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• Personality traits with an acceptable ICC as well as average ufGCM levels for each penguin were entered for a
Principal Components Analysis (PCA). Components were selected if they had an eigenvalue greater than one
and each component was labeled to ease interpretability. Spearman’s Rho was used to test for any
correlations between P1 and P2 personality component scores.

• A repeated-measures ANOVA was used to compare agonistic interactions throughout P1 and P2.
• Behavioral Diversity was calculated following the procedure outlined in Miller’s recent review (2020). A paired-

samples T-test was used to compare P1 and P2 behavioral diversity scores.
• Latency to approach, frequency of contact, and duration of contact measured from the two novel object tests

were each averaged and then standardized. Total novel object test score was created by averaging the other
three scores. Spearman’s Rho was used to test for correlations between P1 and P2 novel object test responses.

• A paired-samples T-test was used to compare P1 and P2 ufGCM average concentration, standard deviation,
and coefficient of variance.
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P1 PCA Components P2 PCA Components

Unsociable Friendly Aggressive Curious Unsociable Curious Aggressive UFGCM

45.09 18.73 17.05 15.68
% Variance 

accounted for:
46.53 31.35 11.66 6.16

Spearman’s Rho Correlations of the P1 and P2 Component Scores

Unsociable 0.967, p=0.00 Unsociable

Aggressive 0.850, p=0.00 Aggressive

Curious 0.650, p=0.03 Curious

Estimated Marginal Means of Agonistic Interactions Throughout P1 and P2

Comparison of P1 and P2 Behavioral Diversity Scores

Spearman’s Rho Correlations of P1 and P2 Novel Object Test Responses

Latency to Approach -0.263, p=0.26 Latency to Approach

Duration of Contact 0.775, p=0.01 Duration of Contact

Frequency of Contact 0.703, p=0.03 Frequency of Contact

Total Novel Object Test Score 0.826. p=0.01 Total Novel Object Test Score

Comparison of P1 and P2 ufGCM Data

Average ufGCM Level p=0.14 Average ufGCM Level

ufGCM Level Standard Deviation p=0.04 ufGCM Level Standard Deviation

ufGCM Level Coefficient of Variance p=0.02 ufGCM Level Coefficient of Variance

Study Subjects, Site, and Timeline

• The study subjects consisted of 9 African penguins, 4 females and 5 males, ranging from 3 to 27 years old
located at the Columbus Zoo and Aquarium in Powell, Ohio.

• In the pre-treatment phase (P1), data collection ran from mid-June to the end of July 2020. The post-treatment
phase (P2) began with the introduction of five new penguins into the previously established colony. A few days
later, set groups of four penguins began to visit a brand-new habitat every other day on a rotating schedule. P2
data collection ran for eight weeks.

Trainer-rated Personality Questionnaire Novel Object Test

These questionnaires     
ffffffffffffffffffffffffffffffffffffffffffff had trainers (n=5) rate

each penguin on scale 
from 1 (always exhibits)
to 7 (never exhibits) for
30 different personality

traits. Intra-class correlations (ICC) were calculated and 
any trait with an ICC below 0.600 was removed from  
further analyses.

Two novel object tests were       
vvvvvvvvvvvvvvvvvv conducted in both P1 and P2.       
mmmmmmmmmmm A dog chew toy and an infant

pool floatie were used as novel       
o                                         objects. Each test lasted 15 min 

and measurements were latency 
to approach within 1 m, fre-

requency quency of contact, and duration
of contact made with the items.

ufGCM Monitoring Behavioral Observations

Urofecal samples were collected by 
the trainers every Tuesday and 
Friday morning throughout P1 and 
P2. Samples were analyzed using a 
commercial assay and no differences
were found when comparing relative
binding of unknowns and standards

C      (p=0.71), confirming assay parallelism.

Penguins were observed using
an ethogram adapted from
other studies every day for four
weeks in P1 and every day, every
other week for seven weeks in
P2 to get a better picture into
their possible acclimation to 

the\ treatment. (Chiew et al., 2019;
Fuller et al., 2019). 

Background

• Zoos and aquariums (henceforth zoos) have the opportunity to inspire over 700 million annual visitors with a
call to action regarding conservation (Packer & Ballantyne, 2010; WAZA, 2015).

• However, even though zoos have a huge impact on animals outside of their organization, their top priority is the
welfare of the animals in their immediate care (Escobar-Ibarra et al., 2021).

• Environmental factors have the potential to be stressful and negatively affect the welfare of animals housed in
human care (Collins et al., 2017; Nielsen, 2018); therefore, it is crucial to monitor the well-being of animals who
are asked to cope with environmental changes.

Aim

• To investigate the welfare of the ambassador penguin group at the Columbus Zoo & Aquarium before and after
the introduction of a new group of penguins and to a new habitat by assessing personality, novel object test
responses, behavior, and urofecal glucocorticoid metabolite (ufGCM) levels

Hypotheses

• Introduction will have no effect on personality and novel object test responses
• Rates of agonistic interactions would increase right after the introduction, but then decrease over time
• Behavioral diversity and ufGCM levels would increase following the introduction

Statistical Analyses
Discussion

• The PCA results were quite similar as both accounted for over 95% of the variance in the data sets and both
had an Unsociable, Curious, and Aggressive component. The penguins’ component scores for each were
highly correlated, indicating personality was not affected by the treatment.

• The novel object test responses were similar, with three of the four variables being highly correlated. These
results are similar to other literature and to the standard definition of personality, “the existence of
behavioral and physiological differences among individuals of the same species, which are stable over time
and across different contexts or situations” (Carere & Maestripieri, 2014, Horback et al., 2013).

• Regarding the addition of new birds and introduction to a new habitat, overall, the subjects seemed to
quickly acclimate. Individual variation in response to environmental stressors has been well documented in
previous studies and ours showed the same (Finkemeier et al., 2018; Scheun et al., 2020). Future studies
should attempt to measure the effect of an individual management style based on personality assessments
versus a group management style on the impact of environmental stressors.

Limitations

• While the methodologies used were appropriate for this research, there were some limitations that may
have impacted our results. Most notably and most unpredictably, the COVID-19 pandemic provided many
challenges to which we had to adapt both our study design and protocol. Staff numbers were reduced
which could have impacted our results. COVID-19 protocols also reduced the number of visitors that were
present viewing the penguins when they were in the new habitat. To ensure validity post-pandemic, data
may need to be recollected and analyzed for any variation.

Conclusion

• How an individual copes with their environment is paramount to their well-being. Thus, animal personality
measures should be married to animal welfare science. This study serves as an example of how to combine
personality measures with frequently used measures of animal welfare, boasting the reward of revitalized
management protocols backed with scientific evidence. Future studies should aim to expand on our
findings and overcome our limitations – most notably, the COVID-19 pandemic regulations and changes. 
Continued research in this area will prove to be fruitful in bettering the lives of numerous animals.
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