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Simple Summary: During the COVID-19 global pandemic the Oregon Zoo closed to all visitors
and non-essential staff from 15 March 2020 to 12 July 2020. This presented a unique opportunity
to conduct a study on the behavioral and physiological changes associated with the transitions
between visitor presence and visitor absence on some of our more sensitive species. Using behavioral
scan-sampling and fecal hormone monitoring of fecal glucocorticoid metabolites (fGM), two cheetahs
and two giraffes were observed through two transition periods: the initial closure of the Oregon
Zoo in March 2020 and the subsequent reopening in July 2020. We found significant increases in
fGM concentrations for both cheetahs and giraffes between the two transition periods, but not within
each specific transition. We also found some differences in behavior frequencies for both cheetahs
and giraffes. For the cheetahs, ‘not visible’ significantly increased within the second transition
period, resulting in their being less visible to visitors, and the cheetahs also spent less time showing
locomotion behavior after the Zoo reopened. The giraffes, in turn, expressed significant differences
in vigilant behaviors, with increased vigilance shown while fewer visitors were around. This study
illustrates the complexity of investigating the visitor effect in different species and the individualistic
nature of the responses of both the cheetahs and giraffes at the Oregon Zoo. Overall, however the
observed changes in fGM concentrations and behavioral expressions were relatively minor and may
have been more strongly related to social changes (giraffe) and medical events (cheetah) than to
visitor activity and the Zoo’s opening status.

Abstract: The effect of visitor presence on zoo animals has been explored in numerous studies over
the past two decades. However, the opportunities for observations without visitors have been very
limited at most institutions. In 2020, the Oregon Zoo was closed, in response to the global SARS-
CoV-2 (COVID-19) pandemic, from 15 March 2020 to 12 July 2020, resulting in approximately four
consecutive months without visitor presence. This study aimed to quantify potential behavioral and
hormonal changes expressed during two transition periods in zoo visitor attendance: the initial time
period before and after closure in March 2020 and time before and after reopening in July 2020. Fecal
glucocorticoid metabolite (fGM) concentrations of resident giraffes (n = 2) and cheetahs (n = 2) were
tracked using enzyme immunoassay (EIA) analyses. Average fGM concentrations during the two
transition periods were compared using a two-way mixed ANOVA. Additionally, twice-weekly scan
sampling was used to quantify behavioral observations across the transitions, which were analyzed
as individual behavior proportions. Individual behavior proportions were compared across the Zoo’s
opening status and time of day using Kruskal–Wallis (H) tests. The results of our analyses showed
the following outcomes: (1) significant increases in fGM concentrations for cheetahs and giraffes
between the transition periods but not within them; (2) a significant increase in time spent ‘not visible’
in the cheetahs in the second transition period; and (3) increased vigilance behaviors in the giraffes
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immediately after the Zoo’s closure. However, the changes observed in fGM concentrations may
be more strongly correlated with concomitant social changes (giraffes) and some medical events
(cheetahs) rather than with the Zoo’s opening status. Nevertheless, this study was able to quantify
differences in behavioral frequencies and fGM concentration in cheetahs and giraffes at the Oregon
Zoo during the times of transition between visitor’s presence and absence. The results indicate that,
while there was a possible, but relatively minor impact of the presence and absence of visitors on
some behaviors, the differences observed in fGM concentration may have been more affected by
some of the concomitant social changes and medical events that happened during the same period
than by the presence or absence of visitors.

Keywords: visitor effect; zoo animal welfare; wildlife endocrinology; animal behavior

1. Introduction

A longstanding interest in zoo researchers has been how the presence or absence of
visitors affects the behavior and physiology of zoo animals. In 2000, Hosey [1] formally
introduced the term ‘visitor effect’. Since then, this phenomenon has been studied in a wide
variety of species. Typically, these studies have reported varying responses to visitor pres-
ence depending on individual and species-specific characteristics. For instance, increased
visitor presence has been correlated with ‘less time visible to the public’ and increased vigi-
lance (both frequently used to indicate a certain level of discomfort with visitor presence
and, thus, possible reduced levels of well-being) for multiple species (orangutans—Pongo
pygmaeus and Pongo abelii [2], koalas—Phascolarctos cinereus [3], ocelots—Leopardus pardalis
and bobcats—Lynx rufus [4]). However, other studies have shown ambivalence or no
reaction to visitor presence (see Davey [5] for a comprehensive review). Like humans,
individuals within the same species can show different behavioral [6] and adrenal [7]
responses to the same event. For instance, Razal et al. [8] reported significantly different
mean response values for individual reticulated giraffe (Giraffa camelopardalis) behaviors
between the same seasonal stressors and Polgár et al. [6] found differing behavioral re-
sponses to visitors by captive spider monkeys (Saimiri sciureus) based on personality traits.
There are several different hypotheses as to why there are such variable responses to
visitor presence, both between and within species, including differing individual traits
(life histories, genetics, and temperaments) and life experiences as well as evolutionary
background (see Sherwen and Hemsworth [9] for a review).

Visitors may impose three main influences on animals: visual, audible, and olfac-
tory [10]. Recent studies have emphasized the importance of olfactory [11] and audi-
tory [3,12–14] stressors when comparing visitor effects. Monitoring these stimuli can be
complicated, with the two influences being almost impossible to isolate. One way to
monitor the overall impact of the presence of visitors is to entirely eliminate them from
the zoo during regular visitor hours and compare the results to normal periods. This is
rarely possible due to the need for visitor associated revenue. Thus, a limitation of many
visitor-effect studies to date has been the lack of data from times without any visitors.
Such periods of complete visitor absence tend to be opportunistic and brief. For instance,
Mallapur et al. [15] reported that captive lion-tailed macaques (Macaca silenus) showed a
20% decrease in short-term abnormal behaviors and a 30% decrease in long-term abnormal
behaviors when visitors were absent. However, for the short-term study, the visitor absence
period was limited to one day whereas the long-term study relied on a comparison between
on-exhibit and off-exhibit behaviors. In other studies (e.g., Chiew et al. [16]), access to an
exhibit was simply blocked off for a set period to reduce visitor presence. This strategy
only highlights different behaviors related to visibility because the focal animals were still
exposed to auditory and olfactory changes associated with nearby visitors.

Studies on physiological stress responses are now commonly conducted in combina-
tion with behavioral monitoring. Here, we define a stressor as any event that elicits an
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adrenal response, whether positive or negative. Many nondomestic animals may “hide”
signs of stress, making it more difficult to recognize behavioral responses to stressors; yet
such physiological reactions can be used as internal indicators of positive or negative stress
responses when combined with other external indicators such as behaviors and/or animal
health measures.

The activation of the hypothalamic-pituitary-adrenal (HPA) axis is one of the most
consistent physiological responses to stimulation across different species and is involved
regardless of whether the stressor is considered positive (e.g., mating) or negative (e.g.,
pain). One result of the HPA-axis stimulation is the eventual excretion of glucocorticoid
metabolites, including cortisol and corticosterone, into the feces and/or urine, which can
then be monitored to determine the intensity of the stressor (see O’Connor et al. [17] for
a review of the HPA-axis). While it is possible to measure the concentration of intact
glucocorticoids in plasma, the collection of plasma samples is inherently stressful and can
influence the concentration of glucocorticoids in less than three minutes [18]. However, a
substantial number of studies have shown that glucocorticoids, after being metabolized,
get excreted in feces and urine, and the adrenal response to an intense stressor observed in
serum samples can be measured in fecal or urine samples noninvasively [19–23].

Among available non-invasive techniques, fecal glucocorticoid metabolite (fGM)
monitoring is the most popular for several reasons (see Palme [24] for a recent review).
Fecal samples: (1) are most consistently available for noninvasive collection on wild and
captive animals; (2) represent a pooled concentration of adrenal hormone levels over time
(depending on species-specific metabolization and excretion patterns); and (3) may be
less sensitive to diurnal fluctuations and short-term secretion of adrenal hormones into
the bloodstream when compared to serum glucocorticoids [25]. As mentioned previously,
the excretion of glucocorticoid metabolites occurs with differing instances of arousal and
requires further interpretation (such as behavioral and/or animal health analyses) to
determine if a given stressor is positively or negatively affecting an individual [26].

In 2020, the global SARS-CoV-2 (COVID-19) pandemic resulted in the temporary
closure of most zoological institutions for periods ranging from weeks to months. On
15 March 2020, amid rapidly increasing positive COVID-19 cases, Oregon’s governor
ordered the immediate closure of all large recreational facilities in the state. The subsequent
closure of the Oregon Zoo resulted in nearly four consecutive months (until 12 July 2020)
without visitors and with substantially reduced staffing. This extended closure provided
researchers with the opportunity to quantify the potential behavioral changes expressed
by some zoo animals that are typically subjected to high visitor attendance. Due to its
urban location, the Oregon Zoo receives nearly 1.7 million people per year, with the most
heavily attended months occurring in the summer [27]. Recent studies have quantified the
effects of these closures in other institutions, primarily for mammals [28,29], but with at
least one reptile study [30]. Williams et al. [29] showed a variety of behavioral changes
in eight monitored species. Among these were an increase in ‘comfort’ behaviors (such
as self-grooming or self-maintenance behaviors), closer presence to areas where visitors
were usually located, and more environmental interactions (investigation or interaction of
non-food items in the environment) during zoo closure periods. In contrast, Riley et al. [30]
found significant differences in Nile crocodile (Crocodylus niloticus) behavior that more
directly related to time of day, temperature, and month rather than the absence of visitors.

In addition to formal research, anecdotal stories reported by zoo staff indicated a
range of different responses to the extended absence of visitors. For instance, Daniel Ashe
(CEO of the Association of Zoos and Aquariums, AZA—Silver Spring, MD, USA), based
on information received from a variety of AZA institutions and their animal care staff,
reported “general boredom” across several species [31]. The same article reported that
without visitors, normally “aloof” individuals such as gorillas (Gorilla gorilla gorilla) and
camels (Camelus bactrianus) at the Calgary Zoo approached staff members more frequently
for interaction. At the Phoenix Zoo, care staff used their breaks to interact with the petting
zoo goats (Capra hircus) to counteract the dramatic decrease in human interaction to which
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goats were previously habituated. Even with such mitigation, the goats received less
interaction than they were accustomed to during visitor times [32].

Here we report on a study aimed at quantifying how transitions in visitor attendance
affected the physiology and behavior of animals at the Oregon Zoo. We tracked behavioral
and adrenal responses to two transition periods in visitor absence (the initial closure and
the reopening four months later), in giraffes (Giraffa camelopardalis reticulata and Giraffa
tippelskirchi) and cheetahs (Acinonyx jubatus). We chose to focus our analyses on two transi-
tion periods, since they were deemed the times of most intense change. For each transition,
we aimed to obtain comparable before and after data (equal numbers of observations and
fecal samples).

We hypothesized that changes in fGM concentrations and behavior expression would
be minimal during the first transition period and more variable during the second transition
period, due to potential gradual acclimation to visitor absence over the months of closure
and the sudden return of visitors. For behavior analyses, we hypothesized a transition
to more exploratory activities and more ‘time spent visible’ without visitors, similarly to
previously reported analyses [2–4].

We hypothesized that the effects of the initial shutdown would be less than the re-
opening transition because both species had previously experienced short-term periods
without visitors. For both cheetahs and giraffes, these included inclement weather closures.
Additionally, both cheetahs in this study had been recently housed in entirely “off-exhibit”
habitats at their previous institution. As they only arrived in January 2020, they may have
still been acclimated to limited visitor access. At the Oregon Zoo, both study species are
popular with visitors, and their habitats are located along the main visitor pathway, provid-
ing a stark difference in visitor presence during the open and closed time periods. While
previous studies have observed the visitor effect on both giraffes [33] and cheetahs [34],
most giraffe behavioral studies have mainly centered around direct human-animal interac-
tions, such as feeding platforms, rather than indirect visitor presence [33,35]. Many cheetah
studies have focused on a single behavior (e.g., stereotypy [36]) or a specific relationship
(e.g., mother-cub relationship [34]).

Since this study focused specifically on the transition periods in visitor attendance, it
may provide valuable information about the effect of visitor presence on both species. If
analyses reveal an increase or decrease in potential positive or negative indicators of stress,
more in-depth studies would be needed to identify how the effects of visitor presence or
absence can be mitigated appropriately.

2. Materials and Methods

All research was reviewed and approved by the Oregon Zoo Research Review Com-
mittee (OZRRC).

2.1. General

The Oregon Zoo is located just outside the downtown area of Portland, Oregon,
USA. We collected data on two visitor presence transition periods. Each transition period
consisted of two month-long treatments, one with visitors and one without. Transition
Period 1 included the initial opening period of full visitor access (“Open”) and the first
period of complete visitor absence (“Closed A”). Transition Period 2 included the end of the
visitor absence period (“Closed B”) and the beginning of visitor access period (“Reopen”).
However, visitor access was somewhat variable between the two transition periods. During
“Open” there were no restrictions on visitor numbers, in both “Closed (A)” and “Closed
(B)” visitors were unable to attend the Zoo, and in “Reopen” there was a 50% visitor
capacity cap. Data collection specific to this study took place between mid-March 2020
and August 2020; however, since both species were part of the Zoo’s ongoing welfare
monitoring program (including behavioral and physiological monitoring), some of the
previously collected data between January 2020 and early March 2020 were included in the
analyses. We decided to focus on the data directly associated with the two main transition
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periods to provide comparable ‘before and after’ data for statistical analyses as well as to
isolate specific changes associated with the transition times.

2.2. Focal Animals
2.2.1. Cheetah (A. jubatus)

We monitored two 10-year-old male cheetahs (“B10183” and “B10184”) that had
recently (January 2020) returned to the Oregon Zoo after spending three years at the San
Diego Wild Animal Park (SD-WAP). Both cheetahs were provided a diet consisting of
feline-specific chow (Milliken Carnivore) and game carcasses. Fresh water was available
ad libitum. The cheetah habitat included three indoor off-exhibit areas (one 109 ft2 and
two 80 ft2 habitats) and a large grassy outdoor exhibit (approximately 19,200 ft2) viewable
by the public. The outdoor cheetah yard consisted of a small shelter with heated flooring
on the western side, a small pond on the eastern, and a large grassy knoll in the middle
which prevents visitor viewing to the back of the exhibit. The cheetahs participated in
voluntary training sessions four to five times per week (average duration 5 min). The
training durations and frequencies remained consistent over the course of the shutdown.
Both cheetahs had pre-existing health issues prior to arriving at the Oregon Zoo, and
several medical procedures were conducted between 6 April 2020 and 6 July 2020.

2.2.2. Giraffe (G.c. reticulata and G. tippelskirchi)

For this study, we observed two male giraffes, a reticulated giraffe (“B20186”, 9 years
old, G.c. reticulata) and a Masai giraffe (“B60180”, 5 years old, G. tippelskirchi). In late May
2020 a young female Masai giraffe (“C00028”, 2 years old) was introduced to the herd
but was not included in the study. According to fecal progesterone metabolite tracking,
the giraffe C00028 was not cycling throughout the duration of this study. Additionally,
there was minimal difference in analyzed fGM concentrations following giraffe C00028′s
introduction between the two males, despite differences in fecundity (giraffe B20186 was
castrated in 2012), which indicated no significant changes in fGM concentrations based
on androgen production. The two males had arrived at the Oregon Zoo in 2012 and
2016, respectively. All giraffes shared a multi-species exhibit along the main Zoo pathway
with three southern ground hornbills (Bucorvus leadbeateri) and one Speke′s gazelle (Gazella
spekei). All giraffes were fed a combination of alfalfa and pellets (Mazuri Wild Herbivore Hi-
Fiber Cube 5V05) daily. Browse was hung around the exhibit while carrot and primate L/S
biscuits (cinnamon, Mazuri 5M1S) were supplemented in training sessions when available.
Fresh water was available ad libitum. The giraffe habitat included an indoor barn for
protection in inclement weather and two large outdoor areas (combined approximate area
is 20,000 fts) which could be separated by a fence, if necessary. The outdoor areas were
covered with dirt, decomposed granite substrate, and grass. There were multiple logs
(enrichment items for the Speke’s gazelle and the southern ground hornbills), a large pond,
and multiple large trees scattered throughout the environment which provided shade,
browse, and enrichment. The indoor barn consisted of multiple stalls with a rubber-coated
concrete flooring lightly covered in wood shavings and was maintained at 65 ◦F (18.3 ◦C).
Visitor viewing access was provided through raised walkways along the southern edge
of the outdoor exhibit. The giraffe exhibit also included a feeding platform; however, it
was not yet in regular use at the time the COVID-19 closure began and remained closed to
the public.

During the day, the giraffes were housed solely indoors when temperatures fell below
40 ◦F (4.44 ◦C) but they were allowed outdoors for a maximum of four hours if temperatures
were between 40 ◦F and 50 ◦F (10 ◦C) with no precipitation. If temperatures were >50 ◦F,
the giraffes were given continuous access to the outdoor area (except when the outdoor
exhibit was actively being maintained by care staff). To maintain a safe environment
and minimize slipping hazards, the giraffes were housed indoors whenever there was
ice or snow present on exhibit, or if there was significant rainfall. The temperatures
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remained adequate for outdoor housing throughout the entire study time and all behavior
observations occurred outdoors.

2.3. Endocrinology
2.3.1. Sample Collection

As previous research has indicated, fGM concentrations change significantly following
transfers [37–39], introductions [40,41], and veterinary procedures [42]. Sample dates were
chosen to minimize the effects of these additional stressors while still providing meaningful
data on transition periods.

Fecal samples were collected three times per week between 07:00 and 10:00 by animal
care staff during the two transition periods (Table 1). Care staff were instructed to avoid
samples contaminated by urine or other substances. Samples were labelled with name,
species, date, and time collected and immediately frozen (−4 ◦F/−20 ◦C) until analysis.
Food-grade dye was used to identify samples from individuals housed together.

Table 1. List of different treatment periods, their corresponding dates and the number of fecal samples collected within the
time. Samples analyzed within Open and Closed (A) are part of Transition Period 1 while samples analyzed in Closed (B)
and Reopen are part of Transition Period 2.

Cheetah

Category Sample Dates Sample Count (B10183) Sample Count (B10184)

Transition Period 1
Open 2/20/2020–3/15/2020 15 15

Closed (A) 3/16/2020–4/4/2020 15 15

Transition Period 2
Closed (B) 6/16/2020–7/12/2020 15 15

Reopen 7/13/2020–8/7/2020 15 15

Giraffe

Category Sample Dates Sample Count (B20186) Sample Count (B60180)

Transition Period 1
Open 2/13/2020–3/15/2020 15 15

Closed (A) 3/16/2020–4/12/2020 15 15

Transition Period 2
Closed (B) 6/9/2020–7/12/2020 15 15

Reopen 7/13/2020–8/8/2020 15 15

2.3.2. Steroid Extraction

Fecal glucocorticoid metabolites (fGM) were extracted using an adaptation of methods
documented by Bryant and Wielebnowski [43]. Briefly, 0.500 g (±0.025 g) of wet, homoge-
nized fecal matter was mixed with 5 mL 80% alcohol (giraffe: methanol; cheetah: ethanol),
vortexed, and shaken overnight for 17 h (FisherbrandTM open air rocking shaker). Then,
the samples were vortexed again and centrifuged (SorvallTM ST 16) at 2500 rpm for 15 min.
Three milliliters of the resulting 1:1 supernatant was removed and 500 µL was subsequently
desiccated in a SpeedVac (Savant Speedvac DNA110) before being reconstituted in 500 µL
Tris HCl assay buffer. Using the results of in-house parallelism analyses, dilutions were
then created with Tris assay buffer based on optimum concentrations for the detection
of fGMs.

2.3.3. Enzyme Immunoassay (EIA) Analysis

It has been previously determined that glucocorticoid metabolites can be reliably
extracted from fecal samples in both target species (giraffe [44], cheetah [45]). A double-
antibody corticosterone enzyme immunoassay (EIA) (CJM006, 1:100,000, C. Munro, Uni-
versity of California, Davis, CA, USA) was used for both species. A 96-well microtiter plate
was pre-coated with secondary goat anti-rabbit IgG antibody (150 µL/well at 0/10 mg/mL,
A009, Arbor Assays, Ann Arbor, MI, USA) using the standard Arbor Assay methodology.
The inter- and intra-assay coefficients of variation (CV) were maintained below 15% and
10%, respectively. The corticosterone antibody cross-reacts at 100% with corticosterone,
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14.25% with desoxycorticosterone, 2.65% with progesterone, 0.90% with tetrahydrocorti-
costerone, 0.64% with testosterone, 0.23% with cortisol, and less than 0.10% for five other
steroids tested (C. Munro).

The corticosterone EIA was validated by showing: (1) parallelism between binding
inhibition curves of a corticosterone standard curve and a serially diluted pool of fecal
extractions for each species, (2) a biological validation for each species due to a significant
increase (less than two standard deviations over baseline) in fGM concentrations within 48 h
of an invasive veterinary procedure (cheetahs) or an exhibit transfer (giraffes) (Figure 1), and
(3) no significant cross-reactivity with fGM concentrations and androgen concentrations.
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Figure 1. Endocrinology validation data for giraffes and cheetahs. (A) Biological validation of giraffes displaying significant
peaks post-institution transfer. (B) Parallelism for giraffes of pooled samples and standards using antibody “CJM006”.
(C) Biological validation of cheetahs displaying a significant peak post-surgery. (D) Parallelism for cheetahs of pooled
samples and standards using antibody “CJM006”. Highlighted (•) data points are >2 standard deviations above the
calculated baseline for each individual.

2.3.4. Data Analysis

Analyses were conducted using IBM SPSS Statistics for Windows (version 21.0). A
repeated measure mixed two-way ANOVA model was used to determine potential dif-
ferences in average fGM concentrations for each treatment. Shapiro–Wilks tests of nor-
mality revealed non-normal datasets for both the cheetah and giraffe fGM data. Once
log-transformed, all data were normally distributed except for data included in B10184:
Reopen (p = 0.037). However, due to the small sample size and the robustness of the
ANOVA tests, this break in assumption was ignored. Comparison of studentized residuals
indicated no extreme outliers (no studentized residuals exceeded ± 3) for either species.
Levene’s test of homogeneity (p > 0.05) and Box’s M test (p > 0.001) revealed homogenous
variances and covariances, respectively. For cheetahs, Mauchly’s test of Sphericity indi-
cated a violation, χ2 = 14.253, p = 0.014, and the Huynh–Feldt epsilon adjustment was
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used to circumnavigate this violation. Neither cheetahs, (F(2.584, 72.349) = 9.937, p = 0.136,
partial η2 = 0.065, ε = 0.861 (Huynh-Feldt adjustment)), nor giraffes, (F(3,84) = 0.934,
partial η2 = 0.032, p = 0.428) had significant differences between individuals and were,
therefore, analyzed within species-specific groups. All data is reported after having been
back-transformed, unless otherwise stated.

2.4. Behavior

Previously developed ethograms used at the Oregon Zoo for ongoing welfare moni-
toring were replicated for this project ([46,47]: Tables 2 and 3). One-minute scan sampling
occurred over 20-min observation periods twice per day (1000 and 1430) two days a week
(see Table 4 for observation dates). Due to the strong likelihood of care staff presence
influencing behavior, any observation during which a member of the care staff was present
was omitted from the analysis. Each species was observed from the general visitor viewing
areas. Due to restrictions from COVID-19 safety protocols, uneven observation sampling
was inevitable. Behavioral observations for the category “Open” were conducted through
the general welfare monitoring program at the Oregon Zoo prior to the commencement of
the study and were 60-min observation periods, rather than 20-min observation periods,
conducted by the first author for the rest of the study. It is important to note that the 60-min
observations were conducted by volunteers, rather than the main researcher. However,
each volunteer was required to pass a reliability test in order to collect behavior data
(behavior observation reliability >80% compared with the author’s observations using
procedures from Wark et al. [48]). We therefore felt that these observations could be in-
cluded in the overall analyses. To make the data comparable over the different observation
durations, all count data were converted into percent of behavioral expression using the
following equation:

% Behavior Expression =
Sum o f speci f ic behavior count data

Sum o f cumulative observation period
× 100

Table 2. Pre-established cheetah ethogram [46].

All-Occurrence Behavior Description

charge glass Charge towards glass ending within one body length of the glass; may or may not include a strike
or hiss

glass strike Forceful paw contact with glass

hiss Lips pulled back to bare teeth and emit sound

Interval Behaviors Description

not visible Individual out of sight or unable to determine behavior at interval

keeper visible Keeper is present—can be actively interacting with focal animal or just walking past

environmental interaction
Individual is actively engaged with an element of its environment; does not include interaction
with zoo visitors or inactive contact with environment (e.g., laying down on rocks) or incidental

contact with exhibit furniture

stereotypy Locomotor stereotypy: walking from one point to another, turning and walking back to the starting
point, or walking in a loop/to-and-fro, for more than three repetitions without interruption.

social interaction Any active social interaction with another cheetah, regardless of who instigated it

locomotion Any movement that transports the animal more than one body length forward, backward, or
sideways at any speed; includes walk, trot, run or jump

groom Focal animal is engaged in self-grooming, licking, chewing, scratching (self)

stationary Not deliberately exhibiting locomotion behaviors for at least three seconds; can be alert (head up,
eyes open) and resting (head down or head up with closed eyes)
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Table 3. Pre-established giraffe ethogram [47].

All-Occurrence Behavior Description

urine testing Using flehmen reaction specifically at urine

flehmen Upper lip curled back and inhalation

interaction with Speke’s gazelle Any interaction between giraffes and resident Speke’s gazelle

interaction with hornbills Any interactions between giraffes and resident hornbills

run Cantering or sprinting

lay down Any instance when the giraffe has its stomach on the ground

Interval Behaviors Description

not visible Individual out of sight or unable to determine behavior at interval

keeper visible Keeper is present—can be actively interacting with focal animal or just walking past

eat Individual is actively eating from designated food stations or keeper-provided browse
elements

environmental interaction
Individual is actively engaged with an element of its environment; does not include

interaction with zoo visitors or inactive contact with the environment (e.g., laying down
on rocks) or incidental contact with exhibit furniture.

stereotypy
Locomotor stereotypy: walking from one point to another, turning and walking back to

the starting point, or walking in a loop/to-and-fro, for more than three repetitions without
interruption; non-locomotor stereotypy: repetitive licking/tongue flagging

social interaction Any active social interaction with another giraffe, regardless of who instigated it

locomotion Any movement that transports the animal more than one body length forward, backward,
or sideways at any speed; includes walk, trot, run or jump

groom Focal animal is engaged in self-grooming, licking, chewing, scratching (self)

vigilant Standing still with an erect neck and actively observing (rather than scanning) the
environment (similar to that defined by Cameron and du Toit [49])

stationary Not deliberately exhibiting locomotion behaviors for at least three seconds; can be alert
(head up, eyes open) and resting (head down or head up with closed eyes)

Table 4. List of treatments and their corresponding dates and observation counts. Uneven observation counts are due
to restrictions from COVID-19 safety protocols. Asterisks (*) indicate observations from general monitoring (60 min
observations instead of 20 min observations) and conducted by volunteers. A: indicates variable observation dates due to
the lack of exhibit access because of routine habitat maintenance.

Cheetah

Category Sample Dates Observation Count (B10183) Observation Count (B10184)

Transition Period 1
Open * 2/11/2020–3/15/2020 3 2

Closed (A) 3/16/2020–4/4/2020 A 8 8

Transition Period 2
Closed (B) 6/16/2020–7/12/2020 A 14 14

Reopen 7/13/2020–8/8/2020 13 13

Giraffe

Category Sample Dates Observation Count (B20186) Observation Count (B60180)

Transition Period 1
Open * 1/18/2020–3/15/2020 4 4

Closed (A) 3/16/2020–4/12/2020 A 8 8

Transition Period 2
Closed (B) 6/9/2020–7/12/2020 A 16 16

Reopen 7/13/2020–8/8/2020 12 12
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Data Analysis

Analyses were conducted using IBM SPSS Statistics for Windows (version 21.0). Two
behavior analyses were conducted per focal animal, comparisons of percent of time spent
engaging in each behavior across zoo opening status and time of day. For both species,
Shapiro–Wilks tests and visual observations of QQ plots revealed non-normal (p < 0.05)
data despite transformations. Therefore, non-parametric Kruskal–Wallis tests were con-
ducted on the original, untransformed data. For both species, distributions of behavior
proportions were not similarly shaped across each opening status or time of day, as as-
sessed by visual inspections of boxplots. Data are reported as differences in mean ranks of
behavior proportions by zoo opening status or time of day. Each individual focal animal
was analyzed separately.

3. Results
3.1. Endocrinology
3.1.1. Cheetah

There was a significant increase in fGM concentrations between Transition Period 1
and Transition Period 2. There was no significant difference between the samples collected
within each transition period. The repeated measures mixed two-way ANOVA model
indicated that these differences in fGM concentrations were statistically significant based
on zoo opening status, (F(2.584, 72.349) = 9.937, p < 0.001, partial η2 = 0.262 (Huynh-Feldt
adjustment)) (Table 5, Figure 2A).

Table 5. Results of cheetah and giraffe fGM concentration analysis. Repeated measures two-way mixed ANOVA model
comparing different zoo opening statuses. The mean difference results compare fGM concentrations in (I) trials with those
in (II) trials. Asterisks (*) indicate significant (p < 0.05) differences between trial (I) and trial (II). a Bonferroni correction for
multiple comparisons.

(I) Trial (II) Trial Mean Difference (A-B) (ng/g) Sig a

Cheetah

Transition Period 1

Open
Closed (A) −6.06 1.00
Closed (B) * −87.46 * 0.008 *

Reopen * −79.63 * <0.001 *

Closed (A)
Open 6.06 1.00

Closed (B) *
Reopen *

−81.40 *
−73.56 * <0.001 *0.002 *

Transition Period 2

Closed (B)
Open * 87.46 * 0.008 *

Closed (A) * 81.40 * <0.001 *
Reopen 7.83 1.00

Reopen
Open * 79.63 * <0.001 *

Closed (A) * 73.56 * 0.002 *
Closed (B) −7.83 1.00

Giraffe

Transition Period 1

Open
Closed (A) 11.13 0.053
Closed (B) 0.00 1.000

Reopen −11.57 1.000

Closed (A)
Open −11.13 0.053

Closed (B) −11.13 0.262
Reopen −22.70 * 0.016 *

Transition Period 2

Closed (B)
Open 0.00 1.000

Closed (A) 11.13 0.262
Reopen −11.57 1.000

Reopen
Open 11.57 1.000

Closed (A) 22.70 * 0.016 *
Closed (B) 11.57 1.000
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3.1.2. Giraffe

There were statistically significant differences in fGM concentrations between the
different treatments, (F(3,84) = 4.154, p = 0.009, partial η2 = 0.129). Similar to cheetahs,
there was no statistically significant difference between the samples collected within each
treatment period. However, there was a statistically significant increase in average fGM
concentration of 22.7 ng/g (p = 0.027) between samples collected during “Closed (A)”
and during “Reopen”. This indicates a significant difference in average fGM concentra-
tion between the end of Transition Period 1 and the end of Transition Period 2 (Table 5,
Figure 2B).

3.2. Behavior
3.2.1. Cheetah

The Kruskal–Wallis (H) tests revealed two significant changes in behavior frequencies
for cheetah B10183 and no significant differences in behavior frequencies for cheetah
B10184, based on the Zoo’s opening status (Figure 3). The mean ranks of cheetah B10183′s
behavior frequencies were statistically different between the Zoo’s opening status for “not
visible”, χ2(3) = 15.07, p = 0.002, and “stationary”, χ2(3) = 10.81, p = 0.013. Subsequently,
pairwise comparisons (Dunn 1964, Bonferroni correction for multiple comparisons) were
conducted (Table 6).

Table 6. Significant (α = 0.95) results of the behavior engagement analysis for cheetah based on the Zoo’s opening status.
Pairwise comparisons (Dunn 1984) were conducted on significant results from Kruskal–Wallis (H) tests. Asterisks (*)
indicate adjusted p-values (Bonferroni correction for multiple comparisons).

Cheetah B10183

Behavior Treatment (I) Treatment (II) Mean Rank (I) Mean Rank (II) Direction of Change Adj.
p-Value *

not visible
Open Reopen 10.00 28.27 ↑ 0.034

Closed (A) Reopen 15.25 28.27 ↑ 0.030
Closed (B) Reopen 15.82 28.27 ↑ 0.010

stationary Open Reopen 30.50 12.31 ↓ 0.043
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Figure 3. Cheetah average behavior expression proportion (%). Proportion indicates percent of total observation time con-
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“Open” were 60-minutes and conducted by volunteers. All others were 20-minutes and conducted by the first author.

3.2.2. Giraffe

Kruskal–Wallis (H) tests revealed one difference in behavior frequency for giraffe
B20186 and three significant changes in behavior frequency for giraffe B60180 based on zoo
opening status (Figure 4). For giraffe B20186, there was a significant difference in behavior
frequency for “vigilant”, χ2(3) = 8.378, p = 0.039. For giraffe B60180 significant differences in
behavior frequencies were present for “environmental interaction”, χ2(3) = 10.688, p = 0.014;
“stationary”, χ2(3) = 12.761, p = 0.005; and “vigilant”, χ2(3) = 17.826, p < 0.001).

Subsequent pairwise comparisons (Dunn 1964) were conducted on each of the sig-
nificant results. p-values are reported with Bonferroni corrections to account for multiple
comparisons (Table 7).
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Table 7. Significant (α = 0.95) results of the behavior engagement analysis for giraffe based on zoo opening status. Pairwise
comparisons (Dunn 1984) were conducted on significant results from Kruskal–Wallis (H) tests. Asterisks (*) indicate
adjusted p-values (Bonferroni correction for multiple comparisons).

Giraffe B20186

Behavior Treatment (I) Treatment (II) Mean Rank (I) Mean Rank (II) Direction of Change Adj.
p-Value *

vigilant Closed (A) Reopen 29.63 15.79 ↓ 0.039

Giraffe B60180

environmental
interaction

Closed (A) Closed (B) 8.81 23.97 ↑ 0.013

Closed (A) Reopen 8.81 23.42 ↑ 0.030

stationary Open Closed (B) 34.88 17.81 ↓ 0.016

Open Reopen 34.88 16.29 ↓ 0.009

vigilant Closed (A) Closed (B) 32.81 17.59 ↓ 0.003

Closed (A) Reopen 32.81 14.67 ↓ 0.001
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4. Discussion

This study took advantage of a unique opportunity of prolonged closure of the
Oregon Zoo due to the COVID-19 pandemic to provide a novel contribution to the body
of research on the impact of visitor presence on two sensitive yet popular species. Our
initial hypotheses were: (1) fGM concentrations would decrease in periods without visitors,
but this effect would be smaller in the first transition period than the second one, due to
potential acclimation to a lack of visitors over four months of closure; and (2) there would
be a transition to more exploratory behaviors and less time spent hidden without visitors.
We found that the first hypothesis was partially supported by giraffe fGM concentrations,
and the second hypothesis was partially supported by the behavior data obtained for both
species. The results were more complex than expected.

For the two male cheetahs, significant increases in average fGM concentrations were
observed between the two transition periods, but not within each transition period. The
fGM concentrations of treatments “Open” and “Closed (A)” were both significantly lower
than the fGM concentrations of treatments “Closed (B)” and “Reopen”, While the overall
average fGM concentration increased, the differences within the actual transitions were
minimal. This indicates that there may have been some different factors (aside from
visitor presence or absence) that were underlying the observed significant increases in fGM
concentrations. A study by Uetake et al. [45] revealed a trending decrease in cheetah fGM
concentrations within the summer months and high fGM concentrations on the day after a
strong decrease in air temperature—hypothesizing sensitivity to cold temperatures. This is
contradictory to that revealed in our study—indicating that it may not be simply seasonal
fluctuations causing the increased fGM concentrations in cheetahs at the end of the summer.
However, both cheetahs were subject to more frequent veterinary exams and treatments
than usual during the study period. Research has shown that increased veterinary care
and repeated veterinary procedures can lead to increased glucocorticoid secretion, in spite
of the overall beneficial effects for the individual [50]. While we attempted to minimize
the effect of veterinary exams on the study by choosing data samples that avoided major
procedures, previous injuries and some dental issues observed in the cheetahs resulted
in three veterinary procedures for cheetah B10184 and one for cheetah B10183 between
April 2020 and August 2020. The effects of these exams may have had a substantial and
lingering effect on fGM concentrations during the study period. These medical procedures
were, most likely, influential factors on the significant difference in fGM concentrations
between the two transition periods and may have overshadowed differences in fGM
concentrations based on visitor presence. Without these medical procedures, it is possible
that the cheetahs would have better followed patterns found by previous researchers that
indicate significant increases in fGM concentrations in cheetahs housed on-exhibit verses
off-exhibit [51]. Several of the procedures were considered to be relatively minor in terms
of invasiveness of medical procedures, yet stress responses are individualistic in nature
and depend on the individual animal’s history and perception of the event. However, there
was one surgical procedure for cheetah B10184 on 14 June 2020. In addition, both cheetahs
historically had issues with mutual reintroductions after veterinary procedures and this
also may have affected their respective fGM concentrations—regardless of which cheetah
experienced the veterinary procedure.

Similarly, the samples collected for the giraffe analyses also showed minimal differ-
ences within transition periods, but significant differences between the different transition
periods. While periods without visitors were found to be lower in fGM concentrations
than the samples associated with visitor presence, these differences were statistically
insignificant. However, the trending increase in fGM concentrations within the reopen-
ing transition period was similar to other visitor presence studies on ungulates (Indian
blackbuck—Antilope cervicapra [52], chamois—Rupicapra rupicara [53]). Again, the sample
dates were chosen to avoid intense stressors that may obscure a possible effect of the
visitor transition periods. In May 2020, a two-year-old female Masai giraffe (C00028) was
added to the herd. While giraffe C00028 did not show active progesterone cycles during
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the study, the addition of a female to our all-male herd caused social changes that may
have influenced the fGM concentrations of both male giraffes during and at the end of
the summer close to the second transition period. Additionally, research has shown an
increase in adrenal hormone concentrations for wild African ungulates during the dry
season [54], similar to the patterns of fGM concentration changes observed during this
study. In Portland, Oregon, the dry season stretches from mid-May to mid-October [55].
Our male giraffes had significantly higher fGM concentrations in the samples collected in
July than March, which followed the seasonality patterns seen in other ungulates.

Individuals of both species experienced significant changes that were social in nature
for the giraffes and medical for the cheetahs between the Zoo’s closure and reopening
periods that may explain at least some portion of the increasing fGM concentrations for
the second transition period. However, the Zoo’s opening status may still have added to
the overall effect of increased fGM concentrations observed after reopening the Zoo. It is
possible that the absence of visitors temporarily prevented a larger compounding effect of
visitor presence and social/health impacts in each species.

Nevertheless, comparisons of individual behavior frequencies resulted in multiple
significant differences for each species; however, none of these significant differences
occurred within a transition period. For instance, the giraffes showed significant increases
in vigilance, environmental interaction, and significant decreases in stationary behaviors,
while one cheetah showed a significant increase in time spent ‘not visible’ and decreased
stationary behaviors.

The giraffes were found to be more vigilant when the Zoo was initially closed, however,
this difference was statistically trending. This slight change may have been due to the
sudden lack of foot traffic associated with the closure between “Open” and “Closed
(A)”. The results indicated possible acclimation to the lack of visitors, with both giraffe
B60180 and giraffe B20186 showing less vigilant behaviors between “Closed (A)” and
“Closed (B)”. When the Zoo is open, visitors tend to move quickly and consistently
through the area, possibly causing something akin to a ‘white noise’ effect, and individual
spectators may not be noticed much by the giraffes. However, when the Zoo is closed, the
giraffes may pay more attention to single individuals (such as care staff or security) on the
observation decks. Previous research supports this hypothesis by showing an increased
rate of vigilant behaviors in ungulates with decreasing human activity [13]. Additionally,
research conducted on various zebra exhibits found that alert (in some papers, alert and
vigilance share the same definition) and locomotive behaviors tended to decrease as visitor
numbers increased [56]. Interestingly, a recent study showed a positive correlation in the
time the giraffes spent ‘observing the observer’ (author definition of vigilance behavior [57],
page six) and number of observers present. However, this study had a maximum of three
observers—drastically less than the typical visitor numbers experienced in a zoo setting—
and the quantity of observers may not have reached the ‘white noise’ effect. Another
potential explanation for the increased vigilance behavior is the possibility of food begging.
Prior to the closure, both male giraffes were being conditioned to hand feeding from
visitors located on a feeding platform. It is possible that the giraffes were looking for the
observer to provide food. This follows the pattern discussed by Lynn [58], who theorized
that the presence of visitors on a platform may increase attentiveness (similar behavior to
‘vigilance’ in our study) of giraffes due to the giraffes’ association of visitor presence and
food. However, our study varies from this previous research in that vigilance increased
with decreasing visitor presence. This indicates that the difference in vigilance we observed
may be a combination of food-begging and the ability for the giraffes to focus on a single
visitor rather than the ‘white noise’ of the popular visitation periods. There were other
significant differences in behavior for each giraffe, but they were also between different
transitional periods and most likely related to other stressors outside visitor presence.
For instance, the significant increases between environmental interactions in “Closed (A)”
and both “Closed (B)” and “Reopen” for giraffe B60180 may be partially explained by the
changes in season. The earliest leaf budding (lilacs and honeysuckle) was reported in early
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March 2020 [59] and the giraffes may have been searching for new buds. As our ethogram
only categorizes eating behavior as observable feeding, foraging behaviors that did not
result in successful eating were considered as environmental interactions. Nevertheless,
the changes are most likely associated with the significant increase in vigilant behaviors.
As we only score one behavior per scan, if an individual is expressing one behavior it
means they are not expressing another. For “Closed (A)”, there was a dramatic increase
in vigilant behaviors that directly resulted in a loss of expression of all other behaviors.
This is common when using scan-sampling techniques and necessitates the conversion
of behavior occurrences into proportions prior to data analyses [60]. Additionally, there
were differences in overnight housing due to low temperatures in the first transition period.
While all observations were conducted when the giraffes were in their outdoor habitat, it is
possible that the changes in overnight housing may have affected the behavior frequencies
and require further investigation.

For the cheetahs, the increased time spent ‘not visible’ was the most notable response
to the effect of visitor absence. Unlike the differences in the giraffes’ behavior expressions,
there was a significant increase in time spent ‘not visible’ within the second transitional
period. This indicates that visitor presence may have a stronger influence on this behavioral
difference than other stressors. Frequently, an animal’s increased avoidance of visitor
viewing areas is used as an indication of negative visitor effects [61–63]. For the cheetahs at
the Oregon Zoo, observing such a strong increase in time spent ‘not visible’ may indicate
they had acclimated to the prolonged time of visitor absence. We note that there was
not a decrease in time spent ‘not visible’ when the Zoo was first closed, which would
have been a strong indication that visitor presence directly influenced cheetah exhibit use.
However, this may be attributed to the presence of a heated area located at the front of the
exhibit in which the cheetahs frequently nap during the colder months. This explanation is
also supported by the inverse relationship between time spent ‘not visible’ and stationary
behaviors with the least time spent ‘not visible’ corresponding with the most stationary
behaviors. These findings support the hypothesis that the cheetahs at the Oregon Zoo
acclimated to the long period without visitors, but it also indicates that the time of year
and various environmental factors may have a strong influence on behavior responses.

Additionally, evolutionary backgrounds of either species may have contributed to
the differing behavior expressions. A comprehensive study by Queiroz and Young [64]
provided empirical evidence for behavioral and evolutionary traits that could predict
which species may be the most sensitive to visitor presence. The researchers found that
herbivorous, terrestrial, diurnal species from historically closed habitats would likely be
the most vulnerable to visitor presence [64]. Giraffes are an herbivorous, terrestrial species
that follows a diurnal activity pattern, albeit mostly found in more open habitat. According
to their evolutionary history, giraffes may, therefore, be somewhat more susceptible to
behavior changes based on visitor presence compared with other non-herbivorous species.
Cheetahs, however, are crepuscular or diurnal terrestrial predators. Based on Queiroz and
Young’s predictive traits, the cheetahs should be less susceptible to visitor presence than
giraffes. However, among medium-to-large predators, cheetahs are known to be more
timid and to usually avoid confrontation. From an evolutionary perspective, cheetahs
mostly need to outrun their predators and competitors, making them also potentially
more vulnerable to visitor impact than other same-size or larger predators. Previous
research has also shown that wild cheetahs choose environments with greater numbers
of large predators (e.g., lions and leopards) over environments with human settlements
and may view humans as a larger threat [65]. Additional research conducted by Terio
et al. [66], indicating significantly higher fGM concentrations in captive cheetahs than free-
ranging cheetahs, supports this idea. In many zoos, including the Oregon Zoo, cheetahs
are housed in exhibits with combined ‘off-exhibit’ (no visitor viewing) and ‘on-exhibit’
(visitor viewing) access. However, to maximize the visitor viewing experience, many
times cheetahs are only allowed access to their off-exhibit areas at night. This can result in
limited retreat options for cheetahs and force cheetahs to remain in an environment that
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prevents the expression of their natural hiding and escape behaviors, possibly affecting
changes in behavior expression (e.g., more hiding, less restful behaviors) and increased
fGM concentrations. This was reported by Baird [51], who found significantly higher fGM
concentrations in cheetahs housed on-exhibit than those housed off-exhibit. In summary, it
is essential to fully understand a species’ natural history and behaviors when designing
visitor accessibility to minimize the potential negative effects of visitor attendance.

While this study revealed some significant changes in behavior and minimal changes
in fGM concentrations associated with transitions in visitor attendance, we acknowledge
the limitations of the study. Since behavioral data for the “Open” observation period were
collected through general welfare monitoring sessions (prior to the official start of the study)
rather than in conjecture with a formal study, observations did not occur as frequently as
for the other categories. These data, while limited in frequency, were important to include
as they do represent behaviors observed for both species within the time frame for baseline
data observation, while visitors were present under pre-COVID conditions. Second, only
two individuals per species were analyzed, since these represented the available study
population for the species at Oregon Zoo at the time when the study started. Third,
behavior expression and fGM concentration reactions are unique to both species and to the
individuals within each species. Multiple individuals of the same species can be exposed
to the exact same stressor but show differing physiological and behavioral responses,
depending on genetics, life experience, gender, and age.

Finally, the effect of each transition period appeared to be relatively minor for each of
the species and individuals. This study highlights that visitor presence is less influential
than other factors, such as veterinary procedures, social changes, and seasonal fluctuations.
This is an important conclusion; visitor presence is a factor in almost all zoo animals’
environment. While visitor presence may be a low-grade chronic stressor, it is not as
influential as other factors the animals experience. It is, therefore, of major importance
to carefully document and consider all life events possibly impacting an individual’s
experience when analyzing data obtained for the purpose of visitor presence studies.

5. Conclusions

While the global COVID-19 pandemic has had many negative impacts on zoos and
aquaria, especially from a financial perspective, it did allow for an unusual study opportu-
nity of zoo animals without any visitors present. This has allowed us to gain more insight
into which behaviors cheetahs and giraffes at the Oregon Zoo may exhibit when only
in contact with care staff. The current study was an opportunistic attempt to document
behavior and hormonal changes observed during periods of transition in visitor access in
two mammal species we had been already monitoring.

The results of this study indicate two important conclusions: (1) there were significant
differences in the adrenal activity of giraffes and cheetahs at the Oregon Zoo between
transition periods but not within them and (2) there was only one significant difference
in behavior frequency (cheetah: ‘not visible’) that occurred within a transition period.
All other significant behavioral changes were between the two different visitor transition
periods. This indicates visitor presence may less prominently affect behavior an fGM
concentrations on zoo-housed cheetahs and giraffes than other factors, such as seasonal
fluctuations, social changes, or medical procedures.

While we note the limitations of this study (small sample size, uneven observation
counts, and possible compounding effects), we believe that some of the results may warrant
further examination. The finding of an increased amount of time spent ‘not visible’ for
cheetahs when the Oregon Zoo reopened may indicate a need for additional retreat areas to
provide choices for cheetah to move further away from the public and have a comfortable
space to do so, when needed. For giraffe, the increased vigilance behavior may indicate
a heightened sensitivity to small amounts of visitors or small groups rather than large
consistently moving groups and this phenomenon might benefit from further studies, to
look at the impact of small visitor group access afterhours or for giraffe feeding.
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Finally, we reiterate the individualistic nature of both behavioral and adrenal responses
to stressors and to emphasize the difficulty in crediting these changes to a single cause
given the various changes that occurred concomitantly with changes in visitor presence.
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