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Abstract — Studies of nonhuman primate cognition have traditionally employed subjects from the monkey
(Cercopithecoidea) and ape (Hominidae) lineages, with relatively much less examination of the phylogenetically
intermediate gibbons (Hylobatidae). To begin to rectify this gap in our understanding of primate cognition, we used a
short-term training and testing method to preliminarily evaluate siamang gibbon (Symphalangus syndactylus)
performance on a battery of standardized cognitive tasks, using Monkey CANTAB cognition testing software
(Lafayette-Campden Neuroscience) and a computer touchscreen apparatus. Five different operant tasks examining
distinct perceptual and cognitive functions were used to train and test each subject over a period of five weeks. Over
1900 cognitive testing trials were completed with three subjects. Despite limited training and testing opportunity, all
siamangs achieved proficiency scores well above chance (> 65%) in both Concurrent Discrimination and Spatial
Working Memory tasks. Over the limited training opportunities available, our subjects did not achieve proficiency in
Delayed Match-to-Sample, Paired Associates Learning, or Conditional Visual Discrimination tasks; however, subjects
did exhibit (to varying degrees) improved performance in these tasks, suggesting that additional training may lead to
higher proficiency and that siamangs demonstrate effective, task-based learning capabilities. We present one of the
first successful tests of a hylobatid ape using touchscreen cognitive testing methods and demonstrate that hylobatids
can be evaluated using the same methods now commonly employed in tests of other nonhuman primates. Further, our
testing regime proved to be behaviorally rewarding for our subjects, suggesting that hylobatids may benefit from
advanced forms of interactive cognitive enrichment.
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Cognition is the study of the complex mental processes that guide advanced behaviors, such as the
cracking of a nut with a stone, or evaluating variable “ripeness” among the thousands of food items found
in tropical forests (Hill, 2006; Vodel et al., 2009; Zuberbiihler & Janmaat, 2010). One of the best ways to
observe and study these processes is by examining the cognitive behaviors of our closest living relatives,
the nonhuman primates (NHP). Although comparative study of nonhuman primates is by no means a new
endeavor, the scope of species involved has been relatively limited. Most studies of NHP cognition evaluate
members of the catarhines (Cercopithecoidea; Egelkamp et al., 2018; Joly et al., 2014; Munger et al., 2017;
Nagahara et al., 2010; Ryan et al., 2019; Rodriguez et al., 2011; Taffe & Taffe, 2011; Vogel et al., 2009;
Weed et al., 2008; Zurcher et al., 2010) or the great apes (Hominidae; Beran et al., 2016; Call, 2001, 2010;
Cronin et al., 2017; Damerius et al., 2019; Hopper et al., 2019, 2021; Inoue & Matsuzawa, 2007;
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Kanngiesser & Call, 2010; Kohler, 1925; Morimura & Matsuzawa, 2001; Osvath & Martin-Ordas, 2014;
Rumbaugh & Rice, 1962; Vonk, 2013; Vonk et al., 2013; Vonk & MacDonald, 2004; Vonk & Rastogi,
2019; Wagner et al., 2016; Wobber et al., 2014; Yerkes & Yerkes, 1929). Despite certain species of
hylobatid (e.g., Hylobates lar) being commonly housed in captivity, most studies exclude gibbons and
siamangs (Abordo, 1976; Andrieu et al., 2020; Caspar et al., 2018; Cunningham et al., 2006; Sanchez-
Amaro, 2021), which occupy a phylogenetic position between the two more-commonly studied groups
(Hopper, 2017).

In many ways, hylobatids are unique when compared to other extant apes. They are the only
obligatory brachiators (of the extant apes), and they are also much smaller in mass than other ape species
(Bartlett, 2007; Brockelman et al., 1998). Behaviorally, one of the most defining characteristics of the
hylobatids is their pair-bonded sociality. Hylobatids are the only apes that demonstrate long-term pair-
bonding and live in small family groups, which most commonly consist of an adult breeding pair and their
offspring (Leighton, 1987). This social structure includes close social bonds between the mating pair, vocal
duetting between mates, lack of a prominent dominance hierarchy among group members, little to no sexual
dimorphism, and a shared territory, which the pair defends together (Brockelman et al., 1998; Chivers,
1974, 1976; Liebal, 2016; Reichard et al., 2016). However, recently there have been reports of hylobatid
group “plasticity,” with family units consisting of two males, one female, and their shared offspring, along
with extra-pair copulations by females living in one-male, one-female pair groups, suggesting that some
female gibbons may be polyandrous (Barelli et al., 2008; Palombit, 1994; Reichard et al., 1995). Even with
these findings, pair-bonding and small family group-living are staples of hylobatid sociality, tightly coupled
to their ecology and behavior, and also, very likely to their cognition (Liebal, 2016).

Comparative Neuroanatomy is Predictive of Hylobatid Cognition

As hylobatids are underrepresented in cognitive studies, one can use comparative neuroanatomy to
suggest how hylobatid cognition may compare to that of other NHP taxa. As noted by Jerison (1973) and
others, brain volume varies widely across the hominoids, from 400-700 cm® in gorillas (Gorilla gorilla), to
300-500 cm® in orangutans (Pongo pygmaeus) and 300-400 cm® in chimpanzees (Pan spp. Schultz, 1930).
Siamangs (Symphalangus syndactylus) exhibit the largest body and brain masses (100-150 cm®; Tobias,
1968 among the hylobatids, with Hylobates and Nomascus gibbons having reported brain sizes ranging
from 80-120 cm® (Schultz, 1930; Tobias, 1968, 1971). That hylobatids have the smallest brain mass among
the apes is expected, given that they also have the smallest body sizes within the Hominoidea (Jerison,
1973). Given the noted allometric relation between body and brain masses within the apes (Jerison, 1973,
1982; Smith & Jungers, 1997), multiple investigators have recognized the need to consider relative, rather
than absolute, encephalization, suggesting that the amount of cortical expansion itself (measured by the
overall surface area of the brain) may be more directly related to cognitive performance (Cunningham et
al., 2016; Passingham, 1981).

In comprehensive studies by Rilling and Insel (1999) and Rilling and Seligman (2002), the
neocortical volumes of 11 species of living haplorrhines were measured via MRI imaging. The neocortex
volume (measured as neocortex ratio) for one species of gibbon (Hylobates lar) was reported to be 1.16,
compared to those of the orangutan (1.14), chimpanzee (1.3), gorilla (1.0), baboon (sp. Papio, 0.8), macaque
(sp. Macaca, 0.71) (Rilling & Insel, 1999). By this neocortex ratio measurement, hylobatids exhibit
encephalization comparable to that of the great apes, and greater than that of baboons and macaques.
However, these ratios are somewhat non-uniform across the primate lineage. For example, the measured
neocortex ratio of the capuchin monkey (Family Cebidae) was 1.28 (Rilling & Seligman, 2002).

As an alternative measure of cortical enlargement, Zilles and Rehkédmper (1988) proposed a
“Gyrification Index” as an evaluation of the degree of neocortical folding. By this measure, gibbons, with
a Gyrification Index of 1.9, exhibit lesser encephalization than do the great apes (orangutan (ssp. Pongo):
2.29, gorilla (sp. Gorilla): 2.07, chimpanzee (sp. Pan): 2.19; M = 2.18), and are more similar to monkeys
(baboon (sp. Papio): 2.03, mangabey (sp. Cercocebus): 1.84, macaque (sp. Macaca): 1.73; M = 1.87;
Rilling & Insel, 1999) in this regard. Likewise, Semendeferi et al. (2002) demonstrated that the frontal lobe
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proportional volume of gibbon Hylobates lar (29.4% of cerebral hemisphere volume) was more similar to
that of capuchin (30.6%) and macaque (30.6%) monkeys than to that of the larger apes (orangutan: 37.6%;
gorilla: 35.0%; chimpanzee: 35.4%; bonobo: 34.7%; M = 35.7%; Semendeferi et al., 2002).

Hylobatids are represented relatively poorly in these neuroanatomical assessments, with most
studies evaluating a very small number of individuals of a single genus, typically Hylobates (Cunningham
et al., 2016; Semendeferi et al., 2002). If cognitive capability is indeed simply related to aspects of whole-
brain or frontal lobe volume/folding, the limited data available suggest that hylobatids should be at least as
cognitively capable as the monkeys (Cercopithidae). More comprehensive neuroanatomical data is needed
for all species of hylobatids to gain a more complete understanding of their neurological structure,
capability, and intelligence (Cunningham et al., 2016).

History of Hylobatid Cognitive Evaluation

Prior considerations of the cognitive abilities of hylobatids have often described their understudied
and poorly understood nature as that of an enigma (Abordo, 1976; Cunningham et al., 2006; Rumbaugh,
1970). The French zoologist, Louis Boutan, noted learning with voluntary attention [analogous to what we
today would term ‘insight’ (Abordo, 1976)] in one gibbon he tested with a series of puzzle boxes similar to
those used by Thorndike (1911) in his tests of cat problem solving (Boutan, 1913, 1914). Additionally,
while examining the problem-solving abilities of hylobatids using tests modeled after Kohler’s “string”
experiments, Beck (1967) reported that his hylobatid subjects performed on par with Kéhler’s chimpanzees.

Rumbaugh and McCormack (1967) reported very mixed hylobatid performances in their
comparative studies on associative learning and object discrimination. While most hylobatid subjects tested
poorly in comparison to other apes (Pan, Gorilla, and Pongo), Rumbaugh and McCormack (1967) also
noted that modifications of their testing method (removing the reward from behind a glass viewing window)
during their study allowed their gibbon subjects to perform at higher levels of proficiency, serving as an
important reminder that not all forms of NHP cognitive evaluation are equally useful across study species
(Abordo, 1976; Bates & Byrne, 2015; Beck, 1967; Beran et al., 2016; Tomasello & Call, 1997).

Despite limited studies, hylobatids have been reported to exhibit tool use (Cunningham et al., 2006,
2011, 2016), self-awareness (Fedor et al., 2008; Heschl & Fuchsbichler, 2009; Ujhelyi et al., 2000), and
selective problem-solving abilities (Cunningham et al., 2006, 2011, 2016; Hill et al., 2011; Inoue & Inoue,
2002). Similarly, their unique-complex pair-bonded sociality, communicative duetting abilities, and neural
encephalization may suggest a relatively high level of cognition (Bates & Byrne, 2015; Byrne, 2004;
Dunbar, 2003; Freeberg et al., 2012; Reichard & Barelli, 2008). To generate data that would inform
questions about hylobatid cognitive capabilities, we performed a preliminary evaluation of hylobatid
cognition with siamang gibbons (Symphalangus syndactylus), using an array of five standardized cognitive
tasks presented on a touchscreen.

Current Focus

To quickly identify which cognitive tasks may prove most worthwhile for hylobatid cognitive
evaluation, we employed a “rapid assessment” study design, in that each subject received limited training
on each cognitive task. The primary goals of our study were to (i) test whether touchscreen devices can be
used for hylobatid cognitive assessment via operant techniques, (i7) perform a preliminary evaluation of the
kinds of cognitive tests that may be useful in evaluation of hylobatid cognition (from a battery of
standardized and commonly used cognitive tasks), and (iii) promote future cognitive testing and enrichment
in hylobatids. To these ends, we show that (i) hylobatid cognition can be evaluated using touchscreen testing
methods and digital task technology, and (i7) most subjects readily adapted to operant instruction, routinely
performing at high work rates, and actively seeking additional instrument interaction. That our subjects
actively engaged with our tasks and achieved test proficiencies > 65% on some tasks over relatively short
training/testing periods demonstrates the potential of touchscreen devices in both hylobatid cognitive
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evaluation and cognitive enrichment, while also providing evidence that hylobatid cognitive abilities in
relation to learning may be more flexible than previously reported.

Method
Ethics Statement

This research was approved by all participating institutions, including the Indiana University of
Pennsylvania (IACUC log #01-1617-R1), the Pittsburgh Zoo and Aquarium (via their [ACUC Committee
and Director of Research), and the Erie Zoo (Erie, PA; via the zoo director, with additional approval from
the Association of Zoos and Aquariums [AZA]). The research protocol and procedures were approved by
each zoological institution’s management and keeper staff, with all training and testing sessions conducted
in the presence of a primary keeper. The test subjects remained the property of, and under the care of, their
home institutions at all times.

Subjects and Housing

A total of four siamangs (two adult, monogamous, male-female pairs) participated in this study.
All subjects had been raised by their parents (not hand-reared), and, to our knowledge, were never exposed
to or involved in prior cognitive testing. All subjects had been exposed to small amounts of positive
reinforcement training via their keepers, including target, shifting, and injection site training.

Pair One consisted of one, 7-year-old male (Merlin) and one, 6-year-old female (Leela) housed at
Pittsburgh Zoo and PPG Aquarium in Pittsburgh, PA, USA. Training and cognitive testing of Pair One
occurred from January-March 2017. The male (Merlin) was eventually dropped from the study because of
his failure to use the touchscreen without verbal cues from GM. Pair Two consisted of one, 19-year-old
male (Dandy) and one, 28-old female (Deedee) located at the Erie Zoo in Erie, PA, USA. Their touchscreen
training was conducted from May-July 2017. Their cognitive testing began in July 2017. However, due to
construction on a nearby exhibit, testing was delayed and conducted from December 2017-January 2018.

All subjects remained in their normal housing areas during this study and remained on their regular
husbandry and exhibit schedules. Training and testing sessions occurred outside of public exhibit and
mealtimes, which limited the amount of testing time available. Subjects remained on their normal diets;
water was available ad libitum.

Procedure
Testing Station

The touchscreen testing station (Figure 1) consisted of a 19” ELO AccuTouch pressure-sensitive
touchscreen monitor (ELO Touch Solutions Inc., Milpitas, CA) and an ACER laptop computer (Acer Inc.,
San Jose, CA), affixed on a mobile, compact computer cart (model 698 Black, e-Joy, Orange, CA). The
mobile unit allowed easy introduction and removal of the touchscreen from the outside of the test subjects’
enclosures.

Touchscreen Training Procedure

Touchscreen training sessions for each subject occurred three days per week, with each day
comprising two training sessions (typically, one morning and one afternoon session) lasting 15-30 min per
session. The touchscreen training procedure (via Monkey CANTAB, Lafayette Neuroscience) was
designed to enable subjects to gain familiarity with the touchscreen via presentation of visual and auditory
stimuli and food rewards (one raisin or half of one grape, at each offering). The training procedure began
with a presentation of a large (5 x 5 in), red, square screen icon. With each screen touch of the training icon,
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an audio tone (indicating a correct response) would sound, and a food reward was given to the subject (by
hand), followed by a brief (2 seconds) disappearance of the icon. A smaller version of the same icon would
then reappear. Once subjects reached the smallest icon (ca. 1.5 x 1.5 in, after 10 touches), the touchscreen
testing session would end.

Figure 1

Portable Operant Discrimination Training/Testing Station

| Zl

I

Note. Station equipped with laptop and interactive touchscreen, in front of the testing bench at the siamang enclosure of the
Pittsburgh Zoo & PPG Aquarium. The operator could stand at the front left corner of the workstation (at figure left) and conduct
the experiment via the laptop screen, while the subject interacted with the touchscreen (at figure upper right) through the
enclosure mesh. Photo courtesy of GM.

During touchscreen training, the experimenter was positioned next to the testing apparatus and
often gave verbal and/or physical (pointing at screen) cues to encourage the animals to touch the screen,
especially early in training. When a subject interacted with the touchscreen without verbal or physical cues
from the experimenter, cognitive training began for that subject. All subjects were physically but not
visually separated from conspecifics during training/testing, with the exception of Deedee, who was not
separated from her one-year-old offspring, Damai.

Cognitive Training and Testing Procedure

Once subjects were familiar with the touchscreen, cognitive training and testing sessions began.
Typically, each subject experienced cognitive training/testing three days per week, with each day
comprising two sessions (typically, one morning session and one afternoon session). Cognitive
training/testing sessions normally included ~50 operant trials over 15-30 min per session. During all stages
of cognitive training and testing, subject responses that were ‘correct’ resulted in the automatic sounding
of a ‘chime’ tone (as a reinforcement bridge) via the CANTAB software. GM then rewarded the animal
with a small food reward (dispensed via a feeding pipe), and a verbal reinforcement of “good.” Another
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trial would appear on the screen within ~1 second of reward being given. If the subject selected the wrong
answer(s) during a training/testing trial, a ‘buzzer’ tone was emitted from the testing software, informing
the subject and GM that the subject had selected the wrong answer. When this occurred, the subject would
not receive verbal or food reinforcement. Incorrect responses induced a brief ‘timeout’ between trials (3 s),
after which a new trial initiated automatically.

During cognitive training and testing, GM was not able to see the touchscreen or the task on the
computer monitor, to ensure that GM could not give any unintentional cues (for example, eye or body
movements) to the subjects, to avoid a “Clever Hans” effect (Pearce, 2013). GM was always stationed
behind the computer apparatus during training/testing sessions and moved only to provide food rewards, as
required. With minor exceptions (as noted), each subject experienced the same schedule of cognitive
training and testing (Figure 2). Each subject was trained, and then evaluated, on one cognitive task per
week, with subjects tested on five different cognitive tasks, sequentially, over five weeks. Subjects
experienced three days of cognitive training/testing per week. The first two days (four operant sessions) of
each week were used as training periods, allowing subjects the opportunity to learn how to perform the
week’s task.

The two operant sessions that occurred on the third (and last) day of the week were used for
evaluation of subject performance on that week’s task. All data presented here were generated on subject
task evaluation days, after two days (four sessions) of training on that week’s cognitive task. This compact
schedule provided subjects only ~200 operant trials (over four sessions spanning two days) to learn a
cognitive task before being evaluated on it (during the third and final day of testing for the week, comprising
two 30 min sessions of ~50 trials each). This time-constrained schedule was chosen both as a function of
limited subject availability (due to facility schedules for animal husbandry and exhibition) as well as a
desire to perform a brief, but intense, triage of subject performance across these tasks. Subjects were able
to learn some, but not all, of the cognitive tasks during this short training interval. All cognitive training
and testing was done without GM instruction or intervention. Throughout the study (~ 90 training/testing
sessions), early termination of a session occurred only four times due to lack of interest/subject
disengagement from the testing area (Dandy: 3 sessions; Leela: 1 session). All training and testing sessions
were video recorded for additional documentation.

Cognitive Tasks Employed

The siamangs in this study were evaluated via operant techniques on five different cognitive tasks:
Concurrent Discrimination (CD), Spatial Working Memory (SWM), Delayed Match to Sample (DMS),
Paired Associates Learning (PAL), and Conditional Visual Discrimination (CVD). These tasks were chosen
specifically because they explore several areas of core cognitive abilities (Cambridge Cognition, 2016), and
because of their common usage in the testing of human, great ape, and monkey cognition (Call, 2001; Crofts
et al., 1999; Fedor et al., 2008; Joly et al., 2014; Kohler, 1925; Leighty et al., 2011; Nagahara et al., 2010;
Rodriguez et al., 2011; Rumbaugh et al., 1972; Rumbaugh & McCormack, 1967; Taffe & Taffe, 2011;
Tomasello & Call, 1997; Weed et al., 2008; Zurcher et al., 2010). Successful completion of any task
required visual evaluation of on-screen stimuli (of software-controlled number, shape, color, position, and
duration) followed by subject physical pressing of touchscreen icon location(s) as responses. The location
of each stimulus changed (in software-controlled order) between each trial/block to ensure that location
bias did not occur. Subject responses and performance at each task automatically were logged by the
CANTAB software.

With minor exceptions as noted, each subject was evaluated during two operant sessions, typically
of 15-30 min duration, during the third and final day of cognitive task exposure for the week (Figure 2).
Task evaluation sessions are defined here as contiguous periods of time during which operant interaction
was available to the subject. Each task evaluation session began with a particular cognitive task, at a specific
level of task difficulty. For some tasks, task difficulty automatically increased (by increments of stimulus
number or delay) if subjects reached proficiency at a given task level, resulting in several trial “blocks” of
increasing difficulty within a single training session, with each trial block constituting all operant trials at
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a particular difficulty level for the task at hand. Subjects’ task sessions were of similar length (# of operant
trials) for all cognitive tasks employed; subject tasking performance was evaluated once subject testing was
completed.

Figure 2

Schematic of the General Training and Testing Schedule Employed

Week Cognitive task
Day 1 Day 2 Day 3
1 CD g || || Taning || || Evaluation
Caining || || Taining || || Evaluation
2 SWM (training/testing schedule as above)
3 DMS (training/testing schedule as above)
4 PAL (training/testing schedule as above)
5 CvD (training/testing schedule as above)

Note. Each subject was trained and tested on five different cognitive tasks, sequentially over five weeks, and each subject
experienced only a single cognitive task each week. Where CD = concurrent discrimination, SWM = spatial working memory,
DMS = delated match-to-sample, PAL = paired associates learning, and CVD = conditional visual discrimination. Each week
included two days (four sessions) of training on the task for that week, followed by one day (two sessions) of evaluation of
performance on that week’s task. All subjects were presented with the tasks in the above order except for the Pair 1 female who
was trained and tested on the tasks in this order: CD, DMS, CVD, SWM, and PAL. All data presented herein result from the final
day of testing within each week.

The form of each task was as follows:

1. Concurrent Discrimination (CD; Figure 3): This task evaluates components of core cognition,
including learning and habit-forming cognition (Hood et al., 1999). During each trial, subjects were
presented with two visual stimuli that differed in color or shape (stimuli icons: purple bow tie, purple
triangle, yellow star, purple hourglass, white circle). Only three of the stimuli (purple bow tie, yellow star,
and purple hourglass (randomly selected) were the “correct” stimuli when paired with the three other visual
stimuli (“incorrect” stimuli). Each correct and incorrect stimulus was used once for each testing block,
which consisted of ~50 trials. However, it should be noted that, because of her proficiency with this task,
the protocol for subject Leela eventually included additional “incorrect” stimuli (instead of one), in order
to increase the difficulty of the task. Subjects had to learn which stimulus was the “correct” stimulus during
the brief two-day training phase. Subjects were rewarded for touching the “correct” stimulus, but not for
touching the distractor stimulus (Cardinal & Aitken, 2010). Proficiency (10 correct trials within a testing
session) resulted in an automatic increase in the number of stimuli presented (up to 4 stimuli and 4 screen
locations, for subject Leela) with the “correct” stimulus remaining the same. The stimuli were located in
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either the right, left, or middle quadrants of the screen. Subjects completed an average of 295 CD trials
(range: 286 — 300) during their evaluation sessions.

Figure 3

Example Trials for the Concurrent Discrimination (CD) Task

Trial # n

Stimulus Correct Response

Trial # (n +1)

Stimulus Correct Response

Note. Images modeled after Monkey CANTAB, Lafayette Instrument Company. Icon sizes exaggerated here for presentation.

2. Spatial Working Memory (SWM; Figure 4): The “self-ordered” SWM task evaluates
executive function, retention, and working memory (Cambridge Cognition, 2016). In this task, visually
identical stimuli (yellow star icon; minimum of two) appeared on the screen in different locations (within
a 16-way scattered pattern grid scheme), and the subject was required to select each stimulus in turn without
revisiting a stimulus already touched (Cardinal & Aitken, 2010). Choosing the stimuli in any singular and
complete sequence constituted a correct response. Failing to select all of the stimuli or “double touching”
any single stimulus resulted in an incorrect response. Once a subject achieved 10 correct trials with a given
number of stimuli, task difficulty automatically increased via increments of stimulus number (up to 6
stimuli for subject Leela). Subjects completed an average of 104 SWM trials (range: 70 — 125) during their
evaluation sessions.
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Figure 4

Example Trial for the Spatial Working Memory

Note. Images modeled after Monkey CANTAB, Lafayette Instrument Company. Icon sizes exaggerated here for presentation.

3. Delayed Match to Sample (DMS; Figure 5): This task evaluates both visual matching ability
and short-term visual memory (Cambridge Cognition, 2016). In this DMS task, a target stimulus (one
checkered square) appeared for a fixed duration of three seconds in the middle of the screen, and then
disappeared for a three second delay interval. The target stimulus was selected by the CANTAB software
for each trial from a test bank of three similar figures. Then, the target stimulus was displayed with two
additional, similar but visually unique, distractor stimuli. Both distractor stimuli (non-identical checkered
squares) were chosen randomly by CANTAB software from a bank of six similar stimuli, each having a
different color pattern from the “correct” stimulus square. Subjects were required to identify the initial
stimulus from this group (Cardinal & Aitken, 2010). The form of the target stimulus automatically changed
between trials. As subjects gained proficiency within a test session, task difficulty automatically increased
as a lengthening of the delay period from its initial value of O s to as long as 5 s. Subjects completed an
average of 107 DMS trials (range: 88 — 125) during their evaluation sessions.

Figure S

Example Trial for the Delayed Match-to-Sample (DMS) Task

Phase 1 Phase 2 Correct response

Note. Images modeled after Monkey CANTAB, Lafayette Instrument Company. Icon sizes exaggerated here for presentation.

4. Paired Associates Learning (PAL; Figure 6): This task assesses learning and visual memory
(Cambridge Cognition, 2016; DeLuca et al., 2003). Subjects complete this task by responding to both the
shape and the position of presented stimuli. At the start of a PAL trial, subjects were sequentially presented
with three on-screen stimuli, of different colors/shapes/positions (stimuli were randomly selected by the
software from those within the CANTAB icon library). After a three second delay, one of the initial stimuli
was shown in all three locations at which the initial stimuli had been depicted. To correctly respond, subjects
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were required to select the icon at the screen location that corresponded to the original location at which
that same stimulus had been presented. Subjects completed an average of 88 PAL trials (range: 56 — 120)
during their evaluation sessions.

Figure 6

Example Trial for the Paired Associates Learning (PAL) Task

— — —>

(3) Individual Sample Phases Choice Phase

(correct response circled)

Note. Images modeled after Monkey CANTAB, Lafayette Instrument Company. Icon sizes exaggerated here for presentation.

5. Conditional Visual Discrimination (CVD; Figure 7): This task evaluates retention, learning
and working memory (Cambridge Cognition, 2016). CVD trials began with the onscreen presentation of
three different stimuli (stimuli: red heart, blue rectangle, yellow “V”) in a horizontal row. One of two
possible stimuli occupied the middle position, and the identity of the middle stimulus determined whether
the subject should choose the left-side or right-side stimulus as the correct response. Subjects completed an
average of 116 CVD trials (range: 111 — 122) during their evaluation sessions.

Figure 7

Example Trials for the Concurrent Visual Discrimination (CVD) Task

Trial #n Trial # (n + 1) Trial # (n + 2)

X

Correct Correct Correct
Response Response Response

Note. Images modeled after Monkey CANTAB, Lafayette Instrument Company. Icon sizes exaggerated here for presentation.
Data Analysis

Each cognitive trial was automatically scored for correct/incorrect responses. After all training and
testing sessions were complete, CANTAB raw data files were exported to Microsoft Excel (Microsoft
Corp.; Redmond, WA) for tabulation. Statistical analyses were performed in SPSS (v. 25.0, IBM, Armonk,
NY). Analysis focused upon measures of subject performance during final (day three) evaluation sessions
for each of the five cognitive tasks employed. Training data (collected during the 2 days each week prior to
testing/evaluation day) were collected but unfortunately lost due to a malfunctioning hard drive. Because
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we had no prior expectation for how hylobatid task performance would evolve during testing sessions, we
examined subject task performance in terms of both end-of-session cumulative performance (cumulative
% of trials within a testing session for which a correct response was given) as well as in terms of subject
within-session peak performance (maximum cumulative performance within a session after a minimum of
10 trials). Subjects were noted as having achieved proficiency in a particular task when they achieved an
end-of-test-session (or test block) cumulative performance of > 65% correct responses during the task, as
determined during post-task analyses. This achievement threshold is somewhat lower than that used in other
studies of primate cognition (e.g., Beran et al., 2016; Tomasello & Call, 1997; Vonk et al., 2013), and was
chosen to reflect the preliminary nature of these investigations as well as the limited training available to
subjects. As noted below, this a priori threshold of > 65% reliably separates subject cognitive performance
between those tasks on which subjects performed well and those tasks which subjects failed to grasp.
Performance measures were compared both across testing sessions and task types within subjects, as well
as within task types across subjects. Correlations between task difficulty level and subject performance
were evaluated using Pearson’s 7 statistic. The distribution of subject performance variation among subjects
and across task types was examined using a repeated-measures GLM. Any performance measure
(cumulative or peak) that exceeded our a priori threshold of > 65% correct performance was evaluated for
statistical significance using the binomial test. As a test of the degree to which task performance was related
to task type or subject identity, we used repeated-measures ANOVA to evaluate end-of-session cumulative
performance on the base (lowest) level of task difficulty, across all task types and subjects. Exact binomial
probability values are reported when available; asymptotic estimates of them are reported otherwise. All
statistical tests were two-tailed; the alpha threshold for the significance of statistical testing was set to .05.

Results

A total of 1,915 cognitive trials were completed by the three siamang subjects, across five different
cognitive tasks. Cognitive performance varied between subjects and within subjects across tasks. The
siamangs were able to achieve proficiency scores well above chance (> 50% cumulative performance) for
some, but not all, of the cognitive tasks employed.

Overall, subject performance varied more strongly across tasks (F(4, 8) = 7.484, p < .01, yp? =
0.789) than among subjects (F(2, 2) = 0.194, p = .838). Post-hoc tests (Tukey’s Least Significant
Differences) across task types reveals that subject performance on CD and SWM tasks were statistically
distinguishable from CVD, PAL, and DMS task performances (pair-wise task performance comparison p
values from .058 —.079). Subjects were most successful at the Concurrent Discrimination (CD) task (Figure
8); all three subjects achieved proficiency (> 65% cumulative performance) on one or more blocks of CD
test trials. All of the siamangs also exhibited proficiency in the Spatial Working Memory (SWM) task
(Figure 9). Both Deedee and Dandy completed test blocks of two objects with > 65% correct performance,
while Leela exhibited 100% correct performance in a test block of three objects. All subjects exhibited
sufficient performance (e.g., > 10 correct trials within a test block) during SWM testing to experience
automatic increases in task difficulty. During both CD and SWM tests, subjects achieved sets of > 10
successive testing trials that were entirely or mostly correct, clear evidence that subjects understood the
mechanics of the tasks.

In contrast to their capability at CD and SWM tasks, the siamangs did not achieve proficiency on
Delayed Match-to-Sample (DMS; Figure 10), Paired Associates Learning (PAL; Figure 11), or Concurrent
Visual Discrimination (CVD; Figure 12) tasks during the limited training available to them. Subject end-
of-session cumulative performances were near or below 50% for all of these tasks, and no subject exhibited
a series of > 10 successive correct trials within these tasks.
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Figure 8

Cumulative Performances for the Concurrent Discrimination (CD) Task, Across Subjects
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Note. For all cognitive test performance figures (Figures 8-12), discrete testing sessions are represented by solid lines at the bottom
of each subject plot, with each color representing a unique testing day for each subject. Essential testing parameters are described
at the bottom of each plot; dashed lines in plots represent 50% (chance) performance during testing. Some sessions contained only
a single block of identical test trials (represented by a continuous set of data points), while others contained multiple blocks
(especially if task difficulty was automatically increased due to subject proficiency). Distinct test blocks are separated by gaps in
the data within test sessions and are labeled with the specific criteria for each block. The number of operant trials in each testing
block or session is indicated within plots. Data are presented separately for each subject evaluated. Subject Leela completed six
blocks of CD trials, over three testing days, while Deedee and Dandy each completed four blocks over two testing days. All subjects
achieved proficiency at CD testing of base level difficulty (only two screen stimulus objects, of the same color), with Leela
achieving task criterion at two additional levels of CD task difficulty involving a greater number of stimulus objects, or objects of
different colors.
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Figure 9
Cumulative Performances for the Spatial Working Memory (SWM) Task, Across Subjects
Spatial Working Memory tasking
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Note. Figure formatting is as described for Figure 8. Each subject was tested during two separate sessions within one day. Subjects
initially were presented with a small number of on-screen stimuli (three for Leela, two for Dandy and Deedee); the number of
stimuli increased automatically after 10 correct responses for a given number of stimuli. All subjects achieved proficiency for one
of more sets of test stimuli, and all subjects exhibited declining performance as the number of test stimuli increased. Leela achieved
both the highest session cumulative performance score (100%) as well as reached the greatest number of stimuli (6). Leela achieved
performance criterion with three stimuli, while both Deedee (once) and Dandy (twice) reached criterion with two stimuli.



Figure 10

Cumulative Performances for the Delayed Match-To-Sample (DMS) Task, Across Subjects
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Note. Figure formatting is as described for Figure 8. Each subject was tested during two separate sessions (on one day for subjects
Dandy and Deedee and over two days for subject Leela). Leela exhibited a high level of performance during the middle of day two
testing, while Dandy achieved enough successful trials during session 1 of testing that task difficulty was automatically raised (via
extension of the inter-stimuli delay duration). No subject achieved end-of session cumulative performance criterion on this task.
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Figure 11

Cumulative Performances for the Paired Associates Learning (PAL) Task, Across Subjects
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Note. Figure formatting is as described for Figure 8. Leela and Deedee were tested during two separate sessions on one day, while
Dandy experienced only one test session. Leela achieved enough successful trials during both of her training sessions that task
difficulty was automatically raised (via addition of extra choice locations). No subject achieved end-of session cumulative
performance criterion on this task.
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Figure 12
Cumulative Performances for the Conditional Visual Discrimination (CVD) Task, Across Subjects

Conditional Visual Discrimination (CVD) tasking
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Note. Figure formatting is as described for Figure 8. Each subject was tested during two separate sessions on a single day. No
subject exhibited proficiency at this task.

Rather than representing a broad continuum of cognitive performances, subject performance on the
five cognitive tasks used here was largely categorical, with relatively proficient performances at CD and
SWM tasks (base difficulty-level average performance scores of 75% and 89%, respectively), and little or
no demonstrated capability at DMS, PAL, and CVD tasks, for which the base difficulty-level average
performance scores were 51%, 39%, and 37%. A frequency assessment of all subject performance scores
across all tasks reveals that the distributions of subject task performance values (both cumulative as well as
peak performances) were largely bimodal, with the majority of values lying at or below chance
performance, with only those performances associated with CD and SWM tasks lying well above our a
priori performance threshold of >65% (Figure 13).
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Figure 13
Overview of Performance Scores
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Note. The distributions of subject test performance scores suggest two general categories of subject cognitive task performance.
Shown here are cognitive task performance scores from the three test subjects across all five cognitive tasks, representing 23
separate combinations of task identify and task difficulty (task key at figure bottom). Subject cumulative performance (computed
as end of test block or test session overall performance for that block or session) is depicted in the left half of the figure, with
subject peak performance (computed as subject greatest task performance within a task block or session, after a minimum of 10
operant trials) depicted at figure right. Insert histograms depict tallies of performance scores by decadal performance category.
Group means are shown as bars within each column of symbols. Subjects exhibited little proficiency at CVD, DMS, and PAL tasks,
and showed more general capability at both CD and SWM tasks. Subject performance scores largely clustered into two groups
(those at or below chance level, and those at >70% task performance, with relatively few intermediate performance scores.

In 16 instances during cognitive testing, individual subjects experienced an increase in task
difficulty (within the same task type) from one test block to the next. These adjustments included increased
delay periods, an increased number of screen icons, or variation in an increased number of icon
characteristics (shapes, colors, or positions). Some of these adjustments in task difficulty were automatic,
due to subjects achieving a criterion number of correct trial performances within a given test block. In all
16 cases, subject cumulative performance (within task) decreased for the test block following an increase
in task difficulty. This effect was seen both in task types in which subjects exhibited proficiency (CD and
SWM tasks) as well as in task types not mastered by our subjects (DMS and PAL). For the SWM test in
particular, changes in test difficulty were very linear (incremental increases in the number of test stimuli;
Figure 9). Across all three test subjects, SWM task performance worsened steadily with an increasing
number of stimuli in the SWM task (Pearson = -.615, n = 17 test blocks, p <.01).

Comparison of End-of-Session Cumulative, Versus Within-Session Peak, Performance Criteria

At multiple points during subject testing, subjects were observed to exhibit a high level of
performance during the middle of a testing session, only to then exhibit lower performance during the latter
portion of the session, causing their cumulative performance measure to decline from its mid-session peak.
Consideration of peak vs. end-of test session (or test block) cumulative performance revealed that within-
session peak performance (after a minimum of 10 trials) exceeded end-of-session performance for 20 of
the 23 different cognitive test iterations used here (Figure 13). That our data collection continued past
subject peak performances allowed us to examine within session changes in performance in some detail.
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Twenty-eight distinct testing sessions were conducted (Figures 8-12), and 11 of them would have
been terminated earlier had we adopted a strict criterion of peak performance >65% as the rule for session
termination. Interestingly, the sessions that could have been subject to early termination were almost
entirely (10 out of 11 total) from CD (6 of 7 total) and SWM (4 of 4 total) sessions (Figures 8 and 9). One
additional DMS session (Leela, day 2) could have been truncated at peak performance after just 11 trials
(Figure 10). In all other test sessions during which peak performance eclipsed end-of-session cumulative
performance (17 of 28 test sessions), neither peak nor cumulative performance was > 65% correct
performance.

At select times during cognitive testing, individual subjects experienced two test blocks of identical
format and difficulty within the same session (n = 7 instances), within different testing sessions on a single
day (n = 16), or on different days (n = 5). The degree to which subject performance improved across these
different iterations is a potentially useful indicator of the manner in which task comprehension progressed.
Subject performance (measured as end-of-test block cumulative performance) improved unevenly across
these different intervals. Performance gains across test blocks (average performance gain of 8.42%) and
test sessions (7.09%) were of similar, small magnitude, whereas the improvement in subject performance
across testing days (average gain of 20.29%) was more considerable.

The youngest test subject (Leela) had the highest cumulative performance rate for four of the five
tasks (with CVD being the exception). She was the only subject to perform above a level of four stimuli in
SWM tasks (achieving up to 6 stimuli; Figure 9), and was the only subject to perform at a level of three
distractor stimuli during CD trials (Figure 8). Older subjects Deedee and Dandy had similar cumulative
performance for all tasks except for CD, in which the male subject (Dandy) tested ~14% (M) higher than
female Deedee (Table 1). On the basis of end-of session (or test block) cumulative performance, Leela
achieved a total of four task proficiencies (Table 1) compared to two for Dandy and one for Deedee. On the
basis of peak within-session (or test block) performance, Leela achieved a total of five task proficiencies
(>65%) compared to two each for both Dandy and Deedee (Table 1).

Discussion

The siamangs exhibited general comprehension of cognitive tasks CD and SWM, but not of DMS,
PAL, or CVD tasks. Thus, our data demonstrate that, with limited training, siamangs can demonstrate a
level of comprehension with novel cognitive tasks, suggesting a form of flexible learning abilities, which
replicates cognitive trends found in the primate evolutionary lineage. Overall, subject performances were
relatively progressive across training and testing sessions, suggesting that individual performances were
not spurious. As noted above, subject performance was responsive to task difficulty, in that subject
performance consistently decreased following incremental increases in task difficulty, demonstrating that
subjects were meaningfully engaged with the testing apparatus and procedure. These data suggest that the
cognitive tasks employed were of appropriate difficulty, representing a meaningful and variable degree of
cognitive load.

Together, these data indicate that (i) touchscreen computer methods can be used successfully for
hylobatid cognitive evaluation, (i) hylobatids are more than capable of reaching basic cognitive task
comprehension and demonstrate successful learning with limited time/training, and (ii7) the cognitive
capabilities exhibited by the siamangs in this study, while not extensively explored, are at least minimally
comparable to those exhibited by other NHP. A more extensive, noninvasive cognitive evaluation of these
very understudied apes should be encouraged within zoos, sanctuaries, and in situ rehabilitation centers, to
support efforts to fully understand how hylobatid cognition relates to primate cognitive evolution and
promote better welfare and husbandry practices for organizations housing/rehabilitating hylobatids.
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Table 1

Subject Cumulative and Peak Performances (Percentage Correct) During Cognitive Testing

Leela Dandy Deedee
Task® Level® . . .
Cumulative? Peak® Cumulative? Peak® Cumulative? Peak®
Base: 2 objects 90 **** 95 " 75 " 86 * 76 * 90 *

1 distractor of same color but

CD different shape e 2
3 distractors of different color but s .
91 95
same shape
CVD (base) 46 55 52 55 54 64
DMS (base) 47 73~ 32 50 38 45
PAL (base) 49 56 33 44 30 45
Base: 2 objects 91 * 91 * 77~ 77~
3 objects 100 *** L 39 58 44 60
SWM 4 objects 59 60 13 30
5 objects 50 50
6 objects 38 45

Note. Shaded results (values above 65% correct) were evaluated for statistical significance using the binomial test®. All subjects
exhibited proficiency at CD and SWM tasks in the limited training/testing time that was available, with lesser capability at CVD,
DMS, and PAL tasks (see Results). * Binomial test significance values represented as — for p > .05, * <.05, *** for < .005, ****
for <.001. ® Indicates the specific cognitive task employed. ¢ Level of task difficulty; automatically advanced for some tests. ¢ The
highest end-of-test-session (or training block within a session) cumulative task performance achieved for a given subject at a given
task level (normally out of 2 testing sessions). ¢ The highest within-session cumulative performance achieved for a given subject
at a given task level, after a minimum of 10 trials within a test session

Although our sample size and experimental design do not allow for assessment of the association
between subject age and cognitive performance, it is worth noting that the youngest subject (Leela)
exhibited better performance than the two older subjects on four of the five tasks used here. She also reached
the greatest levels of difficulty in both the CD and SWM tests. Older subjects have been reported to exhibit
lower levels of cognitive performance than younger subjects in other studies of NHP cognition (Munger et
al., 2017; Nagahara et al., 2010). Whether this trend is due to cognitive decline with age, or due to extrinsic
(non-neural) considerations cannot be determined; testing of more subjects over a broader age range would
be necessary to provide further insight on this issue. Due to scheduling limitations, subjects in this study
were trained and tested during relatively few operant sessions, across a small number of days. As such, our
data were not collected in the fashion typical for most operant studies of NHP cognition, which generally
assess subject performance over a much longer period of time and a much greater number of training trials,
until performance criterion has been achieved (Joly et al., 2014; Leighty et al., 2011; Munger et al., 2017;
Nagahara et al., 2010; Rodriguez et al., 2011; Rumbaugh & McCormack, 1967; Taffe & Taffe, 2011; Weed
et al., 2008; Zurcher et al., 2010). It is common for NHP subjects to have hundreds to thousands of trials to
learn cognitive tasks (Tomasello & Call, 1997), while these subjects were given only ~200 learning trials
for a given task before their performance on that task was evaluated. This is an extremely strict learning
protocol, representing only a fraction of the time and number of trials typically used in many other studies
of NHP cognition (Call, 2001; Leighty et al., 2011; Rumbaugh, 1970). Interestingly, even with limited
training, these subjects demonstrated proficient performance across multiple of the cognitive task presented
in this study (Figures 8-12; Table 1). As such, we are disinclined to conclude that hylobatids are ultimately
incapable of achieving proficiency on the more difficult tasks (DMS, PAL, CVD), as a full assessment of
hylobatid capability on these tasks would require more training opportunity than was available here.

Our testing protocol included, in some cases, a subject being tested on a given task at a fixed level
of task difficulty multiple times, at repetition intervals of differing length (e.g., twice within the same testing
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session, across testing sessions, or across testing days). As described above, improvements in subject task
performance were generally greatest between, rather than within, testing days. These data suggest that, for
hylobatids, single operant sessions per day may be a more productive training/testing design than multiple
operant sessions per day.

As noted above, the performance criterion used here as being indicative of subject proficiency at a
given cognitive task was a cumulative, end-of-block/session performance level (> 65% correct). This is
lower than the 70-80% threshold used in some other studies of NHP cognition, but was chosen here
specifically because our test subjects were given a very limited amount of time to acquire these tasks. The
subject proficiencies reported here are not attempts to estimate subject or species maximal capabilities at
these tasks, but rather to identify those tasks that subjects were quickly able to learn, as a guide to future,
more-extensive testing. In that light, several aspects of subject performance suggest that the >65% criterion
used here was both appropriate as well as effective in identifying those cognitive tasks that siamangs could
quickly acquire. Firstly, adopting a higher performance criterion of 70% produces equivalent results, which
suggests that our results are robust relative to this performance criterion. Secondly, as noted above,
relatively few individual performance scores were close to our performance criterion threshold, with the
majority of scores lying well above, or below, this value (Table 1). This suggests that subject performance
was largely bimodal (proficient, or not), and that our performance criterion accurately discriminated
between these groups. In addition, a > 65% correct performance value is unlikely to be achieved by chance
alone. For example, the 65% threshold lies outside of the M + 2 SD interval of performance values achieved
by subjects on the PAL and CVD tasks. Collectively, these data support the use of a > 65% correct
performance criterion in this preliminary study, as a way to identify those cognitive tasks that siamang
gibbons could quickly master, versus those which they could not acquire with relatively limited training
opportunity. Additionally, nearly all of the performance measures we identified as being greater than 65%
correct performance were statistically verified as being unlikely due to chance alone (Table 1), providing
further evidence that our 65% criterion for task proficiency was both valid as well as useful in identifying
subject competencies and learning capabilities among the cognitive tasks being evaluated.

As described above, most studies evaluating NHP cognitive capabilities test subjects until a specific
performance criterion is reached. Typically, it is subject cumulative performance within a testing session
that is tracked, until it reaches a maximum at the end of the session, when performance criterion has been
achieved and the testing session is concluded (Beran et al., 2016; Cronin et al., 2017; Rodriguez et al., 2011;
Rumbaugh et al., 1972; Tomasello & Call, 1997). Our method employed a data collection window that was
defined temporally, rather than by performance, such that we were able to track subject task performance
within test sessions beyond that which is normally observed (Table 1).

Our method of extended data collection is somewhat conservative, as we identified 9 of 23 test
sessions as having reached criterion according to end-of-session (or test block) cumulative performance,
whereas the use of within-session peak performance would result in 11 of 23 test sessions being identified
as having achieved performance criterion (Table 1). Using peak performance as the metric by which task
proficiency was judged would not, however, have changed the general result of subject understanding of
CD and SWM tasks relative to DMS, PAL, and CVD tasks.

It can be seen across multiple test types and multiple test subjects that cumulative (within-session)
performance often peaked within the middle of testing sessions, rather than at the end. This late-session
decline in performance may be due to the fact that our testing sessions typically contained 50 trials per
session, which may promote cognitive fatigue or “lack of interest” in hylobatids (Benoit et al., 2019). A
variety of factors could cause subject performance to wane over the latter half of testing sessions, including
subject ‘boredom’ due to decreased novelty (Ramirez, 1999; Tomasello & Call, 1997), prolonged
attentional demand (Lacreuse et al., 2020; Tomasello & Call, 1997), or decreased subject motivation due
to reward satiety (after receiving multiple rewards for correct trial performances; pers. obs.). If one
considers peak task performance (after a minimum of 10 trials), rather than cumulative within-session task
performance, our data suggest that hylobatid cognitive performances on the tasks in this study may be
greater than previously suggested. Subject Leela achieved a peak performance rate of 72% correct partway
through DMS testing, while subject Deedee achieved 63% correct performance midway through CVD
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testing, although our subjects did not collectively perform well at either DMS or CVD tasks. As described
above, these data suggest that expanded training/testing opportunities may reveal additional performance
capabilities not observed in our initial sample.

Comparable Cognitive Studies and Results

Although no previous studies used the exact testing parameters and methods that we employed in
our study, a few studies that used similar parameters exist, allowing us to compare our results on some
tasks. In a study by Leighty et al. (2011), eight mandrills (Mandrillus sphinx) of mixed sex and ages 6-19
y/o were tested with a simple concurrent discrimination task involving two experiments: color and shape
discrimination. The color discrimination task consisted of one correct stimulus and three distractor stimuli,
while the shape discrimination task consisted of one correct stimulus and three distractor stimuli. The
testing platform was touchscreen-based, and all subjects were physically isolated from conspecifics. In their
study, subjects needed an average of 819 trials to reach criterion (>80%) for the color discrimination task
and 1,176 trials (on average) to reach criterion (>80%) for the shape discrimination task. Our female subject
Leela achieved similar performance here after ca. 300 trials. Comparably, Rumbaugh and Rice (1962) tested
three female subjects of three different ape species (G. gorilla, P. troglodytes, P. pygmaeus) considered to
be of “young” age in a simple discrimination task consisting of one correct and one distractor stimuli, of
the same color, but of different shape. Testing was conducted with physical objects and all subjects were
visually and physically isolated from other subjects. It took the gorilla 139 trials, the chimpanzee 273, and
the orangutan 280 trials to reach criteria (>80%). In our study, Leela reached and maintained task
proficiency in less than 100 trials with the same testing parameters (one distractor, same color stimuli) used
in Rumbaugh and Rice (1962). Additionally, subject Leela achieved task proficiency under conditions
(three distractors, variable in both color and shape) more difficult than those used by Rumbaugh and Rice
(1962). With this evidence, one can argue that at least one of our siamang subjects (Leela) tested at the
same level or perhaps higher than that of the great apes that participated in the Rumbaugh and Rice (1962)
discrimination study.

Additionally, this study may provide direct evidence for siamang long-term memory. Here, CD
training and initial testing were conducted with subjects Dandy and Deedee in July 2017. As described
above, testing was halted due to environmental disruption (nearby construction) and was not resumed until
Dec 2017. During the five-month interim, the siamangs had no interaction with the testing apparatus or
GM. However, when testing resumed in Dec 2017, both Dandy and Deedee immediately sat at their testing
bench and began to interact with the touchscreen, immediately choosing the same “correct” stimulus that
was used previously. Both siamangs ultimately performed above-chance level on the CD task (mean
cumulative performances of 71.1% [Dandy] and 61% [Deedee]). The siamangs not only remembered the
mechanics of the apparatus but also remembered the specific task and the stimuli associated with that task,
after being completely isolated from it for five months. This, in itself, can be considered evidence of higher
cognitive ability, specifically pertaining to memory (Hopper, 2017; Martin-Ordas et al., 2010).

Implications for Enrichment and Welfare

Although enrichment is heavily practiced in most accredited facilities housing nonhuman primates,
and is considered to be a vital component of animal welfare, often enrichments are limited in form to
environmental (physical) and food-based (dietary) supplements (Swaisgood & Shepherdson, 2006).
Cognitive enrichment programs, while increasingly common, remain relatively scarce (Clark, 2017; Kim-
McCormack et al., 2016). This is despite the fact that those facilities that do utilize cognitive enrichments
overwhelmingly report positive benefits from them (Clark, 2011; Clark et al., 2013; Coleman & Maier,
2010; Dolins et al., 2017; Markowitz, 1982). Computer-based, interactive touchscreen cognitive enrichment
is becoming very popular for animals in captive environments because of its success rate in decreasing
stereotypic behaviors, aggression, and signs of boredom in captive animals (Clark et al., 2013; Coleman &
Maier, 2010; Fagot et al., 2014; Swaisgood & Shepherdson, 2006). This is especially true for nonhuman
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primates, with particular relevance to great apes (Clark, 2011; Egelkamp et al., 2016; Fagot et al., 2014;
Kim-McCormack et al., 2016; Leighty & Fragaszy, 2003; Perdue et al., 2012; Tarou et al.,, 2004).
Unfortunately, as in all other aspects of primate cognition, hylobatids continue to be underrepresented not
only in comparative cognition studies, but in cognitive enrichment programs as well (Gronqvist et al.,
2013).

We want to emphasize the importance of studying hylobatid behavior and cognition not just for
their utility in helping us to understand primate evolutionary history, but also to improve our proficiency in
providing stress-reducing and pleasurable forms of enrichment for these and other nonhuman primates.
Video recordings of our testing sessions provide strong evidence that these hylobatids readily (and rather
eagerly) interact with cognition testing software and touchscreens, in some cases holding onto the test
platform to prevent its removal. Not only is this form of cognitive enrichment mentally stimulating to the
animals, it is also cost-effective for the facilities using them. Instead of purchasing a stream of novel objects
as enrichment (which often imperfectly capture animal attention and interest; Tarou et al.,, 2004)
touchscreens and interactive software are infrequent purchases, require little or-no maintenance, and permit
high degrees of flexibility. These devices also give subjects a sense of “control” of their environment which
is believed to greatly enhance the effectiveness of cognitive enrichment for animal welfare (Dolins et al.,
2017). Our subjects’ eagerness to interact with the testing apparatus suggests that cognitively interactive
enrichment will positively contribute to hylobatid mental and physical states in captivity, ultimately
improving their welfare.
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