrichment-directed behavior, with cinnamon resulting in the 
highest levels of such behaviors. The cinnamon treatment also resulted in a significant decrease in 
pacing behavior when compared with baseline observations. No evidence of habituation was observed for 
any of the three enrichments over the course of the study, which included presentation of each item for 
seven consecutive days. These practical and inexpensive forms of enrichment could be frequently 
applied for these species as part of an enrichment program.  
 
Damasceno, J., Genaro, G., Quirke, T., McCarthy, S., McKeown, S., & O'Riordan, R. 2017. The effects of 
intrinsic enrichment on captive felids. Zoo Biology, 36(3), 186-192. Correspondence to Juliana 
Damasceno at juliana.damasc@gmail.com, judamasceno@usp.br. 
August 2017 
 

Lemur Group Size and Composition Impacts Use of Enrichment Items 
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This study examined the effects of group size and composition on lemur interactions with and ‘solutions 
of’ three novel puzzle boxes. Forty-three lemurs (Varecia variegata and Varecia rubra), in seven groups 
at four zoos were included in the study. Sex ratio within a group impacted both first contact and ‘solution’ 
of the puzzles with the underrepresented sex solving the puzzles sooner. Group size was inversely 
related to first contact but first manipulation showed an interaction with sex: males slower to manipulate in 
large groups and females slower in small groups. There was no evidence of social learning across any of 
the groups or puzzle box types. These results indicate the complex interaction of group characteristics 
with enrichment devices and emphasize the need for careful design and evaluation of how each individual 
in a group interacts with enrichment devices. 
 

Dean, LG, Hoppitt, W, Laland, KN, Kendal, R. 2011. Sex Ratio Affects Sex-Specific Innovation and 
Learning in Captive Ruffed Lemurs (Varecia variegata and Varecia rubra) American Journal of 
Primatology 73:1210–1221. Correspondence to lewis.g.dean@gmail.com. 
June 2012  
 

Does Enrichment Always Reduce Stress? 

This study examined the impact of short (ten-day) and long-term (three-month) enrichment using 
commonly available ‘bird toys’ on the behavior and corticosterone levels of wild caught Clark’s 
nutcrackers (Nucifraga columbiana). Following the three-month exposure, enrichment was removed for 
11 days and then reinstalled. A somewhat surprising result was that all behavioral responses were weak 
in both the short and long-term exposures. However, short-term enrichment elicited significant increases 
in corticosterone levels and removal of enrichment items resulted in a return to pre-enrichment levels, 
thus indicating that this schedule and/or type of enrichment items increased physiological but not 
behavioral measures of stress. In contrast to short-term enrichment, the long-term studies showed an 
increase and then maintenance of elevated corticosterone levels until about the last month of exposure 
when acclimatization occurred and corticosterone levels were significantly lower than pre-enrichment 
levels. Following the long-term study, re-exposure to the same enrichment items resulted in elevated 
levels of corticosterone, indicating that the lowered corticosterone levels at the end of long-term 
enrichment were acclimation rather than acclimatization (e.g., not permanent). This study emphasizes the 
difficultly of evaluating the impact of different types and schedules of enrichment. Similar results have 
been reported for mammals although there is much variability in those results. Implications are that in 
some contexts enrichment may not be as beneficial as is often assumed by animal care staff and must be 
considered and evaluated on a case by case basis. 
 

Fairhurst GD, Frey MD, Reichert JF, Szelest I, Kelly DM, et al. (2011) Does environmental enrichment 
reduce stress? An integrated measure of corticosterone from feathers provides a novel perspective. 
PLOS ONE 6(3): e17663. doi:10.1371/journal.pone.0017663. Correspondence to 
graham.fairhurst@usask.ca (pdf available at www.plosone.org).  
October 2011  
 

Individual Responses to Enrichment 
Regulatory focus theory, whether an individual is motivated by gains or safety, allows a characterization 
of individual personality that could predict how animals will interact with enrichment items. This study 
assesses regulatory focus personalities of each member of a group of cotton-top tamarins and then 
monitored their responses to a variety of gain and non-gain, familiar and unfamiliar enrichment items. The 
“safety” and “gain” motivated individuals behaved as expected and animals with ‘intermediate’ 
personalities fell between the most extreme individuals. The usefulness of the simple personality 
assessment used in this study could help identify the types and placement of enrichment items that would 
meet the needs of any individual animal. 
 

Franks, B, Reiss, D, Cole, P, Friedrich, V, Thompson, N, Higgins, ET. 2013. Predicting how individuals 
approach enrichment: regulatory focus in cotton-top tamarins (Saguinus oedipus). Zoo Biology, 32: 427-
435. Correspondence to beccafranks@gmail.com. 
October 2013 
 

Enrichment and Fur Seal Behavior 
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Employing enrichment tactics that are similar to opportunities encountered in the wild has great potential 
for stimulating natural behaviors. Australian fur seals forage on the sea floor and for fast, evasive prey in 
open water. This study tested three enrichment opportunities that resemble foraging opportunities in the 
wild: free-floating (scattered food) or concealed within a mobile or static device. Each enrichment device 
was presented separately to one of two fur seals. Total time spent pattern swimming when exposed to 
each type of enrichment was significantly reduced over non-enrichment periods and there was no 
difference in this reduction among enrichment types. There was more random swimming in the presence 
of the static and mobile devices, but the duration of this behavior did not differ between the free-floating 
tactic and control periods. All three types of enrichment promoted switching between behaviors at a level 
of two to three times than seen during the control periods. As with a growing number of studies for 
terrestrial species, these results suggest that variation in the type of enrichment devices can dramatically 
increase behavioral diversity and the frequency of natural behaviors. 
 

Hocking, DP, Salverson, M, Evans, AR.  2015.  Foraging-based enrichment promotes more varied 
behaviour in captive Australian fur seals (Arctocephalus pusillus doriferus). PLoS ONE 10(5):e0124615. 
doi:10.1371/journal.pone.0124615. Correspondence to David P. Hocking at email@david-hocking.com. 
December 2015 

 
Assessment of Acoustic Enrichment 
The big cats can be an excellent draw for zoo visitors but their low activity levels during the day and 
visibility challenges can detract from the visitor experience. In this study, acoustic playbacks of lion roars 
were played to 1.1 lions as well as a variety of ungulates in the Masai Mara exhibits at Zoo Atlanta. 
Researchers documented the reaction of the lions and ungulates to these roars as well as the behavior of 
visitors to the lion exhibit. The male lion was observed to increase roaring in response to the roar 
playbacks but neither lion demonstrated behaviors indicative of increased stress resulting from these 
playbacks. The ungulates housed in the adjacent exhibit were seen to orient in the direction of the roar 
playbacks in the same way they did to live roars of the male lion but no stronger reactions were observed. 
Visitors to the lion exhibit that were present during the roar playbacks were observed to stay for longer 
periods than those that came at other times. Overall these results support the use of acoustic playbacks 
as auditory enrichment and nicely demonstrate the evaluation of the impact of an enrichment technique 
on target species, neighboring animals, and zoo visitors. 
 

Kelling, AS, Allard, SM, Kelling, NJ, Sandhaus, EA, Maple, TL. 2012. Lion, ungulate, and visitor reactions 
to playbacks of lion roars at Zoo Atlanta. Journal of Applied Animal Welfare Science, 15:4, 313-328. 
Correspondence to akelling5@gmail.com.  
December 2012  
 

Olfactory Enrichment for Lions  
Enrichment is one way to stimulate captive animals to engage in more diverse behaviors and to promote 
positive welfare. This study was designed to evaluate the use of semiochemicals as a form of enrichment 
for zoo-housed lions. Semiochemicals are involved in animal communication, of which pheromones are a 
subclass. In felines, semiochemicals have been shown to reduce stress and promote relaxation with no 
known side effects. They can also promote social bonding behaviors. Semiochemicals can be infused into 
diffuser blocks, which can easily be placed in various locations. In lions, Cat Facial Pheromone (F3) is 
thought to act as a marker for other animals and can encourage investigation, leading to higher levels of 
activity. Cat Appeasing Pheromone (CAP) is related to mother-offspring bonding and could therefore 
have an impact on positive social behaviors. The study utilized domestic cat F3 and 
CAP semiochemicals in the form of gel-diffuser blocks to assess the impact on lion behavior. The study 
took place over the course of three months in one institution with 18 lions living in three social groups and 
occupying two different enclosures. There were four conditions: a control to establish a baseline and 
three experimental conditions featuring F3, CAP and placebo blocks. A combination of scan and focal 
sampling was used to calculate activity budgets and total time spent performing relevant behaviors. Both 
F3 and CAP were found to increase play behavior in the lions, and F3 was found to increase following 
behavior which the authors consider to be a form of affiliative behavior. Semiochemicals delivered in gel-
diffuser blocks appear to be a useful, non-invasive strategy to improve welfare of lions in managed care. 
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Martínez-Macipe, M, Lafont-Lecuelle, C, Manteca, X, Pageat, P, Cozzi, A. 2015. Evaluation of an 
innovative approach for sensory enrichment in zoos: semiochemical stimulation for captive lions 
(Panthera leo). Animal Welfare 24: 455-461.  Correspondence to sundarimmm@gmail.com.  
July 2016 
 

Environmental Enrichment to Promote Fish Welfare 
Structural environmental enrichment is often utilized to promote fish welfare in managed care rearing 
settings. An extensive synthesis of published research about the effects of structural environmental 
enrichment found several aspects of the biology of fish affected, with varied impacts in direction, 
magnitude and consistency over species and life stages. Some aquatic husbandry practices could benefit 
from these findings to improve fish welfare. Salmonid fish in stock-fish hatcheries and cichlids are well-
represented in this area of research, while many species found in display aquaria or conservation 
breeding programs are under-represented. Many research studies on captive fish do not explicitly state 
the presence or absence of environmental enrichment. Further research opportunities are abundant in 
this area. 
 
Naslund, J, Johnsson, JI. 2016. Environmental enrichment for fish in captive environments: effects of 
physical substrates. FISH and FISHERIES 17:1-30. Correspondence to Joacim Naslund: 
joacim.naslund@bioenv.gu.se. 
May 2017 
 

Scent Cues as Enrichment for Birds of Prey 
It is critical to test the efficacy of enrichment and there is a need to incorporate enrichment into the care of 
a larger number of species, including birds. Recently research has shown that a large number of bird 
species, including birds of prey, use olfaction during a wide range of natural behaviors. Authors 
conducted a study of nine individuals of five different species of birds of prey at the Bronx Zoo in the 
Bronx, N.Y., to investigate the role of olfactory cues in enrichment use. Birds were given food wrapped in 
packages, initially with no scent associated. Birds were also presented with “sham” packages that had no 
actual food in them. The researchers then added scent (peppermint oil) to wrapped packages containing 
food but not to empty bundles. Finally, they tested to see if birds used the scent in selection of packages 
through a trial involving scented and unscented packages, which allowed them to test for possible 
associative learning between the scent and food.  During the experimental phase of the study, birds were 
more likely to manipulate scented versus unscented packages, demonstrating that they were capable of 
forming an association between the scent and food. Researchers also had evidence that New World 
vultures were more capable of using the scent cues than the eagle species and manipulated wrapped 
packages more fully, which may be due to their more sensitive sense of smell. This study demonstrates 
that both wrapping of food, mineral oils and other scents can be used effectively as enrichment for birds 
of prey. In particular, the study elements, including use of scent-food association, provided cognitive 
opportunities for birds and could be used as enrichment at other institutions with a wider variety of 
species.  

Nelson Slater, M., & Hauber, M. E. (2017). Olfactory enrichment and scent cue associative learning in 
captive birds of prey. Zoo Biology, 36(2), 120-126. DOI: 10.1002/zoo.21353. Correspondence to Melissa 
Nelson Slater at mnelson@wcs.org. 
July 2018 
 

Enriching Cheetahs 
In this study, the impacts of three types of enrichment were investigated in five groups of cheetahs. 
Enrichment techniques included temporal variation in feeding, spatial variation in feeding, and olfactory 
stimulation using scimitar-horned Oryx feces. Vigilance behaviors significantly decreased and exploratory 
behaviors significantly increased during enrichment treatments and the period immediately following. It is 
important to note that the five groups responded differentially to different treatments presented at different 
times and thus utilizing a randomized schedule of enrichment presentation is preferred to best account for 
individual and group differences as well as inherent variability in behavior. 
 

mailto:joacim.naslund@bioenv.gu.se


 
 

28 

Quirke, T, O’Riordan, RM. 2011. The effects of different types of enrichment on the behavior of cheetahs 
(Acinonyx jubatus) in captivity. Applied Animal Behaviour Science 133: 87-94. Correspondence to 
104005821@umail.ucc.ie. 
March 2012 
 

How Much Time is needed to Evaluate Enrichment Effects? 
Evaluating the behavioral impact of various enrichment devices or strategies is essential to determine 
whether the desired effects, such as increases in natural behaviors and/or activity levels have been 
attained. However, evaluation of enrichment through behavioral observations is time consuming to the 
extent that the time required may discourage rigorous evaluations. This study compared five different 
evaluation methods with observation times ranging from 15-120 minutes per day. The subjects were eight 
cheetahs subjected to alternating enrichment/non-enrichment days. All aspects of sampling and 
enrichment schedules were randomized. Although only the most intense sampling (120 min per day) 
provided results that are similar to other published studies of cheetah enrichment, three other methods 
(60 min, 45 min, and 30 min per day) indicated significant behavioral changes due to enrichment that 
were comparable, but not identical, to the most intense sampling. Only the briefest sampling period (15 
min.) found no significant difference between enrichment and baseline behaviors. The paper considers 
these and other published results in the context of time constraints on animal care duties and offers 
thoughtful suggestions for evaluation effort. 
 

Quirke, T, O’Riordan, R. 2012. Evaluation and interpretation of the effects of environmental enrichment 
utilizing varying degrees of sampling effort. Zoo Biology (online). Correspondence to 
tommy_quirke@hotmail.com. 
September 2012  
 

Effect of Auditory Enrichment on Birds in Mixed-Species Environments 
Enrichment programs are often designed to target mammals, particularly non-human primates, and few 
studies have considered the impact of enrichment on other taxa, such as birds in mixed-species 
environments.  Robbins and Margulis investigated the impact of different auditory enrichment stimuli 
intended for gorillas on three cohabiting species of birds: Lady Ross’s turacos (n=2), superb starlings 
(n=1) and speckled mousebirds (n=2) at a zoo. In four three-week phases, they compared the birds’ 
response to classical music, rock music and commercially available African rainforest sounds, with control 
periods with no auditory stimuli. Behavioral data were collected using all-occurrence sampling of flying, 
singing and investigation of the auditory device. Auditory enrichment altered the behavioral patterns of all 
three species.  Specifically, all birds increased flight behavior in response to nature sounds, and a mixed 
response to other sounds was observed with regards to vocalizations and investigative behavior.  
Although the welfare implications of this study are unclear, these results do highlight the potential for 
enrichment to have unforeseen consequences in mixed-species environments.  
 

Robbins, L, Margulis, SW, 2016.  Music for the birds: Effects of auditory enrichment on captive bird 
species.  Zoo Biology, 35: 29-34.  DOI: 10.1002/zoo.21260. Correspondence to S.W. Margulis at 
margulis@canisius.edu. 
October 2016 
 

The Importance of Evaluating Enrichment 
As zoological professionals, we have all seen that environmental enrichment can have significant positive 
impacts on captive animals. These enrichments are often designed based on keeper perceptions of what 
might interest the animal while accounting for their natural history. That is, the goal of many enrichment 
plans is to increase production of species-typical behavior. While this is the goal, it is extremely important 
to evaluate your enrichment techniques once they are implemented to ensure they have the desired 
effect. This is exemplified in this case study in which elevated basking platforms were added to lizard 
enclosures to promote climbing behavior. When compared to control enclosures in which the same 
platform was mounted directly to the ground, it was found that the enrichment did not impact survival, 
growth, body condition, behavior, or plasma corticosterone (an indicator of physiological stress). Thus, 
while prior research has demonstrated the effectiveness of some techniques to enrich the lives of herps, 
this study highlights the need to evaluate enrichment practices on a case by case basis. 
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Rosier, RL, Langkilde, T. 2011. Does environmental enrichment really matter? A case study using the 
eastern fence lizard (Sceloporus undulates). Applied Animal Behaviour Science, 131: 71-76. 
Correspondence to rlr265@psu.edu. 
October 2011 
 

Enrichment Promotes Cognitive Abilities in Fish 
Behavioral enrichment can enhance the ability to learn and remember and may also positively impact 
neurogenesis of in areas of the brain related to spatial and relational memory. This study examined the 
impact of enriched rearing environments on changes within the brain and cognition, as measured in 
performance within a maze, of juvenile salmon.  Enriched fish made fewer mistakes and exited the maze 
faster than did fish from the unenriched treatment. There were also higher levels of telencephalic 
expression of genes related to spatial orientation (NeuroD1 mRNA) in the enriched fish. This is the first 
time that a study has found that behavioral enrichment can positively impact both neural plasticity and 
spatial learning in fish. 
 

Salvanes, AGV, Moberg, O, Ebbesson, LOE, Nilsen, TO, Jensen, KH, Braithwaite, VA. 2013.  
Environmental enrichment promotes neural plasticity and cognitive ability in fish. Proceedings of the 
Royal Society B 280: 1-6 
Correspondence to anne.salvanes@bio.uib.no. 
June 2014 
 

Music is Neither Enriching nor Negative for Chimpanzees 
Animals in zoo settings are often exposed to music and increasingly studies are considering the effects of 
noise on zoo animal behavior. Music has also been considered as a form of enrichment, though unlike 
other enrichment, the main desired effect is solely a reduction in abnormal behavior rather than eliciting 
specific species-typical behaviors. For chimpanzees, reduction in aggression may also be desirable and 
the effect of music on aggressive behaviors was considered in this study. This study assessed the impact 
of music on chimpanzee behavior, including a comparison of classical and pop/rock music, at two 
institutions with over 50 chimpanzee’s total. In one experiment conducted as part of this study, music was 
only played in one area and thus chimpanzees had a choice as to whether or not to be subjected to music 
during the study. Chimpanzees did not show shifts in habitat use based on the presence of music. Type 
of music did not impact chimpanzee behavior though they were more likely to exit an area when songs of 
higher beats per minute were played. During an additional experiment using focal sampling on three 
chimpanzees that showed high levels of abnormal behavior prior to the study, music was not found to 
reduce abnormal behaviors in these individuals. When given a choice as to the type of music, 
chimpanzees also did not show a preference. Results suggest that music is not enriching for 
chimpanzees, but also likely does not have a negative effect on welfare of captive chimpanzees.  
 

Wallace, EK., Altschul, D., Körfer, K., Benti, B., Kaeser, A., Lambeth, S., Waller, BM., Slocombe, KE. 
2017. Is music enriching for group-housed captive chimpanzees (Pan troglodytes)? Plos One, 12(3), 27. 
Correspondence to Katie Slocombe, katei.slocomb@york.ac.uk. 
July 2017 
 

Variable Patterns of Enrichment 
This study adds to the growing literature on variable patterns of enrichment presentation. In this case, 
optimal foraging theory was used as a construct for the variability. An unusual aspect of the study was 
monitoring time spent by visitors watching the animals. Varying food delivery in time and location resulted 
in increased time-budget diversity and increased vigilance behavior. Time spent by visitors at the exhibit 
during the variable enrichment trial increased up to 33 percent over regular feeding regimes. Although the 
sample size was small (1.1), the results are consistent with similar studies that show varying the 
presentation of enrichment in time and space increases activity and behavioral diversity. 
 

Watters, JV, Miller, JT, Sullivan, TJ. 2011. Note on optimizing environmental enrichment: a study of 
fennec fox and zoo visitors. Zoo Biology 30: 647-654. Correspondence to jason.watters@czs.org. 
April 2012 
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Auditory Enrichment Effects in Psittacines 
Auditory enrichment has been shown to reduce stereotypy and aggression and increase activity in 
several animal species and may be an effective method to enhance welfare. Researchers tested the 
hypothesis that auditory enrichment changed the behavior of ten zoo-housed psittacines (parrots of 
different species) using six different conditions: a control (no music), commercially available classical 
music and pop music, natural rainforest sounds, parrot sounds and a talking radio. Incidence of calm 
vocalizations and preening levels changed significantly with different conditions:  birds exposed to 
rainforest sounds and talking radio preened more than the control, and talking radio and pop music 
reduced the level of calm vocalizations. Most other behaviors were not affected by auditory enrichment in 
this study with the exception that single housed and hand reared birds expressed fewer normal behaviors 
during auditory enrichment. Limitations of the study include short duration and small sample size, further 
research is warranted to determine the long-term effects of auditory enrichment. 
 
Williams, I, Hoppit, W, Grant, R.  2017. The effect of auditory enrichment, rearing method and social 
environmental on the behavior of zoo-housed psittacines (Aves:Psittaciformes); implications for welfare. 
Applied Animal Behaviour Science. 186: 85-92. Correspondence to Rachel Grant: 
Rachel.grant@hartpury.ac.uk. 
May 2017 
 

Does Auditory Enrichment Benefit Parrots? 
Music and other sounds have been assessed in a growing number of species as a means of enhancing 
the auditory complexity of habitats and providing enrichment benefits for animals.  This study evaluated a 
range potential auditory enrichment sounds on the behavior of multiple parrot species.  Behavior was 
compared between control days with no sounds playing and playback days with auditory enrichment 
sounds.  Playback sounds did elicit some behavioral changes in the parrots, with increased preening and 
decreased calm vocalizations being observed.  Although the authors found limited behavioral changes 
after auditory enrichment exposure, they noted the observed responses may indicate a negative impact of 
these sounds on the parrots and urged caution in applying auditory stimulation as a form of enrichment. 

Williams, I., Hoppitt, W., Grant, R.  2017.  The effect of auditory enrichment, rearing methods and social 
environment on the behavior of zoo-housed psittacines (Aves: Psittaciformes); implications for welfare.  
Applied Animal Behaviour Science, 186: 85-92. DOI: 10.1016/j.applanim.2016.10.013. Correspondence 
to Rachel Grant at Rachel.grant@hartpury.ac.uk. 
July 2018 

Husbandry Techniques  

Habituation to Environmental Enrichment 
The benefits of providing environmental enrichment are widely acknowledged, but less is known about 
how to maximize its effectiveness. In this study conducted with 14 sloth bears at the Bannerghatta Bear 
Rescue Center, researchers tested the impacts of presenting a food-based enrichment device (honey-
filled log with holes) on consecutive days vs. intermittent presentation. They found that habituation effects 
were significantly reduced in the intermittent presentation condition. Both methods of presentation led to 
an increase in exploratory behavior as well as a reduction in stereotypy (an effect that was enhanced in 
the consecutive presentation condition).  
 

Anderson, C, Arun, AS, Jensen, P. 2010. Habituation to environmental enrichment in captive sloth bears-
effect on stereotypies. Zoo Biology 29: 705-714. Correspondence to perje@ifm.liu.se. 
April 2011 
 

Hippo Exhibit Space Usage 
Knowledge of how animals utilize naturalistic exhibit spaces can inform future exhibit design choices as 
well as daily management decisions. In this study, researchers examined the spatial and water depth 
preferences of nine female hippos at Disney’s Animal Kingdom®. From six months of systematic morning 
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observations, the researchers found that the hippos spent more than 99 percent of that time in the water 
portions of the exhibit and less than one percent on dry land. While in water, the hippos preferred areas of 
the exhibit that were between 0.6 and 1.0m in depth and that were large enough for them to clump 
together in a rafting formation. It is suggested that the hippos preferred water of this depth because it 
allowed them to stand in the shallow water with their head above the surface to breathe, while still gaining 
the buoyancy benefits from the water which reduces the body weight supported by their legs. 
 

Blowers, TE, Waterman, JM, Kuhar, CW, Bettinger, TL. 2012 Female Nile hippopotamus (Hippopotamus 
amphibius) space use in a naturalistic exhibit. Zoo Biology, 31: 129-136. Correspondence to 
tracy.e.blowers@disney.com. 
August 2012 
 

Variability in Interactions within a Mixed Species Exhibit of Capuchin and 
Squirrel Monkeys 
Free-ranging squirrel monkeys and capuchins are often found together in large, mixed species groups 
that spend as much as 50 percent of their time foraging together. This natural affiliation suggests that 
similar mixed species groups would be appropriate and successful in zoos. This study documents a 
series of changes in behavioral interactions within and between the two species as a function of 
environmental and social changes such as group size/structure, reproduction, and exhibit modifications. 
Of particular interest are the changes in both levels of, and specific behaviors that comprise, aggression 
and affiliation over time. As an example, with more offspring in the group it might be expected that 
affiliation would increase as youngsters grew up together yet the opposite was observed: affiliation 
decreased. The detailed behavioral analyses offer rare insight into the subtle complexity of behavioral 
relationships in a mixed species exhibit. 
 

Buchanan-Smith, HM, Griciute, J, Daoudi, S, Leonardi, R, Whiten, A. 2013. Interspecific interactions and 
welfare implications in mixed species communities of capuchin (Sapajus apella) and squirrel monkeys 
(Saimiri sciureus) over 3 years. Applied Animal Behaviour Science 147:324-333.  Correspondence to 
h.m.buchanan-smith@stir.ac.uk. 
November 2013 
 

Spider Monkey Housing Practices 
Spider monkeys are seasonal breeders and exhibit a fission-fusion social system. In this study, the 
authors investigated how the group composition of captive spider monkeys impacted testosterone and 
cortisol levels in order to examine potential impacts on reproduction and welfare. Males housed in mixed-
sex multi-male/multi-female groups during breeding season had higher levels of both testosterone and 
cortisol compared to those housed in all-male groups. Within these mixed-sex groups, dominant males 
had the highest testosterone values (indicative of higher reproductive potential) and subordinate males 
had higher cortisol values (indicative of higher stress levels). These findings indicate that when there is a 
need to control reproduction in spider monkeys, males can acclimate to single-sex groupings without 
negatively impacting their welfare.  
 

Cerda-Molina, AL, Hernández-López, L, Díaz-Díaz, G, Mejía-Varas, F, Chavira, R, Mondragón-Ceballos 
R. 2012. Housing with females increases testosterone and cortisol levels in captive groups of black-
handed spider monkeys (Ateles geoffroyi). Zoo Biology, 31: 490-497. Correspondence to 
alcm@imp.edu.mx. 
November 2012 
 

Welfare Assessments for Cetaceans  
Cetaceans have been in managed care for more than 150 years.  This study represents the first effort to 
develop assessment measures to quantify the welfare of bottlenose dolphins in managed care, with an 
emphasis on animal-based measures. This has the potential to contribute to a better understanding of 
cetacean health, care and management. The assessment created as part of this study, the “Cetacean 
Welfare Assessment” or “C-Well®,” was developed at three semi-open, seawater facilities using data 
from 20 bottlenose dolphins. The basis for this assessment was the Welfare Quality® framework 
developed for farm animal welfare, and included the four principles and 11 of the 12 criteria.  The 12th 
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criteria, “positive emotional states,” was omitted due to a lack of data available on emotional states in 
cetaceans. This resulted in 36 welfare measures meant to assess feeding, housing, health and behavior. 
Redundancy was intentional to ensure that if one measure did not detect a welfare issue, it could be 
identified in other measures.  This assessment technique was designed to be practical and can be fully 
executed over the course of two days for up to 10 dolphins. C-Well® includes an instructional handbook 
with video and photo references for simple application. The authors do recommend that any initial 
assessment be conducted by a trained individual. Several limitations were identified, including 
applicability to very young and geriatric individuals. Additionally, the measures are not weighted, hence 
potential welfare concerns that may be more detrimental do not impact the overall assessment differently 
than those that may be less problematic.  The C-Well® assessment represents the first systematic effort 
to produce a standardized tool for welfare assessment of dolphins in managed care.   
 

Clegg, ILK, Borger-Turner, JL, Eskelinen, HC. 2015. C-Well: The development of a welfare assessment 
index for captive bottlenose dolphins (Tursiops truncatus). Animal Welfare, 24: 267-282. Correspondence 
to Isabella Clegg at Isabella.clegg@leec.univ-paris13.fr.  
June 2016 
 

Salamander Husbandry 
In a recent study, spotted salamander (Ambystoma maculatum) eggs were reared through 
metamorphosis in five different conditions and survival, mass, larval duration, and neutrophil-lymphocyte 
ratios (N-L; which co-vary with stress hormones) were measured for each condition. The different rearing 
conditions included low density (six larvae), medium density (12 larvae), and high density (30 larvae), 
where the medium density condition also had a high food condition and a complex environment condition. 
Larvae that were raised in the lowest density had the highest survival rates, body mass, and lowest N-L 
ratio of the five conditions. These results suggest the importance of understanding the environmental 
conditions that hinder developmental growth and health, not just for captive breeding of endangered 
amphibian taxa but for all naturally aggressive herptile taxa in captivity. 
 

Davis, AK. (2012). Investigating the optimal rearing strategy for Ambystoma salamanders using a 
hematological stress index. Herpetological Conservation and Biology, 7, 95- 100. Correspondence to 
akdavis@uga.edu. 
January 2013  
 

The Impacts of Enclosure Size on the Behavior of Wombats 
In this study, the behavior of groups of southern hairy-nosed wombats was observed while they were 
housed in three different sized enclosures: small (75.5 m2), medium (151 m2) and large (224 m2). While in 
the small enclosure, wombats showed higher levels of behavior associated with social conflict (biting, 
retreating from conspecifics, and visual scanning of the group) and also spent more time digging at fence 
lines. While housed in the largest enclosure, wombats were found to engage in less self-directed 
grooming behavior (i.e. scratching) which may indicate reduced anxiety with greater space availability. 
Pacing behavior was unaffected by enclosure size. The authors conclude that increasing enclosure size 
may be a straightforward way to promote positive welfare in wombats. 
 

Descovich, KA, Lisle, AT, Johnston, S, Phillips, CJC. 2012. Space allowance and the behavior of captive 
southern hairy-nosed wombats (Lasiorhinus latifrons). Applied Animal Behaviour Science. 
http://dx.doi.org/10.1016/j.applanim.2012.05.009. Correspondence to k.descovich1@uq.edu.au.  
September 2012  
 

Improved Dart Frog Survivorship from More Nutritious Food Prey 
Due to dramatic decline in amphibian biodiversity, ex-situ breeding populations are critical for 
conservation efforts. Carotenoids are important for amphibian coloration and deficiencies are implicated 
in a variety of health and developmental problems in ex-situ populations of amphibians. This study used 
carotenoid and Vitamin A supplementation to address documented Vitamin A deficiencies in juvenile 
strawberry poison dart frogs (Dendrobates pumilio). Frogs were fed fruit flies raised on either standard or 
carotenoid supplemented media. All flies were dusted with additional carotenoids and Vitamin A 
supplements immediately before presentation to the frogs. Frogs on the carotenoid supplemented diet 
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produced fewer clutches but produced more tadpoles and had more tadpoles metamorphose into frogs. 
Increased nutritional quality of eggs and tropic eggs fed to tadpoles, are credited with improved 
development. The study is an important example of how carotenoids may impact reproductive success in 
amphibians. 
 

Dugas, MB, Yeager, J, Richards-Zawacki, CL. Carotenoid supplementation enhances reproductive 
success in captive strawberry poison frogs (Oophaga pumilio). Zoo Biology, 32:655-658. Correspondence 
to: Corinne L. Richards-Zawacki at cori@tulane.edu. 
July 2014 
 

The Impact of Artificial Lighting on Birds 
Understanding the perceptual abilities of animals can make valuable contributions to maintaining them 
with the best possible welfare. One example deals with learning how birds that are housed indoors 
perceive artificial light. Evidence from the poultry industry demonstrates that birds housed under Low 
Frequency (LF) light, which is the standard lighting we use in our homes, show no differences in behavior 
or physiology to those housed under High Frequency (HF) light and thus are not negatively impacted by 
maintaining them under LF conditions. While this is valuable to the poultry industry, this does not tell us 
how other birds respond to LF and it is thought that some bird species may have more sensitive visual 
systems than poultry or humans. A more sensitive system would result in birds detecting the flicker rate of 
LF light (i.e. they do not fuse the rapid flashes of light presented at that frequency). This work with 
European starlings (Sturnus vulgaris) found that wild starlings housed under LF showed behavioral 
changes indicative of negative welfare as well as basal corticosterone levels indicative of chronic stress. 
The authors conclude that to optimize welfare, when possible, birds housed indoors should be maintained 
under HF conditions so that light flicker does not adversely impact them. 
 

Evans, JE, Smith, EL, Bennet, ATD, Cuthill, IC, Buchanan, KL. 2012. Short-term physiological and 
behavioral effects if high- versus low-frequency fluorescent light on captive birds. Animal Behaviour 83: 
25-33. Correspondence to kate.buchanan@deakin.edu.au. 
April 2012 
  

Welfare and Naturalistic Environments 
Zoo professionals and visitors perceive naturalistic exhibits as more likely to meet the welfare needs of 
zoo and aquarium animals. However, this premise has rarely been tested and it is possible that 
ascetically pleasing naturalistic environments do not provide significant improvements over non-
naturalistic exhibits (but see Ross et al 2012 p. 8 Connect, July 2012). This study compared the 
‘suitability’ of naturalistic and non-naturalistic exhibits in 63 of the 83 zoological parks in Spain. A total of 
1,381 exhibits were assessed along seven suitability Aspects which were derived from AZA and EAZA 
accreditation standards. Almost 43 percent of the exhibits were suitable along all seven Aspects and 25 
percent of the exhibits were suitable for six Aspects. Almost 80 percent of naturalistic exhibits were 
suitable along all seven Aspects while only 40 percent of non-naturalistic exhibits were suitable along all 
Aspects. This comprehensive study provides strong support for the hypothesis that naturalistic exhibits 
provide ‘better’ environments than non-naturalistic exhibits. However, because 22 percent of naturalistic 
exhibits were not suitable on all welfare Aspects, the study also provides support for the notion that 
naturalism alone is not an assurance of welfare suitability. 
 

Fàbregas, MC, Guillén-Salazar, F, Garcés-Narro, C. 2012. Do naturalistic enclosures provide suitable 
environments for zoo animals? Zoo Biology 31: 362-373. Correspondence to 
maria.fabregas@uch.ceu.es.  
September 2012 
  

Fecal Marker Effectiveness 
Fecal markers can be a valuable method of individually identifying samples in group-housed animals for 
use in both routine veterinary diagnostics and hormone monitoring, but it is important to use a marker that 
is both safe and effective in each species. In this paper, Fuller and colleagues describe the most 
commonly used fecal markers in mammals, reptiles and birds surveyed across 45 AZA institutions. The 
authors also test various markers including dye, glitter and indigestible food such as corn and rice to 
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determine their detectability in a variety of species, the minimum quantity needed for detection, and how 
long it takes the fecal marker to appear. 
 

 
Fuller, G, Margulis, SW, Santymire, R. 2010. The effectiveness of indigestible markers for identifying 
individual animal feces and their prevalence of use in North American zoos. Zoo Biology (Published 
online DOI: 10.1002/zoo.20339). Correspondence to gaf@clevelandmetroparks.com. 
April 2011 
 

Monitoring Behavioral Impacts of Cataract Surgery on Penguins 
Cataracts are opacities in the lens that results in vision loss. Cataracts have been diagnosed in a variety 

of avian species, with a high prevalence reported in macaroni (Eudyptes chrysolophus) and rockhopper 

(Eudyptes chrysocome) penguins; age has been identified as a primary risk factor. Keeper surveys have 

noted that cataract removal resulted in improved vision and quality of life for penguins. A study involving 

four macaroni penguins and four southern rockhopper penguins with bilateral cataracts at the Detroit Zoo 

was undertaken. The objectives were to assess behavioral impacts immediately following cataract 

removal and also one year later to compare the behavior of penguins following cataract surgery to that of 

other conspecifics in the same habitat and to monitor the impacts of cataract surgery on swimming 

behavior using time-depth recorders (TDRs).  All penguins recovered from surgery in a relatively short 

amount of time, and the surgery successfully eliminated visual impairments resulting from cataracts. 

Cataract removal positively impacted the behavior and well-being of the individual penguins in this study. 

With improved vision, all the individuals had more opportunities and choices in habitat use, amount of 

time spent swimming, and social interactions. This study demonstrates the importance of planning for 

lifelong care for individuals, including the potential to improve their welfare through veterinary 

interventions. 

Heintz, M. R., Fuller, G. A., Woodhouse, S. J., Murray, A., & Allard, S. M. (2019). Case studies of the 

impacts of cataract surgery on crested penguin welfare. Journal of Applied Animal Welfare Science, 

22(4), 329-341. 

August 2022 

 

Enclosure Size is Not as Important as Enclosure Structure 
Management of zoo animals often requires temporary limitations on available space and/or the structure 
of that space. For social species such as chimpanzees, changes in the amount of space and/or the 
structure of that space may increase the likelihood of social conflict. This study examined the 
relationships between the amount of horizontal space, the number of ‘compartments’ within that space 
and the frequency of potential coping behaviors during an introduction of 22 zoo-housed chimpanzees.  
Arousal related yawning and scratching decreased as the number of compartments increased whereas 
allogroooming, regurgitation/reingestion and rubbing did not change with either increased space or 
compartmentalization. These results suggest that the complexity of exhibits and other housing areas is 
more important for animal welfare than is the absolute amount of horizontal space. 
 

Herrelko, ES, Buchanan-Smith, HM, Vick, S-J.  2015.  Perception of available space during chimpanzee 
introductions:  number of accessible areas is more important than enclosure size. Zoo Biology 
DOI:10.1002/zoo.21234. Correspondence to Elizabeth S. Herrelko at bherrelko@gmail.com. 
December 2015 
 

Behavioral and Physiological Impacts of Animal Handling 
The response of zoo animals to human handling has not received much examination to this point but 
interest in this topic has been growing in recent years. In this study, the response of 12 wombats 
assigned to a human handling condition which entailed handling for 15 minutes, five days/week, for 12 
weeks was compared to that observed in a no-handling condition. Repeated handling was shown to 
reduce the animals’ flight distance to humans as well as a score of behavioral reactivity. Thus, the 
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wombats appeared to have decreased responses to and avoidance of humans with repeated handling. 
Physiologically, cortisol was found to increase with forced handling and the magnitude of this elevation in 
cortisol was not reduced with repeated handling events. 
 

Hogan, LA, Johnston, SD, Lisle, AT, Keeley, T, Wong, P, Nicolson, V, Horsup, AB, Janssen, T, Phillips, 
CJC. 2011. Behavioral and physiological responses of captive wombats (Lasiorhinus latifrons) to regular 
handling by humans. Applied Animal Behaviour Science 134: 217-228. Correspondence to 
lindsay.hogan@uqconnect.edu.au.  
March 2012 
 

Comparison of Touch Pool and Exhibit Ray Health Parameters 
Touch pools are popular exhibits at zoos, aquariums, and science centers, however little research has 
been done addressing health and welfare of the animals in them. The John G. Shedd Aquarium in 
Chicago, Ill., conducted a study comparing multiple health parameters of cownose rays’ in a touch pool 
and exhibit environment. Physical exams, ultrasounds, blood gas analysis, complete blood cell count, 
plasma protein, and cholesterol electrophoresis parameters were collected in May (prior to the beginning 
of the touch pool season) and October of 2014 (at the end of the touch pool season). Rays in each 
location were fed the same diet, approximately 2% of the cumulative mean body weight for animals, and 
both systems were back washed twice weekly at comparable volumes. The only difference in health 
parameters of rays by location was decreased heart rate, increased lactate, and increased LDL 
(cholesterol) in the touch pool rays over time. The authors offer that decreased heart rate may be 
explained by touch pool rays’ desensitization to handling or overall higher activity than exhibit rays. While 
lactate was higher in touch pool rays these measurements were still within the normal measurements for 
rays, suggesting that stress was minimal.  Similarly, LDL levels were higher in touch pool rays than exhibit 
rays but the range was still within the published reference range of normal populations. The authors 
suggest a variety of avenues for future research including but not limited to more frequent collection of 
health parameters and studying environmental factors including the diverse and dynamic microbial 
community structure. Overall the authors found that touch pool rays and exhibit rays had few differences 
in health parameters suggesting that touch pools are not negative environments for rays.  

Johnson, J.G., Naples, L.M., Van Bonn, W.G., Kent, A.D., Mitchell, M.A., & Allender, M.C. (2017). 
Evaluation of health parameters in cownose rays (Rhinoptera bonasus) housed in a seasonal touch pool 
habitat compared with an off-exhibit habitat. Journal of Zoo and Wildlife Medicine, 48, 954-960. 
April 2020  
 

Assessing Well-Being in Birds with Feather and Fat Condition Scores 
Well-being assessments in avian species are important regardless of the purpose for which birds are kept 
- agriculture, research, zoological exhibits, or as pets. Preferred assessment methods are those that 
obtain important indicators with a minimum of handling. Scoring the plumage of a bird can be linked to 
age, housing, or feeding conditions and thus may be important and informative well-being indicators. The 
amount of visible subcutaneous fat is a common method to assess their condition, an indicator for their 
health. The authors of this paper devised categorical plumage and fat scoring systems for Zebra finches 
(Taeniopygia guttata). Reliability measures at two levels, inter-observer reliability and intra-observer 
reliability were also conducted. Results showed strong intra-observer reliability and substantial inter-
observer reliability for the proposed novel plumage scare, but lower inter-observer reliability for the fat 
score. Plumage scoring can be more readily taught to new observers; fat scoring seems to require more 
training. Plumage scores and weight might be robust against observer effects; body weight can be 
obtained accurately using a balance. This novel plumage score is a simple, reliable, and non-invasive 
way to estimate an important indicator of captive Zebra finches’ well-being. Future studies should 
examine the direct link of the plumage scores to well-being, welfare, and health. The plumage score, 
possibly in combination with the fat score, may be an important tool to reliably assess well-being on a 
regular basis in captive populations. 

Kalnins, L., Krüger, O., & Krause, E. T. (2022). Plumage and Fat Condition Scores as Well-Being 
Assessment Indicators in a Small Passerine Bird, the Zebra Finch (Taeniopygia guttata). Frontiers in 
Veterinary Science, 9:791412. Correspondence -Lisa Kalnins lisa.kalnins@uni-bielefeld.de 
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Do Smart Birds Stress Less? 
Secretion of glucocorticoids (CORT) is an adaptive response to stress. However, frequent elevation of 
CORT levels may impair a range of reproductive and physiological functions. Wide interspecific variation 
in baseline and maximal CORT levels among birds suggest alternative means of coping with stress. 
Cognitive behavioral responses to stress can reduce the CORT response and, presumably, associated 
physiological costs. Identification, anticipation and appropriate behavioral responses to stressors might be 
expected in species whose cognitive abilities include rapid learning of things such as shifting social 
structure or variable resource types and levels. This study used the ratio of brain to body size in 119 bird 
species as a proxy for cognitive abilities in a comparison of those abilities against CORT responses. Birds 
with relatively larger brains have lower baseline and lower maximal CORT values. This suggestion that 
‘smarter’ birds may rely more on behavioral vs physiological responses to stress has significant 
implications for care and management of avian species. 
 

Lendvai, A, Bokony, V, Angelier, F. 2013. Do smart birds stress less? An interspecific relationship 
between brain size and corticosterone levels. Proceedings of the Royal Society B 280: 20131734. 
Correspondence to: Adam Lendvai (lendvai@vt.edu) or Daniel Sol (dsolrueda@gmail.com). 
August 2014 
 
 

Now You See It, Now You Don’t: Object Permanence in Lemurs 
Object permanence, the understanding that objects continue to exist even when they are not visible, can 
be important in the design and implementation of behavioral enrichment programs. For example, species 
capable of object permanence should be able to watch while food is being hidden throughout an exhibit 
and then ‘remember’ where that food has been placed; they can distinguish between placement of actual 
food items, non-food items, and sham placement of food. Many primates, birds, dolphins and domestic 
cats and dogs have been reported to display some abilities of object permanence. This study examined 
object permanence in five black-and-white ruffed lemurs and compared results and methodologies to 
previous studies of object permanence in lemurs. Although these lemurs seemed to be attracted to 
locations where items could have been placed, they did not display object permanence and could not 
consistently locate items they watched being hidden. These results, coupled with evaluation of earlier 
studies on lemurs, indicate there is no evidence that lemurs display object permanence. 
 

Mallavaparu, S, Perdue, BM, Stoinski, TS, and Maple, TL. 2013. Can black-and-white ruffed lemurs 
(Varecia variegata) solve object permanence tasks? American Journal of Primatology 75:375-386. 
Correspondence to: Suma Mallavarapu (smallava@kennesaw.edu). 
August 2014 
 

Mortality in Monitor Lizards 

In this study, researchers at the Bronx Zoo reviewed and summarized mortality records for the 16 species 
of monitor lizards maintained in their facility over more than 40 years to better understand the challenges 
that are faced in their care. Full necropsy reports were available for 85 individuals and infection-related 
processes (bacterial, protozoal, nematode, fungal) accounted for the largest percentage of mortalities 
(47.1 percent), while noninfectious diseases (female reproductive disorders, neoplasia, gout, hemipenal 
prolapse) accounted for 29.4 percent. Medical records revealed the presence of reproductive disorders in 
23.1 percent of females and the presence of gout in 18.8 percent of individuals. Given these findings, the 
authors make a series of suggestions to improve the management of these species including providing 
access to surface basking temperatures >45˚C, varied nesting materials, adequate nest sites year-round 
in an enclosure familiar to the female, humid environments with humidity-retaining natural substrate, and 
minimized handling. 
 

Mendyk, RW, Newton, AL, Baumer, M. 2013. A retrospective study of mortality in varanid lizards (Reptilia: 
Squamata: Varanidae) at the Bronx Zoo: Implications for husbandry and reproductive management in 
zoos. Zoo Biology, 32: 152-162. doi: 10.1002/zoo.21043 Correspondence to odatriad@yahoo.com. 
July 2013 
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Do Dolphin Show and Interaction Programs Impact Their Welfare? 
Dolphin shows and visitor interaction programs are increasingly popular methods of engaging zoo and 
aquarium visitors. This study examined the short-term impacts of participation in these programs on the 
behavior of 18 Atlantic bottlenose dolphins across six facilities. Rates of affiliative, aggressive, and 
repetitive behaviors were found to be unrelated to participation in these types of programs. Further, 
behavioral diversity and rates of play behavior were found to increase immediately after participation. 
From these findings, the authors suggest that that these programs can be an important component of the 
enrichment plans for these animals.  
 

Miller, LJ, Mellen, J, Greer, T, Kuczaj, SA. 2011. The effects of education programs on Atlantic bottlenose 
dolphin (Tursiops truncatus) behaviour. Animal Welfare 20: 159-172. Correspondence to 
lmiller@sandiegozoo.org. 
April 2012 

 

Exercise and Feeding Related to Body Condition Scores in Zoo Elephants 
Recent findings from the large-scale collaborative study Using Science to Understand Zoo Elephant 
Welfare that addresses several aspects of elephant welfare including walking, recumbence and 
stereotypic behavior, have been published as a collection in PlosOne. This paper assessed management 
factors associated with high body condition scores in elephants. It was found that 74 percent of captive 
Asian and African elephants studied had elevated body condition scores (either 4 or 5). Tryiglyceride 
concentrations were used to validate body condition scored and varied between scores of 1, 2-3, 4 and 5. 
Female elephants were more likely to be obese than males. Staff-directed walking exercise of 14 hours or 
more and highly unpredictable feeding schedules were associated with lower body condition score. 
Greater feeding diversity was associated with higher body condition score, but the impact on quantity and 
quality of food provided and body condition score remains to be evaluated. Other work suggest that high 
body condition score may be associated with less regular cycling in female elephants and thus is a 
welfare concern, though other impacts of high body condition score remain to be studied.  
 
Morfeld, K.A., Meehan, C.L., Hogan, J.N. & Brown, J.L. 2016. Assessment of Body Condition in African 
(Loxodonta africana) and Asian (Elephas maximus) Elephants in North American Zoos and Management 
Practices Associated with High Body Condition Scores. Plos One, 11 (7) 
March 2017 
 

Identifying Welfare Indicators in Reptiles Using Novelty Tests 
Previous research has identified behavioral and physiological responses of reptiles to potentially anxiety-
inducing situations.  However, this body of research is limited and a better understanding of these 
responses is needed to identify indicators of welfare in reptiles.  For mammalian and avian species, 
exposure to novel environments have been shown to produce anxiety-like responses, particularly freezing 
behavior.  This study explored the response to novelty in two species of reptiles: red-footed tortoises and 
bearded dragons.  The authors’ carefully designed study involved habituating the turtles and dragons to a 
new, familiar environment before exposing them to a novel test environment.  Both environments involved 
unique substrates and wall coverings, intended to contrast from their typical home cage.  Like the 
response of many mammals and birds, the turtles displayed a longer latency to move when placed in the 
novel environment.  In addition, the turtles extended their necks a shorter distance in the novel 
environment, suggesting a cautious, anxiety-like response.  The dragons did not alter locomotor behavior 
between the novel and familiar environments but did express more tongue flicking type behaviors in the 
novel space.  These findings highlight two potential behavioral indicators of welfare in turtles, neck 
extensions and locomotor activity, and establish a practical way to assess anxiety-like behavior in other 
species. 

Moszuti, S.A., Wilkinson, A., Burman, O.H.P.  2017.  Response to novelty as an indicator of reptile 
welfare.  Applied Animal Behaviour Science, 193: 98-103. DOI: 
http://dx.doi.org/10.1016/j.applanim.2017.03.018 
Correspondence to A. Wilkinson at awilkinson@lincoln.ac.uk. 
November 2017 
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The Importance of Group Size 
Appropriate social groups are an important element for any species living in managed care to provide 
opportunities for species-appropriate behavior and social interactions. Group size recommendations are 
developed based on social systems observed in the wild but also factor in limitations of a facility size and 
management of species-typical aggression. This study assessed chimpanzee behavior across 17 
separate social groups to examine the importance of group size and composition. Chimpanzees living in 
groups with a large age range displayed more locomotion and less inactivity. Additionally, chimpanzees 
living in large groups (≥seven individuals) showed different tendencies based on their sex composition. 
Large groups with more males engaged in more affiliative behavior and large groups with more females 
showed more locomotor behavior. Importantly, group size by itself was not related to behavioral 
differences in chimpanzee groups. This demonstrates the importance of examining multiple factors and 
also taking an evidence-based approach with group size recommendations. This approach can be 
applied to other species and additional husbandry considerations to maximize opportunities for optimal 
welfare.  

Neal Webb, S. J., Hau, J., & Schapiro, S. J. (2019). Does group size matter? Captive chimpanzee (Pan 
troglodytes) behavior as a function of group size and composition. American Journal of Primatology, 42-
51.  
August 2019 
 

Successful Rearing of Shark Embryos in an Aquarium Setting  
Late term embryos of the dwarf ornate wobbegong shark (Oretolobus ornatus) were successfully reared 
using an artificial uterine environment comprised of filtered, autoclaved seawater. All artificially reared 
pups were monitored for 140 days post “birth”; there was no postpartum mortality and growth patterns did 
not differ from mother reared pups born in captivity. Success of this artificial uterine approach was 
attributed largely to maintenance of good (hygienic) water quality. This method could become an tool for 
assisting recovery of threatened or endangered shark species either through captive breeding or rearing 
of embryos spontaneously aborted in the wild (e.g., during by-catch). 
 

Otway, N and Ellis, M. 2011. Construction and test of an artificial uterus for ex situ development of shark 
embryos. Zoo Biology 30: 1-9. Correspondence to nick.otway@industry.nsw.gov.au. 
May 2012 
 

Microclimatic Conditions Influences Welfare in African Penguins. 
A wide range of environmental challenges can impact the welfare of animals living in zoos and 
aquariums, including regular exposure to humans. Climatic conditions may differ greatly from what a 
given species would experience in their natural habitat. In this study, researchers investigated the effect 
of visitor presence and local microclimatic conditions on a colony of African penguins living at Zoom 
Torino in Italy using non-invasively collected fecal samples to measure fecal glucocorticoid metabolite 
(FGM) levels. The results showed that the number of visitors did not influence the adrenocortical activity 
of the African penguins but that the local microclimatic conditions may have such an effect. Researchers 
found that an increase of the daily mean temperature induced a significant increase in FGM 
concentrations. Furthermore, they found a positive relationship between daily FGM concentrations and 
two climatic indices, commonly used in human beings and domestic animals: Temperature-Humidity 
Index (THI) and Wind Chill Index (WCI). These indices could therefore be used to examine welfare in 
African penguins as related to local microclimatic conditions. The results of this study indicate that 
naturalistic exhibits could have significant benefits for captive animals, such as a reduction of visitor 
impacts.  
 
Ozella, L., Anfossi, L., Di Nardo, F., & Pessani, D. 2015. Effect of weather conditions and presence of 
visitors on adrenocortical activity in captive African penguins (Spheniscus demersus). General and 
Comparative Endocrinology. 242 (2017) 49–58. Correspondence to: Laura Ozella at laura.ozella@unito.it. 
August 2017 
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Pellet Size Impacts Foraging Time in Zoo Parrots 

The impact of large food pellet size on activity (foraging time) was investigated in parrots. Infra-red 
monitoring and direct observations were used to characterize activity budgets of orange-winged amazons 
(Amazona amazonica). Although over-sized pellets did not increase trips to feeders, they were highly 
preferred (7x), dramatically increased post-pellet retrieval manipulation time (5x), and greatly decreased 
use/consumption of wooden enrichment cubes (-50x). Over-sized pellets appear to be an excellent 
enrichment item that can potentially reduce exhibit damage while increasing activity. 
 

Rozek, JC, Danner, LM, Stucky, PA, Millam, JR. 2010. Over-sized pellets naturalize foraging time of 
captive orange-winged Amazon parrots (Amazona amazonica). Applied Animal Behaviour Science 125: 
80-87. Correspondence to jrmillam@ucdavis.edu. 
March 2011 
 

The Impacts of Flipper Banding 

Flipper banding has been a common practice used to monitor population dynamics of wild-living 
penguins. Previous short-term studies have had mixed results regarding the impacts of flipper banding on 
the birds. This study was a ten year longitudinal investigation that tracked 100 king penguins (50 banded, 
50 non-banded) at their breeding grounds on Possession Island in the sub-Antarctic Crozet archipelago. 
Clear impacts of banding were found. Banded birds arrived to the breeding grounds later and required 
longer foraging trips even after the bands had been in place for ten years. Banded birds produced 39 
percent fewer chicks and had a survival rate 16 percent lower than non-banded birds. These findings 
indicate significant impacts of the practice of flipper banding and bring into question claims that birds 
acclimate to the tags over time. 
 

Saraux, C, Le Bohec, C, Durant, JM, Viblanc, VA, Gautheir-Clere, M, Beaune, D, Park, YH, Yoccoz, NG, 
Stenseth, NC, Le Maho, Y. 2011. Reliability of flipper-banded penguins as indicators of climate change. 
Nature 469: 203-206. Correspondence to claire.saraux@c-strasbourg.fr. 
April 2011 
 

Comparison of Body Condition Scoring Protocols in Elephants 
A number of body condition scoring (BCS) methods have been developed as management tools in the 
care of zoo animals. Several species-specific scoring systems for various taxa ranging from waterfowl 
and penguins to cheetahs and elephants have been developed. These methods are typically restricted to 
visual cues, therefore having an inherent subjective component which can reduces reliability. The authors 
identify three types of BCS, including composite BCS (where individual body regions are scored and a 
sum or mean is calculated), algorithm BCS (where a score is achieved by following a flow chart) and 
overview BCS protocols (where a score is given based on overall appearance). In order to compare their 
practicability and consistency, 18 veterinary students scored photographs of 15 African and 15 Asian 
elephant using all three methods. The composite approach showed more inter-observer variability than 
the other two methods, while the overview protocol led to the highest differentiation of individual elephant 
condition. When regularly assessed (2-3 month intervals are recommended), the authors ascertain that 
visual body condition scoring may serve as an important tool for health monitoring of individual zoo 
animals. Nonetheless, a validation process for each individual scoring method should be carried out 
before it is applied to a new species.  
 
Schiffmann, C., Clauss, M., Hoby, S., & Hatt, J. 2017. Visual body condition scoring in zoo animals – 
composite, algorithm and overview approaches. Journal of Zoo And Aquarium Research, 5(1). 
Correspondence to Christian Schiffmann at c.shiffmann.elephantproject@gmail.com. 
August 2017 
 

Treatment for Bumblefoot in Penguins 
Most species of penguins are susceptible to fungal and bacterial infections of the foot. Treatments are 
often harsh and emphasis has been on preventative measures, particularly opportunities to 
stand/locomote on substrates of varied texture and composition. This paper presents compelling 

mailto:jrmillam@ucdavis.edu
mailto:claire.saraux@c-strasbourg.fr
mailto:c.shiffmann.elephantproject@gmail.com


 
 

40 

evidence on an effective treatment that is neither complicated nor has harsh side effects. Photodynamic 
therapy combines a nontoxic drug as a photosensitizer with low light intensity and oxygen to destroy a 
wide range of microbial organisms. This current study reports 100 percent resolution of pododermatitis in 
five Magellanic penguins with no recurrence within a subsequent six month period. More research is 
needed to determine whether these results generalize to larger sample sizes within Magellanic penguins 
and to other penguin species. 
 

Sellera, FP, Sabino, CP, Ribeiro, MS, Fernandes, LT, Poliani, FC, Teixeria, CR, Dutra, GHP, Nascimento, 
CL. 2014. Photodynamic therapy for pododermatitis. Zoo Biology 33:353-356. Correspondence to: Fabio 
Parra Sellera, fsellera@usp.br. 
November 2014 
 

Polar Bear Well-Being 
This multi-institutional long term study of polar bear behavior and well-being of 55 bears at 20 North 
American zoos illustrates the value of larger scale coordinated research projects to answer population 
level welfare questions. The study used an epidemiological statistical modeling approach to assess the 
relative importance of a large number of variables on pacing and the stress related hormone cortisol as 
measured by fecal glucocorticoid metabolites (FGM). Variables associated with less pacing included 
bears having a view out of their exhibit, enrichment, larger group sizes (the median in the study was two) 
and positive reinforcement training. Higher FGM levels were associated with pacing and smaller exhibit 
dry land area (mean 3364 square feet). These results suggest that there is a link between pacing and 
stress but that some easily available tools, namely enrichment and training programs may be effective at 
reducing pacing. Exhibit designers should focus on providing expansive views and larger dry land areas. 
The study also found that certain measurable temperaments were associated with pacing and with FGM 
which may provide a tool for proactively identifying the individuals most prone to pacing and providing 
enhanced care.  
 

Shepherdson, D., K. Lewis, K. Carlstead, J. Bauman and N. Perrin. 2013. Individual and Environmental 
Factors Associated With Stereotypic Behavior and Fecal Glucocorticoid Metabolite Levels in Zoo Housed 
Polar Bears. Applied Animal Behaviour Science 147: 268-277. Correspondence to 
David.Shepherdson@oregonzoo.org. 
December 2013 
 

Age, Not Group Composition, is the Best Predictor of Male Gorilla Behavior 
Gorillas live in mixed sex groups consisting of one male and multiple females. Given this social structure 
and the 50/50 sex ratio of the gorilla population in North American zoos, most male gorillas will need to be 
housed in an all-male group for at least part of their lives. This study collected ~2,000 hours of 
observations on almost 50 males housed in mixed-sex and all-male groups to examine how group 
composition may affect behavior. Male age, not group composition, was the best predictor of male 
behavior. Subadults initiated more affiliative behaviors than adults, and young silverbacks initiated more 
aggression and displacements than other age classes. With respect to group type, males housed in all-
male groups did not differ in their behavior from males in mixed-sex groups with the exception of non-
contact aggression, which was higher in all-male than mixed-sex groups. This increase was due to the 
high number of male-male interactions that necessarily occur in these groups; the number of aggressive 
initiations doubled with the addition of each silverback. Such behavior patterns are consistent with 
behaviors observed between silverbacks in the wild, and primarily consisted of non-injurious display 
behaviors. Overall, the results support the findings of earlier studies, which showed that all-male groups 
provide gorillas the opportunity to engage in species-typical behaviors and are a feasible long-term 
housing solution. They also reaffirm previous recommendations for introducing males into all-male groups 
as subadults, when they engage in high rates of affiliative behavior. This recommendation is consistent 
with the timing of group transfer in wild male gorillas, who generally join bachelor groups as sub-adults.  
 

Stoinski, TS, Lukas, KE, Kuhar, CW. 2013. Effects of age and group type on social behavior of male 
western gorillas (Gorilla gorilla gorilla) in North American zoos. Applied Animal Behaviour Science 
147:816-828. Correspondence to tstoinski@zooatlanta.org.  
November 2013 
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Protected Contact with Big Cats Preferred for Everyone’s Benefit 
A recent international online survey asked a group of self-selected big cat keepers to answer questions 
about their attitudes and beliefs about the different protocols for handling big cats. Questions focused on 
the type of handling (hands-on, protected, or hands-off) they use with the cats in their care, the use of 
training and their beliefs about the best approach to use for the cat’s welfare, the keepers’, and the 
visitors’ experience. The most common method for handling large cats was through protected contact. 
Keepers felt this was the ideal scenario for the cat, keeper, and visitor to facilitate cats’ natural behaviors, 
keepers’ safety, and visitors’ education. Training was considered highly beneficial. Many keepers from the 
United States felt that a protected approach was more appropriate than a hands-on one, since the latter 
could encourage visitors to want large cats as pets. Given the lack of exotic animal regulation in the 
United States, these results highlight the role American zoos can play as education facilities to encourage 
respect of the animals and a healthy fear of their capabilities. 
 

Szokalski, MS, Litchfield, CA, Foster, WK. (2012). What can zookeepers tell us about interacting with big 
cats in captivity? Zoo Biology (In Press: DOI 10.1002/zoo.21040). Correspondence to 
Monika.Szokalski@unisa.edu.au. 
November 2012 
 

A Zoo Animals Neighborhood 
Due to space limitations in zoos, animals will often live in close proximity to conspecifics which may 
impact their welfare status. These conspecific neighbors may or may not be species that an individual 
would naturally associate with in the wild. Previous research has heavily focused on the effects of living 
within visual, auditory, or olfactory contact to a predator or prey species. In their review, Whitham and 
Miller discuss how social and solitary species in managed care living with or near conspecific neighbors 
are positively and negatively affected by their proximity. Factors that influence the impact of neighboring 
conspecifics include, but are not limited to: environmental characteristics (e.g., enrichment, habitat size, 
auditory features, distance to conspecifics, etc.), individual characteristics (e.g., sex, personality, and 
reproductive conditions), and species characteristics (e.g., mating systems, social systems, dispersal 
patterns, and sensory abilities). As this line of research is founded upon how the animal perceives its 
environment, it is critical that researchers consider which sensory stimuli are the most salient for their 
focal individuals and the species of interest’s natural history.  
 

Whitham, J. C., & Miller, L. J. (2019). A zoo animal's neighborhood: how conspecific neighbors impact 

welfare. Animal Welfare, 28(2), 127-136.  

January 2020 

 

Review of Technology Currently Used to Monitor Animal Welfare 
Zoo and aquarium researchers, working to enhance animal welfare, have not yet taken full advantage of 
the variety of technology tools available for monitoring and assessing welfare of individual animals. The 
authors provide a review of promising technology tools used in studies of zoo, farm and laboratory 
animals to monitor welfare status and evaluate responses to specific stimuli and situations. Emphasis is 
on automated assessments, specifically animal-attached or remote tools, bioacoustics sampling and 
other non-invasive methods used to assess affective states and indicate physiological welfare. Additional 
technologies, which are emerging rapidly, have potential in a zoo setting yet require validation through 
research.  
 
Whitham, JC, Miller, LJ. 2016. Using technology to monitor and improve zoo animal welfare. Animal 
Welfare 25:395-409. Correspondence to Jessica Whitham: Jessica.whitham@czs.org. 
May 2017 
 

Comparison of a Smartphone Based Electrocardiogram Device with a 
Standard Six Lead Electrocardiogram in the Atlantic Bottlenose Dolphin 
In what circumstances might new smart phone based medical technologies contribute to animal care and 
how do these technologies compare in application to standard technologies? The authors investigate the 
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use of smart phone based electrocardiograms (ECGs) for heart rate and cardiac rhythms in bottle nose 
dolphins by comparing ECGs from four bottle nose dolphins using a standard six lead electrocardiogram 
(sECG) and a phone based electrocardiogram (pECG). The Food and Drug Administration approved the 
pECG for human use in 2012 and the device has been used to detect arrhythmias and for initial 
evaluation of myocardial infarction. The device consists of a single lead ECG housed in a plastic case 
and connected to a smartphone. The system converts the electrical signals from the ECG to an 
ultrasound signal which is received and converted by the smartphone to an ECG display.   In addition to 
humans, the device has also been used for dogs and cats to obtain heart rates and identify arrhythmias. 
The device had not been validated for cetaceans, pinnipeds and ungulates (animals with Class B 
ventricular activation). The study compared the interpretations of the pECG and sECG by three board 
certified cardiologists for four dolphins. The mean heart rates were the same for the pECG and sECG (80 
beats per minute) but the ranges were slightly different (62–92 beats/minute and 60–92 beats per minute 
for the pECG and sECG respectively).  The rhythm diagnosis and QRS polarity were the same for both 
devices. One limitation of the pECG is that dolphin vocalizations overlap in frequency with the ultrasound 
signal from the pECG to the smartphone and as a result dolphins need to be quiet during data acquisition. 
The authors believe that the pECG can be used for measuring heart rate and interpreting heart rhythm 
but that it is not a replacement for the sECG for identifying slight variations in heart wave amplitude or 
morphology. The pECGs low cost and portability make it useful for health examinations, monitoring during 
transport and anesthesia, and stranding responses. 
 
Yaw, T.J., Kraus,  M.S., Ginsburg, A., Clayton, L.A., Hadfield, C.A., Gelzer, A.R. (2018). Comparison of a 
smartphone-based electrocardiogram device with a standard six-lead electrocardiogram in the Atlantic 
bottlenose dolphin (Tursiops truncatus). Journal of Zoo and Wildlife Medicine. 49. 689-695. 
10.1638/2017-0140.1. Correspondence to Anna Gelzer at agelzer@vet.upenn.edu . 
December 2018 
  

New Method of Flight Restriction 
Flight restraint is a necessary aspect of maintaining birds in captivity. Currently, both surgical and non-
surgical techniques are utilized. Surgical techniques typically involve permanent changes to the bird and 
can be associated with pain. Non-surgical techniques can require frequent handling, are not consistently 
effective, and may degrade the bird’s appearance and behavior over time. Zhang and colleagues worked 
with a semi-captive red-crowned crane that had normal flight capabilities prior to treatment. The treatment 
involved removal of the ventral margin of barbs from the primary feathers of one wing (photos provided in 
the article). The procedure was reported to take less than 15 minutes and required no post-cutting follow-
up care. Following treatment, the bird was unable to achieve takeoff due to its inability to generate 
equivalent thrust between the left and right wings. When the female entered estrous during the breeding 
season, she was observed to dance normally and was able to keep balance in all actions. Six months 
after the treatment, the female’s modified primaries were shed and replaced by new ones, at which point 
she regained normal flight capability. 
 

Zhang, SL, Yang, SH, Xu, YC, Ma, JH, Xu, JF, Zhang, XG. 2010. An alternative and reversible method 
for flight restraint in cranes. Zoo Biology (Published online DOI: 10.1002/zoo.20326). Correspondence to 
xu_daniel@yahoo.com. 
April 2011 
 

Zoo Biology Special Issue on Amphibian Nutrition and Health 
Aimed at issues related to husbandry of amphibians in zoos, aquariums and propagation centers, this 
Special Issue of Zoo Biology offers seven original research papers, three reviews of current research 
findings, a two commentaries on needed research and the organization of that research for effective 
application to conservation breeding.  Several papers providing exciting new information on Vitamin A 
deficiencies are accompanied by an excellent review of Vitamin A metabolism and its relevance to 
amphibian nutrition.  The two commentaries bookend the other papers and provide importance context for 
the issue’s content as well as a framework for prioritizing and sharing research results so as to maximize 
their impact on amphibian care and conservation. 
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Zoo Biology 33 (6): 483-592.  Zoo Biology has graciously made the entire issue free on line until May 15, 
2015. During that time individual papers may be downloaded free of charge at 
http://onlinelibrary.wiley.com/doi/10.1002/zoo.v33.6/issuetoc. 
April 2015 
 

Zoo Biology Husbandry Reports 
Zoo Biology has now added a useful webpage with links to husbandry reports on a variety of species. 
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1098-2361/homepage/husbandry_reports.htm 
July 2011 

Natural History  

Indirect Impacts of Cognition Research in a Zoo Setting 
Cognitive research with animals in zoo and aquarium settings—in addition to their potential enriching 
benefits for the animals—may influence the guests viewing these experiences and the keepers assisting 
them.  This study monitored guests visiting a reptile room at Disney’s Animal Kingdom in Orlando, 
Fla.  The visitation rate and engagement duration were compared between an ongoing turtle cognition 
research demonstration and a standard keeper interpretation and control sessions in which no activity 
was occurring.  Although these unadvertised demonstrations did not impact the rate of guests visiting the 
turtle room, the authors found that turtle cognition sessions, and to a lesser degree the keeper 
interpretations, were effective at engaging guests in viewing the animals.  They also found that keepers 
who regularly participated in turtle cognition sessions exhibited a stronger bond for the animals in their 
care.  These results highlight the relatively unexplored indirect benefits that research with non-charismatic 
species may have in zoological settings. 

Alba, A.C., Leighty, K.A., Courte, V.L.P., Grand, A.P., Bettinger, T.L.  2017.  A turtle cognition research 
demonstration enhances visitor engagement and keeper-animal relationships.  Zoo Biology, 36: 243-249. 
DOI: 10.1002/zoo.21373. Correspondence to K.A. Leighty at katherine.leighty@disney.com. 
March 2018 

 
Snake Locomotion and Exhibit Structures 
Movement through arboreal habitats is challenging for many animals, although many snake species are 
quite adept at using these habitats. To better understand arboreal snake movement, researchers built a 
variety of structures to test the climbing ability of corn snakes. Features such as the width, shape, and 
incline of the structure and presence of pegs were altered to see which had the greatest impact on snake 
movement. Pegs were found to greatly aid snake movement and allowed them to move faster and 
ascend structures they otherwise could not. Snakes were also found to move faster over flat surfaces 
compared to cylindrical ones and were faster moving through tunnels rather than on perches.  
 

Astley, HC, Jayne BC. 2009. Arboreal habitat structure affects the performance and modes of location of 
corn snakes (Elaphe guttata). Journal of Experimental Zoology, 311A: 207-216. Correspondence to 
Henry_Astley@brown.edu. 
August 2011  
 

Regurgitation in Great Apes 
Regurgitation and re-ingestion (R/R) has often been observed in gorillas and chimpanzees living in zoos.  
While there are some reports that R/R varies with environment, most research has focused on diet, 
particularly the inclusion and amount of complex items such as browse. Two new studies document and 
examine the circumstances of R/R in Bornean orangutans and bonobos. Cassella et al.’s study of 
Bornean orangutans indicates that R/R is surprisingly widespread. Not surprisingly, they found that similar 
to gorillas, the amount of browse in the diet was inversely related to the frequency of R/R. Interestingly, 
they also found that the positive impact of browse could be mitigated by other dietary items (‘sweets’): 
reducing R/R in Bornean orangutans may require a careful evaluation of the entire diet and probably 
cannot be accomplished with just an addition of browse. In contrast to Cassella’s study, Miller and 
Tobey’s study of bonobos suggests that the social environment may impact the frequency of R/R.  Of 
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particular interest is their observation that R/R was positively associated with aggressive behavior at one 
institution while negatively associated with affiliative behavior at a second institution: the implication is 
that R/R in bonobos may be a manifestation of stress related to social behavior. Together, these two new 
studies emphasize that there is much more to be learned about R/R in great apes and that efforts to 
manage R/R should consider a wide range of both potentially causal factors and actions aimed at 
mitigation. 
 

Cassella,CM, Mills, A, Lukas, KE. 2012. Prevalence of regurgitation and reingestion in orangutans 
housed in North American zoos and an examination of factors influencing its occurrence in a single group 
of Bornean orangutans. Zoo Biology 31: 609-620. Correspondence to cmc@clevelandmetroparks.com. 
 

Miller, LJ, Toby, JR. 2012. Regurgitation and reingestion in bonobos (Pan paniscus): Relationships 
between abnormal and social behavior. Applied Animal Behaviour Science 141: 65-70. Correspondence 
to lmiller@sandiegozoo.org.  
March 2013 
 

Gait Analysis to Understand Polar Bear Pacing 
It is important to not only quantify frequency of unwanted behaviors but also to assess intensity in these 
behaviors as a means to understand the motivation for such actions. This study used gait analysis of 
high-speed video to quantify differences in intensity for pacing versus locomoting behaviors in polar 
bears. In addition, data was collected from caregivers on the location, anticipatory nature, and frequency 
of pacing in the bears. This study included 10 bears from seven zoos. Bears considered to be anticipatory 
in their pacing, i.e. when pacing occurred in relation to a specific event, tended to pace near holding 
doors as compared to other bears. These bears also had a larger difference in gait between pacing and 
locomoting compared to other individuals. This suggests that individuals pacing for anticipatory reasons 
have greater intensity of their behavior and thus that this should not be considered a desirable behavior. 
Pacing was more common in areas that could be considered edges or boundaries of a habitat, signifying 
that ranging behavior may also be a motivation for pacing. Pacing occurred frequently on flat, hard, 
barren surfaces, which may reduce other stimuli and thus suggests a coping mechanism motivation for 
some pacing. Finally, authors found that intensity and frequency of pacing were unrelated and should be 
measured separately in future studies.  
 

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.  Doi: 
10.1002/zoo.21379. Correspondence to Isabelle Cless at icless89@gmail.com. 
June 2018 
 

Cataracts in Zoo and Aquarium Pinnipeds: Sunlight vs. Salinity 
A wide range of factors, including water quality, salinity, light intensity, nutrition, and light/sunlight have 
been hypothesized as primary causes of corneal or lens disease in zoo and aquarium pinnipeds. This 
study presents the results for direct ocular examinations of 111 pinnipeds (three species, nine facilities) in 
conjunction with comprehensive medical, husbandry, and environmental histories for each animal. 
Primary risk factors for lens luxation (lens detaches) and/or cataracts, included advanced age, a history of 
fighting, previous ocular disease, and insufficient access to shade. The latter appears exceptionally 
important as animals without access to shade were ten times more likely to develop cataracts and/or lens 
luxation than were animals with access to shade. 
 

Colitz, CMH, Saville, WJA, Renner, MS, McBain, JF, Reidarson, TH, Schmidt, TL, Nolan, EC, Dugan, SJ, 
Knightly, F, Rodriguez, MM, Mejia-Fava, JC, Osborn, SD, Clough, PL, Collins, SP, Osborn, BA, Terrell, K. 
2010. Risk factors associated with cataracts and lens luxations in captive pinnipeds in the United States 
and the Bahamas. Journal of the American Veterinary Medical Association 237: 429–436. 
Correspondence to ccolitz@gmail.com. 
July 2012  
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Validating Models of Habitat Selection and Home-Range Use by Resident 
and Reintroduced Giant Anteaters  
In this work, the researchers examined the habitat selection attributes of the giant anteater 
(Myrmecophaa tridactyla), in two South American wetlands one located in Iberia, Argentina, and the other 
located in Pantanal, Brazil. By comparing the habitat use of species that utilize similar ecological area 
where one population is introduced (Iberia) and one that is wild (Pantanal) the researchers are able to 
model similarities and differences in how the same species use the habitat.  The results of this work 
provided information about how essential landscape attributes or resources are important to a population, 
and whether their importance can be generalized for a given species. The results of this work also 
provide insights into how reintroduced populations may, or may not, utilize habitat differently than wild 
populations of the same species.  

Di Blanco,Y.E., Desbiez, A.L.J., Jiménez-Pérez, I., Kluyber,D., Massocato, G.F., Di Bitetti, M.S. 2017 
Habitat Selection and Home-Range Use by Resident and Reintroduced Giant Anteaters in 2 South 
American Wetlands. Journal of Mammalogy  98(4):1-11 DOI:10.1093/jmammal/gyx019. Correspondence 
to: Yamil E. DiBlanco at yamil_db@yahoo.com. 
December 2017 
 

Scent Detection Dogs 
Scent detection dogs are used in law enforcement (drugs, explosives), search and rescue, and 
research/conservation (locating individuals, feces, etc.). This study examined the potential for inadvertent, 
non-verbal communication from handlers to dogs to impact detection responses and, ultimately, detection 
success. Eighteen law enforcement trained scent dog teams were recruited for the study and each team 
had successfully detected explosives and/or drugs during active deployments. Teams went through 
multiple experimental trials, each of which contained multiple detection opportunities and multiple 
‘markers’ for handlers and/or dogs: in no trial were either drugs or explosives present. Only 15 percent of 
trials were ‘clean’ (no detection); 85 percent of all trials had one or more false detections (alerts) and 
significantly more of these alerts were on false markers (cues) compared to sites with no markers. These 
results suggest that subtle cues from handlers may contribute to false positives and/or may misdirect 
dogs to specific search features. 
 

Lit, L, Schweitzer, JB, Oberbauer, AM. 2011. Handler beliefs affect scent detection dog outcomes. Animal 
Cognition 14:387–394. Correspondence to llit@ucdavis.edu. 
February 2012 
 

Cooperative Nursing on Meerkat Manor: Who Really Benefitted? 
Many social mammals engage in allonursing; nonparental females nursing the young of others.  It is 
generally assumed that this behavior benefits some combination of the mother (reduces energetic 
demands), offspring (increases energy gain), and nonparental nurse (assisting relatives).  Thus, it seems 
likely that 1) mothers whose offspring are nursed by others will be in better condition, and reconceive 
faster than mothers who are the sole energy providers to their young and/or that 2) allonursed offspring 
will be larger at weaning and/or have lower mortality than non-allonursed offspring.  This study used 25 
years of data collected on the population of meerkats made popular by the television series ‘Meerkat 
Manor.’  Somewhat surprisingly, there was no impact of allonursing on either pup size or survival and 
mothers whose offspring were allonursed were in slightly poorer condition at weaning than those who 
nursed their own litters.  Pup condition and survival was positively impacted by maternal condition but 
there was no difference in allonursing association with maternal condition.   Maternal condition was more 
strongly influenced by environmental factors. The study concludes that allonursing may occur either 
because the costs are low or because it conveys subtle social or immunological benefits. 
 

MacLeod, KJ, McGhee, KE, Clutton-Brock, TH.  2015. No apparent benefits of allonursing for recipient 
offspring and mothers in the cooperative breeding meerkat.  Journal of Animal Ecology 84: 1050-1058.  
Correspondence to Kirsty J. MacLeod at kirstyjmacleod@gmail.com. 
September 2015 
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Enhanced Visual Fields in Hammerhead Sharks 
A prominent hypothesis for the evolution of the hammer shaped head of sharks in the family Sphrynidae 
is enhanced binocular vision. This study measured visual fields in representative non-hammerhead 
(carcharhinid) sharks and compared them with the visual fields of hammerhead sharks across the full 
range of small to extreme ’hammerheadedness.’ The results indicate that while all sharks studied had 
similar monocular fields of view, binocular vision increases with lateral head expansion in hammerhead 
sharks. The anterior binocular field of view in the winghead shark was nearly four times that of the 
lemonhead. The study provides strong support for the hypothesis that field of vision has played a 
significant role in the evolution of the unusual morphology of hammerhead sharks. 
 

McComb, DM, Tricias, TC, Kajiura, SM. 2009. Enhanced visual fields in hammerhead sharks. Journal of 
Experimental Biology, 212: 410-418. Correspondence to dmccomb@fau.edu.  
September 2011 
 

The Secret Lives of Male African Elephants 
Acoustic signals play an important role in social dynamics, particularly for group-living mammals and 
increasing evidence supports the concept that acoustic signals play a role in coordinating group activities 
and regulating social interactions. Research on female savannah elephant social interactions and 
vocalizations suggests that individuals can differentiate between group and nonaffiliated calls and that 
calls may be used to express emotional states. Limited work has been done on male elephant social 
interactions as compared to females and even less on the role of vocalizations in male elephant behavior. 
Authors provide a review and synthesis of literature on male elephant social and vocalization behavior, 
finding 30 relevant studies to date from 7 African countries, though most studies were from Amboseli 
National Park in Kenya. Male elephant group size ranged up to 40 individuals and average group size 
was 2 to 4.9 individuals in the wild. Males were more likely to be in all-male groups during non-musth 
versus musth periods and individuals of similar age were more likely to be associated with each other.  
Male call types were categorized as low-frequency rumble, including musth rumbles, and six distinct call 
types for young male elephants. Overall it was found that males have a smaller repertoire of sounds as 
adults and produce fewer vocalizations compared to females. Male vocalizations appeared to be more 
important for communicating with female groups than with male groups and were often associated with 
musth or females in estrus. However, in managed settings, male elephant vocalizations were generally 
associated with affiliative interactions or while spatially separated from other individuals and occurred with 
both females and males. It was also found that male elephants vocalize more in managed environments 
than in the wild. In general, there is a dearth of information on male elephant sociality that merits greater 
study in zoos and in the wild.  

Morris‐Drake, A., & Mumby, H. S. (2018). Social associations and vocal communication in wild and 
captive male savannah elephants Loxodonta africana. Mammal Review, 48(1), 24-36.  doi: 
10.1111/mam.12106. Correspondence to Hannah Mumby at hsm29@cam.ac.uk. 
June 2018 
 

Rhino Eyesight 
Rhinos have historically been reported to be quite near-sighted and to generally have poor vision overall. 
These researchers examined the cells of one eye of an adult male black rhinoceros that was humanely 
euthanized for veterinary reasons. Their calculations indicated the visual resolution of the rhino to be 6 
cycles/degree, which is 1/10 that of humans (60 cycles/degree), slightly less than domestic cats (9 
cycles/degree), comparable to that of rabbits (6 cycles/degree), and better than other mammals including 
rats, dolphins, and seals. With this level of visual resolution, a rhino should be able to detect a person 
standing 200 meters away from them given clear conditions. They also found increased density of 
ganglion cells (indicating better vision) in the upper regions of the retina, which indicates that rhinos have 
better vision in the lower half of their visual field. 
 

 
Pettigrew, JD, Manger, PR. 2008. Retinal ganglion cell density of the black rhinoceros (Diceros bicornis): 
Calculating visual acuity. Visual Neuroscience 25: 215-220. Correspondence to paul.manger@wits.ac.za. 
July 2011 
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Evolution of Animal Welfare in US Zoos and Aquariums 
Zoo and aquarium professionals have long been concerned about the welfare of animals, as evidenced 
by the many efforts to develop and improve husbandry for a wide array of species. Using interviews of 
leaders in the field of animal welfare in zoological institutions, farms and laboratories and relevant 
information from the scientific literature, the authors trace the evolution of this focus on animal welfare in 
the U.S. zoological community and compare it with U.S. laboratories and farms. External drivers, like 
revisions to regulations including the Animal Welfare Act and public relations campaigns, as well as 
internal drivers like changes to association standards and the increasing role of university, agency and 
zoo-based researchers, have contributed to the early evolution of animal welfare practices in all three 
industries. The emphasis on animal welfare in zoological institutions, with small numbers individuals of 
rare and endangered species, has been more strongly driven internally, by scientists, managers and 
animal care staff that have made animal welfare an ethical priority while continuing to be informed by 
research in farms and laboratories. Zoological institutions have a leading role in the science of captive 
wildlife welfare, with relatively little contribution from universities, governments or NGOs and are making 
contributions to the field of wildlife welfare science. 

Powell, D.M, Watters, J.V. 2017. The Evolution of the Animal Welfare Movement in U.S. Zoos and 
Aquariums. Zool. Garten N.F. 86: 219–234. http://dx.doi.org/10.1016/j.zoolgart.2017.04.007 
Correspondence to David M. Powell at dpowell@stlzoo.org 
December 2017 
 

Higher Ratings of Subjective Well-Being Are Associated With Captive 
Orangutan Longevity 
This research examined keeper ratings of subjective well-being of 184 orangutans from 42 zoological 
parks, primarily in the United States. Keepers were asked to rate orangutans they worked with regularly 
on four items: 1) the animal’s ratio of positive to negative moods, 2) the animal’s enjoyment from social 
interactions, 3) the animal’s enjoyment from achievement of goals, and 4) how happy the keeper would 
be if they were that orangutan. These four items were then combined to create a composite score to 
reflect subjective well-being. Animal information, such as date of death, sex, age, species, and number of 
transfers was collected from the studbook to determine associations with the well-being measure. 
Longevity did not vary based on species (Sumatran, Bornean, or hybrid) or the number of transfers. 
However, subjective well-being and sex were related to longevity. Being male increased mortality risk, 
while higher subjective well-being decreased the risk of mortality. Scoring one standard deviation higher 
than the mean for subjective well-being resulted in a 42 percent decrease in mortality risk. Although the 
reason for the association between subjective well-being and longevity is unknown, the results are similar 
to what has been found in humans and may be useful in developing welfare assessments for captive 
animals. 
 

Weiss, A, Adams, MJ, King, JE. 2011. Happy orang-utans live longer lives. Biology Letters.  
doi: 10.1098/rsbl.2011.0543. Correspondence to alex.weiss@ed.ac.uk.  
September 2011 
 

How Harbor Seals Track their Prey 
Harbor seals can detect and identify prey both visually and by detection of vibrations.  Harbor seal 
vibrissae are sensitive enough to detect hydrodynamic trails left by objects (e.g., prey) moving through 
water. These studies demonstrate that harbor seals possess a unique morphological adaptation of their 
vibrissae that, relative to other pinnipeds such as the California sea lion, increases their sensitivity to 
hydrodynamic trails and allows them to determine the direction of objects (prey) that create those trails. 
These results imply that harbor seals can use hydrodynamic trails to identify both the type of prey and 
direction and the direction in which it is moving. 
 

Wieskotten, S, Dehnhardt, G, Mauck, B, Miersch, L, and Hanke, W. 2010. Hydrodynamic determination of 
the moving direction of an artificial fin by a harbour seal (Phoca vitulina). Journal of Experimental Biology, 
213: 2194-2200. Correspondence to wolf.hanke@uni-rostock.de.  
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Hanke, W, Witte, M, Miersch, L, Brede, M, Oeffner, J, Michael, M, Hanke, F, Leder, A, and Dehnhardt, G. 
2010. Harbor seal vibrissa morphology suppresses vortex-induced vibrations. Journal of Experimental 
Biology, 213: 2665-2672. Correspondence to guido.dehnhardt@uni-rostock.de.  
September 2011 

 

Physiology  

How Seahorses Respond to Chronic Noise Exposure 
These researchers examined the behavioral and physiological impacts of individually housing 32 lined 
seahorses in quiet (110 decibels at mid-water) or loud (123 decibels at mid-water) tanks. Animals were 
held in these conditions for a one month period while data were collected. The seahorses housed in loud 
tanks demonstrated behaviors thought to indicate irritation as well as pathology and distress when 
compared to those living in quiet conditions (i.e. increased variance in tail adjustment, time spent 
stationary, piping, and clicking). Animals in loud tanks also demonstrated decline on morphological 
indices, had higher plasma cortisol levels indicative of stress, and had increased impact of parasites in 
the kidneys. The authors promote the monitoring of environmental noise in aquaria and the incorporation 
of soundproofing measures to exhibit design and modifications. 
 

Anderson, PA, Berzins, IK, Fogarty, F, Hamlin, HJ, Guillette, LJ. 2011. Sound, stress, and seahorses: the 
consequences of a noisy environment to animal health. Aquaculture 311: 129-128. Correspondence to 
panderson@flaquarium.org. 
May 2011 
 

Male Panda Calls Indicate Hormone Quality 
While it has been known that male giant pandas increase vocal activity (i.e. bleat production) during 
breeding season, it was unclear whether their bleats contain information that reflects hormone quality. 
Here, researchers analyzed 181 bleats produced by seven adult males at the China Research and 
Conservation Centre for Giant Pandas and at the San Diego Zoo and related these to hormone analyses 
conducted on fecal samples collected from each animal. Significant relationships between acoustic 
features of the bleats and hormone levels were detected. Bleats of longer duration and higher rates of 
modulation of the fundamental frequency (perceived as pitch) were correlated to higher androgen levels.  
 

Charlton, BD, Keating, JL, Kersey, D, Rengui, L, Huang, Y, Swaisgood, RR. 2010. Vocal cues to male 
androgen levels in giant pandas. Biology Letters (Published online DOI: 10.1098/rsbl.2010.0582). 
Correspondence to bcharlton@zooatlanta.org. 
May 2011 
 

Primate Facial Temperatures Indicate Emotional States 
We have all felt our cheeks get warm when we blush, and there is a reason for that. Changes in emotions 
can result in changes in blood flow in the face. This results in an increase or decrease in temperature of 
different facial regions depending on the emotion. This study assessed the emotional response and 
corresponding facial temperature changes during a positive and negative interaction in five primate 
species. Following a positive situation (e.g. play), there was a decrease in nasal temperature. Conversely, 
after a negative situation (e.g. food delay) there was an increase in the upper lip temperature. This study 
highlights the usefulness of facial thermal imaging as a non-invasive and continuous approach to 
objectively quantify emotions. Minimal training is necessary to operate the camera, a number of variables 
need to be considered and controlled for (i.e., image angle and environmental factors) when using this 
type of technology. These approaches could potentially be applied to additional species and situations to 
help assess animal well-being.   

Chotard, H., Ioannou, S., Davila-Ross, M. (2018). "Infrared thermal imaging: Positive and negative 
emotions modify the skin temperatures of monkey and ape faces." American Journal of Primatology 
80(5): e22863. Correspondence to Marina Davila-Ross at marina.davila-ross@port.ac.uk 

mailto:guido.dehnhardt@uni-rostock.de
mailto:panderson@flaquarium.org
mailto:bcharlton@zooatlanta.org
mailto:marina.davila-ross@port.ac.uk


 
 

49 

September 2018 
 

Clinical Conditions in the Front Feet of Reticulated Giraffe 
Giraffe foot disease is a common health concern for zoo giraffe. Clinical conditions can be diagnosed and 
treated using general anesthesia, standing sedation, or operant training. To better understand hoof 
overgrowth and chronic limping, the authors radiographed 40 front feet of 22 reticulated giraffes (Giraffa 
camelopardalis reticulata) between the ages 0.9 to 32 years at the Cheyenne Mountain Zoo in Colorado 
Springs, Colo. Nineteen of the 22 giraffe were trained using positive reinforcement techniques to present 
their front feet for hoof trims and radiographs. The goal was to describe radiographic abnormalities and 
identify associations between these abnormalities and clinical observations for giraffes with chronic 
lameness. While the underlying causes of foot disease are still currently unknown, distal interphalangeal 
joint osteoarthritis, osteitis, and P3 fractures were the most common radiographic findings among limping 
giraffes. As a result of this investigation, authors suggest that training voluntary front foot hoof trims 
should be a priority and can be used as a preventative treatment for lameness management. 
 
Dadone, L., Olea-Popelka, F., Stout, E., Foxworth, S., Klaphake, E., Johnston, M., Han, S., and Barrett, 
M. (2019). Clinical conditions found radiographically in the front feet of reticulated giraffe (Giraffa 
camelopardalis reticulata) in a single zoo. Journal of Zoo and Wildlife Medicine, 50(3), 528-538. 
February 2020  
 

Disease Risk Analysis and Avian Reintroductions 
Reintroductions are increasingly utilized for the conservation of endangered avian species. To avert 
disease-related failures, studies to determine disease risks should be performed prior to the 
implementation of any avian reintroduction program. The presence, and prevalence, of disease-causing 
agents in both the source population and at the site of reintroduction may help better direct reintroduction 
programs. This study documented the prevalence of parasitic and pathogenic agents in chickens and wild 
birds on Floreana Island and provided the first report of possible spillover of disease from domestic to wild 
birds in the Galapagos archipelago. Given the lack of disease exposure in the source population of the 
Floreana mockingbird reintroduction plan, this analysis of disease risks provides some valuable data for 
the reintroduction of this iconic bird species and serves as a template for other avian reintroduction 
programs. 
 

Deem, SL, Cruz, MB, Higashiguchi, JM, Parker, PG. 2012 Diseases of poultry and endemic birds in 
Galapagos: implications for the reintroduction of native species. Animal Conservation, 15: 73-82. 
Correspondence to deem@stlzoo.org. 
August 2012 
 

Toxicity of Water in Zoo Moats 
Exhibit moats and other large, standing bodies of water often display algal blooms throughout the late 
spring and summer months of the year. Although these blooms are often considered an aesthetic 
‘nuisance,’ there are potential animal care and health issues associated with any algal bloom that is 
potentially accessible to zoo animals. One common component of these blooms are blue-green algae, 
which produce the cyanotoxin microsystin. This study examined a wide range of water quality 
parameters, including concentrations of microsystin, in nine zoo exhibit moats. Microsystin was detected 
in all nine moats with several moats having concentrations in excess of those found in ‘typical’ natural 
bodies of water; these levels were also in excess of that recommended for human drinking water. The 
results emphasize the potential benefits from monitoring water quality in moats and other bodies of water 
that might be accessible to zoo animals. 
 

Doster, E, Chislock, MF, Roberts, JF, Kottwitz, JJ, Wilson, AE. 2014. Recognition of an important water 
quality issue at zoos: prevalence and potential threat of toxic cyanobacteria. Journal of Zoo and Wildlife 
Medicine 45:174-177. Correspondence to Jack J. Kottwitz, DVM at jack_kottwitz@hotmail.com. 
October 2014 
 

Methods to Determine Accurate Activity Budgets 
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How an animal dedicates its time across behavioral activities is known as its activity budget. Activity 
budgets are useful tools to study how situational changes impact their behavior over time. Determination 
of an accurate activity budget can be time consuming, and it is often most efficient to sample behaviors at 
particular periods to determine this budget instead of documenting behavior continuously. In this work 
conducted with cotton-top tamarins (Saguinus oedipus), researchers determined the most accurate 
sampling method for creating a representative activity budget. They found that sampling behavior at short 
standardized intervals was more accurate than sampling over repeated clusters of time, or than sampling 
at longer time intervals. This finding provides a nice first step in determining the best method by which to 
standardize behavioral monitoring procedures across species and zoos/aquariums.  
 

Edwards, LN, AE Sorkin, RC Rhodes, KH Petersson. 2010. Observational methods to measure behaviors 
of captive cotton-top tamarins (Saguinus oedipus). Zoo Biology 29: 416-431. Correspondence to 
kpetersson@uri.edu. 
November 2010  
 

Incubation Temperatures, Morphology, and Performance in Lizards 
It is well known that incubation temperatures can determine sex in many reptiles. This study examined 
the impact of incubation temperature on morphology, performance and behavior. Gravid female tropical 
skinks (Carlia longipes) were collected in northeastern Australia from two habitats, each with a different 
nest temperature profile: forest/leaf litter (28.5° C) and rocky outcrop (23.5° C). Clutch size for this 
species is two, one of each was allocated randomly to an incubation temperature that mimicked nests 
from warm/forest or cool/rocky habitats. Regardless of origin, hatchlings from cool temperatures were 
larger, heavier, longer, and had longer limbs and were faster and better climbers. When given a choice, 
cool incubated individuals preferentially selected the rock habitat; conversely, warm incubated individuals 
selected the forest/leaf litter habitat. These results emphasize that beyond traditional concerns about sex 
determination, zoos and aquariums must exercise great care when selecting incubation temperatures 
because a wide range of ecological and behavioral traits may be affected by the incubation environment. 
 

Goodman, BA, Schwarzkopf, L, Krockenberger, AK. 2013. Phenotypic integration in response to 
incubation environment adaptively influences habitat choice in a tropical lizard. American Naturalist 182: 
666-673. Correspondence to brett.goodman@adelaide.edu.au. 
March 2014 
 

Gorilla Stomach Acid and R/R 

The regurgitation and reingestion of food are behaviors seen among primates but can be particularly 
pronounced in captive gorillas. Until now, it has been unclear whether gorillas regurgitate stomach acid 
along with the food material which could have significant impacts on the animal’s health. These 
researchers compared the pH of regurgitated food with that of the original meal and found the 
regurgitated samples to be more acidic. They also found that saliva samples collected from gorillas when 
they were not eating were alkaline (non-acidic) and thus the increase in acidity of the regurgitation was 
concluded to be due to the presence of stomach acid.  
 

Hill, SP. 2009. Do gorillas regurgitate potentially-injurious stomach acid during ‘regurgitation and 
reingestion?” Animal Welfare 18: 123-127. Correspondence to research@chesterzoo.org. 
May 2011 
 

Biobanking for Amphibian Conservation 
This paper reviews the issues related to biobanking for amphibians including the role of zoos and 
aquariums. It identifies the prospects and challenges for cryopreservation of cells, tissues, and gametes. 
It lays out a clear set of goals and priorities that offer a baseline against which request for samples and 
participation can be weighed. 
 

Kouba, AJ, Lloyd, RE, Houck, ML, Silla, AJ, Calatayud, N, Trudeau, VL, Clulow, J, Molinia, F, Lanhorne, 
C, Vance, C, Arregui, L, Germano, J, Lerman, D, Togna, GD. 2013. Emerging trends for biobanking 
amphibian genetic resources: The hope, reality and challenges for the next decade. Biological 
Conservation 164: 10-21. Correspondence to akouba@memphiszoo.org. 
January 2014 
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Reef Fish Use Multiple Cues for Predation Risk 

Many fish use chemical cues to detect predators. Typically, these cues are released by injured congeners 
but they may also be released by individuals that are diseased or afflicted with external parasites. This 
study examined the response of anemonefish (Amphiprion percula) to combinations of chemical and 
behavioral cues from conspecifics and congenerics. When alone, individuals exposed to chemical alarm 
substances from conspecifics and congeners responded with alarm behaviors. In the presence of 
conspecifics showing no alarm behavior, individuals exposed to chemical alarm substances moderated 
their alarm behaviors. The presence of congeners showing no alarm behaviors did not moderate 
responses to chemical alarm substances. The results indicate that anemonefish use behavioral and 
chemical cues in a complex manner to develop responses to changes in their environments. 
 

Manassa, RP, Dixon, DL, McCormick, MI, Chivers, DP. 2013. Coral reef fish incorporate multiple sources 
of visual and chemical information to mediate predation risk. Animal Behaviour 86:717-722. 
Correspondence to rachel.manassa@my.jcu.edu.au. 
December 2013 
 

Assessing Stress in Reptiles 
Little research has been done on stress in reptiles or on how to address stress in captive reptiles. This 
study assessed four main responses to stress in reptiles: behavioral changes, changes in nervous system 
function, neuroendocrine response, and immune response. Potential measures that can be used in 
reptiles to assess behavioral responses are aggression, anorexia, stereotypies and displacement 
behavior. In addition, variation in the deposition of carotenes has been reported to impact skin color in 
some lizards during stress. To assess changes to the nervous, endocrine and immune system, blood 
samples can be used to examine serum catecholamine levels, glucocorticoids, antibodies, blood glucose 
level and heart rate and blood pressure can also be examined. However, the reliability of these measures 
as indicators of stress has not been well-studied and thus may not be as useful for assessment of welfare 
for captive reptiles. For instance, corticosterone levels naturally vary between males and females in some 
reptile species but not others. Given that restraint during blood draws may in and of itself elevate stress, 
skin and fecal samples may be a more useful measure of stress. Fluctuations in lipids and issues with 
both obesity and emaciation have been found to better measures of stress in reptiles. Reptiles are likely 
to encounter the same stressors as other captive animals and further assessment and study of stress in 
reptiles is merited.  
 
Martínez Silvestre, A. 2014. How to Assess Stress in Reptiles. Journal of Exotic Pet Medicine, 23, 240 
243. Correspondence to Albert Martínez Silvestre: crarc@amasquefa.com. 
March 2017 
 

Thermal Benefits of Social Welfare? 
Social bonding and frequency of social interactions are known to confer a wide range of behavioral and 
reproductive benefits.  Physiological benefits are well documented in humans but less clear in other 
mammals. This study examines the relationship between the strength and number of social bonds and 
thermoregulation. Twelve free living vervet monkeys, at a site where this species experiences seasonal 
cold but not heat stress, were implanted with body temperature loggers and monitored during the winter 
months. Monkey body temperature fluctuated diurnally with ambient temperature with lowest 
temperatures recorded between sunset and sunrise. Controlling for ambient temperature, monkeys with 
more social partners had significantly higher body temperatures during winter nights. Monkey body 
temperature was not correlated with the strength of social bonds. The authors suggest that huddling, 
either in pairs or in larger groups, confers energy savings that can be allocated to health and 
reproduction. 
 

McFarland, R, Fuller, A, Hetem, RS, Mitchell, D, Maloney, SK, Henzi, SP, Barrett, L.  2015.  Social 
integration confers thermal benefits in a gregarious primate.  Journal of Animal Ecology 84: 871-878.  
Correspondence to Richard McFarland at Richard.mcfarland@wisc.edu. 
March 2016 
 

mailto:rachel.manassa@my.jcu.edu.au
mailto:crarc@amasquefa.com
mailto:Richard.mcfarland@wisc.edu


 
 

52 

Zoo Animals More Stressed Off than On Exhibit 
Zoos often assume that their animals are more comfortable off exhibit, in close proximity to care givers, 
and away from visitors. Many zoos hold animals off exhibit for as much as twelve hours per day. 
However, chimpanzees held off exhibit for only two hours per day showed more stress-related behaviors 
than when on exhibit. In contrast, under similar circumstances, gorillas showed more affiliative behaviors 
when off-exhibit. These results suggest that quantitative behavioral research is essential to understanding 
how species react to different features in their zoo environments. 
 

Ross, SR, KE Wagner, SJ Shapiro, J Hau. 2010. Ape behavior in two alternating environments: 
comparing exhibit and short-term holding areas. American Journal of Primatology. Correspondence to 
sross@lpzoo.org. November 2012  
 

How Do Amphibian Populations Coexist With Chytrid Fungus?  
Infection by chytrid fungus has been linked to amphibian declines around the world and is implicated in 
more than 100 extinctions.  However, many infected species survive as small remnants, and it is unclear 
how this persistence is achieved.  This study examines some survival hypotheses for several populations 
of an Australian amphibian, the alpine tree frog (Litoria verreauxii alpina), with high chytrid presence and 
heavy infection levels.  Annual adult survival was very low (4 percent).  However, adults successfully 
breed prior to infection, which occurs during the breeding season.  In contrast to adults, tadpoles (2.5 
percent) and juveniles (17 percent) have very low rates of infection, which suggests that recruitment into 
the adult stage is relatively high.  High tadpole and juvenile survival coupled with adult breeding prior to 
infection facilitates population persistence.  The authors speculate that high water temperatures (>28°C) 
experienced by tadpoles and juveniles, compared to the low temperatures experienced by adults (<20°C), 
may limit infections.  
 

Scheele, BC, Hunter, DA, Skerratt, LF, Brannelly, LA, Driscoll, DA.  2015.  Low impact of chytridiomycosis 
on frog recruitment enables persistence in refuges despite high adult mortality. Biological Conservation 
182: 36-43.  Correspondence to Ben C. Scheele at ben.scheele@anu.edu.au.  
June 2016 
 

Are Beluga Whales Stressed During Guest Encounters? 
This study investigated the dynamics of stress-related hormones (plasma ACTH, cortisol, aldosterone) in 
three beluga whales housed in an outdoor aquarium facility. The study was intended to explore whether 
and to what degree these hormones might be elevated during human interventions such as out-of-water 
physicals or wading ‘contacts’ with groups of visitors. Baseline values were established as being higher in 
the morning than afternoon or evenings. As might be expected, all stress-related hormones were 
significantly elevated over baselines during out-of-water physical examinations. However, stress-related 
hormones measured immediately after wading encounters with six-eight members of the general public 
were not elevated from either baselines or measurements made immediately prior to the encounter.  
 

Schmidt, TL, St. Aubin, DJ, Schaefer, AM, Dunn, JL. 2010. Baseline, diurnal variations, and stress-
induced changes of stress hormones in three captive beluga whales (Delphinapterus leucas). Marine 
Mammal Science, 26: 635–647. Correspondence to todd.schmitt@seaworld.com. 
July 2012  
 

The Impact of Animal Welfare Assessments  
A new standard that is part of Association of Zoos and Aquariums accreditation, Standard 1.5.0 requires 
member institutions to follow a written process for assessing animal welfare. This process helps support 
high standards for animal care and similar processes are a part of numerous accredited organizations 
globally. In this study, three zoos in Australia filled out 628 welfare assessments over the course of three 
years. This process involved answering 20 questions on a scale from 0 to 2 (poor to good) that covered 
four domains of welfare (environment, behavior, health, and husbandry). The primary goal was to use the 
results to prioritize interventions and take actions in areas with the greatest need. A surprising result was 
that there was a decrease in the average welfare score across all three zoos in the third year. The 
conditions did not worsen, but instead the change in scores was suggested to be related to a change in 
knowledge or perception. A training workshop was held prior to the assessments in the third year which 
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could have led to increased awareness. It was also speculated that there could have been an initial bias 
towards positive scores if there was a feeling that it reflected the quality of care for the animals. These 
differences in scores highlight the importance of communicating the intent of welfare assessments and 
understanding that knowing more will lead to the need to do more. Overall, the welfare assessment 
process helps identify areas of greatest need and can lead to opportunities to further improve welfare 
standards. 

Sherwen, S. L., Hemsworth, L. M., Beausoleil, N. J., Embury, A., & Mellor, D. J. (2018). An animal welfare 
risk assessment process for zoos. Animals, 1-16.  
August 2019 
 

Stress Reduction on Human Socialized Wolves and Dogs 
Depending on conditions and the species, contact with humans can either heighten or reduce stress in 
human-managed animals. This study used behavioral indicators and stress hormones to assess the 
impact of positive-reinforcement training on domesticated dogs and human-socialized wolves. In addition, 
they assessed stress levels in trainers to assess how trainer stress may impact animal response. While 
domesticated dogs might be expected to benefit from training interactions, the impact of training on wolf 
stress levels was previously unknown. Dogs and wolves were kept in identical conditions to ensure a 
valid comparison. Saliva was collected to measure glucocorticoid levels. Training sessions included 
behaviors and trainers already known to the animals. This study found that stress hormones were 
reduced in both dogs and wolves during training sessions. Dogs and wolves stayed near trainers 
throughout training sessions and did not show behavioral signs of distress. Trainer identity had a 
measurable impact on time spent close to the trainer and proportion of cues responded to correctly, 
reflecting a range of human-animal socialization, but trainer identity and stress did not affect stress in 
dogs or wolves they worked with. This study provides evidence that training may have positive impacts on 
welfare in both domesticated and human-socialized wild canids.  
 
Vasconcellos, AdS, Virányi, Z, Range, F, Ades, C, Scheidegger, JK, Möstl, E & Kotrschal, K (2016) 
Training Reduces Stress in Human-Socialised Wolves to the Same Degree as in Dogs. Plos One, 11(9): 
e0162389. doi:10.1371/journal.pone.0162389.  Correspondence to Angélica da Silva Vasconcellos: 
angelicavasconcellos@gmail.com. 
 

Stress in Penguins 
This study measured heart rate during 589 agonistic interactions in free-living king penguins during two 
consecutive breeding seasons. In 366 of these interactions the birds were bystanders (not directly 
involved). Heart rate was significantly increased for both direct participants and bystanders (up to 30 and 
16 percent of baselines, respectively). Within participants, heart rate was higher for initiators than 
recipients of agonistic behaviors and heart rate in these interactions also varied as a function of breeding 
state.  The study provides valuable information on the association between behavior and stress under 
free-living conditions. 
 

Viblanc, VA, Valette, V, Kauffmann, M, Malosse, N, Groscolas, R. 2012. Coping with social stress: heart 
rate responses to agonistic interactions in king penguins. Behavioral Ecology 23: 1178-1185. 
Correspondence to vincent.viblanc@iphc.cnrs.fr. 
June 2014 
 

Egg Odors Indicate Sex and Fertility   
Avian eggs produce volatile compounds during incubation, possibly to facilitate communication between 
embryo and parents or other embryos.  This study examined odors produced by eggs of Japanese quail 
to determine whether egg volatiles are correlated with embryo sex, state of development or fertility.  
Volatiles were collected on days 1 and 8 of incubation from 65 eggs, 50 of which had an embryo on day 
8.  There was no difference in odors between fertile and infertile eggs on day 1 but by day 8 there was a 
significant difference based on multiple odor elements: no single compound contributed substantially to 
the difference on day 8.  In contrast to fertility, there were significant differences between male and 
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female eggs on days 1 and 8: six compounds were more abundant in volatiles from female eggs.  These 
results appear to be the first to demonstrate these types of differences in avian eggs. 
 

Webster, B, Hayes, W, Pike, TW.  2015.   Avian egg odour encodes information on embryo sex, fertility, 
and development.   PLoS ONE 10(1): e0116345 DOI:10:137/journal.pone.0116345. Correspondence to 
Thomas W. Pike at tpike@lincoln.ac.uk. 
February 2016 
 

Elephant Thermoregulation 
Given their large size, low surface-to-volume ratio, and lack of sweat glands, thermoregulation is an 
important issue to understand in elephants. Infrared thermography was used to investigate the presence 
and extent of thermal windows for heat loss (dissipation) in elephants. In addition to confirming the value 
of thermal windows in elephant ears, this study revealed that African elephants have independently 
functioning thermal windows over much of the body surface: this is similar to whole body windows 
reported for seals. 
 

Weissenbock N, CM Weiss, HM Schwammer, H Kratochvil. 2010. Thermal windows on the body surface 
of African elephants (Loxodonta africana) studied by infrared thermography. Journal of Thermal Biology. 
35: 182-188. Correspondence to nicole.weissenboeck@fiwi.at. 
January 2011  

Reproduction  

Prioritizing Selection of Bird Species for Future Management 
In a time of unprecedented biodiversity loss, ex situ management and breeding are necessary for the 
conservation of threatened species. But how might zoos prioritize species in light of limited space? This 
paper calls for the use of evolutionary distinctness (ED), a metric of unique evolutionary history, and 
compared the ED scores of 2,236 species listed in the Zoological Information Management System 
(ZIMS) as managed ex situ with those not managed in zoological institutions (totaling 10,284 bird species 
recognized by the International Union for Conservation of Nature Red List™). While there was no 
difference in evolutionary distinctness between ZIMS-listed and non-managed birds, those species with 
the highest evolutionary distinctness scores were more likely to be managed within zoos and aquariums 
than those with less evolutionary distinctness. However, of the approximately 640 bird species considered 
imperiled (i.e., endangered or critically endangered), the authors found that nearly 83 percent are not 
managed by ex situ institutions and not listed in ZIMS. Thus, the authors developed a list of species for 
potential management prioritized by their IUCN threat status and ordered highest to lowest evolutionary 
distinctness. While recognizing the potential political, husbandry, and social barriers to establishing ex 
situ breeding programs of highly imperiled species, the authors encourage zoological managers to assess 
their list of evolutionarily distinct species for ex situ management and public desirability, as they claim that 
inclusion of the 10 highest priority bird species would add 331 million years of evolutionary history to 
managed populations. 

Biega, A.M., Lamont, M., Mooers, A., Bowkett, A.E., and T.E. Martin. 2019. Guiding the prioritization of 
the most endangered and evolutionary distinct birds for new zoo conservation programs. Zoo Biology 38: 
305-315. 
March 2020  

 
AZA Institution’s Role in North American Translocations 
Conservation translocation is a necessary tool for preventing the loss of biodiversity. This study assessed 

the role of zoos and aquariums in translocation, especially in North America. A search of 1863 

publications in the North American Conservation Translocation database (1974-2013) revealed that of the 

280 species included in the database, only 14 percent had translocation programs involving a zoo or 

aquarium. Likewise, only a quarter of translocated species sourced from managed populations (162; 58 

percent) were zoo born, although the proportion of animals bred in managed care sourced from zoo 

populations has increased since the 1970s. However, while most participating zoos are AZA accredited, 
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only 18 percent of AZA institutions are associated with a translocation program. Contributions of 

individuals bred in managed care was also taxon-dependent. Zoo-born animals were more commonly 

amphibians and terrestrial invertebrates, and a negligible number were fish and marine invertebrates. 

According to the authors, such low contribution by zoos and aquariums to conservation-translocation may 

represent a lack of space for holding and breeding, investment in the care or display of species of lower 

conservation need, or contributions to translocations outside of North America. Nonetheless, the 

increasing proportion of translocated individuals from zoos, and the rising number of database 

publications coauthored by zoo professionals or involving zoos and aquariums indicates a need for zoos 

to continue establishing themselves as a leading partner in managed breeding and release activities.   

Brichieri-Colombi, T.A., Lloyd, N.A., McPherson, J.M., and A. Moehrenschlager. (2019). Limited 

contributions of released animals from zoos to North American conservation translocations. Conservation 

Biology 33(1): 33-39. Correspondence to Axel Moehrenschlager at axelm@calgaryzoo.com. 

December 2019 

 

Using Acoustic Enrichment to Increase Breeding Behavior 
The breeding of colonial species in zoological institutions can be challenging due to low numbers and 
thus the lack of necessary social cues. In this research carried out at the Bronx Zoo, they conducted 
playback experiments utilizing conspecific breeding vocalizations with their colony of North bald ibis in an 
attempt to stimulate breeding behaviors. In their first attempt they observed an increase in breeding 
behavior but no egg production. During the next breeding season, they obtained and utilized recordings of 
breeding vocalizations of increased sound quality collected from a semi-wild breeding colony. This time 
they again found an increase in observed breeding behavior but also had 13 eggs produced from their 
colony of 15, six of which fledged successfully. This work demonstrates the potential of using acoustic 
stimuli to enhance the breeding of colonial species in captivity. 
 

Clark, JA, Haseley, A, Van Genderen, G, Hofling, M, Clum, N. 2012. Increasing breeding behaviors in a 
captive colony of Northern Bald Ibis through conspecific acoustic enrichment. Zoo Biology (In Press, 
DOI:10.1002/zoo.20414). Correspondence to jaclark@fordham.edu. 
February 2012 
 

Contraception Alters Odor Cues 

This study investigated the effects of the commonly used contraceptive Depo-Provera (MPA) on female 
odor cues and male behavior in ring-tailed lemurs. MPA was found to significantly alter the chemical 
composition of female secretions and it eliminated the specific odor information that signals individual 
identity, genetic diversity, and kinship. Male lemurs were able to detect the MPA-induced changes, 
showing a preference for the odor of females when they were not treated with MPA. Thus, hormonal 
contraceptives could have a significant impact on the social behavior of lemurs and other animals that 
rely on odor cues to identify individuals and communicate social information. The authors suggest that 
alterations in female odor cues may be responsible for the increase in aggression sometimes seen in 
MPA treated primates. 
 

Crawford, JC, M Boulet, CM Drea. 2010. Smelling wrong: Hormonal contraception in lemurs alters critical 
female odour cues. Proceedings for the Royal Society B (Published online DOI: 
10.1098/rspb.2010.1203). Correspondence to cdrea@duke.edu.  
March 2011 
 

Understanding unfulfilled BTP recommendations to promote success 
Recommendations made in Breeding and Transfer Plans (BTP) are part of the foundation for 
cooperatively managing AZA animal, but these recommendations are not always completed. 
Understanding why can be a first step to improving implementation and reaching population goals. This 
study used descriptive and text-mining methods to examine reasons for unfulfilled “Breed With”, “Do Not 
Breed”, “Hold”, and “Send To” BTP recommendations made from 2007 to 2019 in 73 animal programs, 
based on 1,307 responses to surveys (of 2,335 sent). Most Breed With recommendations were attempted 
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(≥55%) but were not successful due to pair incompatibility or insufficient time. Other recommendation 
types were often unfulfilled because the original BTP recommendation was replaced with an updated 
(“interim”) recommendation. Overall, for Breed With recommendations, reasons were most often related 
to an individual animal's status and a pair's breeding behavior, while for all other recommendation types, 
factors instead related to management or logistics. Authors suggest these results underscore the 
importance of common population management practices, such as keeping breeding pairs/groups 
together across multiple formal planning sessions, examining husbandry practices that may influence 
breeding success, and making a concerted effort to coordinate transfers carefully with breeding seasons. 
 
Gray, S.M., Faust, L.J., Kuykendall, N.A., Bladow, R.A., Schad Eebes, K., Che-Castaldo, J.P. (2022). 
Reasons for unfulfilled breeding and transfer recommendations in zoos and aquariums. Zoo Biology, 
41(2): 143-156.. DOI: https://doi.org/10.1002/zoo.21664 Correspondence: Steven Gray at 
stevenmgray4@gmail.com  
October 2022 

 
Opportunities to Thrive in Conservation Breeding  
Animal welfare and conservation breeding programs both focus on the individual animal in order to judge 
successful breeding. San Diego Zoo Global (SDZG) has developed an Opportunities to Thrive program 
as a guide for managing their animals and conservation breeding programs. This program builds off of the 
Five Freedoms to identify positive indicators of animal welfare. The Opportunities to Thrive state that 
animals should have the following five opportunities: for strategically presented, well balanced diet; to 
self-maintain; to have optimal health; to express species-typical behavior; and for choice and control. In 
this article, the application of the Opportunities to Thrive program is applied at the Hawaii Endangered 
Bird Conservation Program, but these principles can be applied to other conservation breeding programs 
or towards the care of animals living in zoos and aquariums. By applying these principles, SDZG is able 
to maximize the success of their breeding program by targeting specific outputs and evaluating if their 
actions led to an intended outcome. 

Greggor, A. L., Vicino, G. A., Swaisgood, R. R., Fidgett, A., Brenner, D., Kinney, M. E., Farabaugh, S. 
Masuda, B., & Lamberski, N. (2018). Animal welfare in conservation breeding: applications and 
challenges. Frontiers in Veterinary Science, 1-6. 
August 2019  
 
 

Inbreeding Depression in a Small Wild Population of Birds 
Most evidence of inbreeding depression comes from studies of a single life stage (e.g., neonatal or infant 
mortality). A new study of an endangered population in New Zealand emphasizes that subtle mortality 
effects can accumulate across life stages to severely inhibit recruitment of offspring. These results 
emphasize both the difficulties of assessing the extent of inbreeding depression and the danger of 
assuming that inbreeding depression can be estimated from a single life stage. 
 

Grueber, CE, RJ Laws, S Nakagawa, IG Jamieson. 2010. Inbreeding depression accumulation across 
life-history stages of the endangered takahe. Conservation Biology (In Press DOI: 10.1111/j.1523-
1739.2010.01549.x). Correspondence to ian.jamieson@stonebow.otago.ac.nz. 
October 2010 
 

Training Macaws for AI Procedures 
Captive breeding has become an essential component of maintaining birds in zoos such that we do not 
deplete wild populations. However, many avian species face challenges reproducing in captivity and 
artificial insemination (AI) is one technique that can assist in these situations. Currently, massage is the 
most common semen collection technique, but this requires both capture and restraint which can lead to 
stress or physical injury. The aim of this work was to train large macaws to accept the physical 
manipulation required for AI. Training was successful within a few months for a male and a female 
Buffon’s macaw and stress was not apparent. This training included application of pressure to the sides of 
the cloaca in the male and insertion of the speculum into the cloaca of the female. Similar training of a 
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pair of green-winged macaws progressed more slowly and alterations to the procedures were suggested 
to reduce potential stress.  
 

Leblanc, F, Pothet, G, Saint Jalme, M, Dorval, M, Bovet, D. 2011. Training large macaws for artificial 
insemination procedures. Journal of Applied Animal Welfare Science, 13: 187-210. Correspondence to 
mstjalme@mnhn.fr.  
October 2011 
 

The Persistence of Founder Effects 
In this unique study, male-female brown anole pairs were randomly selected from the same source island 
population and used to establish populations on seven lizard-free small islands in the Bahamas. These 
island populations were then examined over time to determine how such founder events contribute to 
evolutionary divergence. Each of the populations developed unique, significant and persistence genetic 
and morphological differences, although all populations adapted to environmental conditions in the 
predicted direction with the emergence of shorter rear legs in response to narrower vegetation on the test 
islands than the source island. These findings demonstrate the joint contributions of founder effects and 
natural selection in these populations. 
 

Kolbe, JJ, Leal, M, Schoener, TW, Spiller, DA, Losos, JB. 2012. Founder effects persist despite adaptive 
differentiation: A field experiment with lizards. Science, 335, 1086-1089. Correspondence to 
jjkolbe@gmail.com. 
August 2013 
 

Familiarity and Preference Impact Reproductive Success in Captive 
Breeding Programs  
Many captive breeding programs face reproductive challenges and thus it is extremely important to fully 
understand how multiple factors impact reproductive outcomes. Here, litter production, litter size, average 
number of young emerging from the burrow, and average number of young surviving to one year of age 
were documented for Columbia Basin pygmy rabbits when paired under varied conditions of familiarity 
and mate choice. It was found that female pygmy rabbits that mated with neighbors (rather than unknown 
individuals) were more likely to have a litter, litters were larger and kit survival to one year of age was 
greater. Additionally, when females were mated with males to which they had demonstrated a preference 
when given a choice they were more likely to have a litter and the litters were larger. Studies such as this 
are important to maximizing the reproductive success of captive breeding programs for endangered 
species. 
 

Martin, MS, Shepherdson, DJ. 2012. Role of familiarity and preference in reproductive success in ex situ 
breeding programs. Conservation Biology, 26: 649-656.  Correspondence to 
meghan@meghanmartin.com.  
January 2013 
 

Matching of Personality Traits in Giant Pandas Affects Reproductive 
Success 
In addition to genetic suitability, mate compatibility and choice are being recognized as important 
behavioral management tools for reproductive success. This study assessed how personality traits in 
giant pandas influenced reproductive performance. Personality traits were quantified based on caregiver 
surveys and novel object tests for 19 female and 10 male adult pandas. Traits considered included 
exploratory behavior, aggression and fearfulness. Reproductive success was measured based on mating 
success and offspring production during several different pairings of individuals studied. Researchers 
found that certain combinations of personality traits had resulted in better reproductive outcomes than 
others. For instance, males that were more aggressive than their female counterparts were more likely to 
produce cubs than other personality combinations. High fearful male and female pairings were also less 
likely to breed than pairings that included at least one low fearful individual. Results can be applied to 
future panda pairings in order to facilitate enhanced breeding success. Findings demonstrate that 
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personality matching may be useful strategy for breeding management in a number of threatened species 
and should be considered in addition to genetic compatibility when pairing individuals.   
 

Martin-Wintle, MS., Shepherdson, D., Zhang, GQ., Huang, Y., Luo, B., & Swaisgood, RR. 2017. Do 
opposites attract? Effects of personality matching in breeding pairs of captive giant pandas on 
reproductive success. Biological Conservation, 207, 27-37. Correspondence to Meghan S. Martin-Wintle, 
meg@pdxwildlife.com. 
July 2017 
 

Space and Sustainable Zoo Populations 
When Noah stocked the Ark he, unlike modern zoos and aquariums, did not need to balance 

conservation with institutional priorities and expertise, husbandry, educational value, and visitor appeal 

when selecting species for his zoological manifest. It is under the influence of these factors, as well as 

recommendations made in Regional Collection Plans (RCPs), that institutions plan their collections, and 

one must ask whether the species in zoos and aquariums are meeting the goal of conservation, or 

serving another mission-based purpose. To answer this question, and stimulate reflection among zoos 

and aquariums as to collection planning, the authors asked whether institutions are allocating space to 

recommended versus non-recommended species, and whether the species recommended by Taxon 

Advisory Groups for zoo management are categorized as Threatened (Vulnerable, Endangered, Critically 

Endangered) or greater risk by the International Union for Conservation of Nature (IUCN).   

Specifically, the number of species and number of individuals within four mammalian taxa (felids, 

prosimians, Old World monkeys, and antelopes) were extracted from the Zoological Information 

Management System (ZIMS) and tallied for recommended and non-recommended species, as well as by 

IUCN risk category for each of 36 Association of Zoos and Aquariums-accredited zoos. Additionally, the 

number of spaces allocated to individuals in minimally robust populations (100 or more individuals) and 

robust populations (250 individuals or more) was determined to extrapolate the number of spaces needed 

for populations in the four focal taxa to meet these levels of population sustainability. Across the four taxa, 

87percent of individuals in the sampled zoos are of recommended species, resulting in 430 spaces 

allocated to individuals from non-recommended species, particularly non-recommended antelopes. 

Taking IUCN risk designation into account, over half of recommended felid and prosimian specie are 

categorized as Vulnerable or greater risk, resulting in at least two thirds of space allocated to threatened 

species. However, for Old World monkeys and antelope taxa, only about a third of recommended species 

are threatened, and thus most space is allocated to lower status species. Few recommended populations 

were found to be minimally robust (30 percent) or robust (3 percent), and overall an additional 3,000 

spaces would be needed to bring recommended populations up to 100 individuals (minimally robust) and 

2,000 spaces would be needed to bring minimally robust populations up to 250 individuals (robust or 

assurance size). The number of spaces needed to reach these benchmarks was especially large for 

antelope species. While these results suggest that institutions are adhering to TAG and RCP 

recommendations when collection planning, the authors call on zoos and aquariums to consider 

increasing management space, space re-allocation, global population management, phasing out 

recommended species, and changes to institutional decisions about species selection, as these changes 

could improve the viability of recommended populations or devote more exhibit and management space 

to threatened species. Challenges to these changes are discussed as are the characteristics of species 

that make them desirable for institutional collection planning. 

 

McCann, C., and D. M. Powell. 2019. Is there any more room on the Ark? An analysis of space allocation 

in four mammalian taxa. Zoo Biology 38: 36-44. https://doi.org/10.1002/zoo.21469. Correspondence to 

Colleen McCann at cmccann@wcs.org. 

May 2019 
 

Artificial Insemination in Beluga 

mailto:meg@pdxwildlife.com


 
 

59 

The management of the captive beluga population housed in North American facilities faces significant 
sustainability challenges with only half of the species’ founders having successfully reproduced. Efforts 
are underway to increase representation of all founder animals. This paper summarizes the culmination of 
years of basic research in the development of sperm cryopreservation and artificial insemination 
technology with this species. The use of artificial insemination in conjunction with sperm banking could 
greatly enhance both reproduction and genetic diversity as demonstrated by the two successful 
pregnancies achieved using the methods described in the article.  
 

Robeck, TR, KJ Steinman, GA Montano, E Katsumata, S Osborn, L Dalton, JL Dunn, T Schmitt, T 
Reidarson, JK O’Brien. 2010. Deep intra-uterine artificial inseminations using cryopreserved spermatozoa 
in beluga (Delphinapterus leucas). Theriogenology 74: 989-1001. Correspondence to 
todd.robeck@seaworld.com.   
December 2010 
 

Factors Impacting Amphibian Breeding Success 
There is a lot of interest and effort going into captive breeding protocols for amphibians in zoos 
worldwide. This project (supported by a grant from the AZA Conservation Endowment Fund) examined 
the factors impacting breeding success in boreal toads. Male toads exhibited enhanced breeding success 
when they were hibernated prior to hormone treatment while female toads that were not hibernated prior 
to treatment produced fertile eggs that developed into toadlets proving that hibernation is not essential. 
Furthermore, the study found that good body condition was positively associated with egg production. 
Therefore, the study results have direct application to our industry’s amphibian husbandry and captive 
breeding efforts.  
 

Roth, TL, DC Szymanski, ED Keyster. 2010. Effects of age, weight, hormones, and hibernation on 
breeding success in boreal toads (Bufo boreas boreas). Theriogenology 73: 501-511. Correspondence to 
terri.roth@cincinnatizoo.org.  
December 2010 
 

Chilled Frogs are Hot 
Successful zoo breeding programs should replicate those elements of a species’ natural environment that 
are linked to key ecological or behavioral characteristics.  This study examined the impact of cold induced 
hibernation on reproductive performance in mountain yellow-legged frogs (Rana muscosa).  Forty-eight 
frogs were collected in Southern California and placed into two experimental groups, hibernated (4°C) 
and non-hibernated (13°C), for 60 days.  After hibernation, hibernated frogs had lower body condition 
scores, higher calling frequencies and rates of amplexus, oviposited and successfully fertilized eggs.  
These results strongly suggest that this species requires hibernation as a prelude to reproduction.  Other 
amphibian breeding programs might benefit from experimental assessments of environmental factors on 
reproduction. 
 

Santana, FE, Swaisgood, RR, Lemm, JM, Fisher, RN, Clark, RW.  2015. Chilled frogs are hot: hibernation 
and reproduction of the endangered mountain yellow-legged frog Rana muscosa. Endangered Species 
Research 27:43-51.  Correspondence to Ron Swaisgood at rswaisgood@sandiegozoo.org. 
November 2015 
 

Using Behavioral Cues of Males for Timing Reproductive Pairing in Black 
Rhinos 
Promoting successful breeding is central to maintaining healthy zoo populations.  For some species, such 
as the critically endangered black rhino, this task can prove challenging.  Black rhinos are a semi-social 
species and are often housed separately in zoos.  Knowing when to pair male and female rhinos is crucial 
for breeding success but complicated by marked variability of oestrous cycles.  Previous non-invasive 
hormonal monitoring has indicated oestrous cycles can vary both in length and consistency.  In this study, 
the behavior of a male black rhino at Lincoln Park Zoo in Chicago, Ill., was studied in conjunction with 
fecal hormonal monitoring in the male and female rhino to determine if behavioral cues serve as reliable 
indicators of oestrous.  Several of the male rhino’s behaviors were observed to vary based on oestrous 
cycles, including exhibiting an erect penis and investigating the female’s urine and feces.  Both of these 
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behaviors were displayed more frequently during the female’s follicular phase than luteal phase.  These 
behavioral indicators were used to time breeding introductions that resulted in a successful pregnancy.  
Complimenting traditional hormonal monitoring data with behavioral information can provide additional 
insights and enable real-time animal management strategies to promote reproductive success. 
 

Santymire, R.M., Misek, S., Gossett, J., Kamhout,M., Chatroop, E. and Rafacz, M. 2016. Male behaviours 
signal the female’s reproductive state in a pair of black rhinoceros housed at Lincoln Park Zoo. Journal of 
Zoo and Aquarium Research 4(1). Correspondence to Rachel Santymire at rsantymire@lpzoo.org. 
December 2016 
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Conservation  

Climate Change/Biodiversity Loss 

Indicators of Decline in Global Biodiversity 
This paper uses predictive modeling to document the rates of change in 24 indicators of biodiversity 
change (e.g., habitat extent, extinction risk) and factors that presumably have a negative impact on 
biodiversity (e.g., resource consumption, invasive species). The general conclusion is that indicators of 
biodiversity have been in decline for at least four decades and that there is no indications that suggest 
changes in the trajectories of either biodiversity indicators or pressures on biodiversity; this is true for both 
individual variables and aggregated trends across variables. Interesting parallels are noted with the 
diversity of human languages (22 percent decline) and domesticated animal breeds (21 percent decline). 
While it is noted that some species, populations, taxa and habitats pose exceptions to the overall trend 
and that this demonstrates that stabilization and/or reversal of the overall trend is possible, at least on a 
local or regional scale, there is no indication that pressures are decelerating. 
 

Butchart, SHM, Walpole, M, Collen, B, et al. 2010. Global biodiversity: indicators of recent declines. 
Science 328: 1164-1168. Correspondence to stuart.butchart@birdlife.org. 
June 2011  
 

The Role of Zoos in Conservation of Biodiversity 
This paper emphasizes the potential importance of existing zoo and aquarium collections for conservation 
of endangered species. Sizeable numbers of one in seven threatened species is held in zoological 
institutions. Emphasis on the utility of life history data accumulated in zoological institutions is made with 
the appropriate caveats but should acknowledge that careful evaluation and interpretation can make 
these data invaluable for modeling the viability of wild populations. The paper makes a strong case for the 
notion that zoos and aquariums could be both more strategic in regards to what species they choose to 
display and cooperatively breed, and more cooperative with regards to global conservation breeding 
programs. 
 

Conde, DA, Flesness, N, Colchero, F, Jones, OR, Scheuerlein, A. 2011. An emerging role of zoos to 
conserve biodiversity. Science 331: 1390-1391. Correspondence to conde@demogr.mpg.de.  
June 2011  
 

Why Aren’t People Doing Enough to Ameliorate Climate Change and 
Achieve Sustainability? 
While recent polls tell us most people think climate change and sustainability are important problems, few 
are actually engaged in the key behaviors that would make a difference. Structural barriers like poverty 
and infrastructure are only part of the problem. Removing these structural barriers is critical, although not 
sufficient without addressing psychological barriers. Psychological barriers can hinder behavioral choices 
that can lead to substantial mitigation, adaptation and environmental sustainability. In this extensive 
literature review, this author classifies these barriers into seven categories of psychological barriers or 
“dragons of inaction”: limited cognition about the problem, ideological worldviews that tend to preclude 
pro-environmental attitudes and behavior, comparisons with other key people, sunk costs and behavioral 
momentum, discredence toward experts and authorities, perceived risks of change, and positive but 
inadequate behavior change. The author’s in depth explanation of this suite of barriers provides 
opportunities to improve understanding and prediction of pro and anti-climatic behaviors, and the 
promotion of positive environmental actions. This information is helpful toward creating successful 
communications about climate change to our audiences. 
 

Gifford R . 2011. The Dragons of Inaction: Psychological Barriers that Limit Climate Change Adaptation 
and Mitigation. American Psychologist 66: 290-302 Correspondence to Rgifford@uvic.ca. 
February 2014 
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Political Ideology Impacts Energy-Efficient Behaviors 
Decisions to adopt energy efficient behaviors or products are often based on complex interactions of 
personal philosophies, perceptions and relative costs. This study used a survey and a product pairing 
experiment to examine the impact of political ideology on attitudes about energy-efficiency. The 
experiment addressed two potential obstacles to increased energy efficiency: greater costs for technology 
and the promotion of energy efficiency as ‘good for the environment.’ Conservatives in the survey were 
less inclined to invest in energy efficient technology the more conservative their perspectives. In the 
experiment, participants were presented with choices related to the purchase of CFL vs. incandescent 
light bulbs. Choices offered were: same price for each type or more expensive CFL in various 
combinations with a sticker identifying the CFL as ‘better for the environment.’ As the price difference 
between the bulbs was increased, conservative participants were less likely to purchase the CFL bulb. 
Regardless of price, conservatives were less likely to purchase CFLs with a sticker about the 
environmental benefits. The study emphasizes the complex interactions of ideology and environmental 
behaviors.  
 

Gromet, DM, Kunteuther, H, Larrick, RP. 2013. Political ideology affects energy-efficiency attitudes and 
choices. Proceedings of the National Academy of Sciences 110: 9314-9319.  Correspondence to 
denag@wharton.upenn.edu. 
February 2014 
 

Climate Change and the Decline of the Polar Bear 
Polar bears are dependent on sea ice for much of their life cycle. Conjectures abound as to the impact of 
climate change, as reflected by a long-term decline in sea ice, on the future conservation status of polar 
bears. This study provided important insights into the future of polar bears by using several predictive 
modeling approaches to link polar bear demography with environmental effects such as sea ice, and 
potential future environmental conditions. The study used data from studies of wild polar bears combined 
with historic and projected distribution of sea ice to evaluate the possible impacts of climate change 
(=reduction in sea ice) on the future population size of polar bears in the Beaufort Sea. Critical to the 
validity of these models was the incorporation of both stochasticity and uncertainty for values used in the 
various modeling scenarios. In most likely environmental situations, the modeling outcomes indicate a 
dramatic decline in polar bear numbers in the study area by the year 2100 (from 1,500 to 15!) but even 
the most optimistic results place this population of polar bears in serious jeopardy well before the end of 
the century. The results of this study were instrumental in the United States Fish and Wildlife Service’s 
decision to list the polar bear as threatened under the United States Endangered Species Act. 
 

Hunter, CM, Caswell, H, Runge, MC, Rehger, EV, Amstrup, SC, Sterling, I. 2010. Climate change 
threatens polar bear populations: a stochastic demographic analysis. Ecology 91: 2883-2897. 
Correspondence to at christine.hunter@alaska.edu. 
July 2011 
 

How Personal Experience Impacts Belief in Global Warming 
This study examined how one’s perception of exposure to observable impacts of climate change and 
one’s beliefs in global warming impact each other. To tease this out, researchers utilized a survey 
conducted on a representative sample of Americans in 2008 and then again with the same people in 
2011 to see how their views on these issues changed over time. Results indicated that, similar to the 
chicken-or-egg question, both processes appear to influence each other, with those feeling they had 
experienced an impact of climate change becoming more certain of its existence and those with prior 
belief in climate change have a higher likelihood of perceived experience with an impact of it. 
Interestingly, those less engaged with the issue (like the majority of Americans) were more likely to show 
increased belief in climate change when they perceived they experienced one of its impacts. This 
provides support for emphasis on place-based educational programming that highlights observable 
impacts of changing climates in order to have the most impact on our visitor’s beliefs. 
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Myers, TA, Maibach, EW, Roser-Renouf, C, Akerlof, K, Leiserowitz, AA. 2013. The relationship between 
personal experience and belief in the reality of global warming. Nature Climate Change, 3: 343-347. 
Correspondence to tmyers.6@gmu.edu. 
February 2014 
 

Obstacles to Green Behavior 
This study used conjoint analyses to examine preferences in green technology relative to trade-offs 
associated with cost and non-green attributes of automobiles and television sets. Greater costs 
associated with green characteristics are known to be important criteria for purchase decisions. This 
study shows that other green related characteristics, such as performance and size, are also important 
factors that can weigh against a decision to ‘buy green.’ Of particular interest is the great disparity 
between the high preference for hybrid cars and LED televisions compared to the low number of 
purchases (roughly 50 percent prefer but only 3-12 percent purchase).  The study emphasizes the 
complexity of decisions related to purchases of green products and should be a caution to those who 
assume that simple messaging about overall green benefits will be a key element in purchasing 
decisions. 
 

Olson, E. 2013. It’s not easy being green: the effects of attribute tradeoffs on green product preference 
and choice. Journal of the Academy Marketing Science 41:171-184. Correspondence to 
erik.olson@bi.no. 
February 2014 
 

Scenarios Provide Opportunities to Stem the Loss of Global Biodiversity  
This paper compares studies that used predictive modeling of multiple values for multiple variables to 
assess the range of possible trajectories for future loss in global biodiversity.  Variables such as human 
population growth, greenhouse gasses, changes in land use, and ecosystem services are evaluated in 
different scenarios of impact on ecosystem function and several measures of biodiversity.  The overall 
prediction is that future rates of extinction could exceed present rates by 1-2 orders of magnitude.  The 
most important factors in these predictions are land use and climate change, (a lack of) knowledge of 
species biologies and ecologies, and difference in model design and structure (assumptions). Although 
the results identify opportunities for conservation actions, they also emphasize the overall complexity of 
attempts to assess biodiversity at the global level and the indication of regional variation in key factors 
impacting the loss of biodiversity. The study also emphasizes a need for additional data, standardization 
of modeling approaches, and inclusion of feedback loops that consider true ecosystem function. 
 

Pereria, JM, Leadley, PW, Proença, V, et al. 2010. Scenarios for global biodiversity in the 21st century. 
Science 330:1496-1501. Correspondence to hpereira@fc.ul.pt.             
June 2011 
 

Climate Change and Overfishing Cod 
Despite close monitoring of catch limits, the cod fishery in the Gulf of Maine continues its drastic decline.  
Between 1982 and 2012, the cod catch in the Gulf of Maine fell about 60 percent.  In 2013-2015 
regulatory actions aimed at reversing this decline reduced the legal catch to about 7 percent of 1982 
levels. This study provides compelling information that a long term warming trend for sea temperatures in 
the Gulf of Maine have led to increased mortality and reduced reproduction in the region’s Atlantic cod.  
Driven in part by a northward shift in the Gulfstream in the past 10 years, temperatures in the Gulf of 
Maine have increased faster than 99 percent of the global ocean.  Not including the impact of 
temperature in models for this cod fishery resulted in catch limits that were too high (overfishing) and thus 
exacerbated the precipitous decline.  Even with drastic limits on catch size, it seems likely that the future 
of this and other marine fisheries may be greatly dependent on changing environmental parameters such 
as water temperature. 
 

 
Pershing, AJ, Alexander, MA, Hernandez, CM, Kerr, LA, Le Bris, A, Mills, KE, Nye, JA, Record, NR, 
Scannell, HA, Scott, JD, Sherwood, GD, Thomas, AC.  2015.   Slow adaptation in the face of rapid 
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warming leads to collapse of the Gulf of Maine cod fishery.   Science, 29 October 2015, 
DOI:10.116/science.aac9819. Correspondence to Andrew J. Pershing at apershing@gmri.org. 
February 2016 
 

Declining Trade of Live Wild Caught Reptiles 
Overexploitation of reptile populations through trade in living specimens is believed to be a significant 
threat to the persistence of wild populations.  However, relatively little is known about either the extent of 
this trade or its sources for live animals.   This study examined the Convention on International Trade in 
Endangered Species of Wild Fauna and Flora (CITES) Trade Database for all reptiles traded globally 
from 1996 to 2012.  Of the 18.8 million reptiles traded during this period, 96.8 percent were either captive 
bred, ranched (take as eggs from the wild), or removed from the wild post hatching. Trade diversified over 
this time period and the number of species traded increased during 2001-2012 from 142 to 234.  Overall 
imports decreased 32 percent from 2001 to 2012 with the number of wild caught individuals falling 71 
percent.  During this same time period, imports of ranched individuals increased dramatically (4,700 
percent) and imports of captive bred reptiles increased by 202 percent.   The shift away from wild caught 
to ranched and captive bred animals suggests lessening pressure of the live animal trade on wild 
populations.  However, the authors caution that many other factors could interact with declining trade in 
live reptiles to adversely impact local conservation actions such as sustainable harvesting initiatives.  
 

Robinson, JE, Griffiths, RA, St. John, FAV, Roberts, DL.  2015.   Dynamics of the global trade in live 
reptiles: shifting trends in production and consequences for sustainability.  Biological Conservation 184: 
42-50.  Correspondence to Janine E. Robinson at jr418@kent.ac.uk. 
April 2015 
 

How Climate Change Can Determine What Species Will be Easier to Save 
This long term study (1995- 2008) examined how changes in temperature over the years in the spring 
and summer periods impacted reproduction and calling behavior of seven frog species in the Lake 
Simcoe watershed in Ontario, Canada. The spring period mean monthly temperatures increased over the 
duration of the study. Frog species known to breed in early spring began calling for mates earlier in the 
season with this temperature increase, while the behavior of later breeding species was not noticeably 
affected by temperature changes. Data modeling indicated that peak calling periods could be advanced 
by nearly 11 days by 2100 which would be a 30 percent increase in the duration of the breeding season. 
These data demonstrate how reproductive behavior can be impacted by climate change and how species 
within the same community can be differentially impacted. 
 

Walpole, AA, Bowman, J, Tozer, DC, Badzinski, DS. 2012. Community-level response to climate change: 
shifts in anuran calling phenology. Herpetological Conservation and Biology, 7, 249-257. Correspondence 
to aaron.walpole@ontario.ca.  
March 2013 
 

Why the Public Doesn’t Understand Climate Change 
This article reviews a body of literature that considers physical, psychological, and social factors of why 
despite significant scientific evidence of global climate change the American public has not widely 
accepted its existence. They state that first, attributes of climate change make it hard for the public to 
comprehend, with greenhouse gasses being invisible, impacts being hard to detect as well as 
geographically and temporally distant to those living in the United States. Second, scientists and non-
scientists gather information in very different ways with climate change scientists gaining information on 
this topic over generations of systematic research while the public’s views are more often formed by 
personal experience along with values and worldviews which can lead to very different beliefs than those 
of the scientist. Finally, the general public is predominantly reliant on mass media for their information on 
climate change rather than getting it directly from scientists and since the goals of the media are often 
different than those of the scientific community, this can lead to changes in how the content is 
represented which may introduce bias. The authors suggest that to improve public understanding 
scientists and scientific educators must first continue to explain what is known and unknown about 
climate change, must also continue to correct errors that are present in the media about climate change, 
and must frame their discussions for this topic in a new way that is more understandable to the public. For 
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this, the authors suggest utilizing a risk management framework in which the contributing factors to 
climate change are described as increasing the risk of future catastrophic events.  
 

Weber, EU, Stern, PC. 2011. Public understanding of climate change in the United States. American 
Psychologist, 66: 315-328. Correspondence to euw2@columbia.edu.  
September 2011  
 

Designed With Intent Green Buildings Can Promote Green Behaviors 
This simple study compares recycling behavior, as measured by the frequency of misplaced recyclable 
items in garbage bins, in a designed with intent green building and a functionally comparable facility that 
was not designed with the intent of being sustainable. Both buildings are on the campus of the University 
of British Columbia and visitors/users of each facility have similar demographic and green motivational 
make-ups. Numerous studies have shown that placement of recycling bins in public places is critical for 
achieving high levels of recycling: convenience and adjacency to trash/garbage bins are essential and 
often override best intentions and green motivations of people placing material in public trash/recycling 
bins. Although each facility had similar placement and convenience of recycling bins, correct placement of 
recyclable materials in the green building was almost 50 percent more likely than in the non-green 
building (86 percent vs. 56 percent correct placement). There were no indications that pro-sustainability 
people were more or less likely to visit either building. The study concludes that its results provide 
important evidence for the design of a green building to influence and promote green behaviors. 
 

Wu, D W–L, DiGiacomo, A, Kingstone, A. 2013. A sustainable building promotes pro-environmental 
behavior: An observational study on food disposal. PLOS ONE 8: e53856. 
doi:10.1371/journal.pone.0053856. Correspondence to David.wl.wu@gmail.com. 
May 2013  
 

Warm Days Increase Belief in Climate Change 
Climate change beliefs can be influenced by today’s weather (the ‘local warming effect’). This paper 
presents the results of four studies aimed at understanding how and why this influence occurs. The 
results indicate that 1) terminology (global warming vs climate change) plays no role in the local warming 
effect, 2) limited knowledge of climate change science is not a factor in perceptions that today’s 
temperature is relevant information, 3) it is the immediacy of today’s, not yesterday’s or previous days, 
temperature (i.e., is it hotter than ‘normal’ today) that impacts the local warming effect, 4) the belief that 
today is warmer than usual correlates with the belief that previous days (the year) has been warmer than 
usual. The authors conclude that as extreme weather events increase with climate change, the local 
warming effect may lead to increased confusion about the veracity of climate change messages and need 
for carefully constructed climate change interpretation. 
 

Zaval, L, Keenan, EA, Johnson, EL, Weber, EU. 2014. How warm days increase belief in global warming. 
Nature Climate Change 4: 143-147. Correspondence to Lisa Zaval, lz2261@columbia.edu. 
November 2014 

People and the Environment  

Speed Kills: Birds and Fast Moving Vehicles 
The decision to evade a threat typically involves characteristics of the threat and condition of the animal 
under threat.  Despite important differences in size, speed, and directness of approach, there is evidence 
that many animals respond similarly to cars or aircraft or predators.  Although each year hundreds of 
millions of animals collide with moving vehicles, it is unclear why these animals fail to effect appropriate 
escape behaviors.  There is some indication that as vehicle speed increases, animals do not increase 
their perceived risk.  This study used video playback of a pickup truck traveling at wide range of speeds to 
assess the threat responses of male brown cowbirds.  The results indicate that male brown cowbirds use 
distance, rather than speed, to assess and respond to the threat of a moving vehicle. As vehicle speed 
increased, birds continued to respond at the same perceived distance.  At vehicle speeds of about 
75mph, these cowbirds did not respond quickly enough to avoid simulated collisions.  These results are 
consistent with other recent studies that suggest animals make flight decisions based on distance and not 
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size or speed. The authors suggest that a reduced vehicle speed in sensitive ecological/conservation 
areas seems a viable strategy for reducing collisions. 
 
DeVault, TL, Blackwell, BF, Seamans, TW, Lima, SL, and Fernández-Juricic, E.  2014.   Speed kills: 
ineffective avian escape responses to oncoming vehicles. Proceedings of the Royal Society B 282: 
20142188.  Correspondence to Travis L. DeVault at travis.l.devault@aphis.usda.gov. 
September 2015 
 

Human Impacts on Sea Lion Populations 
Human activities clearly have the potential to influence animal populations, but the quantification of these 
impacts has been challenging. Here, researchers evaluated the impact of human disturbance caused by 
boating and swimming activities on the reproductive success and growth rates of California sea lions in 
the Gulf of California. By censusing sea lion colonies and weighing and measuring sea lion pups at two 
sites on each of six islands in the region, researchers discovered that sites with increased frequencies of 
human disturbance within 50 meters of the colony experienced lower reproductive rates. These 
decreased reproductive rates have the potential to lead to significant population decline over time. 
Interestingly, pup growth rates were higher in areas with increased human disturbance, which may be a 
result of decreased population size in these areas leading to reduced competition over resources. This 
study demonstrates the need to evaluate the potential impacts of human activities including ecotourism 
on animal populations. 
 

French, SS, González-Suárez, M, Young, JK, Durham, S, Gerber, LR. 2011. Human disturbance 
influences reproductive success and growth rate in California sea lions (Zalophus californianus).  PLOS 
ONE, 6(3) e17686. doi:10.1371/journal.pone.0017686. Correspondence to sfrench@biology.usu.edu. 
June 2013  
 

Beaver Dams Promote Non-Native Fish 
The reduction of water flow and creation of ponds by North American beaver has been used, or 
mimicked, by land managers for erosion control and stream restoration. The recovery of beaver 
populations throughout their former range has been fueled by reintroductions and translocations aimed at 
least in part at water management. Beaver ponds are known to impact the growth and development of 
salmonids, and there is a presumption that beaver ponds benefit native fish.  This study examined the 
impact of beaver ponds on fish diversity in a portion of the Lower Colorado River Basin.  Non-native 
species dominated in beaver ponds to a greater degree than in free-flowing waters; native species were 
rarely documented within ponds.  Because fish from beaver ponds spill over into free-flowing waters 
downstream, the results of this study suggest that these ponds have the potential for widespread  
negative effects on large portions of a drainage by serving as sources for non-native species. 
 

Gibson, PP, Olden, JD, O’Neill, MW.  2015.  Beaver dams shift desert fish assemblages toward 
dominance by non-native species (Verde River, Arizona, USA).  Ecology of Freshwater Fish 24: 355-372.  
Correspondence to Polly P. Gibson at ppgibson@uw.edu. 
December 2015 
 

Learning Ecology at Touch Tanks 
Touch tanks are now common in aquariums, zoos and museums throughout the United States.  This 
study sought to determine the extent to which 1) ecological relationships are discussed by families 
attending touch tanks and 2) exhibit features, such as naturalistic/utilitarian construction and interpreter 
interactions, foster ecological talk at touch tanks.  Forty-one (41) families were observed at touch tanks in 
four institutions for a total of 587.4 minutes.  Mean time of engagement at the touch tank was 14.98 
minutes. The frequency of ecological discussions was greater at naturalistic tanks than at utilitarian tanks, 
but there was no difference in the duration of these discussions.  The length of ecological exchanges 
between family members and interpreters were longer than those among family members only.  However, 
ecological conversations accounted for only nine percent of all conversations by study participants at 
touch tanks.  Because some ecological conversations involved interactions between humans and the 
touch tank species, they may represent initial development of ecological thinking that could be expanded 
on by additional programming.  Two particularly important points arise from this study that interpreters can 
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play a significant role in fostering ecological conversations in the context of touching and close proximity 
to live animals and that the functionality of expensive, naturalistic touch tanks requires further study as to 
their impact on learning and the visitor experience. 
 

Kopczak, C, Kisiel, JF, Rowe, S.  2015.  Families talking about ecology at touch tanks.  Environmental 
Education Research 21:129-144.  Correspondence to James F. Kisiel at j.kisiel@csulb.edu. 
May 2015 
 

How Social Class and Cultural Variables May Impact Pro-Environmental 
Behavior 
Research over recent decades has indicated a strong correlation between social class and the 
engagement in pro-environmental behavior, with individuals of higher economic status being more likely 
to be “green.” This study which examined data compiled by multiple state agencies on recycling rates, 
hybrid car ownership, and presence of sustainability advocacy groups across municipalities in 
Massachusetts, suggests that economics may no longer be the sole predictor of pro-environmental 
behavior. For example, the proportion of the population with a college-education was the strongest 
predictor of recycling rates. Further, recycling rates were actually lower in areas with higher home values 
demonstrating how this behavior has become disconnected from economic status. Hybrid ownership was 
also correlated with higher education, as well as higher proportions of Democratic voters, increased 
individual spending on the arts and recreation, and higher home values. Finally, presence of civic action 
groups was more likely in areas with higher population density and more Democratic voters. These 
results suggest that as we craft our messaging around conservation actions we should begin to consider 
the impacts of socio-demographic variables on the likelihood of driving behavior change. 
 

Laidley, TM. 2013. The influence of social class and cultural variables on environmental behaviors: 
Municipal-level evidence from Massachusetts. Environment and Behavior, 45, 170-197. Correspondence 
to Tom.laidley@gmail.com.  
May 2013 
 

Scientific Progress and Environmental Actions 
Many people’s knowledge of science comes from the popular media. This paper examines whether overly 
optimistic media reports on the potential for scientific breakthroughs might influence environmental 
behaviors. The paper also includes an excellent introduction to the recent literature on the impact of 
communication on environmentally friendly behavior, through the lens of compensatory control theory. 
Four related studies were combined to examine whether beliefs that science will or will not solve 
environmental problems is correlated with tendencies toward environmental friendly actions. The results 
demonstrate that messaging with an optimistic emphasis on the ability of scientific research to ‘solve’ 
pressing problems is negatively associated with environmentally friendly actions. The authors propose 
that the underlying cause of this negative correlation is that a belief that science will solve problems 
creates a sense of order, leading to a passive state rendering personal actions less necessary. Based on 
this conclusion, the authors provide cautions about and simple guidance for framing of environmental 
messaging. 
 

Meijers, MHC, Rutjens, BT. 2014. The social psychology of climate change: affirming belief in scientific 
progress reduces environmentally friendly behavior. European Journal of Social Psychology 44: 487-495.  
Correspondence to Marijn Meijers, M.H.C. Meijers@uva.nl. 
November 2014 
 

Pro-Environmental Behavior Can be Altered by Where You Are  
This article reviewed the findings of a survey of 1,185 people that focused on their pro-environmental 
behaviors and the underlying motivations to engage in them. Half of the survey respondents were asked 
to answer the survey regarding their behaviors in their home and the other half answered according to 
how they behave while staying in a hotel. Specifically, respondents were asked to report the likelihood of 
engaging in particular pro-environmental behaviors in the categories of reducing waste, recycling, reusing 
products, and consuming environmentally-friendly products. Respondents were then asked about their 
agreement with statements regarding their motivations to engage in such actions including financial 
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savings and feeling good about not harming the environment. Results indicated that people are 
significantly more likely to engage in pro-environmental behavior in the home rather than while traveling. 
Further, pro-environmental behavior in the home appears to be driven to a greater extent by the 
motivation to follow moral and/or societal norms (i.e. doing what is “right”), while these behaviors while 
staying in a hotel are often hedonic in motivation (i.e. it feels “good” to do it). These findings have 
implications for how zoos and aquariums deliver conservation messages and highlight the importance of 
considering motivations underlying behavior change.  
 

Miao, L, Wei, W. 2013. Consumers’ pro-environmental behavior and the underlying motivations: A 
comparison between household and hotel settings. International Journal of Hospitality Management, 32, 
102-112. Correspondence to lmiao@purdue.edu.  
May 2013 
 

When Going Green Backfires 
There is a rich literature on the impact of performance related enhancements to product sales (e.g., 
faster, enhanced, etc.) but less is known about social enhancements such as environmental or fair trade 
benefits. A series of four experiments were conducted to assess the impact of ‘green’ product 
enhancements on the attractiveness to consumers. Potential consumers favored ‘green’ products when 
‘greenness’ was stated as an unintended side effect over ‘green’ products identified either as intentionally 
developed to be ‘greener’ or with no statement about intention (control). Participants in this experiment 
thought that development of intentionally greener products were of lower quality because resources had 
been diverted from product quality to greenness. Statements that the manufacturer ‘cares about the 
environment’ could not overcome the differences in purchase intent. When the ‘green’ benefit was 
separate from the product quality (i.e., fair trade), then intended benefit was preferred. Taken together, 
the results of these experiments suggest that information about the intent of companies in developing 
environmentally beneficial products may adversely affect consumer assessment of product quality. 
 

Newman, GE, Gorlin, M, Dhar, R. 2014. When going green backfires: how firm intentions shape the 
evaluation of socially beneficial product enhancements. Journal of Consumer Research 41: 823-838. 
Correspondence to 
George Newman at George.Newman@yale.edu. 
December 2014 
 

African Lion Conservation and Fencing 
Physical separation of activities that result in human wildlife conflict is one means of minimizing that 
conflict. Fencing of wildlife populations is one way to achieve this physical separation but fences are often 
viewed as counter to a broader conservation ethic. This study tests the effectiveness of fencing on African 
lion conservation status at 42 sites in 11 countries while controlling for a wide range of human impact and 
management tactics. Fenced reserves maintain lion populations closer to their potential densities and at 
much lower costs per unit area than unfenced areas. Moreover, lions in fenced reserves are limited 
largely by their own population size relative to available space and resources. In contrast, lions in 
unfenced reserves are highly sensitive to human population densities and are frequently impacted by 
factors that are independent of their population size and resources.  While fenced populations project to 
be stable for the next 100 years, more than half of the lion populations in unfenced reserves project to 
decline precipitously in the next 20-40 years. 
 

Packer, C, Loveridge, A, Canney, S, et al. 2013. Conserving large carnivores: dollars and fence. Ecology 
Letters 16:635-641. Correspondence to packer@umn.edu. 
January 2014 
 

Effectiveness of Do-Not-Feed Signs: Unintended Consequences 
Unsanctioned feeding of zoo animals by guests poses a serious health risk.  Methods to curtail this 
behavior are crucial, particularly through signage, but past research has shown varying success of 
different approaches.  Signs have been shown to be more effective using negatively framed messages 
that include explanations of the risks to animals.  This study examined the presence of signs and the 
wording of “do not feed” signs at a meerkat exhibit and whether guest characteristics influenced their 
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responses.  Overall, the signs did successfully reduce feeding attempts by guests, but few differences 
were found between the different content of the signs.  The authors also discuss several unexpected 
findings, including observing that guests were trying to touch the meerkats more when “do not feed” signs 
were present and that children were more likely than adults to attend to the signs.  Although this work 
supports the use of signs to modify guest behavior, attention should be paid as behavior modifications 
may cause unexpected responses by guests. 

Parker, E.N., Bramley, L., Scott, L., Marshall, A.R., Slocombe, K.E.  2018.  An exploration into the efficacy 
of public warning signs: A zoo case study.  PLoS ONE. 13 (11):e0207246. 
https://doi.org/10.1371/journal.pone.0207246 Correspondence to Katie Slocombe at 
Katie.slocombe@york.ac.uk 
February 2019 
 

Glass vs. Light as Cause of Bird Building Collisions 
Bird-building collisions are thought to be one of the two major causes of avian mortality in urban areas.  
The two primary hypotheses for these collisions are that birds are confused by reflections in glass or that 
they are attracted to lighted windows at night.  This study tested these hypotheses, as well as the 
hypothesis that glass and light interact to cause mortality, in a New York City park. In preparation for the 
study, they monitored carcass persistence by placing tagged carcasses (previously collected) at buildings 
(11pm) and monitoring their presence/absence (7am). They used a simple photograph/pixel count 
process to measure light emitting from buildings. Carcass persistence was 38 percent which suggests 
that previous studies of bird-building collisions may have substantially underestimated the magnitude of 
this mortality. Not surprisingly, there was a strong positive relationship between the amount of light and 
collisions.  However, the amount of glass explained 82 percent of the variability in light, thus suggesting 
that it is ultimately the amount of glass that is responsible for collision frequency at any given building. 
 

Parkins, KL, Elbin, SB, Barnes, E.  2015.  Light, glass, and bird-building collisions in an urban park.  
Northeastern Naturalist 22: 84-94.  Correspondence to Kaitlyn Parkins at kaitlynparkins@gmail.com. 
March 2016 
 

Zoos and Aquariums as Holistic Conservation Centers: Our Opportunity for 
a Sustainable Future 
The authors of this now classic study review the evolution of zoos and aquariums and the resulting shift in 
their cultural roles and responsibilities over the last two hundred years. They articulate the emerging 
successes and opportunities of these institutions as conservation centers as examples of model citizens 
through overt green practices as well as wildlife conservation programs. Zoos and aquariums also can act 
as agents for conservation; engaging local communities in conservation through communication, 
inspiration, motivation to action, valuing animals and the natural world and creating transformative 
participatory experiences. Their role as mentors and trainers of the next generation of conservation 
professionals is now well-accepted. It is possibly their role as centers of caring; fostering and nurturing 
the development and growth of caring attitudes throughout all their operations and activities that will 
ensure a sustainable future for all. 
 

Rabb, GB, Saunders, CD. 2005. The future of zoos and aquariums: Conservation and caring. 
International Zoo Yearbook, 39, 1-26.  
May 2013  
 

How Should We Conserve Vertebrate Species? 
This paper lays forth a well-stated and clear definition of a ‘conserved’ species: self-sustaining, 
genetically robust, well-distributed across the historic range, replicate populations within each habitat, and 
be resilient to changes across the range. Within the broad definition, the paper provides specific criteria 
for each component of the definition and specifically acknowledges that many populations and species 
will require varying levels of ongoing management. And, like other recent papers on conservation of 
biodiversity, emphasizes the importance of conservation actions and management of common or 
abundant species as well as those that have been designated as rare and endangered. The framework 
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presented in this paper provides a strong scientific basis for the measurement (success) of species 
recovery, extinction avoidance, and long term management of species and ecosystems as well as a more 
positive vision of conservation biology. 
 

Redford, KH, Amato, G, Baille, J, et al. 2011. What does it mean to successfully conserve a (vertebrate) 
species? Bioscience 61:39-48. Correspondence to kredford@wcs.org. 
June 2011 
 

Sustainable Collection for the Aquarium Trade 
Millions of fish are collected annually for the marine aquariums. Many of these fish are collected through 
programs that strive to be sustainable, by providing income to local communities which then, in turn, are 
motivated to protect the fishery as an economic resource. This study provides a comprehensive 
evaluation of the SeaSmart Programme for sustainable collection of marine organisms in Papua New 
Guinea. The results include specific information on species, villages, and individual fishers. In general, 
there were positive impacts at the household and community level with individuals receiving 8-17 percent 
of their weekly income from fishing for ornamentals and spending less time at sea than those who fished 
for food. There is, however, evidence that some ornamentals have declined during the program and these 
observations led to the establishment of reef-specific total allowable catches. The results suggest that 
careful monitoring and, as appropriate, adjustment of catches, might allow the program to be sustainable 
while providing substantial benefits to local fishers. 
 

Schwerdtner Màñez, K, Dandava, L, and Ekau, W. 2013. Fishing the last frontier: the introduction of the 
marine aquarium trade and its impact on local fishing communities in Papua New Guinea. Marine Policy, 
http://dx.doi.org/10.1016/j.marpol.2013.09.018i. Correspondence to Kathleen Schwerdtner Màñez at 
kathleen.schwerdtner@zmt-bremen.de. 
October 2014 
 

Saving Mr. Nature:  Anthropomorphism Enhances Connectedness to 
Nature 
Anthropomorphism has often been used to foster connections to nature and promote environmentally 
responsible behaviors.  Yet despite its prevalence, there is little empirical support that 
anthropomorphizing is a successful approach to promote environmentally responsible behaviors.  This 
study used three experiments involving college students to explore the impact of anthropomorphic 
messaging.   Fifty participants in Experiment 1 were asked to design posters promoting environmental 
awareness.  Eighteen posters were anthropomorphic and designers of those posters reported stronger 
intents for environmentally responsible behaviors.  Forty participants in Experiment 2 read either an 
anthropomorphic or non-anthropomorphic newsletter and then completed a 14-item Connectedness to 
Nature Scale.  Those participants who read the anthropomorphic newsletter had stronger connectedness 
to nature.  Seventy-three participants in Experiment 3 were asked to view subsets of either the 
anthropomorphic or non-anthropomorphic posters from Experiment 1.  Those viewing the 
anthropomorphic posters subsequently scored higher on scales measuring connectedness to nature and 
self-reported environmentally responsible behaviors.   These results suggest that anthropomorphisms 
make people feel more connected to nature.  This sense of connectedness is positively associated with 
behaviors that are perceived as environmentally positive. 
 

Tam, K-P, Lee, S-L, Chao, MM.  2013.   Saving Mr. Nature: anthropomorphism enhances connectedness 
to and protectiveness toward nature. Journal of Experimental Social Psychology 49: 514-521.  
Correspondence to Kim-Pong Tam at kevintam@ust.hk. 
September 2015 
 

Public Willingness to Pay to Help Endangered Species 

A recent national survey queried a random sample of U.S. citizens from 8,476 households as to how 
much they were willing to pay over the course of ten years to aid the recovery or downlisting of 
endangered and threatened marine species. Eight different species were addressed in these questions, 
including two species of marine reptiles (sea turtles), one species of cartilaginous fish, two species of 
bony fish and three marine mammals. Overall, respondents were more willing to spend money on 

mailto:kredford@wcs.org
mailto:kathleen.schwerdtner@zmt-bremen.de
mailto:kevintam@ust.hk


 
 

71 

recovery efforts rather than downlisting. Further, the amount respondents were willing to pay ranged from 
$40/household for a species of salmon to $73/household for a whale species, and indicated a clear 
preference to spend more on the conservation of charismatic mega-fauna. 
 

Wallmo, K, Lew, DK. 2012. Public willingness to pay for recovering and downlisting threatened and 
endangered marine species. Conservation Biology, 26, 830-839. Correspondence to 
kristy.wallmo@noaa.gov. 
March 2013 
 

Communicating Environmental Issues to Zoo Visitors 
This study examined the relationship between how environmental messages are framed and visitor 
concerns about the environment.   Data were collected from 698 visitors at two zoos.   Respondents 
completed an established one-to-seven point environmental concern scale, read a statement about the 
plight of a non-charismatic endangered species and then were asked to choose one of three statements 
that they agreed with most.  The statements were framed as concern for self (self-interest), other humans 
or all living beings.  Visitors at both zoos overwhelmingly favored the statement framed as concern for all 
living things (64 percent, 70.8 percent); concern for self was selected by only 11.3 percent and 3.7 
percent of respondents.   These results are in contrast to earlier reports that Americans are more 
susceptible to messages framed as self-interest.  The mean environmental concern scores were 5.99 and 
5.83, indicating that zoo visitors are predisposed to concern for all living things.  Regardless of whether 
this predisposition is only temporarily heightened during zoo visits, it represents an opportunity for zoos to 
present “bigger picture” environmental messages with the confidence that visitors, while at the zoo, will be 
receptive.  Messages on websites, in publications and other outlets may benefit from different frames. 
The paper concludes with considerations of how technology, including personal smart devices, might be 
used to deliver environmental messages on zoo grounds. 
 

Yocco, VS, Bruskotter, J, Wilson, R, Heimlich, JE. 2015.  Why should I care? Exploring the use of 
environmental concern as a frame of communication in zoos.  Journal of Environmental Education 46:56-
71.  Correspondence to Victor S. Yocco at vyocco@intuitivecompany.com. 
April 2015 

Reintroduction  

Optimal, Cost-Effective Reintroductions 
Reintroductions typically involve trade-offs between the size and sustainability of the ex-situ population 
and the success of reintroduced individuals. For many species, the cost of maintaining a “large enough” 
ex-situ population is a significant constraint on all other aspects of the project.  Using the reintroduction 
program for the critically endangered southern corroboree frog (Pseudophryne corroboree), this study 
modeled various demographic and life history tactics with respect to these trade-offs. Under two different 
sets of demographic assumptions, sub-adults produced the largest wild population. However, under the 
most realistic, short-term assumptions, joint releases of eggs and sub-adults offered the best option for 
production of wild individuals, cost per wild individual and security of the ex-situ population. This type of 
optimization modelling can offer important insight into the structure of ex-situ breeding programs and 
reintroduction releases. 
 

Canessa, S, Hunter, D, McFadden, M, Marantelli, G, McCarthy, MA. 2014. Optimal release strategies for 
cost-effective reintroductions.  Journal of Applied Ecology 51: 1107-1115. Correspondence to Stefano 
Canessa at canessas@unimelb.edu.au. 
March 2015 
 

Success of Reintroducing Herps 
Reintroduction programs have often been criticized for not being well-planned, well-executed and unclear 
about what constitutes success.  This study explores the attitudes of reintroduction leaders through 
evaluation of herpetological reintroductions in the International Union for Conservation of Nature (IUCN) 
Reintroduction Specialist Group’s publication, Global Re-Introduction Perspectives.  Within these 40 case 
studies, not all relevant constraints and objectives were clearly defined and/or measureable.  Each study 
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had between one to seven objectives (mean 4).   Variables that adversely hindered success included 
staffing, funding, stakeholder conflicts, monitoring, threat not removed, lack of baseline data and poor 
productivity of ex-situ population.  However, 60 percent of the projects were deemed highly successful or 
successful and only 10 percent were unambiguously identified as failures.  Accomplishment of proximate 
(i.e., step-along–the-way) objectives was often equated with ultimate objectives (e.g., establishment of a 
new wild population).  In some cases, key objectives seemed not to have been assessed.   The authors 
argue that a structured-decision making approach would help managers with the formulation and 
prioritization of objectives and identification and definition of constraints. 
 

Ewen, JG, Soorae, PS, Canessa, S. 2014. Reintroduction objectives, decisions and outcomes: global 
perspectives from the herpetofauna. Animal Conservation, 17, 74-81.  Correspondence to John Ewen at 
john.ewen@ioz.ac.uk. 
March 2015 
 

Animal Welfare and Design of Reintroduction Projects 
Reintroductions and translocations frequently involve trade-offs between the welfare of individual animals 
and the support or reestablishment of threatened or endangered species.  For example, mortalities of 
reintroduced animals may be high when compared to similar animals remaining in captivity.  This study 
sought to determine the extent to which animal welfare has been explicitly incorporated into the design of 
vertebrate reintroduction projects. The study examined 199 peer-reviewed and gray literature papers and 
found welfare issues identified in 67% of those publications; but animal welfare was explicitly identified in 
only 6%. The most common mitigation of implicit or explicit welfare issues was a ‘soft release’ (e.g., 
acclimation enclosures, food and shelter provisioning after release) aimed at increasing survival. The 
study builds a strong case for an explicit consideration of welfare issues at all stages of any reintroduction 
or translocation project. 
 

Harrington, LA, Moehrenschlager, A, Gelling, M, Atkinson, RPB, Hughes, J, MacDonald, DW. 2013. 
Conflicting and complementary ethics of animal welfare considerations in reintroductions. Conservation 
Biology 27: 486-500. Correspondence to lauren.harrington@zoo.ox.ac.uk. 
January 2014 
 

Genetic Management Needs May Continue After Reintroduction Success 
Many ex-situ populations are managed to serve as insurance against extinction in the wild, or to provide 
individuals directly for reintroduction efforts. Once wild populations recover demographically, it might 
seem that ex-situ populations have served their purpose, and are no longer needed.  Results from 
Jackson et al. 2022 suggest this may not always be the case.  Authors examine in- and ex-situ 
populations of the pink pigeon (Nesoenas mayeri), an endemic species from Mauritius, which recovered 
to 400-480 wild individuals after a severe population bottleneck in the 1970s-1990s, thanks in large part 
to ex-situ reintroductions. However, authors demonstrate that this remarkable demographic recovery has 
not been accompanied by genetic recovery: molecular work and quantitative genetic pedigree analyses 
reveal a rapid decline in gene diversity, a very small effective population size, and a high genetic load in 
the wild population. Simulations furthermore indicate that, without continued conservation action, 
inbreeding and expression of this genetic load will cause extinction within 100 years.  Authors conclude 
that further genetic rescue is needed in the wild, and that present ex situ populations have additional 
reserves of diversity with an important role to play in this rescue, even after initial demographic recovery. 

Jackson, H.A., Percival-Alwyn, L., Ryan, C., Albeshr, M.F., Venturi, L., Morales, H.E., Mathers, T.C., 
Cocker, J., Speak, S.A., Accinelli, G.G., Barker, T., Heavens, D., Willman, F., Dawson, D., Ward, L., 
Tatayah, V., Zuël, N., Young, R., Concannon, L., Whitford, H., Clavijo, B., Bunbury, N., Tyler, K.M., 
Ruhomaun, K., Grace, M.K., Bruford, M.W., Jones, C.G., Tollington, S., Bell, D.J., Groombridge, J.J., 
Clark, M., Oosterhout, C.V. (2022). Genomic erosion in a demographically recovered bird species during 
conservation rescue. Conservation Biology, e13918. DOI: https://doi.org/10.1111/cobi.13918. 
August 2022 
 

Conservation Status of Zoo Mammals and Birds 
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Using data from 550 high-quality zoos worldwide, 165 mammal and 228 bird species held in zoos were 
paired with close relatives not currently held in zoos. These pairs were compared for threat level, 
zoogeographical distribution (including global hotspot endemism), spatial range, body mass, island 
habitat and altitudinal range. Compared to their non-zoo counterparts, species in zoos were less likely to 
be threatened or endangered, were larger, had larger spatial ranges, less likely to be endemic and were 
from habitats with low conservation risks. The authors suggest that geographical and ecological factors 
associated with endangerment may also act as barriers to representation in zoos. More endangered close 
relatives of species in zoos may be more difficult to obtain, potentially more difficult to keep in captivity, 
and less economically and logistically attractive than their more generalist relatives. The authors suggest 
that creating infrastructure in undeveloped areas where biodiversity loss is most rapid may help mitigate 
variables contributing to underrepresentation in zoos, allowing the zoological community to work towards 
zero species extinctions. 
 

Martin, TE, Luribiecki, H, Joy, JB, Mooers, AO. 2014. Mammal and bird species held in zoos are less 
endemic and less threatened than their close relatives not held in zoos. Animal Conservation, 17, 89-96. 
Correspondence to AO Moores at amoores@sfu.ca. 
August 2014 
 

Personality in Black Bears with Implications for Reintroduction 
This study provides the first investigation into black bear personality. Personality studies have been done 
for a large number of species and personality traits have been linked to many life history factors. Given 
black bears adaptability to human-dominated landscapes and potential for conflict, an understanding of 
differences in individual’s personality could prove useful for wildlife management. Personality should, by 
definition, be consistent over time for a given individual. Using animals in human care allows for repeated 
testing of a single individual. Researchers looked at six orphaned bear cubs in Utah that were being 
prepared for release. Using focal animal sampling, novel object and startle object tests, they tested for 
consistency in personality among black bear cubs. All tests were conducted when bears were isolated. 
Two enclosures were used to allow for testing of response to novel stimuli. Researchers looked at wall-
hugging and exploration during the introduction to the new habitat to assess boldness. Startle object test 
consisted of a plastic ball with playback device which emitted sound of raccoon fighting. Each bear was 
also observed under normal conditions with no additional stimulus applied to assess activity. Researchers 
investigated consistency within an individual in bold-shy measures and activity levels. They found 
consistent differences between individuals in activity and boldness as well as in metrics related to the 
novel object and startle test. Given bear’s propensity to associate with humans, understanding personality 
differences may be useful for release management and may assist in determining potential for conflict in 
the future.   
 
Myers, P. J., & Young, J. K. (2018). Consistent individual behavior: evidence of personality in black bears. 
Journal of Ethology, 36(2), 117-124. DOI: 10.1007/s10164-018-0541-4.  
Correspondence to Julie Young at Julie.young@usu.edu. 
October 2018 
 
 

Genetic Guidelines for Captive Breeding and Reintroductions of the 
Endangered Black-Fronted Piping Guan, an Atlantic Forest Endemic 
Reintroductions of bird species into the wild may rely on managed breeding in zoos.  If these source 
populations are small, then inbreeding may occur having an adverse impact due to inbreeding and 
genetic drift. Management of small populations for reintroduction requires maintenance of genetic 
variability as well as producing many offspring.  This work examines the genetic variability of three 1980s 
established resource populations of black-fronted piping guan (Aburria jacutinga), an endangered cracid. 
This species is endemic to the Atlantic Forest of southeastern South America. Three populations in three 
distinct aviaries were examined using microsatellite loci and Bayesian clustering analysis to determine if 
there was evidence of inbreeding between and within these three lineages, if there was evidence of 
recent bottlenecks and if there was population genetic structuring between the breeding groups.  
Recommendations were that reintroductions in areas where the species has been extinct, these three 
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population should be managed separately and that cross-breeding could improve reintroduction success 
making this resource population an important asset for the species recovery. 
 

Oliveira-Jr., PRR, Costa, MC, Silveira, L F and Francisco, MR (2016), Genetic guidelines for captive 
breeding and reintroductions of the endangered Black-fronted Piping Guan, Aburria 
jacutinga (galliformes, cracidae), an Atlantic Forest endemic. Zoo Biology, 35: 313–318. 
doi:10.1002/zoo.21296 
November 2016 
 

Successful Ex-situ Conservation of the Burmese Star Tortoise in Myanmar 
In 2000, the Burmese star tortoise (Geochelone platynota) was considered functionally extinct in the wild, 
resulting primarily from domestic consumption and the impacts of the illegal pet trade. In 2014, this 
species was listed as one of the 25 most endangered chelonian species in the world and classified as 
Critically Endangered by the International Union for Conservation of Nature (IUCN).  Ex situ breeding was 
recognized as the only remaining option available for preventing the extinction of this species.  In 2004, 
three assurance populations were created for the conservation of this species by the Myanmar Ministry of 
Environment, Conservation, and Forestry, in collaboration with the Wildlife Conservation Society/Turtle 
Survival Alliance Myanmar Program. Assurance colonies established at Lawkanandar, Minzontaung and 
Shwe Settaw wildlife sanctuaries in Myanmar have ensured the biological survival of G. platynota by 
establishing a secure captive metapopulation and producing sufficient numbers of offspring for eventual 
reintroduction into the protected natural habitat. Since 2008, these established breeding colonies have 
increased in reproduction at an average annual rate of 37 percent.  In 2016 at one facility in Myanmar the 
population consists of 7,150 individuals.  Capacity holding is expected to be reached in two to three 
years. However, reintroductions into the wild will reduce numbers and extend the time to reach 
capacity.  This project demonstrated that G. platynota does well in an ex situ managed setting within the 
natural range of the species, producing enough offspring to allow for reintroduction into the wild and may 
serve as a model for other countries working to recover endangered tortoises. 
 
Rainwater, T., Platt, S. G., Platt, K., Khaing L., Yu, T., Aungs, S., New, S., Soe, M., Myo, K., Lwin, T. 
(2017). Back From the Brink: Ex-situ Conservation and Recovery of the Critically Endangered Burmese 
Star Tortoise (Geochelone platynota) in Myanmar. Herpetological Review 48(3), 570–575. 
Correspondence to Thomas R. Rainwater at ttrainwater@gmail.com. 
December 2017 
 
 

Headstarting and Release Techniques Yield Differing Results for the 
Smooth Green Snake 
One conservation technique utilized for improving chances of survival of reintroduced species with high 
juvenile mortality is to apply headstarting techniques that accelerate growth and body size while in 
captivity.  This is accomplished in reptiles by bypassing brumation, a form of overwintering in reptiles 
similar to hibernation. However, brumation is a component of the life cycle of reptiles, and therefore 
omitting this may result in tradeoffs. This study examined whether there was a difference in the efforts of 
brumated, versus non-bruamated smooth green snakes (Opheodrys vernalis), upon release to the wild.  
The study found that although brumated snakes were smaller than non-brumated snakes, they quickly 
reached the size of non-brumated snakes within two months after release. Soft released snakes, 
acclimated through in situ enclosures before release into habitat, whether brumated or non brumated had 
better survival. Further comparative study is warranted, but this study recommends that brumation be 
incorporated into headstarting for release strategies. 
 

Sacerdote-Velat AB, Earnhardt JM, Mulkerin D, Boehm D, and Glowacki G. 2014. “Evaluation of 
Headstarting and Release Techniques for Population Augmentation and Reintroduction of the Smooth 
Green Snake.” Animal Conservation 17: 65–73. 
November 2016 
 

Successful Release of Hand-Reared Penguins 
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This study reports on the hand-rearing and release of 1,322 African penguin chicks over two breeding 
seasons. These chicks were brought into captivity from two breeding sites because their parents had 
entered moult and could not have fed chicks for c. 21 days. Birds were held in the care facility for about 
45 days and 84percent (1117) of those removed from the breeding site survived for release back into the 
wild. Survival of released chicks was comparable to that of chicks hand-reared after oil spills: 32 percent 
in the first year and 76 percent thereafter.  Moreover, these survival rates are comparable to those for 
naturally-reared birds at the same breeding sites. The results demonstrate the efficacy of hand-rearing as 
a valuable conservation tactic for African, and perhaps other species of, penguins. 
 

Sherley, RB, Waller, LJ, Strauss, V, Geldenhuys, D, Underhill, LG, Parsons, NJ.  2014.  Hand-rearing, 
release, and survival of African penguin chicks abandoned before independence by moulting parents.  
PLOS One 9(10): e110794. doi:10.1371/journal.pone.0110794.  Correspondence to Richard B. Sherley at 
richard.sherley@gmail.com 
January 2015 
 

Optimization of Captive Production for Reintroduction 
Captive bred whooping cranes (Grus americana) are used to restore populations throughout North 
America. Double clutching, either through cross fostering or artificial incubation, is a key tactic to 
maximize captive production. However, double clutching entails the uncertain trade-off of how long eggs 
should be naturally incubated by the parents before being shifted to allow the parents to lay an additional 
clutch. This study used Bayesian based decision analyses to identify predictors of whooping crane 
reproductive success at three breeding facilities. A total of 491 eggs from 26 dams were analyzed for 
eight potential success factors: duration of parent incubation, dam age, egg sequence, calendar year, 
management intervention, facility location, and two measures of pair relatedness. The analyses revealed 
that hatching probability increases with the duration of parental incubation (40% to 95% from 1-30 days) 
but birds lay fewer eggs when they incubate longer. The decision-analytic model estimated that 16 days 
is the optimal duration of parental incubation, thus providing a powerful example of how multivariate 
analyses can improve husbandry and management of captive populations. 
  

Smith, DHV, Converse, SJ, Gibson, KW, Moehrenschlager, A, Link, WA, Olsen, GH, Maguire, K. 
2011.Decision Analysis for Conservation Breeding: Maximizing Production for Reintroduction of 
Whooping Cranes. Journal of Wildlife Management, 75: 501-508. Correspondence to 
dess@calgaryzoo.ab.ca. 
August 2011 
 

Why Aren’t Most Reintroduction Efforts Successful? 
Understanding why many reintroductions cannot clearly demonstrate success is critical for improving the 
effectiveness of reintroductions as a conservation tool. To address the frequent ambiguity of 
reintroductions, an international group of conservation biologists has laid out clear standards for design, 
implementation, and evaluation of reintroductions and/or translocations. These standards are based on a 
comprehensive review of avian reintroductions and address issues such as documentation, monitoring, 
definitions of success (project objectives), communication of results, and mitigation of threats. 
 

Sutherland, WJ, Armstrong,D, Butchard, SHM et al. 2010. Standards for documenting and monitoring bird 
reintroduction projects. Conservation Letters 3: 229-335. Correspondence to 
w.sutherland@zoo.carn.ac.uk. 
October 2010  
 

Stress and Habituation in Reintroduced Animals 
Stress and anti-predator responses were measured in fallow deer reintroduced from a heavily visited and 
a sparsely visited zoological facility. Deer from the sparsely visited zoo had greater ‘flush and flight’ 
distances than those from the facility with heavy human exposure. Eighty percent of the former survived 
200 days while none of the animals from the heavily visited zoo survived to 200 days. Stress, as indicated 
by corticosterone levels, were c. 20 percent higher after release; there was no difference between 
animals from the two breeding facilities. This study emphasizes the need to directly assess factors such 
as stress and habituation during the implementation of reintroduction programs.  
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Zidon, R, Saltz, D, Shore, D, Motro, D. 2009. Behavioral changes, stress, and survival following 
reintroduction of Persian fallow deer from two breeding facilities. Conservation Biology 23: 1026-1035. 
Correspondence to royi.zidon@yahoo.com. 
October 2010 

Conservation Efforts  

Addressing gaps in Ex Situ Housing of Threatened Amphibians 
The number of threatened amphibian species in ex situ holding (zoos) has increased substantially in 
recent years due to concerns over various conservation threats such as emerging diseases and habitat 
loss. Authors assess the extent to which ex situ institutions house globally threatened amphibian species, 
based on eight criteria related to extinction risk including International Union for Conservation of Nature 
status, range size, body size, and habitat specialization. Species found in zoos were paired with a close 
relative to examine if zoos tend to hold species of greater conservation concern on average. Authors 
founds that amphibian species held in zoos are equally threatened as their paired counterpart, suggesting 
good representation of threatened species in zoos. However, when analysis was done including only 
records from Zoological Information Management System (ZIMS) and excluding ‘non-traditional’ 
institutions not part of a zoo association within the Amphibian Ark database, species housed in zoos were 
found to be less threatened than paired relatives. They also found that small species, specialists, and 
those with smaller geographic ranges, which often have greater extinction risk, may be underrepresented 
in ex situ populations. Authors thus suggest that zoos need to continue to increase their focus on species 
of conservation concern and support initiatives such as Amphibian Ark. Several commentaries have been 
submitted in relation to this article within the same issue of Animal Conservation. In these Griffith (2017) 
emphasize that there are a number of other roles that amphibian populations play in zoos, overlooked in 
the original article, particularly those in education or developing capacity for care of endangered species 
through experience with more common species. Tapley et al. (2017) also note that other factors such as 
species biology, existing husbandry knowledge, and stability of founder countries need to be considered 
when selecting which amphibian species to house.  

Biega, A, Greenberg, D A , Mooers, A O,  Jones, O R  and Martin T E, 2017. Global representation of 
threatened amphibians ex situ is bolstered by non-traditional institutions, but gaps remain. Animal 
Conservation 20 (2):113-119. doi: 10.1111/acv.12297 Correspondence to Tom Martin at 
tom_martin_2010@yahoo.co.uk. 
Feburary 2018 

 
Head Starting Hellbenders 
Head starting is a technique in which animals destined for release into the wild are held until they reach a 
state of behavioral maturity, agility, size, etc. that is beyond the ‘normal’ stage at which there is a high 
level of neonatal mortality in wild populations. Despite this ‘sheltering,’ head started individuals often 
benefit from predator avoidance training. In this study, hellbenders, large aquatic salamanders 
(Cryptobranchus alleganiensis), were exposed to trout scent and hellbender distress secretion in a simple 
operant conditioning process to develop flight responses in response to trout. The conditioning was 
successful and conditioned larvae responded aversely to trout alone (no stress secretion) but did not 
respond to a non-predatory fish (catfish). 
 

Crane, AL, Mathis, A. 2011. Predator-recognition training: a conservation strategy to increase post-
release survival of hellbenders in head starting programs. Zoo Biology 30: 611–622. Correspondence to 
aliciamathis@missouristate.edu. 
April 2012 
 

Zoo Tracks Aid Conservation of Wild Carnivores 
Conservation and wildlife biologists often use carnivore tracks to assess habitat use and population 
densities. However, the subjective nature of track identification in the field often compromises the value of 
tracking data. Tracks made by zoo animals, across a range of substrate conditions and animal 
ages/sex/sizes, has now been used to develop a rigorous, quantitative method for distinguishing the 
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tracks of maned wolves, domestic dogs, jaguar and puma.  Application of this method should lead to 
more reliable species identification from tracks and thus better conservation and management decisions 
for these larger carnivores. 
 

De Angelo, C, A Paviolo, M Bitteti. 2010. Traditional versus multivariate methods for identifying jaguar, 
puma, and large canid tracks. Journal of Wildlife Management 74: 1141-1153. Correspondence to 
biocda@gmail.com. 
December 2010  
 

Priority Setting In Conservation 
The difficult, often vexing issue of how to prioritize conservation projects and initiatives is now a major 
focus of conservation science. The paper identifies six common missteps in developing and prioritizing 
conservation projects: not acknowledging that a conservation project is a prioritization, ill-defined 
problems, not prioritizing actions, arbitrariness, hidden value judgments, and not acknowledging risk of 
failure. The most common misstep is trying to solve an ill-defined problem. Objective approaches to 
prioritization and simple tactics for avoiding these six common missteps are clearly and succinctly 
outlined. 
 

Game, ET, Kareiva, P, Possingham, HP. 2013. Six common mistakes in conservation priority setting. 
Conservation Biology 27: 480-485. Correspondence to egame@tnc.org. 
January 2014 
 

Mitigating Climate Change with Natural Climate Solutions 
Natural climate solutions (NCS) are conservation, restoration, and/or improved land management actions 
that avoid greenhouse gas emissions and/or increase carbon storage across global forests, grasslands, 
wetlands, and agricultural areas. This article describes 20 cost-effective solutions that can help to 
stabilize warming below two-degrees Celsius by 2030. While the approach described is global, the 
authors estimate the potential impacts by country, sharing which strategies in the United States that 
would be most impactful for carbon sequestration. Reforestation, natural forest management, and 
improved plantations were among the most robust solutions in the United States. The authors estimate 
that NCS approaches are much more cost effective than emerging technologies (e.g. bioenergy with 
carbon capture and storage) and many NCS have additional benefits that were not factored into this 
paper, such as but not limited to, air filtration, water filtration, and flood control. While “regreening” the 
planet is the recommended step for climate change mitigation, the authors note that the implementation 
of these 20 pathways should be done in a socially and culturally responsible way. Zoos and aquariums 
have the potential to reach millions of visitors to not only help visitors understand the benefits of these 
natural climate solutions but also provide a platform for which visitors are empowered to advocate for 
NCS to local, state, and national government as well as private companies. 

Griscom, B.W., Adams, J., Ellis, P.W., Houghton, R.A., Lomax, G., Miteva, D.A. et al. (2017). Natural 

climate solutions. Proceedings of the National Academy of Sciences, 114, 11645-11650. 

April 2020 

 

Citizen Science Programs Lead to Conservation Action 
Increases in knowledge may be insufficient to lead to changes in responsible environmental behavior. 
Taking action may require greater cognitive and affective learning, attachment to a system, and ability of 
the individual to commit to devising solutions. Citizen science projects have the potential to create these 
kinds of experience and thus lead to conservation action. Using the Coastal Observation and Seabird 
Survey Team as a case study, this paper found that citizen science programs can improve both 
conservation literacy and action. This program allows participants to assist in the collection of bird 
mortality data along beaches on the west coast of the United States; the study assessed their knowledge, 
skills and beliefs pre and post involvement in the program and looked at participants who had been in the 
program for more than a year. The program increased people’s sense of place, improved their 
understanding of bird ecology and related ecosystem processes, gave them a greater sense of practical 
actions that they can take to reduce environmental degradation, and encouraged them to take action, 

mailto:biocda@gmail.com
mailto:egame@tnc.org


 
 

78 

particularly in the form of participation in additional citizen science programs and communicating program 
results to fellow community members and civic leaders. Citizen science experiences create a meaningful 
sense of place, which may increase people’s willingness to act to protect it through advancing 
conservation literacy.  
 

Haywood, BK, Parrish, JK, and Dolliver, J. 2016. Place-based and data-rich citizen science as a 
precursor for conservation action.  Conservation Biology 30:476-486. Correspondence to Benjamin 
Haywood: bhaywood@allegheny.edu.  
August 2016 
 

Conservation Losses and Successes 
This paper describes the conservation status of more than 25,000 species of vertebrates in the context of 
conservation efforts to reduce extinction risk and curtail extinctions.  The study takes a novel approach, 
assessing changes in IUCN Red List Index (RLI) as a measure of increasing risk or conservation 
‘success’ over time. The study estimates that 16-33 percent of vertebrate species are threatened and that 
the current rate of vertebrate extinctions is 2-3 orders of magnitude greater than expected in the absence 
of human activity (e.g., habitat loss, invasive species, disease, hunting). Conservation efforts are currently 
not able to offset these threats to biological diversity. However, the study also concludes that without 
ongoing conservation actions, particularly for species that are not yet Threatened, extinction risks as 
measured by changes in RLI would be at least 20 percent greater than the current rate; in particular, 
captive breeding is singled out as an important tactic for species recovery. Moreover, the paper notes that 
its estimate of the impact of conservation actions is most certainly underestimated so there is much 
reason for optimism.  
 

Hoffman, M, Taylor-Hilton, C, Angulo, A, et al. 2010. The impact of conservation on the status of the 
world’s vertebrates. Science 330: 1503-1509. Correspondence to mike.hoffmann@iucn.org.  
June 2011 
 

Quantitative Evaluation of Conservation Success 
Supporters, stakeholders, and particularly funders increasingly demand evidence of the successes of 
conservation projects. This study compared three metrics for success: a funder’s existing internal 
measure, a measure specifically developed for zoo-led conservation projects (Impact Assessment), and a 
simple ranking procedure. Although relative rankings were consistent, there were systematic differences 
between the individuals scoring the projects; consistency among scorers was least for the Impact 
Assessment metric. Level of funding and education components showed a consistent, positive 
association with high rankings. The study’s two key conclusions were that 1) it is possible to develop 
consistent, relatively simple metrics for evaluation of a suite of projects and 2) that multiple indices may 
be needed to encompass the broadest definition of success. The design of this study provides a roadmap 
that could be used by any zoo or aquarium for internal evaluations of conservation programs. 
 

Howe, C, Milner-Guilland, J. 2012. Evaluating indices of conservation success: a comparative analysis of 
outcome- and output-based indices. Animal Conservation 15: 217-226. Correspondence to 
c.howe.01@cantab.net.   
January 2013 
 

Botanic Gardens: Conservation and Invasive Plants 
Botanic gardens continue to increase their commitments to conservation.  However, they may also offer 
an opportunity for introduction of non-native plants.  This study examined the collections of more than 
3,000 botanic gardens with respect to potential invasives and species of conservation interest.  Only 23 
percent of International Union for Conservation of Nature (IUCN) red-listed species are cultivated in these 
gardens and most of these species were found in only a small percentage of gardens.  In contrast, 99 
percent of the worst invasive species were found in at least one botanic garden and thus were two to five 
times better represented than red-listed species. The study estimates that a typical botanic garden could 
hold 20 invasive non-native plant species.  Moreover, it appears that few botanic gardens either conduct 
research on invasive species or have a clear non-native invasive species policy.  The study recommends 
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that botanic gardens develop new tools for risk assessment and management of potential invasives in 
their collections. 
 

Hulme, PE.  2014. Resolving whether botanic gardens are on the road to conservation or a pathway for 
plant invasions.  Conservation Biology.  Published online 29 Nov. 2014, DOI: 10.1111/cobi.12426. 
Correspondence to Philip Hulme at philip.hulme@lincoln.ac.nz. 
March 2015 
 

Effective Prevention of Bird-Window Collisions 
Bird-window collisions are thought to kill as many as 100 million birds each year.  Seasonal placement of 
opaque elements or UV signals on/or in glass have been shown to reduce bird-window collisions.  This 
study uses field experiments to examine the strength and wavelength of UV and the spacing of opaque 
elements as they relate to the effectiveness of preventing bird-window collisions.  The basic design for all 
experiments was wood framed windows placed along the edge of an open field.  Experiment 1 compared 
clear and mirrored glass to glass with a UV signal (ORNILUX Mikado).   Experiment 2 compared clear 
glass, ORNILUX Mikado glass in front of a black board (simulating a darkened room), clear glass with 
vertical lines (parachute cord) spaced 10.8 cm apart, and mirrored glass with the same arrangement and 
8.9 cm spacing of parachute cord.   In experiment 1 there was no difference in bird-strike frequency 
between the glass types while in experiment 2 there were significant differences between clear glass 
(most strikes), ORNILUX Mikado (next most) and parachute cord treatments with lowest strike 
frequencies.   Strike frequencies for ORNILUX Mikado were lower for the darkened room (experiment 2) 
than the see though condition (experiment 1).  The authors suggest that previous reports of high 
effectiveness of ORNILUX Mikado are attributable to the darkened room situation.  ORNILUX Mikado 
does not reflect UV at levels comparable to previously tested UV films (20-40 percent). The study 
reaffirms that vertical, opaque lines are an effective deterrent of bird-strikes.  
 

Klem, D, Saenger, PG.  2013.  Evaluating the effectiveness of select visual signals to prevent bird-
window collisions.  The Wilson Journal of Ornithology 125:406-411.  Correspondence to Daniel Klem, Jr. 
at klem@muhlenber.edu. 
February 2016 
 

What is Sustainability? 
Bob Lacy’s provocative review of sustainability should be read by everyone associated with the zoo and 
aquarium profession. Making the distinction between sustainability and management of genetic diversity, 
Lacy makes strong arguments that sustainability of many zoo and aquarium species can only be 
achieved through an integrated management plan involving both in-situ and ex-situ efforts.  This broad 
based approach must not only integrate results from the most current scientific research but should 
identify and prioritize needs for future research. And where appropriate it must build cooperative networks 
that are financially and logistically efficient. Because Lacy’s research is the basis for genetic management 
within AZA, his call to arms deserves serious consideration. 
 

Lacy, RC. 2013. Achieving true sustainability of zoo populations. Zoo Biology, 32: 19-26. Correspondence 
to rlacy@ix.netcom.com. 
August 2013 
 

Identifying Long-Term Success in Conservation Action Campaigns 
Although many conservation education programs seek to facilitate eco-conscious behavior changes in 
guests after their visit, evaluating the long-term success of these initiatives is challenging.  In this study, 
researchers at an aquarium in South Africa performed a follow-up survey of guests that was conducted at 
least one year after their visit in which they had identified an environmentally responsible change they 
would make in their daily lives.  These statements, termed “penguin promises”, were collected at a 
penguin habitat and an eco-house exhibit.  Although only a small subset of guests completed the online 
follow-up survey, the authors found that roughly half of those respondents could remember their promises 
and claimed to have kept them.  Interestingly, the authors identified differences in the demographics and 
specific promises of guests at the two sites, but no difference in the extent to which they remembered and 
kept their promises.  On-site and off-site factors influencing the guests’ promises were also explored.  
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From their findings the authors provide a list of recommendations for designing successful visitor 
conservation action campaigns. 

 Mann, J.B., Ballantyne, R., Packer, J.  2018.  Penguin promises: Encouraging aquarium visitors to take 

conservation action.  Environmental Education Research, 24(6): 859-874. DOI: 

10.1080/13504622.2017.1365355. Correspondence to Judy B. Mann at jmann@saambr.org.za. 

July 2018 

 

Categorizing Conservation Research Targeting Climate Change 
Increases in global temperatures will begin to carry significant consequences for wildlife and ecosystems.  
Although considerable research is being undertaken to identify ways to address this ecological crisis, the 
nature and goals of the research can vary and some approaches may be inadequate to address the pace 
of climate change. In this review, the authors synthesized the literature and developed a matrix based on 
two primary dimensions to categorize climate-change related research: the underlying ecological 
mechanisms of the research and the nature of the tools being implemented.  The ecological mechanisms 
varied from research on evading or ameliorating climate change to research directly working to build 
adaptive capacity of ecosystems to handle climate change.  The tools being implemented were 
categorized from being “low-regrets” options that would be beneficial regardless of climate change, to 
more drastic approaches, termed “climate-targeted” options, that seek to intervene in natural processes.  
For example, the work of zoos to manage ex-situ populations that can preserve species was categorized 
as a “low-regrets” option to build adaptive capacity.  This was also the most common approach in studies, 
with research on aggressive climate-targeted options to build adaptive capacity being least common.  
Some examples of this type of research are introducing non-local species to an area if local species are 
unlikely to persist, actively assisting the dispersion and colonization of species, and supplementing key 
ecosystem species through predator/prey management or food provisioning.  The authors argue that, 
given the pace of climate change, these more aggressive options are likely needed and the goal of 
conservation work may need to shift from “ecological restoration” to “ecological renovation.”    

Prober, S.M., Doerr, V.A.J., Broadhurst, L.M., Williams, K.J., Dickson, F.  (2019).  Shifting the 

conservation paradigm: A synthesis of options for renovating nature under climate change.  Ecological 

Monographs, 89: e01333. Correspondence to Suzanne Prober at Suzanne.prober@csiro.au 

September 2019 

 

Conservation Fads 
Based on their combined eight decades of conservation research, the authors identify ten past and 
present fads in biological conservation. Among the better known of these fads are marketing of natural 
products from rain forests; biodiversity hotspots; integrated conservation and development projects; 
ecotourism; community-based conservation; payment for ecosystem services; and landscape approaches 
that integrate agriculture, sustainable uses, and conservation. The authors argue that like all fads, 
biological conservation fads are often popular and widespread – fashionable – and dominate publications, 
meetings, and donor attention and support. In comparison to previous approaches, conservation fads are 
often touted as better; as ‘the answer.’  The authors close with a plea that conservation biologists strive to 
be reflective rather than reflexive in their consideration of new ideas and approaches to the myriad 
situations that demand actions to preserve and conserver biological diversity. 
 

Redford, KH, Padoch, C, Sunderland, T. 2013. Fads, funding, and forgetting in three decades of 
conservation.  Conservation Biology 27: 437-438. Correspondence to redfordkh@gmail.com.  
January 2014 
 

Trade in Marine Aquarium Fish 
This study explores the trade-offs between exploitation of marine environments for the aquarium and 
hobby trade and the potential incentivization of conservation actions necessary to sustain the supply of 
marine ornamental species. The focus is on the need for quantitative monitoring and reliable data to 
evaluate the trade-offs between exploitation and sustainability. Examination of data for 2004-to-2005 
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importations into the United States revealed 8,015 invoices for more than 11 million marine aquarium fish. 
Over-reporting and/or unclear taxonomic compositions were common and many invoices included 
freshwater species either in place of or in addition to marine species. The number of marine fish species 
imported during the study period likely exceeds 1,802, with most species being represented by relatively 
few individuals, regardless of whether a species is rare or common in the wild. The general conclusion is 
that prior estimates have overestimated the magnitude of marine fish importations but likely 
underestimated the biodiversity represented in those estimations.  
  

Rhyne, AL, Tlusty, MF, Schofield, PJ, Kaufman, L, Morris, JA Jr, Bruckner, AW. 2012. Revealing the 
appetite of the marine aquarium fish trade: the volume and biodiversity of fish imported into the United 
States. PLOS ONE 7(5): e35808. doi:10.1371/journal.pone.0035808. Correspondence to 
arhyne@rwu.edu.  
June 2013 
 

Zoos Forge New Partnerships with Public Health Institutions to Solve 
Health and Conservation Problems 
One Health is a growing field that considers the interconnected nature of health issues including the 
overlap between humans, animals and the environment. By working with public health institutions, zoos 
can play a meaningful role in One Health initiatives. Zoos can assist in studies of how human, animal and 
ecological health impact one another and use findings to create innovative solutions to public health 
issues in collaboration with government, non-government and universities that specialize in public health. 
Such work can be particularly relevant for addressing the threat of Emerging Infectious Diseases, such as 
Ebola virus and avian influenza. This type of work is valuable not just for health, but also plays a critical 
role in addressing the broader biodiversity conservation objectives of modern zoos. This article provides 
examples of conservation projects at the frontier of One Health, particularly highlighting the work of the 
Saint Louis Zoo Institute for Conservation Medicine in Saint Louis, Mo. Saint Louis Zoo in collaboration 
with University of Missouri-Columbia are working to assess disease dynamics involving domestic camels, 
humans and wildlife in Kenya. More locally, zoo housed animals can serve as sentinels for disease 
outbreaks, as was the case with the spread of West Nile Virus in the United States. In this situation, 
mortality in some but not other bird species at the Bronx Zoo in Bronx, N.Y., helped to inform public 
health officials about the presence of this disease. Zoos may also serve an important role in health of zoo 
guests by helping to lower stress during their visit and providing important psychological benefits that are 
associated with spending time in nature. Finally, zoo-public health collaborations create unique 
opportunities to build future capacity through training of graduate students. Zoos need to continue 
developing these types of partnerships with public health institutions to fully realize their role in this 
significant field, which is of importance for health and conservation.   
 
Robinette, C, Saffran, L, Ruple, A and Deem,SL. 2017. Zoos and public health: A partnership on the One 
Health frontier.  One Health 3:1-4. Correspondence to: deem@stlzoo.org. 
April 2017 
 

Less Space in Aquaria Related to Spinal Deformities in Sand Tiger Sharks 
This research described a study of spinal deformities in sand tiger sharks and their relationship with 
swimming patterns and tank length. A survey was conducted in 14 public aquaria in the U.S. of sand tiger 
sharks, documenting the animals’ history, dimensions and shape of the tanks they are in, and observing 
their swimming patterns. The results indicated that sand tigers in smaller tanks had greater spinal 
deformities. Afflicted sharks were observed to have longer tail-beat durations (slower swimming) 
indicating loss of forward speed and increased swim to glide ratios. Tanks less than 20 meters in length 
held sharks with at least a 25% prevalence of deformities. Based on these results, a captive sand tiger 
shark with an average length of 2.25 meters needs a linear swimming length of at least 31 meters to 
prevent spinal deformities; however fewer than 40% of the aquariums surveyed met this requirement. 
Recommendations were made for aquarium design, environmental and behavioral enrichment.  
 

Tate, EE, Anderson, PA, Huber, DR, Berzins, IK . 2013. Correlations of swimming patterns with spinal 
deformities in the sand tiger shark, Carcharias taurus. International Journal of Comparative Psychology, 
26, 75-82. Correspondence to Etate07@gmail.com.  
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June 2013 
 

From Seafood to Pets: Sustainability in Aquariums 
Aquariums in recent years have taken on sustainable seafood campaigns in which they teach about the 
benefits of purchasing and eating seafood. However, little has been done about the sustainability of the 
aquatic animal pet trade. Although the ornamental fish trade is at a smaller scale than that of seafood, the 
ethics of over-collection for a hobby should not be ignored. This article suggests that aquariums can be 
involved and should be involved with hobbyists, collectors, legislators, etc. about different aspects of the 
aquarium trade. This needs to include but not be limited to tracking importations, sharing knowledge 
about breeding and rearing, and determining which species can be maintained in the trade. Information 
about the aquarium hobby is not well tracked, maintained, and is complicated by the many middle parties 
involved; thus participation from aquariums in helping establish records, legislation, and combined 
knowledge can benefit the sustainability of this enjoyable hobby. 
 

Tlusty, MF, Rhyne, AL, Kaufman, L, Hutchins, M, Reid, GM, et al. 2012. Opportunities for public 
aquariums to increase the sustainability of the aquatic animal trade. Zoo Biology, DOI: 
10.1002/zoo.21019. Correspondence to mtlusty@neaq.org.  
December 2012 
 

The Inspiring Ocean Conservation Project 
From 2006 to 2008, Monterey Bay Aquarium staff members and consultants conducted a series of 
qualitative and quantitative studies to assess the extent to which visiting the Aquarium engaged, inspired 
and empowered visitors to care about and for the oceans. The Inspiring Ocean Conservation (IOC) 
Project included four phases. During Phase I, the researchers consulted with aquarium staff and 
conducted in-depth interviews with visitors to develop a logic model. The model outlined the conservation 
outcomes that could result from visiting the aquarium, along with factors that might influence these 
outcomes. During Phase II, the researchers conducted an onsite visitor survey to assess the outcomes 
that emerged immediately following a person’s visit. During Phase III, the researchers surveyed Phase II’s 
sample of visitors online six months after their visit. During Phase IV, researchers observed a sample of 
visitors throughout their entire visit and interviewed them in depth before and after their visit. The findings 
from all four phases showed that many visitors who encountered conservation information or experiences 
during their visit retained and translated these encounters into personal intentions and actions that 
persisted for months following their visit. Impacts were greatest for visitors who were conservation 
oriented when they arrived at the aquarium, viewed more of the aquarium’s conservation exhibits, 
attended certain programs, talked to aquarium staff or volunteers or took home a printed guide on how to 
choose sustainable seafood. Interesting findings emerged with respect to how visitors carried out their 
visits, which varied according to visitors’ characteristics, backgrounds and interests. The project also 
documented how crowding during busy periods in the aquarium diminished visitor outcomes. These 
findings have important implications for the Monterey Bay Aquarium and for other aquariums and zoos 
that promote environmental conservation. 
 

Vernon, C, Yalowitz, S, Ferguson, A, Macfarlane, V. 2012. Inspiring ocean conservation: a multi-phased 
visitor research project at the Monterey Bay Aquarium. PDF may be downloaded at: 
www.montereybayaquarium.org/cr/inspiring-ocean-conservation-report.aspx?c=ln. 
December 2012 
 

Effective Models of Designing Alternative Livelihood Programs to Reduce 
Bush Meat Utilization 
Bushmeat (wild meat) hunting represents a significant threat to tropical forest ecosystems. Many 
community initiatives have been employed to remediate this threat utilizing alternative livelihood projects 
providing alternative protein and income sources, however there is little evidence of impact. This study 
examined 155 past and current projects in West and Central Africa, with a thorough analysis of a subset 
of 19 projects. A wide variety of alternative livelihood activities have been tried, including beekeeping, 
cane rat farming, livestock rearing and fish farming. These alternative livelihood projects were most often 
run by local and national NGOs with community input, yet many have difficulty meeting project objectives 
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due to time, funding and capacity limitations. Few projects collected data that could be used to assess 
changes in livelihoods, hunting activity or wildlife populations. None of the projects showed evidence of 
comparing measures of project outcomes to suitable controls, or project impact. Recommendations 
include applying best-practice guidelines for Integrated Conservation and Development Project design 
and implementation and changes in funding models to increase the opportunities for success. 

Wicander, S., Coad, L. (2018). Can the provision of alternative livelihoods reduce the impact of wild meat 

hunting in West and Central Africa? Conservation and Society 16: 441-458. Correspondence to Sylvia 

Wicander at Sylvia.wicander@unep-wcmc.org. 

December 2018 

 

Rethinking Tiger Conservation 
There are fewer than 4,000 tigers remaining in the wild; they occupy less than 7 percent of their former 
geographic range.  Almost $50 million is spent annually on tiger conservation. Despite the dire situation 
and tremendous resources available for mitigation, there remains considerable uncertainty over the 
appropriate units of conservation (e.g., subspecies).  Interventions such as releases or translocations will 
almost certainly be integral to overall conservation strategy for tigers.  Yet interventions require a clear 
understanding, and agreement, on the units of conservation.   Previous studies have typically used either 
morphological or molecular characteristics to define tiger subspecies, and most of these studies have 
relied on very small sample sizes.  This study uses a comprehensive analysis of molecular, morphological 
and ecological characteristics to assess the ‘validity’ of all nine putative subspecies of tigers.  The results 
indicate that tigers underwent a severe bottleneck about 75,000 years ago followed by rapid expansion 
and relatively recent local adaptations.  This is consistent with the study’s findings of substantial overlap 
for all characters, some of which appear to vary clinally.   The results indicate that Balanese, Javanese, 
and Sumatran tigers should be grouped together as a single subspecies (Sunda) while Bengal, Caspian, 
Amur, South Chinese, Indochinese and Malayan tiger group together as a second subspecies 
(continental).  Operationally, the authors suggest that because the continental group was once a north-
south cline within a single subspecies but with the middle now extinct, and the two extremes separated by 
more than 1,000km, these two groups could be managed as two conservation units.  This comprehensive 
study, aimed specifically at identifying conservation units for tiger conservation, concludes that there are 
only two subspecies of tigers which should be managed as three conservation units.  This 
recommendation would greatly increase the efficiency of resource use for tiger conservation projects. 
 

Wilting, A, Courtiol, A, Christiansen, P, Niedballa, J, Scharf, AK, Orlando, L, Balkenhol, N, Hofer, H, 
Kramer-Schadt, S, Fickel, Kitchener, AC.  2015.  Planning tiger recovery: Understanding intraspecific 
variation for effective conservation. Science Advances 1:1-13. e1400175, DOI:10.1126/sciadv/1400175.  
Correspondence to Andreas Wilting at a.wilting@gmx.de or Andrew C. Kitchener at 
a.kitchener@nms.ac.uk. 
February 2016 

In Range Conservation Efforts 

Messaging of and Engagement in Sustainable Practices in Zoos and 
Aquariums 
Zoos and aquariums are increasingly focused on sustainable practices both in house and for focused 
messaging to influence visitor behavior. This study explores green practices within zoo and aquarium 
settings to identify successes and barriers. Authors used sequential and transformative mixed methods 
going from electronic surveys to semi-structured interviews with AZA institutions to gather information 
about current sustainable practices and messaging related to them. 58 institutions participated in the 
electronic survey, but only 14 facilities participated in the interview portion of the study, all of which had 
existing sustainable practices. Of institutions responding to the survey, 92% had sustainability initiatives, 
most of which were facilitated through green teams. In addition, most institutions also took part in some 
sort of visitor messaging related to sustainability. Types of sustainability included energy and water 
saving measures, recycling, waste reduction, and alternative transportation. For messaging, some 
institutions provided guests with tools to enable sustainable practices (i.e. option to buy reusable bag or 
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container) or with rewards for doing so (i.e. award for school that recycles the most cellphones). Major 
barriers to on-site programs were time, money, and staff resources as well as institutional infrastructure 
and culture. Barriers to visitor engagement included a concern about local culture and reaction to such 
practices, government policy, age of visitors, or concern about how such messages affect guest’s leisure 
experience. There was also limited follow up to evaluate how messaging affected visitor behavior at 
home, which may undermine these efforts. Despite the creation of AZA’s Green Practices Database, 
there are currently limited mechanisms for communication between AZA institutions on green practices or 
their messaging. Authors suggest that institutions may benefit from greater exploration of community-
based social marketing that helps to uncover barriers to behaviors and focuses on designing programs 
that overcome these.  
 
Gill, S. R., & Warrington, W. (2017). Sustainability initiatives in zoos and aquariums: looking in to reach  
out. Leisure/Loisir, 41(3), 443-465. DOI: 10.1080/14927713.2017.1366277.  
Correspondence to Sarena Gill at Sarena.gill@prescott.edu 
October 2018 

 
Meta-Analysis of Conservation Education Program Evaluation at African 
Primate Sanctuaries 
Primate sanctuaries have been evolving into conservation organizations that can positively impact local 
community’s pro-conservation behaviors through conservation education programs. Pre-post program 
evaluations at five sanctuaries were analyzed in the areas of: biological knowledge, environmental 
threats, pro-environmental actions, primates as pets, and disease risks of bushmeat across a range of 
audience types. Overall performance was high in all areas while effect size, the measure of change in 
relationship to the original performance level increased, was medium to highest for disease risks and 
primates as pets. The opportunity for positive impact of conservation education programs at these 
sanctuaries, despite obstacles, appears well worth the effort. 
 

Kuhar, CW, Bettinger, TL, Lehnhardt, K., Cartwright, B., Cress, D. 2012. Education Program Evaluation at 
Multiple Primate Sanctuaries in Equatorial Africa. International Journal of Primatology 33:208-217. 
Correspondence to cwk@clevelandmetroparks.com.  
June 2012 
 

Torpor in Galagos: Contrast Between Field and Laboratory Data 

Galagos (bushbabies) are small, nocturnal primates with various species ranging across the African 
continent. Their ecological and morphological similarity to the smallest lemurs (mouse lemurs) suggests 
that they may use some form of torpor or heterothermy to conserve energy during periods of food 
shortage and/or cool temperatures. Two complimentary studies, one in the laboratory and one in the field 
present interesting and conflicting results about torpor in Galagos. Nowak et al. found that when faced 
with short-term food and water restriction, in laboratory and field situations, G. moholi can and does enter 
torpor (reduced body temperature, lowered rate of metabolism) as a ‘energy saving response’ to resource 
limitation. In contrast, Mzilikazi et al. found no evidence of torpor in free-ranging G. moholi. Together, 
these two studies emphasize the complexity of energy balance in small primates and provide a caution 
about physiological responses to even the shortest of food and water restriction periods. 
 

Mzilikazi, N, Masters, JC, Lovegrove, BG. 2006. Folia Primatologica 77: 465-476. Correspondence to 
nomakwezi.mzilikazi@nmmu.ac.za. 
 
Nowack, J, Mzilikazi, N, Dausmann, KH. 2010. Torpor on demand: heterothermy in the non-lemur primate 
Galago moholi. PLOS One 5: 1-6. Correspondence to julia.nowack@uni-hamburg.de. 
March 2012 
 

Coral Nurseries Serve as Genetic Repositories 
This paper presents research on the effects of a cold-water event in the Florida Reef Tract on the survival 
of wild colonies and nursery-reared fragments of the threatened staghorn coral A. cervicornis. Staghorn 
fragments were collected from healthy donor colonies from inshore, mid-channel, offshore shelf zones, 
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and placed within in-situ staghorn nurseries established in different regions of the Florida Reef Tract, 
using cement platforms or line nurseries. Following the cold-water event, complete mortality occurred at 
43 percent of wild staghorn donor colonies. Of these donor sites, 75 percent had surviving fragments 
within in-situ coral nurseries, demonstrating that these nurseries acted as genetic repositories for corals 
that would have died in the donor sites. Since coral nurseries are located in deeper water and farther from 
the shallow waters near shore they were buffered from the coldest temperatures of the event. The 
authors conclude that coral reef management, restoration and conservation should use nurseries to grow 
healthy and genetically diverse corals to enhance threatened and endangered species.  
 

Schopmeyer, SA, Lirman, D, Bartels, E, Byrne, J, Gilliam, DS, Hunt, J, Johnson, ME, Larson, EA, 
Maxwell, K, Nedimyer, K, Walter, C. 2012. In situ coral nurseries serve as genetic repositories for coral 
reef restoration after an extreme cold-water event. Restoration Ecology, 20, 696–703. Correspondence to 
sschopmeyer@rsmas.miami.edu. 
August 2013 
 

Comparison of Tiger Density Estimates Using Telemetry and Camera 
Traps 
Mark-recapture estimation of large carnivore density is hampered by small sample size, large home 
ranges, and secretive behavior. This study compares independent estimates made with camera traps and 
radio-telemetry of tigers in Kanha Tiger Reserve, India. When placed appropriately, camera traps were 
found to provide an accurate assessment of density for high- and medium-density populations: addition of 
camera traps to increase sampling effort does not appear to be an effective strategy for low-density 
populations. Camera trapping appears to be effective from both an economic and precision/accuracy 
perspective. 
 

Sharma, RK,Jhala, Y, Qureshi, Q, Vattakaven, J, Gopal, R, Nayak, K. 2010. Evaluating capture-recapture 
population and density estimation of tigers in a population with known parameters. Animal Conservation 
13: 94-103. Correspondence to jhalay@wii.gove.in. 
March 2011 
 

Evaluation of Minimum Viable Population Estimates 
A ten-year study on the globally threatened bog turtle (Glyptemys muhlenbergii) in eastern New York 
state suggests that minimum viable population (MVP) size threshold estimates may be up to one or two 
orders of magnitude too high for long-lived species capable of reproducing multiple times in the lifetime. 
Their results show that for bog turtles population sizes as low as 15 breeding females have > 90 percent 
probability of surviving for >100 years. Typically MVP’s in the range of hundreds to thousands are 
recommended. This supports the value of protecting small populations especially when they form part of 
a regional meta-population. Many zoo species recovery programs are focused on populations with these 
characteristics. The authors conclude that more research needs to be done to identify the range of life 
history strategies that enable small populations of long-lived animals to persist. 
 

Shoemaker, KT, Breisch, AR, Jaycox, JW, Gibbs, JP. 2013. Reexamining the minimum viable population 
concept for long-lived species. Conservation Biology. doi: 10.1111/cobi.12028 
Correspondence to kevintshoemaker@gmail.com. 
July 2013 
 

Challenges in Population Sustainability: A Look at Species Survival Plans® 
Long-term viability of ex situ populations, in terms of genetic diversity, welfare, behavior, and cooperative 

management, is a major goal of zoos and aquariums; however, AZA institutions face limitations to their 

ability to sustain the genetic and demographic health of such populations. In this, the first cross-taxa 

analysis of management challenges and needs for Species Survival Plans©, the authors used iterative 

surveys of SSP experts to determine critical needs and priorities for maintaining the population 

sustainability of SSP programs and simultaneously developed the SSP Sustainability Database. Analysis 

of 356 SSP programs led to the emergence of five categories of critical program needs: additional space 

(47 percent of programs), improved husbandry (46 percent of programs) including both research and 
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implementation of proven practices, imports of individuals (45 percent of programs), fulfillment of breeding 

and transfer recommendations (33 percent of programs), and development of reproductive technologies 

(9 percent of programs). Critical needs were found to vary by taxa and program population extinction 

risk—with space needs equivalent across all risk designations, high risk programs requiring greater 

imports and improved husbandry, and sustainable or low risk programs tending to be in need of better 

breeding and transfer recommendation fulfillment. Despite continuing challenges, with only 27.5 percent 

of included SSP programs meeting the criteria for sustainability, it is clear that AZA institutions must 

address the needs identified by program experts if they are to continue managing zoo and aquarium-

based populations for long-term viability. 

Wilson, L., Dorsey, C., and D. Moore. (2019). Challenges and solutions: An analysis of community-

reported needs of AZA collaboratively managed animal populations. Zoo Biology 38: 45-54. 

Correspondence to Candice Dorsey at cdorsey@aza.org. 

December 2019 

Education and Professional Development  

Visitor Experience/ Public Interaction 

Evaluating a Post-Visit Action Resource: Findings, Suggestions, and 
Implications 
Zoos are uniquely situated to encourage visitors to adopt pro-environmental behaviors. However, 
research suggests even visitors that leave a zoo visit perceiving increased awareness and increased 
behavioral intent, rarely engage in actual behavior change or environmental action. This could partly be 
due to the time visitors need to process their experiences. Thus, there is a need for zoos to offer post-visit 
action resources as support to visitors to reinforce their learning, as well as their pro-environmental 
intentions. Adding to the growing body of research on post-visit action resources, this study investigates 
the development of an action resource website aimed at providing visitors with post-visit learning content 
to promote the translation of behavioral intentions into post-visit environmental actions. Four zoos 
participated in the development and prototyping of the website, with each zoo adding their own featured 
animals and content pertaining to five areas: featured animal profiles (Animal Profile), information about 
the species in the wild (Walk on the Wild Side), zoo conservation projects (Zoos in Action), actions visitors 
can take (What Can I Do To Help?), and a discussion forum to provide a space for visitors to ask 
questions or engage with content on a deeper level. To the measure the efficacy of the website, a 
formative and summative evaluation was conducted using an experimental design. Evaluation findings 
are discussed at length, most notably providing evidence that an action resource website has the 
potential to encourage behavior change and specifically what website content may elicit a stronger 
response. The results suggest connecting visitors to a featured animal’s story through an animal profile 
web page could be fundamental to promoting learning and a feeling of connection. While, on the other 
hand, offering a variety of specific, simple, concrete actions visitors can take could be key to encouraging 
environmental commitments, and therefore actual behavior change. Suggestions for how to build a 
successful action resource website are discussed, and zoos are called upon to think beyond the visitor’s 
onsite experience.  
 
Ballantyne, R., Packer, J., Hughes, K., & Gill, C. (2018). Post-Visit Reinforcement of Zoo Conservation 
Messages: The Design and Testing of an Action Resource Website. Visitor Studies, 21(1), 98-120. 
Correspondence to Roy Ballantyne at r.ballentyne@uq.edu.au. 
April 2019 
 

Evaluation of Informal Education Programs 
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This series of editorial comments discusses the need for internal and external evaluators to be more 
critical of the tools and strategies used to assess science learning in informal science learning 
environments. The authors question what ‘learning’ goals and objectives are realistic within an informal 
setting and consider the need to evaluate not just scientific competence but science citizenship, 
participation, and a scientific perspective of the world. They criticize methodologies that focus on self- 
(‘Did you or what did you learn today”) or second-hand reports (teacher or parent perceptions of what 
students learned and how they were affected by informal learning experiences). Instead, they advocate 
direct measurement of student thinking, attitudes, and beliefs before and after interpretive experiences. 
Clearly defined expectations and precision in evaluation are integral to the identification of effective 
programs and exhibits. 
 

Bandelli, A. 2014. Assessing scientific citizenship through science centre visitor studies. Journal of 
Science Communication 13:C05. Correspondence to Andrea Bandelli at andrea@bandelli.com. 
 

Jensen, E. 2014. The problems with science communication evaluation. Journal of Science 
Communication 13:C04. Correspondence to Eric Jensen at e.jensen@warwick.ac.uk. 
 

Impact of Visitors on Orangutan Behavior 
Research on how visitor numbers and behavior impact primate behaviors in zoos has yielded mixed 
results: some studies show little, no, and even positive responses while other studies suggest adverse 
and/or stressful responses.  This ambiguity may stem from the nature of this type of research, 
correlational rather than experimental, or it might be related to size and complexity of exhibits (with more 
adverse reactions in smaller, less complex exhibits).  The present study used an experimental approach 
to address the impact of visitor proximity and visibility to two orangutan groups.  The treatments were 
covering the right half, left half and none of the only viewing window into an outdoor exhibit: the primary 
variable was time spent on a platform adjacent to the viewing window.  Within groups, individuals were 
similar in time spent on the platform and there were no differences, within or between groups, when either 
half of the window was covered or the window was uncovered or in the direction faced during any of 
these treatments.  However, when either half of the window was covered, the animals preferred to face 
the uncovered half.   The authors conclude that, as suggested by similar studies, that the animals showed 
no evidence of adverse reactions because they had the opportunity to move away from visitors whenever 
they chose (c. 55-75 percent of the time animals were away from the glass and not on the platform). 
 

Bloomfield, RC, Gillespie, GR, Kerswell, KJ, Butler, KL, Hemsworth, PH.  2015.  Effect of partial covering 
of the visitor viewing area window on positioning and orientation of zoo orangutans: a preference test.  
Zoo Biology 34: 223-229.  Correspondence to Keven Kerswell at Keven.Kerswell@yahoo.com.au. 
August 2015 
 

Silent Auction Tactics: Jumping vs. Sniping 
This study reports on a subset of data from a large scale experimental study of bidding behaviors at 
charity auctions.  The focus is on sniping (waiting until the last ‘second’ to place a first bid) and jumping 
(bidding substantially more than the minimum increment) and their relative impact on overall revenue 
derived from silent auctions. The paper also includes a valuable review of the existing literature on silent 
auction behaviors and tactics. The results indicate that jumping and sniping can significantly impact 
auction revenues. Impatient and competitive bidders are typically jumpers and their jumping does 
enhance revenues. In contrast, sniping reduces revenues and reduction of sniping, for example by 
extending bidding time with each bid placed in the last ‘minute’ of regulation time, can lead to large and 
significant increases in revenues. Charities should explore simple strategies for discouraging sniping and, 
perhaps, encouraging jumping. 
 

Carpenter, J, Holmes, J., Matthews, PH.  2011.   Jumping and sniping at the silents: Does it matter for 
charities?   Journal of Public Economics 95:395-402. Correspondence to Jeffrey Carpenter at 
jpc@middlebury.edu. 
July 2015 
 

Peer-to-Peer Online Fundraising   
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There is much evidence that online fundraising is cost effective. Friends asking friends to donate may 
increase the probability of a gift by as much as 10 times over other methods. This study evaluates the 
costs and benefits of a friends-asking-friends fundraising experiment using social media. Individuals who 
made a donation online were asked to either post that information on Facebook or to send a private 
message to a friend via Facebook. As an incentive to post or send a message, a donation of $0, $1, or $5 
was made in the poster/messenger’s name. Without any incentive, 4.4 percent of donors posted, but with 
incentives of $1 and $5, the frequency of posts rose to 12.6 percent and 16.9 percent, respectively. 
Donors who are already logged in to Facebook are more likely to post/send than those who are not; for 
either posting or sending and a $1 or $5 incentive, 24-37 percent of donors already logged in to Facebook 
ask peers to donate. The posts and private messages provided a unique link for making a donation to the 
peer-to-peer ask. Tracking responses to those links revealed a small but significant increase in the 
number of donations from wall posts (1.89 percent asks); there were no donations resulting from private 
messages.   
 

Castillo, M, Petrie, R, Wardell, C. 2014. Fundraising through online social networks: a field experiment on 
peer-to-peer solicitation. Journal of Public Economics 114: 29-35. Correspondence to Ragan Petrie, 
rpetrie1@gmu.edu. 
June 2016 
 

Factors Influencing Guests Desire to “Adopt” an Animal 
Adopt-an-animal programs are common throughout many zoos and aquariums, yet few studies have 
explored why a guest chooses a particular species.  Understanding these decisions can provide valuable 
insight into their concerns for biodiversity and conservation.  In this study, the authors evaluated whether 
guests’ willingness to “adopt” a species was influenced by the species’ conservation threat status, 
phylogentic distance from humans, perceived charisma, or the order the species was listed on the zoo’s 
website.  The authors found that charisma did positively influence the number of adopters for a species, 
supporting findings by other studies.  However, unexpectedly, they also identified an impact of the order 
species were listed on the website, with animals at the top of the list being adopted preferentially.  Also 
unexpectedly, while less charismatic species were adopted less frequently, those who gave were likely to 
give more on average than those who adopted more charismatic species.  Threat status of a species did 
not impact the number of adoptions or the amount donated, suggesting that “adoption” programs alone 
may be ineffective in guiding support towards threatened species. 
 
Colléony, A., Clayton, S., Couvet, D., Jalme, M.S., Prévot, A.-C.  2017.  Human preferences for species 
conservation: Animal charisma trumps endangered status.  Biological Conservation, 206: 263-269. DOI: 
10.1016/j.biocon.2016.11.035. Correspondence to A. Colléony at agathe.colleony@gmail.com. 
March 2018 
 

Suggested Amounts in Fundraising Asks 
This study conducted an experiment to examine how a direct ask for a certain amount of money impacts 
fundraising success.  The experiment was within a tele-fundraising initiative aimed at university alumni.  
The design was no suggested amount, a suggestion of $20, a personalized suggestion (e.g., $20.03 for 
the class of 2003); each of these options was offered with or without a 1:1 matching gift.  Although almost 
50 percent more people responded to the $20 suggestion, the average gift was reduced from the ‘no ask’ 
approach such that total and per capita revenues were similar for $20 vs. no ask.  One potentially 
important result of this test is that while 28.6 percent of pledges above $20 were not honored in the no 
ask scenario, all of the pledges above $20 were honored when the ask was $20.  The personalized ask 
outperformed no ask and the $20 ask, including when the personalized ask was $20 (class of 200).  
Matching increased the number of donors and the total revenues but not significantly.   The study 
provides support for specific ask amounts, particularly with respect to recruiting/retaining donors.  The 
authors note that determining the optimal ask amount is a tricky balance between more donations and 
reduction of some donation amounts from those who might donate more than the ask if no amount is 
suggested. 
 

Edwards, T, List, JA.  2014. Toward and understanding of why suggestions work in charitable fundraising:  
Theory and evidence from a natural field experiment.  Journal of Public Economics 114: 1-13.  
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Correspondence to John List at Jlist@uchicago.edu.  For related studies on fundraising and charitable 
giving, visit the Science of Philanthropy site at http://spihub.org. 
June 2015 
 

Visitor Effects on Animals at a Petting Zoo 

This study examined the relationship between visitor presence/absence, visitor density and direct 
interactions between visitors and animals (grooming) at a Petting Zoo in Scotland.  Visitor encounters 
with llamas, pot-bellied pigs, and mixed-breed goats took place in a large paddock through which visitors 
walk. There were no behavioral differences with or without visitors for llamas and goats but pigs spent 
less time with other pigs, showed less aggression with other pigs, and spent less time sitting when visitors 
were present. All three species interacted or had contact with visitors (4-12 percent of observations) and 
avoidance or aggression was seen in less than one percent of observations. All three species showed 
increased interaction/contact with visitors as a function of increasing visitor density. During the grooming 
phase of the study there were no behavioral differences for goats and pigs between when visitors were 
not present or when grooming was allowed. Visitor density was inversely related to the frequency of and 
tolerance duration for goats but not for pigs.  While the study emphasizes the need to consider species 
differences, generally it provides evidence that visitors do not have an extensive impact on these animals’ 
behavior and may not decrease their welfare. Additionally, it also suggests that the opportunity to interact 
with people may not be in itself enriching for the animals. 
 

Farrand, A, Hosey, G, Buchanan-Smith, HM. 2013. The visitor effect in petting zoo-housed animals: 
aversive or enriching?  Applied Animal Behaviour Science pre-publication online. Correspondence to 
gh2@bolton.ac.uk. 
March 2014 
 

Condors Feeding on Carcasses: What Do Visitors Think? 
Natural behaviors are thought to be an important indication of and contributor to the welfare of zoo 
animals. This study assessed current feeding practices for vultures, recorded behavioral responses of 
vultures to different food types and addressed the potentially controversial practice of feeding carcasses 
to vultures on display, in full view of visitors.  Five food types were used in the study: a meat-based 
nutritionally ‘complete’ diet, whole rats, bovine bones, whole rabbits, and whole goats. Condors were 
more motivated to feed and fed longer on carcasses than nutritionally complete foods.  Twenty-nine zoos 
responded to a survey on feeding practices; 97 percent reported feeding whole carcasses (predominantly 
rats, rabbits, mice, chickens, and quail) and 77 percent reported doing so in full view of visitors. No zoo 
reported specific interpretations of these practices. Seventy-five visitors, at four zoos, completed surveys 
aimed at understanding their attitudes toward carcass feeding ‘on display.’ Depending on prey type, 
between about 1) 5-15 percent responded that they either disapprove of carcass feeding or had ‘no 
opinion,’ 2) 5-40 percent approved of carcass feeding but don’t want to see it, or 3) 40-60 percent 
approved and wanted to watch. The results indicate feeding carcasses, including large carcasses, to 
vultures in view of the public can provide behavioral benefits to the animals while at the same time may 
be generally well received by the viewing public. 
 

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: 118-129.  
Correspondence to Hannah Gaengler at hgaengler@gsd.harvard.edu. 
July 2015 
 

Engaging Visitors in Conservation 
Zoos and aquariums can excite visitors and partners in non-charismatic micro-fauna by encouraging and 
inviting them to participate in local conservation and/or reintroduction programs. Two long-term studies 
reported how reintroduction programs with native freshwater fish incorporated public involvement and 
piqued public interest in normally unpopular species. Participation through zoo/aquarium behind-the-
scenes tours, raising species in school classrooms, and release of reintroduced species allows the 
general public to foster appreciation and compassion for animals other than compelling exotic mammals. 
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George, AL, Hamilton, MT, and Alford, KF. 2013. We all live downstream: Engaging partners and visitors 
in freshwater fish reintroduction programmes. International Zoo Yearbook, 47, 140-150. Correspondence 
to alg@tnaqua.org. 
August 2013 
 

Effects of Viewing Zoo African Elephants on Visitor Conservation 
Perceptions, Attitudes and Behaviors 
To reliably impact visitors’ conservation behavior, zoos will need to have a greater understanding of 
visitors’ underlying perceptions and attitudes. This study assessed perceptions of elephant behavior at 
San Diego Zoo Safari Park in Escondido, Calif., to determine its effect on conservation-related attitudes 
and behavioral intent. Visitor surveys were administered with questions related to elephant behavior 
observed, attitude towards elephant conservation and welfare, intention to do various conservation 
actions, and demographics. Principal component analysis revealed that variation in visitor perception 
could be explained by their concern for having elephants in zoos, importance of maintaining elephants in 
the wild, or desire to preserve nature. Visitors that had up-close encounters with elephants reported 
greater importance of having elephants in the wild and scored higher on willingness to do conservation 
actions. Visitors viewing active behaviors or greater behavioral diversity also had higher conservation 
intent scores. Designing exhibits that enable elephants to display a full breadth of natural behaviors and 
remain active is thus important in terms of its impact on visitor perception as well as animal welfare. 
Contrary to other research, the study did not find a relationship between conservation intent of visitors 
and whether or not they had attended a keeper talk. However there was a relationship between 
conservation intent and whether or not visitors had talked with staff or volunteers. More personal and 
focused conversations with staff using framed message techniques may be more effective for impacting 
behavior than broader presentations given to a large audience. Zoo members had a greater desire to 
preserve nature. Further research on the impact of seeing elephants on visitor emotions is needed to 
better understand how best to convey conservation messages and possibly shape attitudes over time.  
 
Hacker, CE & Miller, LJ. 2016. Zoo Visitor Perceptions, Attitudes, and Conservation Intent After Viewing 
African Elephants at the San Diego Zoo Safari Park. Zoo Biology, 35, 355-361. Correspondence to 
Charlotte Hacker: Charlotte.hacker041490@gmail.com. 
January 2017 
 

Human-Animal Bonds 

There has been recent focus on the impacts of human-animal bonds on the welfare of zoo animals and 
on the job satisfaction of zoo professionals. In this study, a questionnaire was administered to 130 zoo 
professionals that addressed questions about their job and perceived bonds with animals. Of the animal 
keepers surveyed, 92 percent reported having at least one bond with an animal and 100 percent of zoo 
managers responded that they did as well. People in positions that had less animal contact were less 
likely to report having these bonds. Individuals that had worked longer in the zoo setting or that had pets 
were also more likely to report a bond with a zoo animal. Bonds were most frequently reported to be with 
primates, parrots, and carnivores. The perceived benefits of these bonds both to the animal and to the 
respondent were operational in nature (referring to ease of handling and administering medical treatment) 
and affective (referring to a sense of well-being and enjoyment for being in each other’s presence). 
 

Hosey, G, Melfi, V. 2012. Human-animal bonds between zoo professionals and the animals in their care. 
Zoo Biology (In Press, DOI: 10.1002/zoo.20359). Correspondence to gh2@bolton.ac.uk.  
February 2012 
 

Defining and Understanding Connection with Animals in a Zoo Setting 
While there are a number of instruments to quantify the relationship between people and the natural 
world, connection with nature, a concept assumed to impact pro-environmental behavior, has not been 
well defined. To qualify what “connection” means and how it might correlate with conservation behaviors, 
visitors of the Melbourne Zoo were asked to indicate to which animal they felt most connected, the extent 
of the connection, and how they defined that connection. Visitors indicated they felt a connection to 22 
species from nine groups, and like other assessments of what species elicit a connection in visitors, not 
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all species listed were charismatic mammals. Connection was defined in a variety of ways, with five 
themes accounting for over half of the responses. These included appreciation of and assignment of 
mental states to the animal, both evidence of empathy; as well as prompting emotions in the visitor; 
interaction with the animal; and proximity to the animal. This suggests interactive or immersive 
experiences encourage a connection to zoo animals or that visitors who feel a connection seek out such 
experiences. Strength of the visitors’ connection was positively related to species-specific conservation 
caring, perceived welfare of the animal, and existing connection to wildlife. Connection strength was also 
positively related to willingness to act, providing evidence that fostering a connection to the animals in our 
care may encourage conservation mindedness among zoo visitors and influence the adoption of 
conservation behaviors.  

Howell, T.J., McLeod, E.M., and G. J. Coleman. (2019). When zoo visitors “connect” with a zoo animal, 

what does that mean? Zoo Biology: 1-10. Correspondence to Tiffani Howell at t.howell@latrobe.edu.au. 

December 2019 

 

Use of Artificial Enrichment Items Does Not Negatively Influence Visitor 
Perception 
Some zoos have raised concern over the use of artificial environmental enrichment devices, particularly 
as naturalistic exhibits are found to influence zoo visitor’s perception of welfare. This study tested whether 
or not the type of enrichment (naturalistic or artificial) impacted visitor perception, looking at visitor 
feelings towards chimpanzees, thoughts on whether or not chimps make good pets, and importance of 
naturalistic exhibits. This study looked at artificial and natural appearing enrichment objects intended to 
elicit the same types of behavior and thus likely to attract a similar amount of attention by both animals 
and visitors in a naturalistic exhibit inhabited by six adult chimpanzees. While visitors did indeed feel that 
naturalistic enclosures are important, the presence of artificial enrichment items in this study did not 
impact their perception as to the naturalism of the exhibit or any of the other factors measured as part of 
this study. This suggests that artificial enrichment items can be used in naturalistic exhibits without having 
a negative impact on visitor experience. 
 
Jacobson, SL, Hopper, LM, Shender, MA, Ross, SR, Leahy, M, and 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. Correspondence to: 
sjacobson@lpzoo.org. 
April 2017 
 

Conservation Educators as Facilitators of Children’s Conservation Biology 
Learning 
Conservation education of children is considered an essential core function of zoos and aquariums. This 
study examined the educational value of zoo visits for children aged 7-15 years and compared relative 
learning outcomes for conservation educator-guided and unguided experiences. Learning about 
conservation biology and also changes in attitudes about wildlife conservation were measured using a 
mixed methods approach with qualitative data (annotated drawings) and quantitative data (Likert scales 
and thought listing). Visits led by a conservation educator resulted in a 41 percent positive change in 
learning, versus 34 percent in unguided visits. Negative changes in learning about animals and their 
habitats were more common in unguided visits. For the secondary students, personal concern with 
species extinction was higher post visit (18 percent), however the relationship with perceived ability to do 
something about extinction was weak. The potential educational value of a zoo visit is most evident when 
facilitated by a conservation educator in contrast to a self-guided experience. 
 

Jensen, E. 2014. Evaluating Children’s Conservation Biology Learning at the Zoo. Conservation Biology 
28:1004-1011. Correspondence to Eric Jensen e.jensen@warwick.ac.uk. 
October 2014 
 

Visitor Behavior at Touch Tanks 
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This study endeavors to “understand how visitors make sense of exhibits as well as consider how we 
might promote engagement that supports the development of scientific thinking.” The article starts with an 
excellent review of the topic and relevant literature and then moves on to a study of four touch tank 
exhibits featuring invertebrates and vertebrates. Family groups were the focus of the study and were 
observed via wireless microphones, digital audio recorders, and video cameras. Mean time at exhibits 
was 15 minutes. Families in the study engaged in key aspects of scientific (critical) thinking including 
observation, inference, applying prior knowledge, developing hypotheses, collecting data, and evaluation 
of data. The study provides evidence that interactive exhibits such as touch tanks can stimulate scientific 
thinking among aquarium visitors. 
 

Kisiel, J, Rowe, S, Vartabedian, MA, Kopczak, C. 2012. Evidence for family engagement in 
scientific reasoning at interactive animal exhibits.  Science Education 96:1047-1070. Correspondence to 
j.kisiel@csulb.edu. 
November 2013 
 

Zoo Tours Increase Guest’s Connection to Nature and Attitude Towards 
Conservation 
In the past century, the role of zoos has transitioned from entertaining guests to educating guests about 
the environment and conservation efforts. There are numerous studies that support the positive, 
sustained effect of zoos on an individual's environmental education, however other studies demonstrated 
neutral or negative effects after certain educational programs. In this study, Kleespies et al. analyze the 
impact of directed zoo tours on participant’s connection to nature and attitude towards species 
conservation by conducting voluntary surveys of guests before and after various themed tours and 
feeding sessions. The study was conducted at the Opel Zoo in Kronberg, Germany with one-hour long 
tours once per day in groups of less than 15 people total. Participants were informed of the research 
project at the start of the tour and participation was voluntary. To measure connectiveness towards 
nature, they used the Illustrated Inclusion of Nature in Self Scale (IINS) by Kleespies et al. 2021 and to 
measure attitude towards species conservation, participants were asked to rate their agreement with a 
series of statements based on the three components of the attitude construct, using a five-point Likert 
scale. There was a significant increase in attitude towards species conservation across all groups after 
the tours, despite high baseline levels. For those with medium baseline connection to nature, there was a 
greater increase with tours that included feeding sessions. The authors note that the observed effects are 
highly significant, but small in effect. More studies must be conducted with more diverse participant 
demographics. 

Kleespies, M.W.; Feucht, V.; Becker, M.; Dierkes, P.W. (2022). Environmental education in zoos—
exploring the impact of guided zoo tours on connection to nature and attitudes towards species 
conservation. Journal of Zoological and Botanical Gardens, 3, 56–68. DOI: https:// 
doi.org/10.3390/jzbg3010005. 
August 2022 
 

Understanding Affective Visitor Experiences 
Zoo and aquarium experiences affect empathy towards animals, concern and connection with nature and 
wildlife, and likelihood of pro-environmental behavior. Therefore, it is important for staff at zoo to 
understand what types of experiences promote positive affective reactions. In this preliminary study, 
visitors rated their affective and empathic reactions to one of four mixed species exhibits at a suburban 
zoo. Visitors were also asked to describe what, if any, “extra special” experiences they had and their 
resulting feelings. About 36 percent of adult visitors surveyed (n = 825; primarily local, Caucasian females 
with children) reported having an “extra special” experience during their exhibit visit, and these 
individuals, on average, rated their concern for, curiosity about, and connection to wildlife higher than 
those who did not report such experiences. Of the comments describing an “extra special’ experience, 45 
percent related to observing active or baby animals, close views/encounters, or visitor-animal interactions. 
Another 26 percent of comments related to the visitor’s personal thoughts and reflections, including those 
about nature, relatedness between humans and animals, feelings of peace or relaxation, memories of 
past experiences, or learning new information. Given the limitations of this exploratory study, the author 
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recommended areas for future research including: examination of empathic reactions to different species, 
consideration of how interactions with zoo staff might influence visitor reactions, assessment of personal 
traits that might mediate affective responses, and investigation of whether zoos and aquariums cause 
visitors to have empathic responses or simply encourage empathy among visitors predisposed to 
showing concern for wildlife. 

Luebke, J.F. 2018. Zoo exhibit experiences and visitors’ affective reactions: A preliminary study. Curator: 

The Museum Journal 61(2): 345-352. Correspondence to Jerry F. Luebke at jerry.luebke@czs.org. 

May 2020 

 
Emotional Responses of Visitors When Observing Animal Behaviors 
Seeing animals is central to the zoo or aquarium experience, and the behavior of the animals during 
those moments may influence the visitor’s emotional response.  This study evaluated the reaction of 
guests after viewing animals at three different zoos.  Species included in this study were giraffe and lion 
at Brookfield Zoo in Brookfield, Ill., cheetah at San Diego Zoo Safari Park in Escondido, Calif., and red 
panda at the Central Park Zoo in New York, N.Y.  Visitors were asked to select what behaviors they had 
observed and to rate the intensity of their emotional experience while viewing the animals. The authors 
found visitor predispositions to animals, nature and conservation varied across the three sites.  However, 
viewing active animals was found to be positively associated with positive affect, even when differences 
in predispositions were accounted for.  When visitors viewed inactive animals, or were not able to see 
animals, they responded with lower positive affect scores.  The perceived proximity of animals may have 
also influenced these responses, as visitors who had an up-close encounter had more positive affect 
scores. This effect was greater than whether they had viewed active or inactive behaviors.  The specific 
guest experience when approaching an exhibit is difficult to predict, but efforts to promote active 
behaviors—even at minimal rates—and close viewing opportunities would appear to encourage a positive 
emotional experience. This may have important implications for behavioral and learning outcomes of zoo 
and aquarium visits. 
 

Luebke, J.F., Watters, J.V., Packer, J., Miller, L.J., Powell, D.M.  2016.  Zoo Visitors’ affective responses 
to observing animal behaviors.  Visitor Studies, 19(1): 60-76. DOI: 10.1080/10645578.2016.1144028 
Correspondence to Jerry Lubke at jerry.lubke@czs.org. 
December 2016 
 

Naturalistic Exhibits and Visitor Attitudes 
Zoos and aquariums invest substantial resources toward creating naturalistic habitats.  This study 
examined the effect of non-naturalistic and naturalistic great ape habitats on visitor knowledge of and 
attitudes toward great apes.   The two-part study was conducted first in an older, non-naturalistic facility 
that housed gorillas, chimpanzees and orangutans.  This facility was subsequently demolished and 
replaced with a new, naturalistic facility housing only gorillas and chimpanzees.   The same knowledge 
and attitudes survey was administered to 500 visitors at each facility.   There was no significant difference 
in knowledge gain between entrance and exit for visitors at either facility but there were more correct 
answers at exit than entry.  However, the naturalistic facility was more effective at increasing positive 
attitudes and decreasing negative attitudes about chimpanzees.   Evaluation of a wide range of variables, 
and the absence of attitudinal changes regarding gorillas, led the authors to identify the naturalistic design 
of the second facility as the most likely to have influenced visitor attitudes. 
 

Lukas, KE, Ross, SR.  2014.   Naturalistic exhibits may be more effective than traditional exhibits at 
improving zoo-visitor attitudes toward African apes.  Anthrozoos 27:435-455.  Correspondence to Kristen 
E. Lukas at kel@clevelandmetroparks.com. 
April 2015 
 

How Persuasive Campaigns Impact Zoo Visitor Behavior 
Few studies have examined the extent to which zoos and aquariums can motivate visitors to engage in 
conservation behaviors. This study evaluated a persuasive approach (signing a pledge) to encourage 
visitors to hold their house cats indoors at night in an effort to reduce cat predation on native wildlife. After 
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attending a live-animal presentation at the Wellington Zoo that explained the benefits to wildlife of keeping 
pet cats indoors at night, 691 visitors were asked to fill out a survey to assess their understanding of the 
presentation’s conservation messages. Just under half of these visitors agreed to sign a pledge card to 
indicate that they would keep their cats inside at night; these cards were placed on display at the 
presentation venue. Follow-up surveys after six weeks assessed whether participants recalled a 
conservation behavior mentioned in the zoo presentation and if they had engaged in this behavior.  Recall 
was over 90 percent in the pledge and non-pledge (control) groups.  However, while 100 percent of the 
pledge group claimed to have implemented the behavior (keeping cats indoors at night), only 57 percent 
of the control group had incorporated this behavior into their daily lives. The author suggests that such 
persuasive campaigns should be used by zoos to increase the impact of their conservation messaging.  
 

 
MacDonald, E. (2015). Quantifying the impact of Wellington Zoo's persuasive communication campaign 
on post‐visit behavior. Zoo Biology, 34(2), 163-169.   Correspondence to Edith MacDonald at 
edith.macdonald@tepapa.govt.nz. 
July 2015 
 

Applying the Elaboration Likelihood Model to Animal Talks 
The mission of many zoos is to facilitate sustainable behaviors in visitors and teach them about 
conservation, but effectiveness in these goals is rarely measured. Authors trained staff in use of 
Elaboration Likelihood Model to attempt to improve effectiveness in persuasive communication of animal 
talks. This model should improve satisfaction and retention, make messages more relevant to visitors, 
and encourage guests to think about information presented, which should in turn increase potential for 
behavioral change. Authors then tested effectiveness of animal talks after training in this model of 
communication. Authors found that even after training about 30 percent of staff still did not integrate the 
discussed conservation message. However, for those talks that did integrate the conservation message, 
visitor recall of the message, satisfaction, and elaboration about the message improved after staff 
training. Study suggests that training staff to ensure that animal talks focused on a specific theme and are 
made relevant to visitors improved their satisfaction and the chances that visitors comprehend and retain 
messages delivered and thus have greater potential for behavior change. Authors suggest that zoos will 
need to be more progressive in their conservation advocacy role if they hope to encourage 
environmentally sustainable behaviors and not just communicate general environmental principles or 
influence attitudes.  
 
MacDonald, E., Milfont, T. & Gavin, M. 2016. Applying the Elaboration Likelihood Model to increase recall 
of conservation messages and elaboration by zoo visitors. Journal of Sustainable Tourism, 24, 866-881.  
March 2017 
 

Public Perception of Live Prey Feeding 
While live prey feeding of terrestrial animals has been largely explored within the literature, there is little 
known about the public perception of live prey feeding to aquatic species. To fill this gap, the authors 
examined varying influencing factors of public and professional perception toward the ethical acceptability 
of live prey feeding to aquatic species.  

Using an opportunistic approach to select participants, a Likert based questionnaire was collected 
(N=248) from zoo and aquarium professionals within the U.S. and UK (via a social media platform) and 
members of the public who had just visited a zoo or aquarium (in person at Paignton Zoo Environmental 
Park, UK). Participants were asked to rate various scenarios of live feeding aquatic species to other 
aquatic species in and away from public view. The results showed different factors (i.e. where a 
participant is from, their background, and the type of animal used as prey) does play a significant role in 
how live prey feedings are perceived. Overall, the findings showed visitors being less likely to perceive 
live prey feeding of aquatic animals (in or away from public view) as ethically acceptable compared to 
professionals. However, there is no one pattern that emerges and the study calls attention to a need to 
rethink the generalizations derived from the existing literature about the public’s perception of live prey 
feeding, and instead, look to an array of variables which may affect perception toward live prey feedings 
within zoos and aquariums.  
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Marshall, L., McCormick, W. D., and G.M. Cooke. 2019. Perception of the ethical acceptability of live prey 
feeding to aquatic species kept in captivity. PLOS ONE, 14(8).  
March 2020 
 

Knowledge about Biodiversity and Pro-Conservation Behaviors only 
Weakly Linked 
Previous work on zoo visitors has demonstrated that zoo visits do lead to an increase in knowledge about 
biodiversity and an increase in knowledge about actions to protect biodiversity. However, early models of 
behavior change have been based on the idea that changes in knowledge lead to behavior change, but 
recent research has largely refuted this paradigm. Given the broader goal of zoo education is to 
encourage visitors to engage in conservation-sensitive behaviors, according to a recent World 
Association of Zoos and Aquariums (WAZA) report, understanding the connection between knowledge 
and behavior change is critical. In a recent comprehensive study of 6,357 visitors to 30 zoos from 19 
countries, authors used questionnaires to assess knowledge about biodiversity, knowledge of actions to 
help protect biodiversity, and willingness to conduct pro-conservation behaviors.  
While there was a relationship between knowledge about biodiversity and knowledge about pro-
environmental behaviors, knowledge about biodiversity was only the sixth most important variable in 
predicting a visitor’s knowledge of pro-environmental behaviors. World region, whether or not this was 
their first visit to any zoo, gender, age, membership in an environmental group, years of formal education 
were also predictive factors in visitor’s knowledge of potential actions. Similarly, biodiversity 
understanding and knowledge of potential actions were predictive of a person’s self-reported pro-
conservation behavior, but knowledge of biodiversity was a minor variable. In addition, age, membership 
in an environmental group, having watched a TV show on nature in the last 12 months, and group size 
were also predictive factors. Thus while knowledge may be relevant, there are many other factors that 
appear to influence behavior change, and zoos will need to continue to assess the role of knowledge-
based education in increasing desired pro-conservation behaviors and explore other interventions 
targeting the systems that threaten global biodiversity.  
 

Moss, Andrew, Jensen, E., & Gusset, M. 2017. Probing the Link between Biodiversity‐Related 

Knowledge and Self‐Reported Proconservation Behavior in a Global Survey of Zoo Visitors.  
Conservation Letters 10 (1): 33-40. Correspondence to: a.moss@chesterzoo.org. 
April 2017. 
 

Prompting Visitors to Pay Attention 
Melbourne Zoo used their Connect-Understand-Act behavior change model to develop an exhibit and live 
animal demonstration about balloon litter. The key take-away message was to use bubbles instead of 
balloons. The exhibit used static signage and a short animation to convey the danger of releasing helium 
balloons to marine life. A 15-minute fur-seal presentation included messaging about these dangers and 
incorporated sensory integrations to enhance the impact of the experience through audience participation 
(call and response) and immersion (bubbles). Additionally, after the fur-seal presentation visitors were 
encouraged to make a public pledge—a strategy used to increase behavior adoption—to use bubbles 
instead of balloons. Study participants were in one of three conditions: exhibit only, exhibit and 
presentation, and the control group. The study collected data at four time points, prior to going through 
the exhibit (pre-survey), upon exiting the exhibit (post-survey), three months after the visit, and six months 
after the visit. The control group was not given a pre-survey and were asked to participate in the study 
after they went through the exhibit.  Participants who received a pre-survey were much more likely to 
recall messaging about bubbles than the control group in the post survey, suggesting a priming effect for 
those who took the pre-survey. Participants who responded three and six months after their visit tended 
to report that their balloon use had changed but few participants spoke about using bubbles instead; the 
authors suggest long term retention may be hindered because the bubble concept may still be new and 
multiple conservation-education messages are delivered at the Zoo. 

Mellish, S., Pearson, E.L., McLeod, E.M., Tuckey, M.R. & Ryan, J.C. (2019): What goes up must come 
down: an evaluation of a zoo conservation education program for balloon litter on visitor understanding, 
attitudes, and behavior. Journal of Sustainable Tourism, DOI: 10.1080/09669582.2019.1625908 
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Understanding the Relationship Between Attendance and Conservation 
Modern zoos and aquariums are tasked with a number of goals beyond public entertainment including 
education, research, ex situ breeding and management, and in situ conservation. It has long been 
assumed that large, charismatic vertebrates will drive visitor attendance and therefore provide financial 
support for in situ conservation activities, but the statistical relationships between zoo collection 
composition, attendance, and conservation contribution had, as of this paper, not been demonstrated. 
Here structural equation modelling was used to examine the institutional and socio-economic 
determinants of visitor attendance (data from 458 global zoos) and conservation investment (data from a 
subset of 119 institutions). As anticipated, zoo attendance strongly predicted contributions to in situ 
conservation. Attendance was directly influenced by the number of animals at an institution, and both 
directly and indirectly affected by species richness (especially that of mammals), the body mass of 
exhibited animals, and the uniqueness of the institution’s collection. Proportion of threatened species 
directly correlated with in situ conservation investment but had no impact on attendance, which was still 
the most influential driver of conservation activity. The model suggested other such trade-offs, like those 
between species body mass and number of animals or collection distinctiveness. Thus, the authors 
recommended that zoos account for the complexity of these relationships when collection planning and 
weigh alternative strategies such as exhibiting large, popular, mammal species or numerous, smaller 
species that are distinct from those at other institutions to encourage attendance and provide revenue for 
in situ conservation investment. 

Mooney, A., Conde, D.A., Healy, K., and Y.M. Buckley. 2020. A system wide approach to managing zoo 
collections for visitor attendance and in situ conservation. Nature Communications 11:584. 
Correspondence to Yvonne M. Buckley at buckleyy@tcd.ie. 
May 2020 
 

Interactions with Animals Moderates Autistic Behaviors 
Across a wide range of contexts, interactions with animals may positively affect human health and 
behavioral well-being.  Animal-assisted interventions have been had positive outcomes as treatments for 
patients with Alzheimer’s, schizophrenia, and children with conduct and attention-deficit disorders. There 
is also information suggesting that animal-assisted interventions, including swim-with-dolphins programs, 
have positive impacts on autistic spectrum disorders. This paper provides a rigorous, systematic review 
empirical studies that focus the impact of animal-assisted interventions on autistic spectrum disorders. 
Only 14 studies met the criteria for inclusion in analysis and each of these had relatively small sample 
sizes.  Within these 14 studies there were several positive outcomes from animal-assisted interventions. 
Individuals with autistic spectrum disorders showed one or more of the following: increased verbal and/or 
physical interactions, reduced severity of symptoms, reduced problem behaviors (e.g., verbal abuse), and 
increased laughing or smiling.  It is noteworthy that the only 5 empirical studies of swim-with-dolphins as 
an animal-assisted intervention were excluded from the analyses because they failed to provide separate 
results for participants with autistic spectrum disorders. The study concludes that animal-assisted 
interventions show promise as treatment for autistic spectrum disorders. 
 

O’Haire, ME. 2013.  Animal-Assisted Intervention for Autism Spectrum Disorder: A Systematic Literature 
Review. Journal of Autism Developmental Disorders 43: 1606-1622. Correspondence to 
maggie.ohaire@gmail.com. 
May 2014 
 

Wildlife Viewing: In the Wild versus Under Human Care 
In this study researchers compared the motivations and learning of visitors to a marine theme park and 
an aquarium in Australia (animals under human care) to those participating in whale-watching and turtle-
viewing excursions (animals in the wild). Visitors to both types of outings demonstrated similar levels of 
environmental knowledge, interests and behavior prior to their experiences. People viewing animals 
under human care placed greater emphasis on the social, enjoyment, and entertainment aspects of their 
experience while those viewing animals in the wild emphasized the learning experience. Viewing animals 
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in the wild did provide a greater emotional connection but viewing them under human care reportedly 
afforded the opportunity to see the animals more easily and from new perspectives than in a wild setting. 
The authors’ conclusions emphasize that both animal viewing opportunities have some benefits in 
learning and attitude change. Additional opportunities for enhancing reflective experiences could enhance 
learning and the long-term adoption on environmentally responsible behaviors in both settings. 
 

Packer, J, Ballantyne, R. 2012. Comparing captive and non-captive wildlife tourism. Annals of Tourism 
Research, 39: 1242-1245. Correspondence to j.packer@uq.edu.au. 
October 2013 
 

Improvement in Social Skills through Equine-Assisted Therapy 
Currently there is a great deal of discussion around the use of contact animals in zoos and aquariums 
and research conducted in the realm of human and domestic animal interaction may help inform and 
guide this discussion. Equine therapy programs have gained popularity over the years but little 
experimental research has documented the impacts of such programs. In a recent study, parents 
interested in enrolling their child in the PATH to Success program (an equine-assisted therapy program 
designed to increase social competence) were asked to complete a standardized survey measuring 
social competence about their child. This screening allowed researchers to study an experimental group 
(children taking part in the program) and a matched control group (the wait-listed students). All parents of 
enrolled and wait-listed children were asked to complete the social competence survey of their children 
again after the 11-week program finished. The results showed that positive significant changes in social 
behavior occurred between pre and post-conditions and between  
experimental and control groups. These results suggest that carefully monitored and controlled equine-
assisted therapy programs can improve social skills.  
 

Pendry, P, and Roeter, S. 2013. Experimental trial demonstrates positive effects of equine facilitated 
learning on child social competence. Human-Animal Interaction Bulletin, 1: 1-19. Correspondence to 
ppendry@wsu.edu. 
July 2013 
 

Emotional Responses of Zoo Visitors 
This study investigated the relationship between emotional responses of zoo visitors, variables that 
impact those responses, and intentions of visitors to take ‘conservation actions’ (conservation 
mindedness).  Hypotheses were 1) prior interest/experience with nature and strong emotional responses 
would be positively associated with conservation mindedness, 2) strength of emotional response would 
be associated with gender, age, species of animal, intensity of encounter/activity of animals.  A total of 
439 visitors were surveyed at four exhibits: tigers (2 exhibits), wild dogs, and spotted hyena.  Women had 
greater positive emotions than men irrespective of species.  Visitor age was not associated with 
emotional response.  Visitor perception of encounter intensity – up-close and eye contact – or watching 
animals interacting with enrichment items were positively associated with their emotional response.   Both 
emotional response and prior interest/exposure were positively associated with conservation mindedness.  
These results emphasize the potential for zoo exhibits, particularly those that provide an ‘up-close’ 
experience, to stimulate greater conservation awareness and activity among zoo visitors 
 

Powell, DM, Bullock, WV.  2014.  Evaluation of factors affecting emotional responses in zoo visitors and 
the impact of emotion on conservation mindedness. Anthrozoos 27: 389-405.   Correspondence to David 
M. Powell at dpowell@wcs.org. 
January 2015 
 

Effectiveness of Demonstration Programs 
Zoo or aquarium demonstrations involving animal behaviors or care can encourage financial support, 
foster emotional connections and increase knowledge of visitors who observe them.  This study used 336 
pre- and post-demonstration evaluations to examine visitor responses to two types of demonstration 
involving lowland gorillas: training and cognitive research using touch screens.  These demonstrations 
are regularly scheduled in a public viewing area. Visitors viewing either demonstration had increased 
understanding of care and research involving apes than those who had not witnessed a demonstration.  

mailto:j.packer@uq.edu.au
mailto:ppendry@wsu.edu
mailto:dpowell@wcs.org


 
 

98 

Somewhat surprisingly, there was no difference between visitors who viewed the training vs. the 
research/touch screen use demonstrations.  However, within those results, groups with children displayed 
greater understanding of care and research and greater enjoyment than did those without children.  The 
study emphasizes the potential for animal demonstrations to inform and change visitor attitudes and 
suggests that the interaction between staff and animals, rather than the content of the demonstration, 
may be the most critical influence on visitor attitudes and perceptions. 
 

Price, A, Boeving, ER, Shender, MA, and Ross, SR. 2015. Understanding the effectiveness of 
demonstration programs. Journal of Museum Education, 40, 46-54.  Correspondence to Allison Price at 
aprice@lpzoo.org. 
 

Visitors Prefer Natural to Unnatural Enrichment 
This research consisted of two studies to investigate if viewing natural looking enrichment verses 
unnatural looking enrichment has an impact on visitor perceptions of the naturalness of the exhibit, animal 
welfare, and conservation. Unlike past studies, this project controlled for animal visibility and behavior. 
Study one involved showing one of four short videos with unnaturalistic or naturalistic environmental 
enrichment to participants then asking them to complete a survey. The conditions were: Naturalistic/No 
Animal, Naturalistic/Animal, Unnaturalistic/No Animal, Unnaturalistic/Animal. The enrichment item, a rock, 
was the same in all conditions except for the color. In the unnaturalistic condition the rock was colored 
pink. The results from study one show that visitors perceived the Naturalistic/No Animal condition to be 
not only the most natural but also the best environment for the animal to live in. Study two looked at 
different types of unnaturalistic and naturalistic enrichment. There were four types of enrichment, two 
naturalistic: rock, wool bedding and two unnaturalistic: orange traffic cone and cardboard box. Eight 
photos were created with four showing an animal and four not showing an animal. Similar to study one, 
each participant was shown a photo and asked to complete a survey. Participants rated photos with the 
naturalistic enrichment higher when asked about naturalness of exhibit, quality of animal welfare, and 
how the environment would be to live in for the animal. Overall, visitors rate naturalistic environmental 
enrichment higher and seem to perceive it to be better for animal welfare, though other aspects of visitor 
perception of enrichment still merit further study.  

Razal, C.B. and 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, DOI:10.1080/08927936.2019.1550289 
Correspondence to Catherine Razal at crazal@txstateaq.org 
September 2019 

 
How Modern Zoos Communicate With Visitors 
Researchers combined an on-line questionnaire with case studies to examine how zoos provide 
educational information to their visitors.  One hundred seventy-six zoos from 50 countries returned the 
questionnaire; nine of those zoos enabled direct observation and face-to-face interviews on site with zoo 
staff and visitors. Questionnaire respondents identified signage, pamphlets, worksheets, staff 
presentations, animal shows, animal contact areas, and formal/informal conversations with volunteers as 
interpretive and educational tactics.  Exhibit signage was the most prevalent medium and 95 percent of 
visitors reported reading at least some exhibit signage. More than 70 percent of participating zoos used 
person-to-person education and 54 percent reported having animal shows.  However, the comparison of 
case study data to questionnaire responses for each of the nine case study institutions revealed that 
institutions frequently failed to report educational programs and/or tactics; this under reporting may be 
attributable to some institutions using too narrow a definition of education.  One key finding of the case 
studies was that staff and volunteers involved in person-to-person educational tactics were typically ill 
prepared to provide even basic information on animals and zoo facilities.  Notably absent from case 
studies was significant use of technology as a means of interacting with zoo visitors.  The unique social, 
cultural and economic situations of the participating zoos highlighted that their context needs to be 
considered to communicate most effectively with visitors.  
 

Roe, K, McConney, A, and Mansfield, CF. 2014. “How do zoos ‘talk’ to their general visitors? Do visitors 
‘listen’? A mixed method investigation of the communication between modern zoos and their general 
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visitors.” Australian Journal of Environmental Education, 30, 167 - 186.  Correspondence to Katie Roe at 
katie.roe@westnet.com.au. 
June 2015 

 
Zoo Priorities vs. Visitor Priorities 
Staff perceives a wide range of roles and functions for their zoo: scientific research, recreation, education 
and conservation are most commonly cited.   This study surveyed 190 zoos around the world about their 
priorities and activities.  A follow-up study surveyed 540 visitors across nine of these zoos regarding their 
priorities for zoos and zoo visits.  Educational experiences at the zoo, particularly for children, topped 
both lists.  Questions were phrased to focus the respondent’s attention on activities taking place at the 
zoo.  Differences were that visitors wanted more local fauna, more captive breeding and were less 
concerned about a place to relax and socialize.  Visitor priorities for education are consistent with other 
recent studies, but their priorities on local fauna and captive breeding are surprising contrasts to priorities 
of zoo staff.  Thirty percent raised the issue of animal welfare in comments. 
 

Roe, K, McConney, A, Mansfield, CF.  2014. The roles of zoos in modern society – a comparison of zoos’ 
reported priorities and what visitors believe they should be.  Anthrozoos 27:529-541.  Correspondence to 
Katie Roe at katie.roe@westnet.com.au. 
April 2015 
 

Guest Views Towards Carcass Feeding 
Carcass feeding, in the form of feeding enrichment or as a core component of a diet, can offer carnivores 

an opportunity to express natural behaviors and hence, promote positive welfare.  Although this practice 

may also offer a unique opportunity to engage guests, it is often presumed that the graphic nature of 

carcass feeding will be perceived negatively.  To address this potential conflict, Roth et al. surveyed 

guests viewing carcass feeding at the Tasmanian devil, African painted dog, and spotted hyena habitats 

at the ABQ Biopark in Albuquerque, New Mexico.  They found an overwhelming majority of guests (80-90 

percent) were comfortable with the practice and supported its use.  Similarly, these guests also reported 

positive emotional responses, such as being interested and excited by the activity.  During carcass 

feeding, the authors observed guests staying at the habitats for roughly two minutes longer than when no 

carcass feeding occurring.  There were also no differences observed between genders, or between 

groups with and without kids.  Although the authors acknowledge that these findings may be influenced 

by geographic and cultural differences, this study does suggest that carcass feeding may have additional 

benefits beyond the animals and may enrich the guest experience. 

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.  Anthrozoӧs, 30(2): 227-235. DOI: 

http://dx.doi.org/10.1080/08927936.2017.1310987 . Correspondence to E.K. Roth at 

ellen.roth@dmns.org. 

September 2017 

 

Health Benefits of Zoo and Aquarium Visits  
With the increase in stress-related non-infectious diseases, including depression, in urban areas, the 
influence of nature on the well-being of humans has been receiving more notice. However, little attention 
has been paid to the positive public health role of zoos and aquariums.  
A study was conducted at the Saint Louis Zoo in Saint Louis, Mo., looking at the effects on visitor stress 
of a touch tank exhibit featuring stingrays, sharks and horseshoe crabs.  Visitors over 18 years of age 
were invited to participate in the study, which measured physiological and psychological 
parameters.  Researchers hypothesized that visitors would have higher heart rate variability and 
improved mood after the touch experience.  The findings on mood were supportive, while the 
physiological results were not.  Further studies are needed to understand how experiences at Association 
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of Zoos and Aquariums (AZA)-accredited facilities can be part of the effort to improve the overall well-
being of the public by reconnecting people with nature.  
 

Sahrmann, J, Niedbalski, A, Bradshaw, L, Johnson, R, Deem, S. 2016. Changes in human health 
parameters associated with a touch tank experience at a zoological institution.  Zoo Biology 35: 4-
13.  Correspondence to Sharon L. Deem at deem@stlzoo.org. 
July 2016 

 
Visiting Zoos Improves Physical Health and Quality of Life 
These researchers investigated how visitors to two zoos in Japan of differing size and concept impacted 
both physical health (measured via blood pressure and number of steps walked) and quality of life ratings 
(via World Health Organization rating scale). Researchers found a significant decrease in blood pressure 
and an increase in quality of life rating scores in people that visited the zoo and viewed animals over 
those that had a visit of the same duration and walked the same distance but did not watch animals. The 
average number of steps taken during the visit was more than 10,300 and 6,500 for the respective zoos 
(the Japanese government recommends to its citizens that they walk 10,000 steps/day). These findings of 
improved physical health and improved quality of life with zoo visitation and animal viewing are analogous 
to the well documents positive impacts of pet ownership. 
 

Sakagami, T, Ohta, M. 2010. The effect of visiting zoos on human health and quality of life. Animal 
Science Journal 81: 129-134. Correspondence to taketosakagami@hotmail.com.  
May 2011 
 

Elements of Learning in Museums, Science Centers, Zoos, and Aquariums 
The authors present a comprehensive overview of the current state of four areas of research in 
museums, science centers, zoos and aquariums as centers for learning and engaging with science. The 
unique informal science education characteristics of these institutions lend themselves to the study of 
visitor motivations and goals, staged science demonstrations, physical layout and the role of social 
interactions and participatory experiences. Science learning is thus conceptualized as a process in 
concert with motives such as enjoyment, fun, curiosity and surprise. Opportunities for further research 
include the tensions between formal scientific presentations and self-guided inquiry and also between 
learning and entertainment motives, mixed motives, stagecraft, multimedia learning and the impact of 
social interaction. 
 

Schwan S., Grajal A. & Lewalter D. 2014 Understanding and Engagement in Places of Science 
Experience: Science Museums, Science Centers, Zoos, and Aquariums. Educational Psychologist 49:2, 
70-85. Correspondence to Stephan Schwan: s.schwan@iwmkmrc.de. 
December 2014 
 

Visitor Impact on Capuchins 
This study used an experimental approach to examine visitor impact on black-capped capuchin monkeys 
housed in an Australian zoo.   Viewing areas were fitted with one-way vision screens and monkey 
behavioral and physiological responses were monitored before and after placement of the screens.  
Visitor behaviors including presence, waves and other rapid movements, banging and overall sound level 
were recorded. Only visual contact showed an impact in this study.  During reduced visual contact, 
aggressive acts within the monkey group were reduced almost 70 percent and abnormal behaviors were 
reduced almost 40 percent from when visual contact with visitors was unimpeded.  Faecal glucosteroid 
metabolites, an indicator of physiological ‘stress,’ were reduced about 30 percent when visitors were 
obscured from the monkeys.  The viewing areas were at the top of the exhibit and monkeys spent more 
time there when visitors were obscured.   This study highlights a possible dilemma between animal 
welfare and visitor experiences and reinforced the need for further research on the implications of human-
animal interactions. 
 

Sherwen, SL, Harvey, TJ, Magrath, MJL, Butler, KL, Fanson, KV, Hemsworth, PH.  2015. Effects of visual 
contact with zoo visitors on black-capped capuchin welfare.  Applied Animal Behavior Science 167: 65-
73.  Correspondence to Sally L. Sherwen at ssherwen@zoo.org.au. 
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Making Bugs FUN to Improve Visitor Interest 
Three studies used multiple methods to explore U.S. college students’ perceptions, knowledge, and 
experiences of insects in order to understand common non-scientific classifications and to identify new 
ways insects could be presented to spark human interest. The sample for the studies was mixed in 
relation to gender and college majors, and ages ranged from 18 to 50 years old. The first two studies 
found that the sample of well-educated adults only knew a small number of insects out of the many that 
exist and that they tended to categorize them based on whether they were aesthetically pleasing or 
bothersome. Participants drew on personal experience rather than formal education for their knowledge 
about invertebrates. The third study, using a desire-for-modern-comforts scale, showed that disgust helps 
to explain aversion to bugs such as spiders. In addition, the third study incorporated fascinating unfamiliar 
(FUN) bugs, along with beautiful and bothersome bugs and found that interest was generated, seemingly, 
because of novel perceptual characteristics. These studies suggest a lot could be gained from focusing 
on this third category of FUN bugs.  The bugs in this category have little interaction with people, limiting 
knowledge and experiences for humans to develop pre-conceived aversions to the bugs.  
 
Shipley, N.J., and R.D. Bixler. 2017. Beautiful bugs, bothersome bugs, and FUN bugs: Examining human 
interactions with insects and other arthropods. Anthrozoös. 30(3): 357-372. 
March 2020 
 

Harbor Seal Responses to Zoo Visitors 
The behavior of eight harbor seals, four males and four females, was evaluated as a function of ambient 
temperature, daily visitor attendance, and visitor numbers during behavioral observation periods 
(instantaneous). Daily visitor attendance is often used as a proxy for instantaneous visitor numbers so the 
comparison here is particularly interesting. Seal behavior varied as a function of either daily or 
instantaneous visitor numbers but did not vary as a function of ambient temperature. When daily 
attendance was high, seals spent more time under water and less time scanning their environment or 
resting on land. As instantaneous number of visitors at the seal exhibit increased, more seals swam 
underwater, fewer seals swam with their heads out of water, and fewer seals were observed in social 
interactions. The conclusions emphasize the potential impact of exhibit design, particularly features such 
as underwater viewing, proximity of visitors, and whether visitors are at ‘eye level’ with seals, as factors 
that may have significant impact on seal responses to high numbers of visitors. 
 

Stevens, JMG, Thyssen, A, Laevens, H, Vervaecke, H. 2013.  The influence of zoo visitor numbers on the 
behaviour of harbour seals (Phoca vitulina). Journal of Zoo and Aquarium Research 1:31-34. 
Correspondence to Jeroen.Stevens@kmda.org. 
June 2014 
 

NNOCCI-Participating Institutions More Able to Provide Climate Change 
Education and Influence Visitors’ Perceptions 
Many Association of Zoos and Aquariums facilities have participated in the National Network for Ocean 
and Climate Change Interpretation (NNOOCI) leadership training program. NNOCCI’s goal is to create a 
community of educators at facilities who are skilled in using research-based communication strategies to 
change the climate change discourse to focus on climate science and be solution-focused. This study 
investigated the effect of NNOCCI training on staff and visitor’s behavior by comparing facilities with staff 
that had participated in training with those that had not. Staff behavior was assessed through surveys of 
staff at 23 participating and 58 non-participating facilities. Visitor behavior was assessed using national 
surveys from 2014 and 2016 that included questions about climate change knowledge, intended actions, 
and concern and hope in relation to climate change. Three groups—non-visitors, those who visited a 
NNOCCI-participating nature-based museum (i.e. zoo, aquarium, museum) in the last 12 months, and 
those visiting a non-participating institution in the last 12 months—were compared. Researchers found 
that participating facilities were more likely to provide resources and professional development to staff on 
the topic and climate change education programming than those that had not. However, despite 
perceived importance of the topic, climate change education was only occurring at low to moderate levels 
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at both types of facilities. Non-participating facilities were more likely to focus training on energy 
conservation rather than civic action when talking about climate change. In addition, visitors to those 
facilities that had NNOCCI training were more knowledgeable, more concerned about climate change, 
and more likely to be engaged in civic behaviors related to climate change than the other two groups. 
Institutional culture that supports climate science education, essential for positive visitor outcomes 
regarding climate change solutions, was positively influenced by participation in NNOCCI. Despite 
differences between visitors and non-visitors, there is still a need for greater focus on climate change 
amongst all facilities as visitors had limited knowledge about climate change.  
 

Swim, JK., Geiger, N., Fraser, J., & Pletcher, N. 2017. Climate change education at nature‐based 
museums. Curator: The Museum Journal, 60(1), 101-119. Correspondence to Janet Swim: 
jks4@psu.edu. 
July 2017 
 

Measuring Visitor Engagement 
Visitor engagement has been defined as involvement with and commitment to an attraction’s context and 
contents. Timing and tracking methods are often used as proxy measures for engagement but lack of 
detail typically limits conclusions about engagement per se. This study proposes and tests a new 
engagement scale that integrates self-reported measures of engagement with pre-established drivers for 
engagement: prior knowledge/experience, motivations, and cultural capital (e.g., cultural practices, tastes, 
educational experience, social origins). The test sample of 625 museum visitors established the scale’s 
validity as a measure of engagement by confirming previously proposed and/or established positive 
relationships with each of the drivers. Modifications of this approach to fit the features of a specific 
institution offer a measure of engagement that, if coupled with established satisfaction measures, 
provides opportunities to enhance the quality, quantity and diversity of visitor experiences. 
 

Taheri, B, Jafari, A, O’Gorman. 2014. Keeping your audience: presenting a visitor engagement scale. 
Tourism Management 42: 321-329. Correspondence to: k.ogorman@hw.ac.uk. 
June 2014 
 

Zoo Experiences: Parents vs. Children 
This study examines the perspectives and priorities of all individuals in 17 families, 29 adults and 43 
children, visiting a Danish zoo.  The study is unusual in that it pays particular attention to responses from 
children.  Families were either observed during their visit or interviewed at the end of the visit.  Children 
were ‘interviewed’ by eliciting a combination of oral, written and drawn responses.  Parents were primarily 
interested in social bonding through activities that are educational, fun and provide context for 
subsequent bonding conversations about the visit.  Children are focused first on the animals, particularly 
‘extraordinary’ opportunities to watch, touch or smell, and second on ‘ordinary’ physical activities 
unrelated to, but within the context of the family outing.  That the family is present provides an important 
feeling of togetherness.  In contrast to children, the parents view animal experiences as means for 
enhancing social bonding.   Despite these differing priorities, the zoo experiences of parents and children 
can be mutually supportive as both groups have their needs fulfilled in this family outing. The results 
signal caution about the needs and expectations of adults only groups of visitors and open up a myriad of 
questions about how zoos and aquariums could better tailor educational experiences to meet the needs 
and expectations of parents and children. 
 

Therkelsen, A, Lottrup, M. 2015.  Being together at the zoo:  zoo experiences among families with 
children.  Leisure Studies, 34: 354-371.  Correspondence to Anette Therkelsen at at@cgs.aau.dk. 
 

Jaguar Visibility and the Visitor Experience 

Observing animals and their behavior is a key aspect of visitor engagement at zoos and aquariums.  
Many institutions regularly monitor whether the animals in their exhibits are visible or not visible to their 
visitors and it is often assumed that visible animals engage the visitors.   This study evaluated visibility in 
four jaguars in two naturalistic exhibits; each exhibit had an indoor and outdoor component.  Observations 
took place over 15 months with a total of 3,610 scans for all four individuals.  Jaguars were visible in only 
19.5 percent of the scans but even when visible an animal’s whole body was only visible 69 percent in 
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69.2 percent of the scans.   Thus, jaguars in these two exhibits only had visibility that could be 
‘educationally meaningful’, whole body visible and a behavior could be seen, about 13 percent of the 
time.   Tactics for increasing visibility of jaguars and other large cats and also managing visitor 
expectation are considered in the context of the low visibility found in this study. 
 

Turnock, S, Moss, A.  2015.  Quality vs. quantity: assessing the visibility of the jaguars housed at Chester 
Zoo, UK.  Zoo Biology 34: 189-192.  Correspondence to Andrew Moss at a.moss@chesterzoo.org. 
August 2015 
 

Interactive Technologies in the Zoo Setting 
Interactive technologies in zoos and aquariums provide a unique opportunity to engage visitors and 
animals alike, as well as their encounters with one another.  This study reviewed the use of tablet devices 
and other interactive displays in use at Melbourne Zoo.  These technologies have been incorporated into 
multiple areas of the guest experience, including during animal demonstrations as well as passive 
experiences at exhibits.  Zoo staff has also incorporated the Apps for Apes software as part of their 
cognitive enrichment opportunities for the orangutans.  Researchers received positive feedback from both 
staff and visitors regarding the potential of the technologies for improving the guest and animal 
experience.  They noted the opportunities the technologies afforded to bridge the gap between the guests 
and animals and the unique ability to extend the encounter experience in time, both preceding and 
following the live animal experience.  However, the authors found that, in practice, technical challenges 
impacted use of the different devices, limiting their effectiveness.  In addition, the potential of the 
technologies to detract from, instead of supporting, immersive viewing experiences was a concern.  The 
authors highlight the urgent need for additional research to identify successful design principles for 
maximizing the potential of technology to build upon the complex interactive experiences of the visitors 
and animals. 
 
Webber, S., Carter, M., Smith, W., Vetere, F.  2017.  Interactive technology and human-animal 
encounters at the zoo.  International Journal of Human-Computer Studies, 98: 150-168. Correspondence 
to Sarah Webber at s.webber@unimelb.edu.au. 
June 2017 
 

Factors Influencing Popularity of UK Zoos and Species 
This study proposes new indices of species and zoo popularity. The former is based on species 
characteristics and the latter on the combination of species ratings. Fifty-five zoos across England, 
Scotland and Wales were included in the study. The zoo popularity index was positively correlated with 
attendance but not with demographic characteristics of the area surrounding each zoo. Although the most 
popular characteristics were not surprising (e.g., visible, active, colorful) dislikes were somewhat 
surprising (smelly, slimy, bites/stings). In contrast to several previous studies, species with small body 
size (‘smaller than a man’) were preferred over larger species. The study is data rich and offers many 
ideas for zoos or aquariums wishing to assess their relative popularity and/or the popularity of specific 
species. 
 
Whitworth, A. 2012. An investigation into the determining factors of zoo visitor attendances in UK zoos.  
PLOS ONE 7(1): e29839. doi:10.1371/journal.pone.0029839. Correspondence to 
a.whitworth.1@research.gla.ac.uk. . 
May 2012 
 

The Role of Interpreter Emotion in Promoting Conservation in Zoos 

On site messaging at zoos and aquariums is shifting from entertainment/recreation to conservation 
education. This has resulted in rethinking current interpretation strategies. One such strategy is that 
interpreters should express emotions to connect the animals, the conservation message and the visitor. 
This study was conducted to evaluate an organization’s expectations for emotional display to promote 
conservation messaging versus visitor service/entertainment. Findings from 21 semi-structured interviews 
with managers and guides at the zoo indicated that 1) training about conservation messaging versus 
recreation/entertainment is neither formal nor clearly stated and 2) emotional displays of passion and 
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excitement are more clearly communicated for visitor entertainment than to foster conservation. Previous 
research has shown that programs for guest engagement that include clear rules for emotional display 
and related training result in greater employee satisfaction and effectiveness. More research is needed to 
identify ways that emotional displays can support conservation messages and also satisfy the 
recreational/entertainment needs of visitors. 

 

Wijeratne, AJC, van Dijk, PA, Kirkbrown, A, Frost, L. 2014. Rules of engagement: The role of emotional 
display rules in delivering conservation interpretation in a zoo-based tourism context. Tourism 
Management, 42, 149-156. Correspondence to: Aaron J.C. Wijeratne at Aaron.Wijeratne@monash.edu. 
July 2014 
 

Visitors as Data Collectors? 
Prior research has demonstrated that zoo/aquarium visitors can accurately document the presence and 
abundance of a species but it is unclear how well they do when recording behavioral activity. In a study 
conducted at a Wetlands Centre in the U.K., visitors were asked to observe and record behaviors 
(swimming, eating, playing, etc.) of captive otters. Data collected by these visitors were statistically 
compared with that collected by trained biologist to check for accuracy. Although there was a high level of 
participation by visitors and they were generally able to recognize all the behaviors, their recorded data 
did not accurately reflect the activity budget of the animals. This was mainly due to visitors continuing to 
record behaviors beyond the instructed time period which resulted in an inflated score for the rate of each 
behavior. They also found that visitors often provided extra information and documented behaviors that 
were not targeted in the study. The authors suggest observations conducted by visitors may be more 
valuable when gathering descriptive information about animal behavior rather than quantitative data, and 
that providing them with automated recording stations, like touchscreen displays and timers, might 
increase accuracy. 
 

Williams, RL, Porter, SK, Hart, AG, Goodenough, AE. 2012. The accuracy of behavioural data collected 
by visitors in a zoo environment: Can visitors collect meaningful data? International Journal of Zoology, 1-
13. Correspondence to rachel.williams_31@hotmail.com. 
September 2013 

Youth and Family 

How Children Experience Nature May Impact Their Environmental Actions 
and Attitudes as Adults 
It has been well documented that exposure to nature-based activities during childhood can have long-
lasting implications for environmental citizenship and commitment to nature activities as adults.  However, 
the mechanisms by which children experience nature and how this impacts their long-term views and 
actions is less known.  This study surveyed select employees of the United States Department of 
Agriculture to investigate the relationship between self-reported early childhood experiences with current 
environmental citizenship actions and nature-based activities and attitudes.  Surprisingly, exposure to 
nature through school programs did not significantly predict any commitment to nature-based activities or 
attitudes as adults.  In contrast, exploring nature on one’s own during childhood was a strong predictor of 
all aspects of nature-based activities and attitudes as adults.  However, both exposure mechanisms were 
involved in predicting environmental citizenship actions—school-group exposure impacted environmental 
advocacy and volunteerism, whereas self-exposure affected environmental literacy and pro-
environmental political actions.  Experiencing nature as extracurricular activities and with family members 
had less overall impact on actions and attitudes.  This study highlights the important role zoos play in 
exposing children to nature through school-based activities.  In addition, these experiences should strive 
to inspire children to engage with nature on their own after a zoo or aquarium visit, which may promote 
additional long-lasting impacts on their environmental actions and behaviors as adults. 

Asah, S.T., Bengston, D.N., Westphal, L.M., Gowan, C.H.  2017.  The mechanisms of children’s exposure 

to nature: Predicting adulthood environmental citizenship and commitment to nature-based activities.  

Environment and Behavior, 1-30. DOI: https://doi.org/10.1177/0013916517718021. 
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November 2017 

 
Animals in the Classroom: Development of Empathy 
There is a rich literature on the impact of student interactions with animals in classroom settings. Typically 
these animals are pets, usually dogs, and the results of these classroom experiences is reported as 
increased empathy for animals and increased socio-emotional development. This study used quantitative 
and qualitative techniques to survey 75 teachers from six Canadian school boards across Ontario, 
Canada. The results demonstrate strong support for the hypothesis that interactions with animals, in and 
out of the classroom, greatly increase both empathy for animals and socio-emotional development in 
elementary school age children. 
 

Daly, B, Suggs, S. 2010. Teachers’ experiences with humane education and animals in the elementary 
classroom: implications for empathy development. Journal of Moral Education 39: 101-112. 
Correspondence to bethdaly@uwindsor.ca. 
March 2012 
 

Can Aquariums Stimulate Interest During School Visits? 
Students who display greater interest are thought to be more attentive, more persistent, and learn more 
than other students. Although it is thought to be very important, the ability of zoos and aquariums to 
stimulate situational interest in environmental, zoological, and/or biological topics during school visits is 
supported largely by anecdotal reports. This case study quantifies specific situational interest of Danish 
12th graders before, during and after a visit to the local aquarium which included snorkeling at a nearby 
fjord facilitated by aquarium staff and volunteers. This visit was part of a general ecology course and was 
an integral component of the curriculum. Data collected were interviews, video recordings in class and on 
field trips, and student work products. Despite eight weeks of class work and a trip to the shore prior to 
the aquarium visit, the students were generally nonplussed about ecology. After the aquarium visit with 
the fjord snorkeling outing, all student attitudes became more positive toward both the subject and the 
class: this level of ‘interest’ persisted through the remaining two weeks of the course. Although the paper 
cautions against generalization from a single case study, it is important to note that the students attributed 
their new interests to variables that are often anecdotally linked to learning in informal settings. 
 

Dohn, NB. 2011. Situational interest of high school students who visit an aquarium. Science Education 
95: 337-357. Correspondence to nibd@dpu.dk.   
July 2011 
 

Parents Using Zoo Visits as a Tool to Promote Their Family Values 
As part of the growing body of research in the value of zoos and aquariums, this study offers a framework 
for investigation into the complexity of this area of investigation. A constructivist grounded theory 
approach was used, integrating observation and discussion, to uncover coherence leading to a new 
theory of value of zoos. Parents from eight families who are frequent zoo visitors, living in inner-city 
neighborhoods adjacent to a major American zoo, were interviewed about parenting goals or personal life 
experiences. They were then observed during a zoo visit and asked to reflect on the meaningfulness of 
specific moments during the visit. The values the parents ascribed to zoos included holistic empathy, the 
extension of social justice to include natural systems and to model the importance of family relationships. 
For these eight families, this analysis of their zoo experiences offers insight into why zoos matter to them 
and opportunities for deeper research. 
 

Fraser, J. 2009. Anticipated Utility of Zoos for Developing Moral Concern in Children. Curator 52:349-361. 
Correspondence to jfraser@newknowledge.org.   
June 2012 
 

How Youth Learn to Organize Themselves to Set and Achieve Goals 
Many youth and teen programs and volunteer activities at zoos and aquariums are designed to teach 
adolescents the ability to set and work successfully toward goals, the development of strategic thinking or 
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agency. These programs provide an opportunity to examine how agency actually develops and how these 
program settings actually facilitate its development. This investigation used qualitative discovery research 
to examine the effectiveness of 11 high-quality arts and leadership programs with 108 ethnically and 
socioeconomically diverse youth in urban and rural locations. Research questions asked included what 
types of agency skills do adolescents learn in these programs, how do agency skills develop and what 
role can adult professionals play in these processes? Qualitative analysis of youth’s narrative accounts of 
their experiences was used to systematically identify repeated themes, structures and processes 
addressing these questions across programs, while quantitative tests evaluated the potential correlation 
between facilitator assistance and the youth’s learning of agency skills. The resulting theory includes 
suggested indicators practitioners should monitor to see if the processes for strategic thinking are in 
motion and suggested guidelines for a practitioner’s action in response to these indicators. Program 
models that allow youth control, choice and challenge in a real world yet manageable context are most 
effective and need to be shared widely. Program leaders skilled in nondirective assistance or “leading 
from behind” appropriately sustain youth engagement and experience of control. Furthermore, programs 
that can help youth develop, learn and practice strategic skills in the pursuit of prosocial goals will ensure 
these skills will be used for the wellbeing of youth now and in the future.  
 

Larson, R, Angus, R. 2011 Adolescent’s development of skills for agency in youth programs: learning to 
think strategically. Child Development, 82: 277-294. Correspondence to larsonr@illinois.edu.  
September 2011 
 

Locally Relevant Conservation Films Inspire Schoolchildren in Uganda 
Conservation films were created by Nature for Kids using local actors in local languages in Uganda and 
focused on significant threats to the conservation of great apes. As part of on-going conservation 
programs by North Carolina Zoo in Asheboro, N.C., Max Planck Institute for Evolutionary Anthropology, 
the Kasiisi Project and Jane Goodall Institute, films were shown to over 30,000 adults and children in 
Uganda around Kibale and Bwindi Impenetrable National Park, key sites for chimpanzees and mountain 
gorillas respectively. Schoolchildren were surveyed before and after viewing each film to assess their 
knowledge of and attitudes towards great apes. After viewing the films, children had a better 
understanding of the value and importance of great apes and a clearer idea of how they could help 
conserve great apes, potentially indicating greater potential for students to take action in the protection of 
threatened wildlife living nearby. This study represents the first time the effects of conservation films have 
been assessed in a primate-range country.  
 

Leeds, A., Lukas, KE., Kendall, CJ., Slavin, MA., Ross, EA., Robbins, MM., van Weeghel, D. and Bergl, 
RA. 2017. Evaluating the effect of a year-long film focused environmental education program on Ugandan 
student knowledge of and attitudes toward great apes. American Journal of Primatology, 22673. 
Correspondence to Austin Leeds, Charles.austin.leeds@gmail.com. 
July 2017 
 

Zoo Environments Can Help Students Learn Traditional Classroom-Based 
Material 
This research investigated how students visiting a German zoo learned and retained knowledge of the 
adaptations and behavior of vertebrate species. Students were divided into 1) a control group that 
received no instruction in an unstructured visit to the zoo, 2) a group whose visit was led by a zoo guide, 
3) a group which was divided into smaller groups in which the students had to work together to find 
information followed by instruction from a teacher, and 4) student work groups that had to work together 
to find information followed by tutoring from their peers. Results of the pre/posttest design revealed that 
students in all treatments had a substantial increase of learning and retained knowledge after the visit 
compared to those in the control group who experienced the unstructured visit. At the end of the zoo visit, 
students in the group led by the zoo guide had the highest learning, while six weeks after the visit, 
students that had worked in smaller groups to find information which was followed by instruction from a 
teacher scored retained the most. Results indicate the potential value of incorporating the zoo as an 
informal learning environment to help students learn formal school-based curriculum. If zoos developed 
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learner-centered instructional materials, school teachers may use these in zoo visits with students, 
especially when time or money to involve zoo staff is limited.  
 

Randler,C, Kummer,B & Wilhelm, C. 2012. Adolescent learning in the zoo: Embedding a non-formal 
learning environment to teach formal aspects of vertebrate biology. Journal of Science Education and 
Technology, 21, 384-391. Correspondence to randler@ph-heidelberg.de.  
April 2013 
 

Family Interactions at Aquaria Touch Tanks 
This study examined the interactions of families at touch tanks located at four different aquaria. Although 
connecting people with animals is known to foster appreciation and conservation behaviors, little research 
has investigated how people engage with live animals. It is also believed that these types of animal 
interactions facilitate science learning, and in fact many of the conversations among family units included 
deeper conversations or inquiries, such as explanations, comparisons and discrepancies, connecting 
experiences, and testing hypotheses. At all four aquaria, engagement with visitors by staff was limited, 
but the conversations among family units suggest that these groups are primed with a rich experiential 
learning situation to learn about scientific topics like animal behavior, animal morphology, and ocean 
health. 
 

Rowe, S, Kisiel, J. 2012. Family engagement at aquarium touch tanks: Exploring interactions and the 
potential for learning. In E. Davidsson and A Jakobsson (eds.) Understanding interactions at science 
centers and museums: Approaching sociocultural perspectives, 63-77. Correspondence to 
shawn.rowe@oregonstate.edu.  
January 2013 
 

What Do Kids Learn At The Zoo? 
While in recent years we have been learning more about the positive impacts of zoo visits on adults, less 
is known about impacts on children. Researchers studying the children’s educational programs at the 
London Zoo utilized the technique of having the students draw animals discussed in program content 
both before and after the presentation to address what they were learning about animals, habitats, and 
the zoo itself. Approximately one third of the students showed greater understanding of the animals and 
their habitats in their drawings following participation in the program. While changes in knowledge may 
have occurred in the other two thirds of the students, they were not detected with this method. This 
method does provide a unique way to see qualitative changes in understanding. This technique is a tool 
that can be used to evaluate learning in young children and in situations where language comprehension 
may be a challenge. 
 

Wagoner, B, Jensen, E. 2010. Science learning at the zoo: evaluating children's developing 
understanding of animals and their habitats. Psychology & Society, 3: 65-76. Correspondence to 
wagoner@hum.aau.dk.  
August 2011 

Graphics and Perceptions  

Wash your Hands: Hygiene Compliance Following a Visit to the Petting Zoo 
This study investigated hand hygiene practices after visiting a petting zoo as well as interventions to 
increase compliance. Video monitoring of visitor behavior was used to avoid biasing their behaviors. 
Hand hygiene practices were documented across a six-hour period with different interventions in place. 
These conditions included 1) no intervention 2) staff offering hand sanitizer upon exiting the petting area, 
3) increased signage and staff offering hand sanitizer upon exiting, 4) staff circulating in the petting area 
reminding visitors to perform hand hygiene when they exit and 5) increased signage alone. Overall, 58 
percent of visitors performed some form of hand hygiene (water only, soap and water, or hand sanitizer) 
following their visit. Hand sanitizer was the most frequently used form of hand hygiene and this was 
thought to be due to lines forming at the hand washing sinks. This is important to note because alcohol-
based hand sanitizers have been found to be ineffective against several pathogens found in petting zoo 
environments. Increasing signage while offering hand sanitizer at the exit as well as reminding visitors of 
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the need for hand hygiene during their visit both increased hand hygiene compliance. Interestingly, hand 
hygiene compliance was also found to be higher in children than in adults. This preliminary study 
highlights the need for increased hand hygiene interventions in animal contact areas. 
 

Anderson, MEC, Weese, JS. 2012. Video Observation of Hand Hygiene Practices at a Petting Zoo and 
the Impact of Hand Hygiene Interventions. Epidemiology and Infection 140: 182-190. Correspondence to 
mander01@uoguelph.ca. 
June 2012 
 

Need for a Values-Based Approach to Visitor Interpretation 
Increasingly zoos and aquariums aim to increase environmentally sustainable behaviors amongst their 
guests, but current interpretation techniques may primarily target people already committed to the 
environment. This study uses a value theory approach to examine zoo and aquarium visitor values and 
how these relate to their post-visit environmental behavior. 506 visitors to four wildlife attractions were 
surveyed with 74 of those also responding to a survey one to two months after the visit. Frequent visitors 
to these institutions showed greater universalism, particularly enhanced benevolence towards nature and 
reduced value of power over resources. These values were found to correlate with positive attitudes 
towards nature, animals, and conservation in general. Authors found that personal values are related to 
behavioral change. However, authors express concern that findings also indicate that people with 
universalism values and positive attitudes to nature may be pre-disposed to visit living institutions and 
thus that zoo and aquarium are not reaching their target audience for behavioral change, those who are 
not already engaged in environmentally positive behaviors. They suggest that zoos and aquariums need 
to target individuals with varying values, by strengthening the link between different values and the visit. 
Examples of ways this could be achieved would be incorporating a competitive element into the 
experience (power value), encouraging visitors to comply with positive environmental behavior 
expectations of their friends (conformity value), or allowing visitors to demonstrate their competence to 
gain social approval (achievement value).  

Ballantyne, R, Hughes, K, Lee, J, Packer, J and Sneddon, J. 2018. Visitors' values and environmental 
learning outcomes at wildlife attractions: Implications for interpretive practice. Tourism Management 
64:190-201. doi: https://doi.org/10.1016/j.tourman.2017.07.015 Correspondence to: Roy Ballantyne at 
r.ballantyne@uq.edu.au. 
Feburary 2018 
 

Public Overestimates Extent of Marine Protected Areas 

Public understanding of conservation issues is critical to the political, social, and cultural support of 
conservation initiatives. This study used short, eight question telephone surveys to assess public 
perceptions of need to protect and current extent of marine protected areas in New Zealand. Surveys 
were conducted in 2005 and 2011 and there was an increase in both perceived need for protection (76 
percent vs 84 percent of surveys) and current extent of protection (23 percent vs 31 percent of the marine 
environment). The addition of 16 new reserves between 2005 and 2011 might account for the increased 
public perception of protection between 2005 and 2011. However, only 0.3 percent of New Zealand’s 
marine environment is protected so regardless of year the public overestimated the extent of protection 
by 75-100 times. Similar discrepancies were found in public perception of threats to marine environments. 
Commercial fishing, pollution/sewage, recreational fishing, and agricultural runoff were identified as the 
top threats in both 2005 and 2011. In comparison, a recent survey of 47 experts on New Zealand’s 
marine environment ranked threats as ocean acidification, rising sea temperatures, bottom trawling, and 
agricultural runoff. These gaps in knowledge between experts, actual extent of marine reserves, and 
public perception may be related to the public’s experience or knowledge of local problems versus the 
less tangible threats of global issues such as climate change. Education initiatives aimed at closing these 
gaps could provide much needed support for conservation initiatives aimed at the marine environment. 
 

Eddy, T. 2014. One hundred-fold difference between perceived and actual levels of marine protection in 
New Zealand. Marine Policy 46: 61-67.  Correspondence to Tyler Eddy at tylereddy@gmail.com. 
December 2014 
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Scientific Literacy and Facebook 
Social network sites such as Facebook are believed to have great potential for improving scientific literacy 
through exchanges between fans and scientific staff, either directly or indirectly through staff postings.  
The Monterey Bay Aquarium Research Institute supported a study of how its Facebook fans 
communicate with the institute’s Facebook page, other fans and their friends.  The institute’s Facebook 
page (MFP) provides substantial content about oceans and ocean conservation and the page’s organic 
reach – number of fans who see a story within a day – is positively impacted by whether the story has 
engaging photos or video and when the story is posted many days within a week.  Somewhat surprising 
was that fans were unlikely to establish significant dialogs either with other fans directly or with the MFP 
itself.  Fans were, however, prone to share MFP postings and develop discussions about those postings 
with their friends. The study concludes that while Facebook is not an ideal platform for deep learning 
about ocean issues, it is a good gateway to get citizens interested in ocean and environmental issues 
through science.  
 

Fauville, G, Dupont, S, von Thun, S, & Lundin, J. 2014. Can Facebook be used to increase scientific 
literacy? A case study of the Monterey Bay Aquarium Research Institute Facebook page and ocean 
literacy. Computers & Education, 82, 60-73.  Correspondence to Geraldine Fauville at 
Geraldine.fauville@gu.se. 
March 2015 
 

What to Include on Your Signs? 
Animal exhibits in zoos and aquariums typically include informational signs and labels to identify different 
species. Acknowledging the dearth of research on visitors’ information needs from animal exhibit labels, 
collaborative research was conducted at three U.S. zoos and two aquariums. In the first study, a multiple-
choice survey was used to determine the types of information visitors were most interested in finding on a 
sign. Of the 19 types of information identified, odd facts, endangered status, where the animals can be 
found in the wild and lifespan were the most preferred. In the second study, a shorter list of information 
types (the top nine choices from the previous 19) was generated and tested at a zoo’s bird exhibit. When 
comparing the results from both studies, the information topics that ranked highest from the short list were 
almost identical to those in the original longer list. Further, results showed that visitors were interested in 
receiving similar information about both the specific species as well as birds in general. Thus, the shorter 
list of information types has the potential to inform sign content decisions for a variety of exhibits and 
educational situations.  
 

Fraser, J, Bicknell, J, Sickler, J, & Taylor, A. 2009. What information do zoo & aquarium visitors want on 
animal identification labels? Journal of Interpretation Research, 14: 7-19. Correspondence to 
jfraser@newknowledge.org. . 
August 2012 
 

Sense of Connection to Animals Can Promote Pro-Environmental 
Behaviors 
As science-based institutions committed to environmental education, zoos and aquariums have the 
unique challenge of bridging a traditional zoo or aquarium visit to engage the public on issues related to 
climate change.  Previous research has identified a complex relationship between a person’s sense of 
connection to animals with their likelihood of expressing pro-environmental behaviors related to climate 
change.  In this study, researchers examined this relationship through a moderated-mediation model 
analysis of guest survey data at 15 zoos and aquariums.  This type of analysis involved modeling not only 
the bidirectional relationship between sense of connection to animals and self-reported pro-environmental 
behaviors, but also the role of climate change views (mediators) with the potential impact of political 
inclinations on these views (moderator).  The authors identified a significant, and importantly, directional 
relationship of self-reported sense of connection with animals influencing participation in pro-
environmental behaviors.  Interestingly, the authors found climate change views did influence this 
relationship but there was no clear evidence that political inclination modified these views.  This study 
highlights the important role a zoo or aquarium can play in promoting responsible, pro-environmental 
actions by developing and deepening the public’s connection with animals and the natural world. 
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Grajal, A., Luebke, J.F., Kelly, L.-A.D., Matiasek, J., Clayton, S., Karazsia, B.T., Saunders, C.D., 
Goldman, S.R., Mann, M.E., Stanoss, R.  2017.  The complex relationship between personal sense of 
connection to animals and self-reported proenvironmental behaviors by zoo visitors.  Conservation 
Biology, 31(2): 322-330. Correspondence to A. Grajal at alejandro.grajal@zoo.org. 
June 2017 
 

Monitoring Animal Visibility 
As zoos are building more naturalistic exhibits, we must consider both the needs of our visitors to see the 
animals and the behavioral needs of our animals. Disney’s Animal Kingdom utilizes a systematic process 
to monitor animal visibility within their park. In this publication they describe this system and present 
practical ideas on to how to improve visibility and how to make all divisions within the zoo accountable for 
balancing animal and visitor needs.  
 

Kuhar, CW, Miller, LI, Lehnhardt, J, Christman, J, Mellen, JD, Bettinger, TL. 2010. A system for 
monitoring and improving animal visibility and its implication for zoological parks. Zoo Biology 29: 68-79. 
Correspondence to tammie.bettinger@disney.com.  
October 2010 
 

Impact of Unnatural and Natural Enrichment on Visitor Perceptions 
It is important to our industry to determine not only the characteristics of exhibits that promote positive 
animal welfare but also those that are pleasing to visitors and those that increase our opportunities to 
convey educational messages. In this work conducted at the vegetated polar bear exhibit at the Central 
Park Zoo, researchers sought to determine the impact of the presence of natural (e.g. browse, wood 
chips, logs) and un-natural (e.g. balls, fire hose, boxes) environmental enrichment items on the 
perceptions of visitors. Results demonstrated that the type of enrichment had little effect on visitor 
perceptions of the exhibit, of the resident polar bears, of polar bears in general, nor of the zoo overall. 
Visitors described the exhibit as “natural” despite the presence of “un-natural” enrichment items. This 
work indicates that the use of “un-natural” enrichment items within a “natural” enclosure does not detract 
from the visitor experience. 
 

Kutska, D. 2010. Variation in visitor perceptions of a polar bear enclosure based on the presence of 
natural vs. un-natural enrichment items. Zoo Biology 28:292-306. Correspondence to 
debra.kutska@czs.org.  
November 2010 
 

Predispositions and the Exhibit Experience 
This study expands on the growing body of research that addresses the relationship between adult 
visitors’ predispositions, learning process and reactions to animal exhibits. The design was intended to 
distinguish how much of visitor reaction - what they learned and how the exhibit made them feel - to an 
exhibit was due to previous knowledge and attitudes versus their immediate experience at the exhibit.  
Predispositions were significantly predictive of enjoyment, fun, learning, and attitudes but experiences at 
the exhibit were also a significant contributor to these predictions. Experiences at exhibits are capable of 
overcoming predispositions to the extent that all visitors have the potential to have fun at a zoo no matter 
their predispositions regarding animals and the environment. The study also identified a unique reaction 
to exhibit experience: “a blending of various affective, cognitive and behavioral elements that represents a 
more personal, introspective experience.” The results emphasize the relationship of visitor enjoyment 
resulting from emotional responses to seeing live animals and thus a need to focus on animal behavior 
and visibility as key elements of an engaging exhibit experience.  
 

Luebke, JF, Matiasek, J. 2013. An exploratory study of zoo visitors’ exhibit experiences and reactions. 
Zoo Biology, 32: 407-416. Correspondence to jerry.luebke@czs.org. 
October 2013 
 

The Impact of AZA Institutions on Science 
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All Association of Zoos and Aquariums-accredited facilities are interested and committed to the 

advancement of scientific research. By contributing to peer-reviewed scientific literature, AZA institutions 

further advance conservation efforts and animal care and welfare. This study assessed the research 

productivity of AZA institutions over a 21-year period and made comparisons based on organizational 

characteristics. Over this time period, the yearly output of AZA publications increased by approximately 

four-fold and the majority of articles were associated with zoology and veterinary science. Not 

surprisingly, larger institutions published more. However, it is noteworthy that institutions with mission 

statements that included research as a focus also had more publications. The authors encourage 

individuals to consider moving away from only publishing in zoo-specialized journals and increase efforts 

to publish in conservation-focused outlets. This strategy might lead to increased exposure and reach a 

broader audience. Importantly, this study demonstrates that when an institution establishes research as 

part of their mission statement, this has a profound impact on their scientific and conservation 

contributions and impacts, potentially something for all member institutions to consider.  

Loh, T.L., et al. (2018). "Quantifying the contribution of zoos and aquariums to peer-reviewed scientific 

research." FACETS 3(1): 287-299. Doi:10.1139/facets-2017-0083. Correspondence to Tse-Lynn Loh at 

tselynn.loh@outlook.com. 

September 2018 

 
Zoos Display Common Species That Are Attractive to Visitors 
Fifty-two species of boas and pythons displayed in zoos were rated for attractiveness which was then 
compared to conservation status (multiple measures), range size, taxonomic uniqueness and body 
length. Attractiveness, body length and taxonomic uniqueness were positively correlated with population 
size in zoos. The relationship between a species’ attractiveness and conservation actions on its behalf 
are discussed. 
 

Marešová, J, Frynta, D. 2008. Noah's Ark is full of common species attractive to humans: The case of 
boid snakes in zoos. Ecological Economics 64: 554-558. Correspondence to maresovaj@post.cz. 
March 2011 
 

Factors Influencing Emotional Engagement with Tasmanian Devil 
This study was conducted at a sanctuary in Australia and sought to understand factors that enable or 
inhibit emotional engagement with the Tasmanian devil from two perspectives, the visitors and staff who 
work with the Tasmanian devils. The Tasmanian devil was chosen because it is not stereotypically 
charismatic and is endangered due to disease rather than anthropogenic factors. The study used an 
interpretive case study design consisting of interviews with visitors and zoo staff and systematic 
observations of sanctuary visitors. Results from the study suggested that views of active animals, first 
person interpretation, and understanding conservation threats enable emotional engagement while not 
being able to view the animals, and misconceptions about the species inhibited emotional engagement.  

Markwell, K., Weiler, B., Skibins, J.C., and R. Saunders. 2019. Sympathy for the Devil? Uncovering 
Inhibitors and Enablers of Emotional Engagement Between Zoo Visitors and the Tasmanian Devil, 
Sarcophilus harrisi. Visitor Studies 22(1): 84-103. Correspondence to Kevin Markwell at 
Kevin.Markwell@scu.ued.au. 
May 2020 
 

Portrayal of Zoos and Aquaria in the Media 
Media reports invariably frame stories to guide the attention of the reader and shape their perspective.  In 
this study, the author evaluated articles in print and online magazines for how stories about zoos and 
aquaria were framed and the tone (positive/negative) used in the stories.  Using an online database, the 
authors evaluated articles from 2011-2015, specifically including only stories referencing members of the 
Association of Zoos and Aquariums.  Most articles were framed around animal welfare, business and 
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revenue, or entertainment and recreation, with surprisingly few studies discussing the conservation and 
science activities of zoos and aquaria.  The vast majority of articles surveyed used a positive tone (89%).  
Although the few negative articles typically were framed around animal welfare issues, this only 
represented a third of the total articles framed around animal welfare as a topic.  Overall, this study 
highlights the past success of sharing positive animal welfare messages but also indicates a need for 
expanded efforts in sharing the conservation, education and science work of AZA organizations.  As the 
cultural perception of zoos and aquaria continues to evolve, detailed attention to media reports can 
provide a valuable guide to both the media’s perception of public sentiments and their shaping of public 
discourse. 

Maynard, L.  2018.  Media framing of zoos and aquaria: From conservation to animal rights.  
Environmental Communication, 12(2): 177-190. DOI: 10.1080/17524032.2017.1310741. Correspondence 
to L. Maynard at lilytmaynard@ufl.edu. 
August 2018 
 

An Investigation of How Zoos and Aquaria are Presented in the Media 
The media plays a critical role in determining public perception of zoos and aquaria. In this study, a 
qualitative content analysis was used to assess articles from print and online magazines, the media 
consumed by the largest demographic group of zoo and aquarium visitors, related to zoos and aquaria. 
Author searched over 1,854 publications in the GALE Popular magazine database for articles with zoo or 
aquarium in the subject tag that were about AZA institutions from 2011 to 2015. 65 articles, 56 about zoos 
and 9 about aquaria, were included in the analysis. 11 percent of articles had a negative perspective. 
Living institutions were framed in eight different ways, but the most common focus of articles was animal 
welfare (31 percent). While the majority of articles about welfare were positive, all but one of the articles 
with a negative perspective focused on animal welfare. Other common themes were business and 
revenue as well as entertainment and recreation. Articles associated with conservation (9 percent) and 
education (11 percent) were lacking. Author also investigated differences in species and geographic 
focus for the articles and found that the majority of articles depicted mammals (61 percent) and most were 
focused on the city where a given institution was located. Visual representations in articles related to zoos 
and aquaria most often showed animals in a natural setting (44 percent). The diversity of frames found in 
the media demonstrates the variety of roles that zoos and aquaria play, but the lack of conservation and 
education articles differs from the prioritized focus of most institution’s missions. Institutions can address 
this through more proactively engaging the media in their role in conservation and education. 
 
Maynard, L. 2017. Media Framing of Zoos and Aquaria: From Conservation to Animal Rights. 
Environmental Communication: 1-14. doi: 10.1080/17524032.2017.1310741.  
Correspondence to Lily Maynard at lilytmaynard@ufl.edu. 
Feburary 2018 
 

Negative Impacts of Pacing Animals on Visitor Experience 
In this study visitors to an AZA institution were interviewed regarding their reaction to videos of pacing vs. 
resting tigers. 419 visitors watched 15 sec videos and then responded to eight questions, four related to 
animal care/welfare and four to willingness for return visits/support to the zoo. Participants who watched 
the video of pacing scored lower on all questions. Relative to those viewers of the resting animal, viewers 
of pacing perceived poorer animal care/welfare and less willingness for both future zoo visits and to 
support zoos. The results of this study are consistent with previous studies that indicate visitor beliefs that 
animals are ‘unhappy’ when observed engaging in behaviors perceived as ‘abnormal.’  
 

Miller, LJ. 2012. Visitor reaction to pacing behavior: influence on the perception of animal care and 
interest in supporting zoological institutions. Zoo Biology 30: 1-7. Correspondence to 
lmiller@sandiegozoo.org. 
May 2012 
 

Visitor Attentiveness during Interpretive Talks: When Attention Wanes 
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The impact of public talks was evaluated using unobtrusive video recording. Visitors who were ‘front and 
center’ were more attentive than those at the rear or on the periphery. Interactive elements such as 
feeding or enrichment greatly increased visitor attentiveness but more important was that in the absence 
of interactive elements attentiveness fell to near background levels (e.g., when no interpreter was 
present). Several general suggestions are offered for increasing attentiveness during interpretive talks. 
 

Moss, A, Esson, M, Bazley, S. 2010. Applied research and zoo education: the evolution and evaluation of 
a public talks program using unobtrusive video recording of visitor behavior. Visitor Studies 13: 23-40. 
Correspondence to a.moss@chesterzoo.org.   
January 2011 
 

Humans and Bad News 
Bad or undesirable news is not readily incorporated into beliefs and actions but positive (desirable) news 

related to future actions or experiences is often readily incorporated. It is well known that despite detailed 
warnings, adolescents are particularly prone to risk taking because they often fail to incorporate those 
warnings into their belief and decision making processes. This study examined how positive and negative 
information is used as a function of age. Participants were recruited online through the University College 
website and the Science Museum in London. There was no correlation between age and incorporation of 
desirable information into beliefs and actions. However, there was a positive relationship between age 
and learning from bad news. Younger individuals did not perceive themselves as immune, less 
vulnerable, nor are they more optimistic. Rather, when confronted with undesirable information they seem 
to update their beliefs in a random manner, which could lead to inaccurate beliefs.  Although this study 
focused on physical danger and social outcomes could be different, the results offer important insights 
into how zoos and aquariums deliver undesirable information on topics such as climate change, species 
conservation and/or habitat preservation, extinction, and ‘green’ actions. 
 

Moutsiana, C, Garrett, N, Clarke, RC, Lotto, RB, Blakemore, S, Sharot, T. 2013. Human development of 
the ability to learn from bad news. PNAS 110: 16396-16401. Correspondence to 
Christina.moutsiana@gmail.com.  
March 2014 
 

Effectiveness of Different Types of Zoo Exhibit Interpretation 
As zoos and aquariums engage the public in conservation practices, research on the methods that best 
facilitate this goal will be beneficial for these institutions. This study compared visitors’ knowledge about 
orangutan conservation after being exposed to the same information at the Zoo Atlanta orangutan exhibit 
in one of three ways - viewing signage at the exhibit, watching a film, or watching a live presentation. 
Visitors who saw the film or the live presentation stayed longer at the exhibit and scored significantly 
higher on a follow-up conservation questionnaire than visitors who were only exposed to the signs in the 
exhibit. Visitors who saw a live presentation were also able to recall certain facts about orangutan 
conservation better than those who had watched the film. Future research needs to investigate the extent 
to which visitor recall about wildlife conservation may be improved by making films and other media 
exhibits more interactive. Additionally, longitudinal studies on visitor knowledge about conservation are 
also recommended to assess the usefulness of methods used in exhibit interpretation.   
 

Perdue, BM, Stoinski, TS, Maple, TL. 2012. Using technology to educate zoo visitors about conservation. 
Visitor Studies, 15: 16-27. Correspondence to bperdue@zooatlanta.org.   
September 2012 
 

Video vs. Live Presentations 
Technology and live presentations can enhance educational experiences at zoo and aquarium exhibits. 
However, there is much variation in the effect of video presentations and there is much to be learned 
about the appropriate context for technology, static, or live presentations of information at exhibits. This 
study compared visitor responses and retention of information when information was presented on static 
signage, as video, or in live presentations. The exhibit is naturalistic with a touchscreen computer that 
allows visitors to observe research taking place while animals are on exhibit. At the exhibit, visitors may 
experience a live or video presentation about orangutan research and conservation: this information is 
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also presented on signage and kiosks. Visitor ‘stay time’ at the exhibit was combined with a five-question 
knowledge survey to compare exposure to signage only, live presentations, and video presentations. Stay 
time was longer for video and live presentations than for signage alone.  Although there was significant 
variation among the knowledge questions, overall knowledge was greater for live presentations and 
greater for video presentations compared to signage. However, the amount of time that a visitor spent at 
the exhibit was positively associated with overall knowledge, regardless of presentation type. The study 
provides a clear example of video as an effective educational approach at zoo exhibits. 
 

Perdue, BM, Stoinski, TS, Maple, TL. 2012. Using technology to educate zoo visitors about conservation. 
Visitor Studies, 15:16-27. Correspondence to bonnie.m.perdue@gmail.com.  
May 2014 
 

Many Visitors Don’t Read Exhibit Signage 
Visitors were tracked through a new, AZA award winning building with eleven multi-species exhibits that 
include primates, hippos, crocodiles, and meerkats. Mean time to transit the building was 11 minutes. 
Visitors spent 41 percent of their time watching animals and nine percent examining interpretives (mostly 
signage). There were significant differences between visitor categories. Families and groups spent less 
time with interpretives than individuals or couples. The study reinforces that multiple communication 
strategies (beyond signage) are needed to engage the full range of visitor agendas. 
 

Ross, SR, KL Gillespie. 2009. Influences on visitor behavior at a modern immersive zoo exhibit. Zoo 
Biology 28: 462-472. Correspondence to sross@lpzoo.org. 
October 2010 
 

When Chimpanzees Wear Clothes 
In most U.S. states, chimpanzees can be owned by private individuals as pets and/or performers in visual 
media ranging from print advertisements to television shows and feature films. In these media 
appearances chimpanzees are almost invariably presented as caricatures of humans: they strike poses 
typical of humans, wear clothes, and appear to perform tasks such as driving automobiles. Two recent 
studies of visitors to AZA member institutions included survey questions about the endangered status of 
gorillas, chimpanzees, and orangutans. The results were startling and similar between the two 
institutions. More than 90 percent of visitors understood that gorillas and orangutans are endangered. 
However, only 66-72 percent of visitors believed chimpanzees are endangered, citing as evidence the 
frequent use of chimpanzees in advertisements, on television, and in feature films. 
 

Ross, SR, Lukas, KE, Lonsdorf, EV, Stoinski, TS, Hare, B, Schumaker, R, Goodall, J. 2008. Inappropriate 
use and portrayal of chimpanzees. Science 319: 1497. Correspondence to Stephen R. Ross at 
sross@lpzoo.org. 
July 2011 
 

How Naturalistic Exhibits Impact Visitor Behavior 
In this study, researchers examined the behavior of visitors within a more traditional ape house exhibit 
(Great Ape House) and a modern/naturalistic exhibition (Regenstein Center for African Apes) at the 
Lincoln Park Zoo. They observed more than 800 visitors and found that they stayed significantly longer 
(59 percent increase) and moved more slowly through the modern/naturalistic exhibit than the traditional 
ape house. Further, while experiencing the modern/naturalistic exhibit, visitors demonstrated fewer 
disruptive behaviors such as tapping on the glass. Interestingly, adults spent more time in the exhibits 
and watching the apes than children and females had longer exhibit visit durations than males. These 
findings support the notion that naturalistic exhibits provide multisensory experiences that more effectively 
engage visitor attention than older, more traditional designs. 
 

Ross, SR, Melber, LM, Gillespie, KL, Lukas, KE. 2012. The impact of modern, naturalistic exhibit design 
on visitor behavior: a cross-facility comparison. Visitor Studies, 15: 3-15. Correspondence to 
sross@lpzoo.org.   
July 2012 
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Advertising and Perceptions of Chimpanzee Endangerment 
Two recent, related studies report on how the public perception of chimpanzees can be impacted by the 
context in which they are portrayed. Ross et al. 2011, building on an earlier study, examined reactions to 
still images containing 48 combinations of four contextual variables: background (jungle, office, zoo, 
blank), media (photo, cartoon, line drawing), human presence (yes, no), and whether the chimpanzee 
was clothed or not. 1,203 survey respondents were selected at random but were not aware of the survey 
purpose. This paper focuses on only two of the survey questions: the respondents’ characterization of 
conservation status and whether respondents found chimpanzees appealing as pets. Respondents were 
significantly less likely to categorize chimpanzees as 1) endangered when viewing combinations with 
humans and/or the office environment and 2) appealing pets when viewing combinations in zoo-like 
settings. These results suggest that seemingly harmless images of people, including scientists and field 
biologists, in close proximity to chimpanzees could act to undermine important conservation messages. A 
second new study, Schropfer et al. 2011, used video presentations to examine the hypotheses that 1) any 
presentation of chimpanzees in ‘the media’ helps conservation (familiarity hypothesis) and 2) that 
portrayals of chimpanzees in anthropogenic contexts, such as commercial advertisements, leads viewers 
to believe that chimpanzees are not endangered and /or that they are appropriate pets. 165 participants 
viewed a 7.5 minute series of video advertisements that included chimpanzees in contexts of either 
conservation messages, entertainment/product endorsement, or normal behavior in the wild. At the end of 
each series, participants were asked if they would like to donate to a particular charity or conservation 
organization or to purchase products depicted in the advertisement videos. The results provide no 
support for the familiarity hypothesis but strong support for the hypothesis that portrayal of chimpanzees 
in entertainment/advertising is likely to make viewers feel that chimpanzees are not endangered and/or 
are suitable as pets. 
 

Ross, SR, Vreeman, VM, Lonsdorf, EV. 2011. Specific image characteristics influence attitudes about 
chimpanzee conservation and use as pets. PLOS ONE 6(7):e22050. Correspondence to 
sross@lpzoo.org  
 

Schroepfer, KK, Rosati, AG, Chartrand, T, Hare, B. 2011. Use of “entertainment” chimpanzees in 
commercials distorts public perception regarding their conservation status. PLOS ONE 6(10):e26048. 
Correspondence to k.schroepfer@duke.edu. 
January 2012 
 

The Value of and Techniques for Timing and Tracking Visitor Behavior 
This article reviews the history and utility of timing and tracking studies of visitor behavior. There is an 
extensive discussion of various methods for collecting, analyzing and presenting data. Emphasis is 
placed on the use of technology, particularly new technologies, currently being used to time and track 
visitors as they move through exhibits in a living collection. There is a valuable section on ethics and 
informed consent. This is a must read for anyone contemplating a timing and/or tracking study of visitors 
at a zoo or aquarium. 
 

Yalowitz, SS, K Bronnenkant. 2010. Timing and tracking: unlocking visitor behavior. Visitor Studies 12: 
47-64. Correspondence to yalowitz@ilinet.org.  
December 2010 

Conservation and Education 

Evaluating the Transtheoretical Model of behavior change for zoo and 
aquarium programming 
 Zoos and aquariums have long recognized that changing human behavior is key in achieving 
conservation goals with a strong body of research exploring the best practices in facilitating those 
changes. This article explores common behavior change models and brings in the Transtheoretical Model 
(TTM) of Behavior Change from the health fields in order to provide a “best fit” framework for zoo and 
aquarium practitioners. After reviewing six common models that have influenced programming at zoos 
and aquariums, including CBSM, K-A-B and the theory of planned behavior, they explore TTM as a model 
that is widespread and effective in changing a variety of behaviors across culturally diverse populations. 
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The TTM includes the stages of readiness to engage in the new behavior (there are five), decisional 
balance inventory where positive and negative consequences are considered, self-efficacy evaluation of 
confidence in performing the behavior and processes of change (five cognitive and affective experience 
and five behavioral) that support behavior change. The authors argue that the TTM model takes into 
account the dynamic temporal and relational landscape in which behaviors are performed and better 
facilitates behavior change instead of being explanatory or predictive. The processes of change in the 
TTM overlap with researcher identified effective proenvironmental behavior approaches. The paper then 
outlines zoo and aquarium specific examples of how the ten processes of change could be applied, 
mostly through in-person programming but also how an interactive or app can be utilized during 
interpretive experiences to address visitors from multiple stages of change.  

Abrash Walton, A., Nageotte, N. L., Heimlich, J. E., & Threadgill, A. V. (2022). Facilitating behavior 
change: Introducing the Transtheoretical Model of Behavior Change as a conservation psychology 
framework and tool for practitioners. Zoo Biology, https://doi.org/10.1002/ZOO.21704 Corresponding 
author: Abigail Abrash Walton at aabrash@antioch.edu  
October 2022 

 
How Museum Educators Change 
Part-time educators or volunteer docents are often a key point of human contact for museum learning 
experiences. Like formal educators, their instructional methods often mirror their own training or prior 
experiences in formal education settings. This study followed the professional development of a group of 
eight museum volunteer docents in preparation for the iterative implementation of a new program on 
climate change for school groups at a natural history museum. The learner-centered and inquiry 
approach, as well as the controversial climate change content, provided a contrast to their traditional 
models of teaching and learning in the museum. Data were collected using a participant-observer 
approach and interviews. Four individuals were presented as case studies, detailing their own reflections 
on learning and teaching as well as their comfort in, or resistance to, changing their practice. These 
findings provide implications for enhancing the educational impact of zoo and aquarium experiences, 
particularly relating to conservation issues. 
 

Allen, LB, Crowley, KJ. 2014. Challenging Beliefs, Practices and Content: How Museum Educators 
Change. Science Education 98:84-105. Correspondence to Lauren B. Allen: lba8@pitt.edu. 
September 2014 
 

Opportunities for Conservation Education Practice 
The authors used mixed-methods including surveys, interviews and discussion groups of conservation 
educators, conservation practitioners and organizational leaders to explore the efficacy of education in 
reaching conservation or resource management goals and the varied perceptions of the these 
professionals. Responses from all groups indicated a belief in education’s ability to impact conservation 
goals. Barriers including lack of adequate training in educational learning theory; lack of funding and staff 
to implement high-quality educational programs; and lack of strong evaluative and empirical evidence 
demonstrating the positive relationship between education and conservation outcomes impact the reality 
of educational efficacy. All three groups indicated that useful tools would include case studies in which 
education had demonstrated a role in achieving positive conservation results; training in evaluation 
methods and theory; and straightforward models for developing successful initiatives. Findings further 
indicate professional development for educators and practitioners around understanding learning theory 
and current educational research as well as conservation education programs designed using research-
based, theoretical models of informal learning and behavior change are needed.  
 

Ardoin, N, A, Heimlich, J, E 2013 Views from the field: conservation educators’ and practitioners’ 
perceptions of education as a strategy for achieving conservation outcomes. The Journal of 
Environmental Education. 44: 97-115 Correspondence to nmardoin@stanford.edu. 
May 2014 
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Conservation Impacts of Citizen Science Programs at Natural History 
Museums 
Citizen science programs are attractive for their high impact potential at relatively low cost to the 
organization.  However, the diversity of programs, both in terms of their structure and goals, has made 
evaluation of outcomes from citizen science programs challenging.  In this study, the authors compared 
outcomes of citizen science programs at three natural history museums.  They adapted the Cambridge 
Conservation Forum’s framework to investigate direct conservation impacts on species and site 
management, and indirect outcomes on research, education, policy, or livelihoods.  Of the 44 programs 
evaluated, research activities, as evidenced by scientific publications, were the most common outcome, 
occurring in 48 percent of the programs.  Bioblitz programs, involving rapid cataloging of species in a 
specific area, had the highest percentage of programs yielding direct impacts, with evidence in three of 
the six programs evaluated.  Digitization projects, on the other hand, were not observed to contribute to 
any conservation outcomes, although the fact that such programs have only recently been adopted was 
suggested as a possible explanation.  The authors acknowledged that the lack of evidenced outcomes for 
some programs may reflect a lack of interval evaluation and documentation from those programs, and not 
necessarily their inability to impact conservation outcomes.  As conservation-based missions are shared 
by most zoos and aquariums, critical evaluations of their citizen science programs can provide additional 
evidence of their conservation impacts and highlight opportunities to increase the potential of these 
programs. 

Ballard, H.L., Robinson, L.D., Young, A.N., Pauly, G.B., Higgin, L.M., Johnson, R.F., Tweddle, J.C.  2017.  
Contributions to conservation outcomes by natural history-led citizen science: Examining evidence and 
next steps.  Biological Conservation, 208: 87-97. DOI: https://doi.org/10.1016/j.biocon.2016.08.040. 
Correspondence to H.L. Ballard at hballard@ucdavis.edu. 
September 2017 
 

Invertebrates as Flagship Species 
This study uses attitude questionnaires and knowledge surveys of residents and tourists to examine 
whether butterflies could be effective flagship species in rural areas. The questionnaire included 
questions on butterflies, invertebrates, and invertebrate conservation; the survey used photographs of 
local invertebrates to generate lists of species liked and disliked and reasons for those categorizations. 
Butterflies, dragonflies, honeybees and earthworms were most liked by both residents and tourists but 
caterpillars were highly disliked by residents and moderately so by tourists. Mosquitos were the least liked 
followed by leaches, spiders, and wasps. Tourists were more likely to refer to ecological roles for 
invertebrates but tourists were also more likely to express disgust as their reason for dislikes. The study 
reaffirmed much previous research that identifies fear of injury or disease transmission and/or economic 
losses are primary reasons for dislike. The study also confirms that appearance (size, shape, coloration, 
markings, body form) is also a major factor in whether a species is disliked. The authors summarizes 
aspects that characterize ‘likeable’ species as well as those that would need to be overcome if ‘disliked’ 
species are to become either the focus of conservation efforts or flagship species. 
 

Barua, M, Gurdak, DJ, Ahmed, RA, Tamuly, J. 2012. Selecting flagships for invertebrate conservation. 
Biodiversity Conservation 21: 1457-1476. Correspondence to Mann Barua: maan.barua@ouce.ox.ac.uk. 
April 2014 
 

Conservation Education Success with Zoo Docents 
Docents at zoos and aquariums are provided education, training and work experiences to be able to 
interpret threats to wildlife and biodiversity. This study examined the motivations of docents at a zoo: 
altruistic (interpreting wildlife to others) and egoistic (learning about wildlife themselves and socializing 
with others with similar interests) and also the changes they go through as part of their docent 
experiences. Data were gathered through mail back self-report questionnaires. Their motivations were 
consistent with predicting continued satisfaction with their volunteer experience. They reported starting or 
increasing conservation behaviors as a result of their docent role, those with more years of docent 
experience showed a higher level of engagement with conservation behaviors. The docent training 
program, socialization within a larger conservation community of conservation educators, scientists, 
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animal care staff and the experience of conservation interpretation with Zoo visitors has led to results that 
support an environmental socialization framework. The impact of the docent experience on the docents 
themselves may likely be an unrecognized yet significant output of conservation education at zoos and 
aquariums. 
 

Bixler, RD, Joseph, SL, Searles, VM. 2014. Volunteers as Products of a Zoo Conservation Education 
Program. Journal of Environmental Education. 45:57-73. Correspondence to rbixler@clemson.edu.  
September 2014 
 

Does Providing Action Resources After A Zoo Visit Support Behavior 
Changes? 
Many zoos and aquariums strive to find ways to bridge the gap from an informative on-site visit to long-
term pro-environmental behavior changes.  Making this connection to support sustainable behaviors 
targeting climate change has become increasingly important but has proven challenging.  In this study, 
researchers at the Assiniboine Park Zoo in Winnipeg, Manitoba, explored whether providing guests 
additional educational materials after their visit helped promote sustainable behaviors.  Guests were 
surveyed on their sustainable behaviors after leaving a polar bear educational center and two months 
after their visit.  Roughly half the guests were randomly chosen to receive action resources, including 
paper hand-outs immediately after the visit that were followed by weekly emails that included targeted 
actions, updates on the Zoo’s polar bear, and links to additional resources.  Surprisingly, guests that 
received these resources did not report that they were more likely to engage in sustainable behaviors 
compared to guests that hadn’t.  However, the authors found that guests that did receive follow-up 
materials reported that they felt like they engaged in more sustainable actions and had greater awareness 
of conservation issues.  Although the post-visit resources did not have a measurable impact on behavior 
change, guests did qualitatively report that they felt like they engaged in more sustainable behavior.  The 
authors discuss these discrepancies, a better understanding of which is likely crucial for developing 
methods to promote pro-environmental behavior changes. 

Bueddefeld, J.N.H, Van Winkle, C.M.  2017.  Exploring the effect of zoo post-visit action resources on 
sustainable behavior change.  Journal of Sustainable Tourism, 25(9): 1205-1221.DOI: 
10.1080/09669582.2016.1257629. Correspondence to J.N.H. Bueddefeld at 
jill.bueddefeld@ad.umanitoba.ca. 
November 2017 
 

Exploring the Zoo Visit: Environmental Concern, Knowledge, and Self-
Efficacy 
Previous research has demonstrated that zoos and aquariums help develop visitors’ emotional 
connections to wildlife, foster intent to act on behalf of wildlife, and evoke species and general 
environmental concern, among many other impacts. Research has also found that zoos and aquariums 
increase knowledge about biodiversity and specific conservation actions. While there is a clear purpose 
for education—as  informal learning institutions whose mission directives are largely aimed at conserving 
wildlife—zoos must also consider how to translate learning outcomes into behavioral change. This study 
examined different aspects of a zoo visit, and how conservation knowledge, environmental concern, self-
efficacy, and behavioral intent relate. 172 visitors were surveyed using an unmatched measured design at 
a small urban zoo in Paris, France. Environmental concern, behavioral intent, and self-efficacy were all 
found to be positively correlated, but conservation knowledge was not significantly correlated to any of 
these variables. Self-efficacy was identified as the strongest predictor of behavioral intent and most 
impacted by the zoo visit. Although knowledge increased following the zoo visit, zoos should realize their 
potential for guiding visitors through a behavior change pathway starting with the promotion of self-
efficacy. 
 
Clayton, S., Prévot, A. C., Germain, L., & Saint‐Jalme, M. (2017). Public support for biodiversity after a 
zoo visit: Environmental concern, conservation knowledge, and self‐efficacy. Curator: The Museum 
Journal, 60(1), 87-100. Correspondence to Susan Clayton at sclayton@wooster.edu. 
April 2019 
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Influences on Donating to Conservation 
To support in situ conservation, zoos and aquariums often develop donation-based campaigns, such as 
animal adoption programs, featuring individual animals as ambassadors for species conservation efforts. 
However, the determinants of donor willingness-to-pay and species preference has not been studied 
outside of scenarios using hypothetical money-allocation. This study compared actual donations made to 
29 species featured in an animal adoption program at the Paris Zoological Park to determine whether the 
species chosen and the amount donated was influenced by International Union for Conservation of 
Nature (IUCN) threat designation, phylogenetic distance from humans, charisma (approximated based on 
the number of GoogleTM searches for a particular species), affective responses towards the adopted 
animal, connectedness to nature (measured using the Inclusion of Nature in Self scale), or upbringing 
along a rural to urban gradient. Perhaps agreeing with conventional wisdom among zoo professionals, 
charismatic animals were more likely to be adopted; however, less money was donated to these species. 
While neither IUCN status nor phylogenetic distance influenced number of adopters per animal, larger 
donations were made to species more closely related to humans, and animals at higher risk of extinction 
elicited more negative emotional responses. However, despite their ability to tug at patrons’ heart strings, 
IUCN status did not influence willingness-to-pay. There was also no effect of connection to nature or 
concern for biodiversity on species chosen for adoption, but individuals with more rural upbringing chose 
less charismatic species and those more distantly related to humans. Interestingly, animals were more 
likely to be adopted and also fetch more money per donor based on the alphabetical order of their given 
name. Simply put, patrons did not appear to invest much effort into selecting who to support when 
presented an alphabetical list of animals. Interactions between variables also appeared to affect adoption 
behavior. Regardless, it appears that when presented together, species at risk of endangerment may not 
be as philanthropically compelling as those with wide public appeal. Thus the authors suggest that zoos 
and aquariums alter their approach to adoption programs; perhaps maximizing donor recruitment by 
favoring charismatic species and those closely related to humans, or maximizing individual willingness-to-
pay by highlighting less-charismatic species. Given that factors other than those examined here likely 
play a substantial role in donor behavior, further investigation is warranted.  

Colléony, A., Clayton, S., Couvet, D., Saint Jalme, M., and A-C Prévot. 2017. Human preferences for 
species conservation: Animal charisma trumps endangered status. Biological Conservation 206: 263-269. 
Correspondence to Agathe Colléony at agathe.colleony@gmail.com, agathe.colleony@mnhn.fr. 
May 2019 
 

Importance of Record Keeping in Aquariums for Conservation 
Globally, aquatic ecosystems and their species are becoming increasingly threatened by anthropogenic 
threats.  Aquariums have great potential to support conservation by raising public awareness, furthering 
knowledge of the basic biology and life history of aquatic species, supporting bio-banking initiatives, and 
leveraging staff knowledge and skills. In addition, the development of studbooks and population planning 
initiatives could assist both aquarium-housed and wild populations but has been slow to develop in 
comparison to non-aquatic species. To assist these efforts, the authors argue for the importance of 
aquariums to collect and share high-quality animal records data across the aquarium community.  They 
review the current conservation status of fish and coral species and the conservation prioritization 
schemes by different groups.  Although the majority of fish and coral species cared for by aquariums are 
listed as ‘Least Concern’ by the International Union for Conservation of Nature, there are a number of 
threatened species in aquariums that have been prioritized for conservation efforts by multiple groups.  
Increased focus by aquariums on these prioritized species through improved record keeping and 
collaborative collection planning may help support their conservation. 

Da Silva, R., Pearce-Kelly, P., Zimmerman, B., Knott, M., Foden, W., Conde, D.A.  2019.  Assessing the 
conservation potential of fish and corals in aquariums globally.  Journal for Nature Conservation, 48: 1-11.  
https://doi.org/10.1016/j.jnc.2018.12.001 
November 2019 

 
Improved Awareness and Appreciation for Invertebrates 
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This is the most recent in a series of studies aimed at examining the impact of short-term, out of 
classroom curricula on the environment. The series of studies examines the impact of programs delivered 
once, for just a few hours, outside and in a classroom on the grounds of the Botanical Garden, University 
of Ulm, Ulm, Germany: the ‘Green Classroom.’ This study compared attitudes and knowledge for students 
in grades three, four, and five who had (TEST) and had not (CONTROL) participated in the Green 
Classroom program. Students in grade five wrote essays while those in grades three and four drew 
pictures. For grade five, it had been six-to-48 months since their participation in the program: CONTROL 
students wrote more incorrect statements and TEST students showed better knowledge and more 
positive emotions toward insects and invertebrates. For grades three and four, it had been one-to-nine 
months since their participation in the program: TEST students drew twice as many invertebrates than 
CONTROL, which drew more large animals. Also for grades three and four, TEST girls drew more insects 
and invertebrates and a greater overall diversity of animals. These results are surprising considering the 
time elapsed since and short duration of the ‘Green Classroom’ program. The study suggests that even 
short term programs, if properly structured, can have a significant, long-lasting effect on attitudes and 
knowledge of invertebrates 
 

Drissner, J R, Haase, H, Wittig, S, Hille, K. 2013. Short-term environmental education: long-term 
effectiveness? Journal of Biological Education 48:9-15. Correspondence to juergen.drissner@uni-ulm.de. 
April 2014 
 

Aquarium Settings Can Increase Human Well-being and Promote 
Conservation  
Exposure to natural environments can calm and reduce stress in humans, with greater impacts in areas 
that are high in species richness. A study at the United Kingdom’s National Marine Aquarium looked at 
people’s behavioral, physiological and psychological reactions to different levels of marine biota (plant 
and animal life in a particular region). They found that increased biota levels were linked with visitors’ 
longer viewing of the exhibit, greater drop in heart rate, greater increases in self-reported mood and 
higher interest. Higher biota levels, even in managed settings, may be linked with well-being and health 
benefits for visitors. The authors also suggest that aquarium environments can connect people to marine 
flora and fauna, and encourage conservation efforts.  
 

Cracknell, D., White, M. P., Pahl, S., Nichols, W. J., and Depledge, M. H. 2015. Marine biota and 
psychological well-being: A preliminary examination of dose–response effects in an aquarium setting. 
Environment and Behavior, 1–28, DOI: 10.1177/0013916515597512. Correspondence to Deborah 
Cracknell at deborah.cracknell@national-aquarium.co.uk.  
June 2016 
 

Positive Impacts of Negative Environmental Messages 

Zoos and aquariums are challenged with balancing educating visitors about environmental issues and 
motivating them to take action (environmental education), and visitor expectations for an overtly positive 
family experience (entertainment), with perhaps more emphasis on the latter. The authors examined U.K. 
zoo visitor’s tolerance to a disturbing exhibit covering broad environmental themes and including gloomy 
messages and graphic images. The exhibit is a series of photographic panels illustrating the interlinked 
problems of climate change, poverty, waste of resources, population expansion, habitat destruction and 
species loss. Evaluation included unstructured written comments from visitors using Post-It notes and 
observations of visitor dwell time and qualitative measures of their engagement. Written comment data 
showed an almost even spread across 10 different areas. Personal reflection (at 25.82% the most 
common) together with positive reaction (17.74%) and negative reaction (16.53%) made up 60% of all 
comments. Adult comments were stronger on environmental themes, and comments about suitability of 
the exhibition for children, while children’s comments were stronger in empathy, particularly toward 
images of other children. Visitors often commented vigorously in response to other visitor comments. 
Observations showed more positive engagement than negative and dwell time compared favorably with 
active zoo animal exhibits. The authors recommend focusing zoo education more strongly on 
environmental education and messages relating specifically to attitudinal and behavioral change. As 
almost all threats to wildlife are human-related, perhaps conservation should be seen more appropriately 
as a social science focusing on turning people from being the problem to becoming the solution. 
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Esson, M, Moss, A. 2013. The risk of delivering disturbing messages to zoo family audiences . The 
Journal of Environmental Education 44, 79–96. Correspondence to a.moss@chesterzoo.org.  
April 2013 
 

Measuring Connections to Nature 
Many zoos and aquariums have fostering ‘connections to nature’ as an integral component of their 
mission, and measurement of how visits and programs foster these connections is an important criterion 
for demonstrating success.  Zoos and aquariums also strive to foster or reinforce environmentally 
responsible behaviors, which are strongly correlated with measured connections to nature.  This paper 
presents a compact review of these concepts and their measurement and uses as examples three 
previously published experiments that address the relationship between measures of connectedness to 
nature and environmentally responsible behavior, electricity use.  Experiments 1 and 2 found that among 
college students living in apartment-style dormitories, stronger connections to nature were associated 
with lower electricity consumption.  Experiment 3 offered dorm residents the opportunity to monitor their 
consumption of electricity. Connection to nature was monitored at the beginning and end of the study.  
Participants with stronger connections at the outset decreased their electricity over the study, but 
participants whose connections strengthened during the study showed larger reductions in consumption.  
This paper offers a good starting point to explore the research and methodologies associated with 
connectedness to nature.   
 

Frantz, CM, Mayer, FS.  2014.  The importance of connection to nature in assessing environmental 
education programs.   Studies in Educational Evaluation 41: 85-89.  Correspondence to Cynthia Frantz at 
cindy.frantz@oberlin.edu. 
 

In 2013, there were at least seven published measurement scales for measuring an individual’s 
connection to nature.  This study offers important insight into the differences among these measures. 
 

Tam, K-P.  2013.  Concepts and measures related to connection to nature: similarities and differences. 
Journal of Experimental Psychology 34:64-78.  Correspondence to Kim-Pong Tam at kevintam@ust.hk or 
poonto@gmail.com. 
November 2015 
 

Public Perception of Sharks 
With increasing evidence of how human activities impact the quality of ocean life, research in marine 
issues and pro-environmental values is key to engaging the public in ocean conservation. This study on 
public perceptions of sharks and shark conservation in the U.K., assesses knowledge of and attitudes 
towards sharks of within a group of people with a clear interest in the marine environment. Knowledge of 
sharks was high and around 64 percent of respondents held positive attitudes toward sharks: only 26 
percent associated sharks with fear and danger. Those who had personal connections with sharks (e.g., 
experiencing sharks in the wild, belonging to environmental organizations, visiting aquariums regularly) 
tended to have more positive and stronger pro-conservation attitudes than those without such experience. 
More research needs to be done to understand how to engage the general public in shark conservation. 
 

Friedrich, LA, Jefferson, R, Glegg, G, 2014. Public perceptions of sharks: Gathering support for shark 
conservation. Marine Policy, 47, 1-7. Correspondence to mailto:laura.friedrich@plymouth.ac.uk, 
rebecca.jefferson@plymouth.ac.uk, or gglegg@plymouth.ac.uk. 
June 2014 
 

Understanding Sustainable Seafood 
Product labels that identify eco-friendly items provide a means of signaling demand for sustainable or 
responsible products.  Ideally, purchase of seafood labeled as sustainable, or some other environmentally 
friendly/responsible label, encourages retailers to purchase sustainable products and fishermen to 
harvest in a sustainable manner.  This study surveyed and compared consumer awareness of seafood 
labels in the United States and United Kingdom.  Most study participants in either country had seen (87 
percent U.S., 72 percent U.K.) and purchased (77 percent U.S., 60 percent U.K.) one or more products 
with a seafood eco-label.  Of 11 different eco-labels, dolphin-safe and organic were most recognized (52 
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percent U.S., 43 percent U.K.) and purchased (37 percent U.S., 35 percent U.K.).  Participants had 
variable knowledge of “sustainable” as it applies to fisheries but most did equate purchases of eco-
labeled seafood as environmentally-responsible behavior. After participants heard explanations of specific 
types of sustainable labels, they were more willing to purchase those labeled foods.  Because it is difficult 
to explain the nuances of sustainable seafood through package labels, the study suggests that prior 
knowledge about sustainability is critical to reinforce recognition and purchase of sustainable seafood.  
Zoos and aquariums could play an important role in seafood purchase not just by providing “seafood 
cards” that guide purchase of specific fishes but by also laying the groundwork for recognition and 
purchase of eco-labeled seafood. 
 

Gutierrez, A, & Thornton, TF. 2014. Can consumers understand sustainability through seafood eco-
labels? A U.S. and U.K. case study. Sustainability 6: 8195-8217. Correspondence to Alexis Gutierrez at 
alexis.gutierrez@ouce.ox.ac.uk. 
May 2015 
 

Eight-Legged Education: Using Arachnids to Encourage an Interest in 
Science in Zoos and Museums 
Researchers developed a module related to arachnids and following Next Generation Science Standards 
that was then used at four different zoos and museums to engage guests. The program called Eight-
Legged Encounters, involved single day family oriented events with twenty different activities. 
Researchers assessed visitation rates and used self-reports to assess level of interest in both spiders and 
science generally and to compare efficacy of volunteers and artwork. They surveyed over 500 
participants including both adults and children at all four events. Overall they saw increased interest in 
spiders and science, but found differences in the efficacy of volunteers and artwork in engaging visitors. 
85 percent of participants surveyed viewed volunteers as “very effective” while only 68 percent viewed 
artwork as “very effective.” While adults and youth reported greater interest in spiders, there was not a 
change in the likelihood that they would kill a spider. Participants also showed an interest in science in 
general based on visiting the event. Youth also reported an interest in pursuing a career in science 
following the event and there was no difference in this response rate between boys and girls. This study 
demonstrates that arachnids can capture visitor attention and education focused on these species has 
potential to enhance general interest in science as well as specific interest about spiders 
 
Hebets, E. A., Welch-Lazoritz, M., Tisdale, P., & Hill, T. W. (2018). Eight-Legged Encounters-Arachnids, 
Volunteers, and Art help to Bridge the Gap between Informal and Formal Science Learning. Insects, 9(1). 
DOI: 10.3390/insects9010027. Correspondence to Eileen A. Hebets at ehebets2@unl.edu. 
October 2018 

 
Invertebrate Welfare Matters 
Invertebrate welfare is often overlooked, because of assumptions that invertebrates do not feel pain or 
are unable to think. The public also tends to hold negative views of invertebrates. Unlike perceptions of 
vertebrates, invertebrates are thought to have no personalities and are often feared, regarded as pests 
and considered unattractive. However, recent research dispels these myths and highlights that 
invertebrates do, in fact, possess individual profiles similar to the personalities seen in higher organisms. 
The economic impact of invertebrates is also considerable (e.g., shrimp and abalone farms). Attitude 
changes about invertebrate welfare may benefit producers while ensuring welfare conditions for the 
animals. The paper concludes that invertebrate welfare should become an agenda for research and 
institutions. 
 

Horvath, K, Angeletti, D, Nascetti, G, Carere, C. 2013. Invertebrate welfare: an overlooked issue. Annali 
dell'Istituto superiore di sanità, 49, 9-17. Correspondence to claudiocarere@unitus.it. 
April 2014 

 

Post-Visit Engagements Increase Conservation Behaviors 
Visitors to zoos, aquariums, and other wildlife tourism sites tend to reflect, during their visit, on their role in 
the environment, either locally or globally. Without post-visitor educational materials or reinforcing 
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activities, reflection and potential conservation behaviors wane. Considering the challenges that exist for 
visitors to engage in eco-friendly actions, post-visit educational materials were created for visitors to Mon 
Repos Conservation Park, a sea turtle nesting site offering visitors nightly guided viewing during nesting 
season. One hundred families were asked to participate in the research, half of whom (control families) 
did not receive any materials. The remaining families received updates on turtles they observed, e-mails 
from the researcher, fact sheets, a newsletter, and other resources. The families receiving the post-visit 
resources reported that updates on “their turtles” were most influential in prompting them to take part in 
conservation behaviors, such as tree planting and beach clean-ups. While this study needs to be 
replicated at different institutions across locations, these encouraging results suggest that zoos and 
aquariums should consider post-visit involvement and connections to further encourage visitors’ 
conservation behaviors.  
 

Hughes, K. 2011. Designing post-visit action resources for families visiting wildlife tourism sites. Visitor 
Studies, 14: 66-83. Correspondence to k.hughes2@uq.edu.au.   
July 2012 
 

Using Twitter as a Conduit for Science Information 
Among informal science institutions and government agencies, social media outlets, like Twitter, have 
traditionally been used for marketing; however, a growing portion of the public reports that they seek 
science-related news and learn about science topics online. Previous research segmented Twitter users 
into those that distribute information and cultivate followers, those connecting with family and friends, and 
those that seek information, but little was known as to the motivations or use of Twitter as it relates to 
science content or institutions. Thus, this study used an online survey of Twitter followers of four science 
organizations (NOAA, NASA, a large Midwestern zoo, and a large natural history museum in the Northeast) 
to better understand users of science content. Survey respondents clustered into two types of Twitter users 
as it relates to science content: (1) informed citizens that follow science on Twitter to satisfy curiosity, learn 
about science, or simply based on an interest in science; and (2) science communicators that are similar 
to informed citizens but also use Twitter to gather, write, and share their own science content. In addition 
to differences in creating Tweets and re-Tweeting behavior, science communicators differed from informed 
citizens in that they made up a smaller proportion of the sample, included fewer women, were younger, 
more educated, have more followers, and tended to work in science-related fields. While both groups 
reported high interest in photos, science communicators showed interest in more complex Tweet content, 
such as links, charts, and graphs, and given their interest in discourse with experts and other science 
enthusiasts, were far more interested in participating in hashtag conversations than informed citizens. Given 
these distinct segments of Twitter followers, the authors call on science organizations to rethink their social 
media strategies and measures of successful campaigns. Specifically, the authors encourage institutions 
to address their audiences with more science-savvy Tweets, including complex content and data 
visualizations, rather than assuming an uninformed public and aiming for merely raising public awareness. 
Also, as it has been suggested that people are more likely to be influenced by their friends, colleagues, and 
peers, the authors challenge science organizations to utilize the science communicators on social media 
platforms as conduits of information. 

Light, D., and M. Cerrone. (2018). Science engagement via Twitter: Examining the educational outreach 
of museums, zoos, and aquariums and other science organizations. Visitor Studies 21(2), 175-188. 
Correspondence to Daniel Light at dlight@edc.org 
September 2019 

 
Meeting Our Missions? 
Zoos and aquariums strive to connect people with wildlife. This study investigated the mission statements 
and current practices for assessing mission-related outcomes in 97 AZA institutions. The missions of 
nearly all of these institutions focus on providing information about animals and the environment; 
additionally, about half of these statements also address inspiring visitors to conservation action. About 
80 percent of institutions surveyed conduct some amount of visitor research and those that do so 
regularly have significantly higher annual budgets and attendance rates. The majority of visitor research 
that is conducted looks at operational information (such as basic visitor demographics and visit 
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satisfaction), rather than mission performance. However, half of the institutions surveyed do evaluate 
gains in guest knowledge and about a third of institutions assess visitor’s reaction to animals and their 
future plans for conservation action. The most prevalent barriers to mission-related visitor research were 
reported to be related to staffing and budget limitations. Since many institutions already conduct some 
amount of visitor research, current surveys could be adjusted to include items that yield a deeper 
knowledge about mission performance. Furthermore, other fields, such as conservation psychology and 
environmental education, have developed valid research tools to address topics such as environmental 
attitudes that may be applied to a zoo or aquarium setting. 
 

Luebke, J, Grajal, A. 2011. Assessing mission-related learning outcomes at zoos and aquaria: 
Prevalence, barriers, and needs. Visitor Studies, 14, 195-208. Correspondence to jerry.luebke@czs.org. 
January 2012 
 

Reviewing Conservation Education Evaluation in Zoos and Aquariums 
Conservation education at zoos and aquariums aims to influence visitor knowledge, attitudes, and 
behavioral intentions as these are known to affect conservation behavior. However, evaluation of these 
experiences has only examined short-term outcomes and have yet to demonstrate long-term behavioral 
change. To assess the reliability, methodological validity, and reporting of conservation education 
evaluation in zoos and aquariums, the authors examined peer-reviewed studies (1998-2016) of 
conservation-related cognitive, affective, and behavioral outcomes among adult zoo and aquarium 
visitors. Of the 53 experiences reviewed (48 studies), overall visit (25 percent) and presentation or keeper 
talks (17 percent) were the most commonly evaluated. Likewise, cognitive (79 percent) and affective (73 
percent) outcomes were the focus of the majority of studies, while a little less than half (48 percent) 
evaluated behavioral outcomes.  Methodologically, studies most frequently used surveys or 
questionnaires (77 percent) or interviews (29 percent) to collect data. Nearly half (48 percent) utilized 
qualitative data; however, authors most often analyzed this data quantitatively. Reporting of response 
rates, effect sizes, and data validation were uncommon, as was data triangulation. Using a pre-existing 
assessment tool, the authors also rated the methodological quality of quantitative analyses, and found 
that 83 percent of studies were scored as weak and the remainder were scored as having only moderate 
quality. Based on these results, the authors made a number of recommendations for strengthening future 
zoo and aquarium evaluation studies, including the use of mixed-methods to increase the reliability of 
results and our understanding of visitor experiences, and the application of longitudinal methods to 
improve self-reported data and elucidate the long-term effects of zoo conservation education.  

Mellish, S., Ryan, J.C., Pearson, E.L., and M.R. Tuckey. 2018. Research methods and reporting practices 
in zoo and aquarium conservation-education evaluation. Conservation Biology 33(1): 40-52. 
Correspondence to Sarah Mellish at sarah.mellish@mymail.unisa.edu.au. 
May 2020 

 
Humans and Bad News 
Bad or undesirable news is not readily incorporated into beliefs and actions but positive (desirable) news 
related to future actions or experiences is often readily incorporated. It is well known that despite detailed 
warnings, adolescents are particularly prone to risk taking because they often fail to incorporate those 
warnings into their belief and decision making processes. This study examined how positive and negative 
information is used as a function of age. Participants were recruited online through the University College 
website and the Science Museum in London. There was no correlation between age and incorporation of 
desirable information into beliefs and actions. However, there was a positive relationship between age 
and learning from bad news. Younger individuals did not perceive themselves as immune, less 
vulnerable, nor are they more optimistic. Rather, when confronted with undesirable information they seem 
to update their beliefs in a random manner, which could lead to inaccurate beliefs.  Although this study 
focused on physical danger and social outcomes could be different, the results offer important insights 
into how zoos and aquariums deliver undesirable information on topics such as climate change, species 
conservation and/or habitat preservation, extinction, and ‘green’ actions. 
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Moutsiana, C, Garrett, N,Clarke, RC, Lotto, RB, Blakemore, S, Sharot, T. 2013. Human development of 
the ability to learn from bad news. PNAS 110: 16396-16401. Correspondence to 
Christina.moutsiana@gmail.com. 
March 2014 
 

Parasites Need Help from Conservation Education 

Conservation education’s role in increased awareness and shifted attitudes of the general public and 
appropriate preparation of conservation professionals is critical for maintaining biodiversity. Conservation 
biology textbooks can be used to analyze the appropriateness of preparation of conservation 
professionals, in attitudes and values as well as content. Parasites, as a taxonomic group, tend to receive 
poor attention from conservation scientists as well as educators. The authors conducted an assessment 
of 77 readily available English language conservation textbooks used in undergraduate and graduate 
education. The ratio of conservation textbooks conveying ‘negative’ to ‘positive’ messages about the 
importance of parasites was 3:1. Parasites were primarily presented as threats to biological diversity and 
to humans. The authors recommend that conservation education should include that parasites: are 
diverse and represent the majority of life on the planet, crucial to ecological and evolutionary processes, 
present challenges to conservation practice, deserve equal consideration and value as their hosts, and 
are seldom targets of necessary conservation action  
 

Nichols, E, Gómez, A. 2011. Conservation education needs more parasites. Biological Conservation, 144, 
937-941. Correspondence to nichols@amnh.org. 
April 2013 
 

Zoo-based Conservation Education Campaigns Contribute to Species 
Conservation 
The authors describe the evaluation of the “Don’t Palm Us Off” conservation education campaign 
implemented at the Melbourne Zoo, Australia. Designed to increase public awareness regarding palm oil 
and create public support for mandatory labeling of palm oil, the campaign used zoo based videos at the 
orangutan habitat, petition cards to advocate for labeling, celebrity ambassadors and palm oil wallet cards 
to aid in conscious shopping. Social media tools employed included You Tube videos and Facebook 
social networks. Data was collected at the orangutan habitat before, midway, at the end and 6 months 
after the campaign on knowledge and attitudes about orangutans, importance of orangutan conservation 
to friends and family (subjective norm), support for palm oil labeling, previous conservation behaviors and 
intentions for future behaviors. Results showed significant increases in palm oil awareness, attitudes 
toward orangutans, shifts in social norms, support for labeling and indications that labeling would 
influence purchasing behavior. Significant increases in self-reported conservation behavior occurred at 
the end of the campaign and 6 months later. While the campaign as a whole showed effectiveness, this 
study was not designed to determine which elements had the strongest impacts, an opportunity for further 
research. These findings suggest that highly tailored educational messages with conservation relevance 
can effectively impact species conservation. 
 

Pearson, EL, Lowry, R, Dorrian, J, Litchfield C,A 2014 Evaluating the conservation impact of an 
innovative zoo-based educational campaign: ‘Don’t Palm Us Off’ for organ-utan conservation. Zoo 
Biology doi: 10.1002/zoo.21120 Correspondence to elissa.pearson@unisa.edu.au. 
May 2014 
 

Daily Experiences in Nature Correlate with Pro-Environmental Behaviors 
Connectedness to nature influences environmental attitudes and behavior. Thus, in light of the continuing 
biodiversity crisis, fostering a connection to nature is paramount to the necessary changes towards 
personal and societal commitment to conservation. Based on survey questionnaires from 473 adults in 
Paris and the surrounding urban area, this study examined the relationships among daily experiences in 
nature, connectedness to nature, knowledge about biodiversity, and pro-conservation action. Experiences 
in nature were correlated with knowledge about biodiversity, such that those individuals who participated 
in activities with explicit attention to biodiversity (e.g., participant in citizen science, member of a nature-
based organization) had a greater breadth of conservation and environmental knowledge than their 

mailto:Christina.moutsiana@gmail.com
mailto:nichols@amnh.org
mailto:elissa.pearson@unisa.edu.au.


 
 

126 

counterparts engaged in activities with an implicit tie to biodiversity (e.g., community gardener, member of 
a CSA). Likewise connectedness with nature was strongly correlated with experiences in nature, 
particularly for people devoted to experiences with an explicit link to biodiversity and those who grew up 
in more rural environments. Finally, individuals who participated in either nature experiences with implicit 
or explicit link to biodiversity were more likely to engage in pro-conservation behaviors. Note that 
participation in conservation practices was also dependent on other factors such as socio-professional 
status, age, and level of urbanization of residential area. Nonetheless, while previous studies have 
suggested the importance of childhood experiences for connectedness to nature, these authors 
demonstrated that routine actions related to biodiversity conservation can increase knowledge of nature, 
connection to nature, and dedication to pro-environmental behaviors among urban residents.  

Prévot, A-C.  Cheval, H., Raymond, R., and A. Cosquer. (2018). Routine experiences of nature in cities 
can increase personal commitment towards biodiversity conservation. Biological Conservation 226: 1-8. 
Correspondence to Anne-Caroline Prévot at anne-caroline.prevot@mnhn.fr. 
December 2019 
 

Invertebrates are Disgusting  
Emotional state has a strong effect on learning and the paper contains a nice overview of the literature on 
this topic as it relates to animals. This study examined situational, perceived disgust among college 
students majoring for teaching careers in elementary education.  Student ages ranged from 17-to-26 
years and 85 percent were female.  The study involved measurement of emotional and motivational 
reactions to handling living and non-living specimens that ranged from protists to mammals in a 
classroom setting. The highest level of disgust was associated with dissection of a trout but interactions 
with live wood lice, earthworms, and snails were also perceived as very disgusting. Interactions with 
prepared specimens of birds, mammals or honey bees, as well as microscopy of Hydra or Amoeba, were 
least disgusting. Disgust was inversely related to motivation and achievement: students that perceived 
the focus of an exercise to be disgusting were more likely to be bored and less likely to learn the material.  
This methodology could be readily adapted to animal encounters, educational activities using animal 
specimens or other experiences at zoos and aquariums. 
 

Randler, C, Hummel, E, Wüst-Ackermann, P. 2013. The influence of perceived disgust on students’ 
motivation and achievement. International Journal of Science Education 35:2839-2856. Correspondence 
to randler@ph-heidelberg.de. 
April 2014 
 

Strategic Framing Messages for Increased Conservation Engagement 
The promotion of sustainable seafood initiatives is a key conservation message at many of our facilities. 
This recent study conducted at the Brookfield Zoo examined how delivery of the sustainable seafood 
message impacted visitor likelihood to collect a sustainable seafood guide following attendance at their 
dolphin show. The standard conservation message, which had been used for several years, simply 
instructed visitors wishing to help dolphins to see the speaker following the show to receive a seafood 
guide. The strategically framed message utilized metaphor and included reference to the core value of 
stewardship. Specifically, the message compared the collection of fish from the ocean to the scooping 
crackers from a snack bowl and stated that dolphins are helped when we only select those fish from the 
seas that are plentiful and then directing them to the where they could pick up the sustainable seafood 
guide. Use of the strategically framed message significantly increased collection of the guide following the 
show compared to the standard message. These findings demonstrate the impact that simple changes to 
our delivery of conservation messages can have on their effectiveness in reaching our audience. 
 

Reese, J. 2013. Assessing interest in sustainable seafood through strategically framed interpretive 
statements. Journal of Interpretation Research, 18: 7-22. Correspondence to jessica.reese@czs.org.  
December 2013 
 

Using Evaluation to Prove or Improve Education Programs 
This study examined how zoos perceive the need and use of evaluation, what methods are used in 
evaluations and what barriers exist to the use of evaluation results.  The design was mixed method: 
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online survey of 176 zoos around the world and nine case studies of evaluation perceptions and 
practices. The results indicate that although most zoo education staff understand and value evaluation, 
many note that lack of time, resources and specific knowledge of how to implement evaluations hinder 
regular use of evaluations to enhance programs. Because many zoo programs are driven by school 
curricula, evaluations often focus on teacher satisfaction rather than educational outcomes per se.  
Informal observations, anecdotes, satisfaction surveys and participation rates are common evaluation 
measures and often shape the themes and content of current and future programs. Evaluation results are 
more likely used to justify programs rather than improve them. Although some institutions conduct formal 
evaluations, participation and satisfaction are the primary determinates of success. Suggestions are 
offered for tactics, including the development of an evaluation model specifically for zoos that could 
improve the implementation of evaluations while simultaneously shifting the focus toward learning 
objectives rather than participation and satisfaction.  
 

Roe, K, McConney, A, Mansfield, C.  2014.  Using evaluation to prove or to improve?  An international, 
mixed method investigation into zoos’ education evaluation practices. Journal of Zoo and Aquarium 
Research 2: 108-116.  Correspondence to Katie Roe at katie.roe@westnet.com.au. 
July 2015 
 

Does Delivery of Conservation Messages Negatively Impact the Visitor 
Experience? 
Given our aims to educate visitors to our facilities about the animals in our care and to promote the 
protection of wildlife and wild places, we find ourselves trying to encourage behavior change in our 
visitors by informing them of actions they can undertake to benefit wildlife. This research, conducted at 
two zoos in Australia, examined the impact of multiple requests for behavior change on the visitor’s ability 
to recall the information and the impact of these requests on their overall experience. Further, they 
attempted to determine the differential impacts of asking for the same behavioral change multiple times 
as compared to asking for multiple behavioral changes a single time during the experience. Overall, the 
study found little reason for concern regarding the potential to overwhelm visitors with multiple requests 
for behavior change. The large majority of visitors did not have their personal threshold for knowledge 
crossed (i.e. they could retain the messages that were delivered) and did not report a negative impact of 
delivery of these persuasive messages on experience. 
  

Smith, LDG, Curtis, J, Mair, J & van Dijk, PA. 2012. Requests for zoo visitors to undertake pro-wildlife 
behaviour: How many is too many? Tourism Management, 33, 1502-1510. Correspondence to 
liam.smith@monash.edu.   
April 2013 
 

Efficacy of Pepper Spray as a Deterrent to Bears 

This paper reviews 83 pepper spray incidents that took place in Alaska from 1985-2006 involving brown, 
black, and polar bears. The results indicate that pepper spray appears to be an effective alternative to 
lethal force under some conditions. In 24 percent of reported cases, people needed to spray multiple 
times to drive bears off. It was also noted that in 14 percent of cases the spray caused irritation to the 
user (eight cases of mild irritation and two of near incapacitation). 
 

Smith, TS, S Herrero, TD DeBruyn, JM Wilder. 2008. Efficacy of bear deterrent spray in Alaska. Journal 
of Wildlife Management 72: 640-645. Correspondence to tom_smith@byu.edu. 
December 2010 
 

Measuring the Impact of an Entertainment-Education Intervention to 
Reduce Demand for Bushmeat 
The bushmeat trade continues to be a major challenge for biodiversity and wildlife conservation, a threat 
to food security, and a means for transmission of communicable diseases such as Ebola while at the 
same time a source of protein and livelihood for many in developing countries. Efforts to combat the 
bushmeat trade are multifaceted including enforcement of wildlife and conservation laws and community 
based management.   The authors observe that these have sometimes been unsustainable and affected 
by corruption. There have been few initiatives oriented towards consumer behavior and decreasing 
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demand. The paper assesses the results of an entertainment education radio program, My Wildlife My 
Community, combining a radio drama, Temboni, focusing on poaching and bushment consumption with a 
call in show with guest experts.  The program was broadcast from November 2013 to May 2014 in the 
northeast Tanzanian regions of Kilimanjaro, Arusha, Manyara and Tanga twice a week in Swahili on 
Radio Kili FM the regional community radio station. The impact of the radio show  was assessed by 
developing, administering and analyzing a pre and post survey on knowledge, attitudes and behavior on 
bushmeat and bushmeat consumption to a control group of non-listeners and a treatment group of 
listeners. The post survey had 168 respondents of which 64 were designated as the control group as they 
each listened to at least one episode of My Wildlife My Community. The analysis did not result in a 
statistically meaningful difference between the control group and treatment group but did highlight a 
challenge to broadcast entertainment education.  Even though 99 percent of the post survey respondents 
said in the presurvey that they used the radio as a key information channel and 55 percent said they 
listened to Kili FM only 38 percent listened to at least one episode of the show and only 33 percent 
listened to at least one call in show.   Of these, 78 percent listened to five or fewer episodes.   Reasons 
given were limited radio reception, not having a working radio or not enough time.   The authors suggest 
that broadcasting of content on different stations at different times and the distribution of radios to schools 
and churches where groups can gather to listen might be a means to increase broadcast reach. 
 
Verissimo, D., Schmid, C., Kimario, F.F., Eves, H.E. (2018). Measuring the impact of an entertainment-
education intervention to reduce demand for bushmeat. Animal Conservation. 21: 324-331. doi 
10.1111/acv.12396. Correspondence to Diogo Verıssimo at verissimodiogo@gmail.com. 
December 2018 
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