Improving the Lives of Z0o

Animals with Technology:
A Historical and Empirical Perspective
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Talk Syllabus:

* We will focus on improving the lives of zoo
animals with technology in 3 parts:

1. Technological enrichment, including both
interactive and non-interactive forms.

2. Improving exhibit design, including by
Temporary Exhibit Design (TED).

3. The ability to monitor welfare, including
with software.

®* The goalisto be empirical and
technological in how we improve welfare.



History of enrichment

(see Fernandez & Martin, 2021).

The concept started as a behavioral
engineering endeavor in the 1970’s &
1980’s (Markowitz, 1978; 1982;
Markowitz & LaForse, 1987)

In other words, it was devised as a
technological operant conditioning
procedure!

Markowitz saw animals in an
environment (antecedent stimuli) that
he wanted doing specific responses
(behaviors), so he rewarded the actions
(consequence):

Antecedent — Behavior - Consequence

three-term
contingency



-or example:
Pacing polar bears
and chasing servals

Polar bears paced all day.

Markowitz created a voice-activated
mechanical device.

Device attached to conveyer belt with fish.
Polar bears vocalized into microphone; fish

launched into exhibit.
OR —servals presented with artificial
prey.

Serval chased prey; got food reward.




History of enrichment (cont.):
Criticisms and advancements

Critics argued that behavioral engineering was
contrived.

Animals needed complexity: naturalistic complexity
(Hancocks, 1980; Hutchins et al., 1984).

Markowitz (1982) responded to some of these
criticisms by noting that, “the best interests of
captive animals may not be served by making
their state as ‘wild” as possible.” (p. 12).

Nonetheless, Markowitz did start incorporating
‘natural’ designs (see Markowitz et al., 1995).

Today, enrichment involves both engineered and natural
arrangements (Forthman-Quick, 1984).
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We conducted a systematic scoping review
on the use of technological enrichment:

Technological Enrichment: Devices or
events with automated internal mechanics
that are at least partially self-controlled.

Interactive: Manipulation of the device or
event that results in a direct consequence
as a result of the interaction.

A total of 22 published studies were
included in the review.



Figure 2. Distribution of species used in technological enrichment studies, grouped by taxonomic order. The sunburst chart illustrates the number of studies associated witheach
species (e.g. orangutan [Pongo spp], chimpanzee [Pan troglodytes), sun bear [Helarctos malayanus)) and higher taxonomic grouping (e.g. primates, camivores). Larger segments
represent species more frequently studied.
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Figure 3. Number of articles published from 1978 to 2024 that assessed technological
enrichment in zoos, aquaria, or wildlife parks. The dark blue bar shows the total
number of articles by year, while the light blue bar shows the subset of studies involving
interactive technologies (e.g. touchscreen devices or motion sensors).
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Figure 4. Frequency of each enrichment type (sensory, food, cognitive, structural,
social) across the 25 studies reviewed. Bars are divided by interactivity: dark orange =
interactive technology (e.g touchscreens, push-buttons), light orange = non-interactive
technology (e.g. speakers, automated feeders).



Table 2. Classification of technological enrichment types used in zoo, aquaria, and wildlife park studies. Technologies are categorised as interactive or non-
interactive, with definitions, the number of studies using each technology, and the species (common names) involved. Interactive technologies require animal-
initiated input (e.g.computers, push-buttons), whereas non-interactive devices operate automatically (e.g., speakers, response-independent feeders)

Computer Electronic devices equipped with screens and capable of 8 Orangutan, Chimpanzee, Sun Bear,
running programs, displaying content, or enabling Japanese Macaque
interactive experiences

Motion Sensor Device that detects the presence or movements of animals 2 African Leopard, Chimpanzee
and responds accordingly

Projector Device that displays visual content onto surfaces within the 1 Orangutan

animal’s enclosure

Push-button A mechanical or digital button that triggers a pre-programmed 2 Mandrill, Asian Small-Clawed Otter
response when pressed by the animal

Speaker Device that plays audio content, such as recorded animal calls, 5  Gorilla, Elephant, Lemur, Dolphin
music, or environmental sounds

Video Moving images or pre-recorded content to stimulate animals 4  Dolphin, Orangutan, White-Faced Saki
visually

Response Independent Device that releases food or treats at predetermined intervals 3  Red Fox, Black Bear, Grizzly Bear
Feeder




Future of
Exhibit
Design

(Fernandez,
Brereton, &
Coe, 2023)

The science of exhibit design is a two-
part process:

1. Assessment (use of typical and
newer welfare tools and topics).

2. Intervention (Temporary Exhibit
Design; TED).

Also reliant on individualized data
(welfare is always a science of n = 1).




Assessment of Exhibit
Design

Newer measures include:

Behavioral Diversity (Brereton &
Fernandez, 2022a; Miller et al., 2020)

Enclosure Use Variability (Brereton &
Fernandez, 2022b).

Also, considers newer areas of research,
including Choice and Control (Brando &
Buchanan-Smith, 2018) and (Human-
Animal Interactions (HAIs) or Animal-
Visitor Interactions (AVIs) (Fernandez &
Sherwen, 2024).




Temporary Exhibit
Design (TED)

Using DATA to determine INDIVIDUAL
exhibit use.

Exhibit Design is usually done by:

With TED, we can test potential
prototyped structures.




For example:

Animals might be anecdotally observed to be more visible
in areas where it is darker/covered.

TED: provide more temporary covering (tarps).
Collect data on tarp vs. non-tarp area use.

The results can be used to guide permanent exhibit
designs.



What can
we test?

Everything!

You can test not only the TED, but
types (parametric) of TED (e.g.,
different temporary pool depths;
course/fine texture of substrate)
and visitor/staff responses to TED.

This can also help guide
permanent mechanical
enrichment structures (see
Fernandez & Martin, 2021;
2023).




The Enclosure MonitoR Use (EMU) App

(Brereton, Tuke, & Fernandez, 2025):

The ZooMonitor software (Wark et al., 2019) has been
critical for collecting behavioral data of zoo animals.

However, limitations exist in terms of making exhibit use
comparisons beyond heat maps.

Therefore, we created the EMU app to allow for better
exhibit use comparisons.
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FIGURE 1 | Hypothetical enclosure for one ostrich. [Color figure B % J 3
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FIGURE 2 | A hypothetical example of ostrich enclosure use, using the output from EMU. Here, different behaviors appear as different colors.
This image shows where individual behaviors are most likely to occur. [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 5 | An XY scatterplot, made using space use data collected from the hypothetical ostrich data, with a 6 x 6 grid, and five different
“zones” (as shown by the different shaded colors). In this case, the perimeter of the exhibit has been selected as a zone (zone 5) because it is close to
visitors. The dividing fence between exhibits is also a zone (zone 3). EMU allows the user to self-select specific zones in an enclosure, up to a
maximum of five different zones. These zones feed into all enclosure use analysis, such as Entropy, mSPI, and Electivity Index. [Color figure can be
viewed at wileyonlinelibrary.com]
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FIGURE 6 | EMU outputs for the hypothetical data ostrich for (A) Entropy at base 10, and (B) mSPI, using the zones assigned in Figure 5. These

values demonstrate the evenness of space use for specific behaviors (for Entropy, higher values indicate even space use, whereas for mSPI, values
vary between 0 and 1, with values closer to 0 demonstrating more even space use). [Color figure can be viewed at wileyonlinelibrary.com]
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Summary:

Technology plays a critical role in how we
provide for animal welfare efforts.

We can effectively use technology to
create better enrichment, exhibits, and
monitoring systems.

It is the combination of technological

environments (enrichment & exhibits) and
empiricism (monitoring) that should allow
us to best improve the lives of zoo animals.
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