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Use of a Touchscreen-mediated Testing System with
Mandrill Monkeys

Katherine A. Leighty and Margaret A. Maloney
Disney’s Animal Programs and Environmental Initiates, U.S.A.

Christopher W. Kuhar
Cleveland Metroparks Zoo, U.S.A.

Rebecca S. Phillips, Jonathan M. Wild,
Monica S. Chaplin, and Tamara L. Bettinger
Disney’s Animal Programs and Environmental Initiates, U.S.A.

Relatively little is known of the cognitive and peptual abilities of mandrill monkey#andrillus
sphiny. Here, we document how seven adult mandrills weiieed to effectively use a touchscreen-
mediated testing system. Upon mastering use of diigce, subjects were presented with two
automated discrimination tasks; one requiring disicration of the target from an array of distraster
using color, the second requiring discriminationdyape. Examination of individual differences in
both training and testing performance provided ew@t that position in the social hierarchy and
circumstances of the testing environment impacatadning. Further, examination of error production
revealed that errors were not distributed randomigh subjects being attracted to a biologically
relevant color and a shape that was featurallylairto the target.

Mandrills (Mandrillus sphinx) the largest of the cercopithicine monkeys,
reside across large home ranges in the dense nedtgoof western Central Africa
(Jouventin, 1975; Rowe, 1996; Rowell, 1972; Sleef®7). They live in large
matrilineal groups with peripheral males enterimg group during breeding season
(Abernethy, White, & Wickings, 2002). Perhaps dodhte dense habitat in which
they live, their shy demeanor, and/or the sizehefrthome range, mandrills have
proven to be difficult to study in the wild (Camgib&uentes, MacKinnon, Panger,
& Bearder, 2007; Rowell, 1972). Thus, much of wivat know of these animals
comes from studies conducted in captive settingkidling zoological parks and
semi-free ranging research centers (Chang, Forth&afaple, 1999; Markowitz,
Stevens, Mellen, & Barrow, 1981; Mellen, Littlewqdsarrow, & Stevens, 1981;
Setchell & Dixson, 2001a,b; Setchell & Wickings, 020 2005; Yanofsky &
Markowitz, 1978). While there have been relativedyv investigations of their
social behavior, even less is known about the ¢gnand perceptual abilities of
these animals.

Harlow and his colleagues were pioneers of eariyngte cognition
research and examined an array of abilities actbestaxa. They included
This research would not have been possible withbat support and assistance of the Primate
Husbandry Team at Disney’s Animal Kingd8nSpecial thanks to Pilar Hicks, David Shrake and
Alan Friel for their assistance in running the itggtsessions, Alison Grand for editorial assistance
and to Sue Dubois and James Openshaw for programih touchscreen tasks. Correspondence
concerning this article should be addressed to étath A. Leighty, Disney's Animal Kingdom,

Animal Programs Administration, 1200 North SavanQattle East, Bay Lake, FL, 32830, U.S.A.,
(Katherine.Leighty@Disney.com).



mandrills from the Vilas Park Zoological Gardensdahe Bronx Park Zoo as
subjects in several of their studies. The focusnath of this work was on the
impact of the duration of the delay period and enéstion of distracters in
memory tasks as well as performance on Harlow'ssthpatterned string tests in
which the subject had to determine which of twenare strings was attached to a
piece of food (Harlow, 1932; Harlow & Settlage, 493arlow, Uehling, &
Maslow, 1932; Maslow & Harlow, 1932; Yudin & Harlpwl933). These
researchers highlighted individual differences émfprmance rather than grouping
individuals by species and discussed possible ageteamperament effects when
reporting their findings. For example, they stateat the poor performance of two
mandrills was likely due to their “immaturity,” aridey believed that the inability
of one mandrill to learn a task was a result of“flidempered” nature (Harlow,
Uehling, & Maslow, 1932; Maslow & Harlow, 1932).thbugh little detail beyond
these subjective comments was provided, this wagklights the capacity of
mandrills to learn complex cognitive tasks and eagites the need to examine
findings at the level of the individual.

More recently, Markowitz and colleagues presenteddult male mandrill
at the Washington Park Zoo with a simple reactiorettask via a computerized
game system (Markowitz et al., 1981; Yanofsky & Kkawitz, 1978). The
interactive system consisted of a console locatsid@ the mandrill exhibit and an
identical one mounted outside of the exhibit in thsitor viewing area. The
mandrill would initiate a series of trials by priegsa plastic circle on his console.
Visitors then had 15 seconds to press the circleth@ir console to join in;
otherwise the computer would automatically maks tieisponse and become the
challenger. Below the circle, one of three plasiiguares would randomly
illuminate and the objective was to see which plageuld press their lighted
square the fastest. The mandrill's reaction timesraged below 500 ms, and he
outperformed the human challengers in 57-68% oftmes.

Computerized testing systems such as this weredfaarly technological
advances in the study of animal learning such asatitomated operant chamber
(“Skinner box”) (Heron & Skinner, 1939), lexigraneyoard (Rumbaugh, 1977),
and joystick mediated testing system (Richardsoashidurn, Hopkins, Savage-
Rumbaugh, & Rumbaugh, 1990). The successes of #mseaches and continued
technological innovations have made computerizeding systems a primary
method of animal cognition research. Touchscresplays are currently a popular
mode of stimulus presentation and automated rewgrmafi subject responding. For
example, these devices have been used across an adriprimate species to
address a number of cognitive abilities (squirrehkeys Saimiri sciureu} visual
perception: Anderson, Kuwahata, Kuroshima, Leight§, Fujita, 2005;
chimpanzees Ran troglodytes navigational planning: Iversen & Matsuzawa,
2001; capuchin monkey€€bus apellp seriation tasks: McGonigle, Chalmers, &
Dickinson, 2003; rhesus monkey#/gcacca mullatq face processing: Parr,
Heintz, & Pradham, 2008; and gorillaGdrilla gorilla gorilla) and orangutans
(Pongo abel) relational concept learning: Vonk, 2003). Moreceamntly,
touchscreen displays have been used in cognits@areh outside of the primate
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order, including work with dolphins (Delfour & Mam, 2005) and domestic dogs
(Range, Aust, Steurer, & Huber, 2008).

Because touchscreen-mediated testing systems casebeby a variety of
taxa, and because their computerized task pregsmtaind data collection
increases control across testing environments, ey likely to be a key
methodology of future comparative cognition studikss for these reasons that
we elected to train our collection of mandrill meyk to utilize a touchscreen
system to gain knowledge of the cognitive and et abilities of this relatively
under-investigated species. Here, we open this limawof inquiry by describing
the process of training individual mandrills to uke touchscreen system with the
aim that these accounts will benefit researcheshing to utilize this technology
with other naive animals. Second, we documented attguisition and error
production of these individuals on two discriminatitasks to begin to illuminate
how stimulus features (color and shape) impact peeformance of these
individuals. Following the work of Harlow and caligues (Harlow, 1932; Harlow
& Settlage, 1934; Harlow, Uehling, & Maslow, 193daslow & Harlow, 1932;
Yudin & Harlow, 1933) we highlight individual diffences observed in the
subjects and discuss them in relation to task padace.

Method
Subjects

Eight mandrills (3 males, 5 females; aged 6-19 s)edroused at Disney’'s Animal
Kingdont® served as subjects for this study (see Table 1§s@tanimals were maintained as two
troops that rotated each afternoon between andsutsihibit (926.07 A and an inside holding area
(114.83 m). Composition of these groups was variable ovemetidue to changes in social
organization, breeding recommendations, and tres&fe animals to other facilities, but generally
consisted of a larger social troop of 7 to 8 memtsrd a smaller troop of 2 members. Testing
sessions were conducted opportunistically whilejesttb were housed indoors. Subjects from the
larger troop were typically separated, sometimeh Wiother animal, from the remainder of the troop
during their sessions to allow them uninterrupteckas to the touchscreen. When this occurred, their
social troop was housed in an adjacent enclosusnich they had full visual and auditory access.

Table 1

Subject Information

Subject Sex Ade Individual Characteristiés

S M 19 Only male in the smaller troop

L M 14 Most dominant male of the larger troop
W M 6 Most subordinate male of the larger troop
D F 17 A dominant female of the larger troop

P F 16 A dominant female of the larger troop

J F 14 Only female in the smaller troop

T F 12 A subordinate female of the larger troop
N F 12 A subordinate hand-reared female of theelangop

IAge was calculated from the first day of testing.
2Dominance status determined based on priority céssto resources as well as observations of
consistent displacements and submissions bgrtimeal care staff.

-62 -



Materials

All tasks were programmed in Microsoft Visual Baaid presented to the subjects on an
Elo 17" IntelliTouch Entuitive surface wave touchsen (model # ET-1726L-8SWF1) via a Hewlett-
Packard Compaq dc5700 computer and later a Parafonghbook CF-30. This testing equipment
was set up on a heavy duty wheeled utility carhwfite touchscreen monitor at one end facing the
mandrill, and a computer monitor projecting the samage as the touchscreen facing the researcher
on the opposite end. The cart was rolled up tontlesh for the testing sessions and the mandrills
interacted with the touchscreen while seated orfltlwe of the enclosure (see Figure 1). None of the
subjects had previously participated in cognitiesetarch nor did they have any prior exposure to the

touchscreen.
T

Figure 1.Image of subject interacting with the touchscrassting system. Task depicted is training
task #1. Image taken off-exhibit at Disney’s Aniréahgdon®.

Initial touchscreen training

Initial training on use of the touchscreen progedsmllowing the same general procedure
for all subjects. This procedure was carried odblsws. The subject was first reinforced with dma
pieces of fruit for sitting in front of the monitar order to habituate him or her to this noveinti
their environment. Once the subject no longer aaideing in close proximity to or grabbed at the
testing system, he or she was started on a sdritge® touchscreen training tasks. Each training
session contained a maximum of 40 trials, typicklsted 5 to 10 minutes, and continued as long as
the subject demonstrated interest in participaitintpe task. Effort was made by the experimenter to
end each training session on a positive note. Qutimis initial training, subjects were typically
exposed to several sessions per day, as frequentisearchers’ schedules allowed (typically 4gime
per week). Determination of the rate of advancentBmbugh the training phases was made
subjectively by the researcher; insuring that thienal was not having trouble physically selecting
the stimuli and was attentive to the task.

In the first training task, the mandrill was shagedtouch a large blue square (24.76 x
24.76 cm) centered on the monitor (see Figure ZAjs process began by training the subjects to
reach through the mesh of their enclosure and ttlueimonitor by placing grape halves or currants
on the blue square stimulus. The verbal commantooch” was then delivered by the researcher
administering the task. The action of retrieving tbod item from the screen often resulted in the
subject’s finger touching the blue square stimuliigs selection of the square resulted in a “cdtrec
tone being produced by the computer and delivegnother small piece of fruit to the subject. When
the subject would retrieve the mounted food iterthatit touching the blue square, a reinforcer was
still delivered during the first few training semss. By the third or fourth session, the mountestifo
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items were typically removed from the monitor akjeats had learned to associate touching the large
blue square with receipt of food rewards. At th@np the interaction of the subject with the
automated computer system controlled the progressithe sessions. For all remaining training and
testing tasks, the subject was required to setectarge blue square introduced in the first tragni
task at the beginning of each trial to indicateértheadiness to participate.

In order to begin refining the subject’s touch tenaaller area, the blue target square in the
second training task was reduced in size (13.93.97Lcm) but still centered on the monitor (see
Figure 2B). In the third and final phase of traminhe dimensions of the blue square were again
reduced (3.81 x 3.81 cm) and its position was ramgded on the screen to train the subjects to make
selections on all areas of the monitor (see Fig@e

A) B)

C)

Figure 2. Depiction of the touchscreen training tash$:training task #1 in which the blue square

measured 24.76 x 24.76 cm, this stimulus was aed on the initiation screen of each future task B)
training task #2 in which the blue square meas®687 x 13.97 cm C) training task #3 in which the
blue square measured 3.81 x 3.81 cm.

Discrimination tasks

Seven of the eight subjects mastered the threensoueen training tasks and were then
administered two discrimination tasks; a color dieation task followed by a shape discrimination
task. These tasks were presented at a maximumeo§@ssion per day per subject, typically 4 days
per week. In the color discrimination task, sulgestre required to select the blue square (3.81 x
3.81 cm) from an array of three distracter squafdéhe same size (all colored red, yellow, or gjeen
(see Figure 3A). All colors were set to 100% sataneand brightness. The position of all squares on
the screen was randomized with the restriction thatsquares were overlapping or had their
boundaries touching. When the blue square wasteéld¢ce screen cleared, the “correct” tone was
produced, and the food reinforcer was deliveredelVa distracter square was selected (i.e., a non-
blue square), the task would disappear from theesgcmo tone was produced, and the subject entered
a 5000 ms time-out period before continuing to rie&t trial. Touches made outside of the square
stimuli did not impact the trial outcome. Testirggsions consisted of 21 trials, with a 2500 ms-inte
trial interval. Criterion performance on this tasks defined as correct responding on 17 or more
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trials within a session (>80%) across five consgeusessions. The shape discrimination task was
carried out with the same contingencies as ther abzrimination task except that the subjects were
required to select the blue target square (3.818¢ 8m) from an array of three blue non-square
distracter stimuli (all three being circles, tri¢egy or diamonds) (see Figure 3B).

A)

B)
_ [P A Ao =
o A 4
O N ¢
Figure 3. Depiction of discrimination task#\) color discrimination task in which the blue sgra

was presented with red, green, and yellow distrasxjeares B) shape discrimination task in which
the blue square was presented with circle, trigragid diamond distracter stimuli.

Data collection and analysis

For both the color and shape discrimination prooesiuve documented task acquisition as
a function of the percentage of “correct” responsesle per session and the number of sessions
needed to attain criterion performance on the tAskerror that was initially present in the data
collection code of the color discrimination taskalidated the data from the first three subject th
were administered the task (J, L, and S). Dataask performance and rate of acquisition were
systematically collected from the remaining foubjsats for this task, and for all seven subjects fo
the shape discrimination task. To determine ifreliger color or shape had a significant impact on
subjects’ responding or whether they distributegrterrors randomly across distracters, errors made
in the first five sessions (i.e., task novice) dhne last five sessions (i.e., task mastery) of ¢ask
were analyzed using the G-test of goodness-offitally, a Z-test for proportions was utilized to
investigate potential sex effects in error disttibn. Statistical analyses were conducted usingSSPS
version 15.0 (Chicago, lllinois) and PopTools vens?.7.5, with alpha set at 0.05.

Results
I nitial touchscreen training
Qualitative accounts of individual performance grdgression through

the training tasks are presented in Table 2. Sefegight mandrills advanced
through the three training tasks and learned tialrgl make selections on the
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touchscreen. Mandrill “N” never learned to assaci@muches of the target stimuli
with food reinforcement and after multiple attemimtgrab and destroy the testing
equipment, the decision was made to halt trainiitl this subject.

Table 2

Individual accounts of touchscreen acquisition @

S

Subject never avoided the testing cart but Ihitlaoked away from the screen frequently
to monitor the experimenter and lost interest mtdsk quickly. Focus was regained by
using a more valued food reward (peanuts) for ef period. Subject would initially

swipe at the screen with the whole hand and wadsld his hand on the screen at the end
of trials. The experimenter shaped the subjeattaorve his hand between trials and the
swiping technique was refined to a touch acrossitsteseveral sessions without
intervention.

Subject was the first of all subjects to be pnése with the testing cart and required an
extended period of shaping before he would sitantfof the monitor. He learned to
touch the screen with his fingers in the first thsessions. While he initially demonstrated
a startle response to the “correct” tone, he quibkbituated and learned to associate the
tone and food reinforcer. The subject generallyildtdd interest in the tasks but often left
the testing station or looked away from the scteemonitor the social dynamics of his
troop.

Subject never avoided the testing cart, learngduch the screen with a finger in the first
few sessions, and progressed quickly. The subjddiebin to grab at the monitor at the
completion of sessions which was alleviated byinglback the testing cart immediately
following the final trial of each session. The esipenter would then solicit other trained
behaviors such as the presentation of body padsdier to end the session on a positive
note.

Subject never avoided the testing cart, learnegduch the screen with a finger in the first
few sessions, and progressed quickly at the baggnufi training. As the training tasks
became more difficult (i.e., the square becamelsmahd moved locations), the subject
often left the testing station or looked away frifta screen to monitor the social
dynamics of her troop.

Subject initially avoided the testing cart anth@k quite some time to shape her to sit
close enough to reach the screen. She also exhéiéartle response to the “correct”
tone and changing content of the screen. The sudifien left the testing station or looked
away from the screen to monitor the social dynarofdser troop. She progressed
relatively slowly through training.

Subject initially avoided the testing cart anckétened the unit following presentation of
the “correct” tone. These reactions lasted onlyfiise few sessions and training
progressed quickly from that point forward.

Subject never avoided the testing cart, learngduch the screen with a finger in the first
few sessions, and progressed quickly. No signifit@mning challenges were
encountered.

Subject never avoided the testing cart, but abvagually attended to the experimenter
rather than the screen. The subject attemptecato @md shake the monitor with increased
frequency across sessions. Numerous techniquesan@i®yed to draw visual attention
to the stimuli presented on the monitor includirgying the food rewards and content of
the training tasks. After more than a year of imigent attempts, no substantive progress
was made and training was halted.
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Color discrimination task

Although all seven subjects presented with thercdiscrimination task
did attain criterion performance, complete datatloe task acquisition process
were collected from four subjects (W, T, P, D). 3taesubjects ranged in their
number of sessions completed prior to attainingeean performance from 13 to
63, with a mean of 39.75 sessioB®E 21.65) (see Table 3 and Figure 4).

Table 3
Acquisition of discrimination tasks

Sessions to criterion

Subject Color discrimination Shape discrimination
S 37

L xt 62

W 13 27

D 63 104

P 50 102

J X 26

T 33 38

=

Due to a fault in the initial programming code loé¢ tcolor discrimination task, the number of
sessions to criterion could not be calculated.

100 ~
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Figure 4. Acquisition curves depicting percentage of corteels per session for individuals in the
color discrimination task. The dashed line represenrrect responding on 17/21 trials in a session.
Criterion for mastery of the task required 5 consige sessions at or above this level.
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An analysis of errors made by the four subjecthir first five completed
sessions (task novice) indicated that errors wetedistributed randomly across
the three distracter colors (red, green, yellom2jG- 112.78p < 0.001). Of 194
total errors made by these subjects in their fivet sessions, 70.62% (137 errors)
were made by selecting the red distracter stimwgscompared to 16.49% and
12.89% for the green and yellow distracter stinmepectively (see Table 4).
Errors made in the last five completed sessionsk (faastery) were also not
distributed randomly across the distracter col@&) = 39.93,p < 0.001), with
82.05% (32 errors) of the 39 total errors made élecding the red distracter
stimulus, as compared to 12.82% and 5.13% for teergand yellow distracter
stimuli respectively. While a fault in the initiglrogram code invalidated the
acquisition data of subjects, S, L, and J, we vedile to examine their errors in
five sessions post-mastery (see Table 4). Errodenhy these subjects were also
not distributed randomly (G(2) = 46.01< 0.001), with 84.62% (33 errors) of the
39 total errors made by selecting the red stimalsiscompared to 12.82% and
2.56% for the green and yellow distracter stimekpectively. Examination of
errors made by all seven subjects in their fine¢ essions demonstrated that the
sexes did not differ in their bias of selecting tbd stimulus, with 38 of 47 total
errors directed to red by the four female subjects 27 of 31 total errors directed
to red by the three male subjects (Z = 0.414,0.05).

Table 4
Distribution of errors in the color discriminaticiask

Distracter stimuli type

Name Red Green Yellow
S x/12 x/1 x/1

L’ x/10 x/1 x/0

W 16/5 2/1 2/0

D 44/10 9/3 11/2

P 46/12 10/1 3/0

J x/11 x/3 x/0

T 31/5 11/0 9/0

Data presented as (# of errorsin first five sesg{@nof errors in five sessions at task mastery)

" Due to a fault in the initial programming codetlé color discrimination task, errors in the fiise
sessions were not recorded.

Shape discrimination task
All seven subjects presented with the shape discation task attained
criterion performance. Subjects ranged in the nurbasessions needed to attain

this criterion from 26 to 104, with the averagengeb6.57 session$SD = 33.86)
(see Table 3 and Figure 5).
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Figure 5. Acquisition curves depicting percentage of corteels per session for individuals in the

shape discrimination task. The dashed line reptesmnrect responding on 17/21 trials in a session.
Criterion for mastery of the task required 5 consige sessions at or above this level.

An analysis of the errors made by all seven subjecttheir first five
completed sessions on this task revealed thatsewere not distributed randomly
across the three distracter shapes (circle, tgargjamond) (G(2) = 31.56) <
0.001). Of the 389 total errors made by these stdbj@ their first five sessions,
45.24% (176 errors) were made by selecting a didndistracter stimulus, as
compared to 32.65% and 22.11% for the circle amhdte distracter stimuli
respectively (see Table 5). Errors made in thealffive completed sessions were
also not distributed randomly across the distrastapes (G(2) = 202.3p, <
0.001), with 93.94% (93 errors) of the 99 totaloesr made by selecting the
diamond distracter stimulus as compared to 3.03%bdth the circle and triangle
distracter stimuli.

Table 5
Distribution of errors in the shape discriminatitask

Distracter stimuli type

Name Circle Triangle Diamond
s 21/0 7/0 22/13

L 2/0 11/1 21/9

W 712 6/0 30/11

D 20/0 13/2 25/14

P 26/0 12/0 28/18

J 24/0 21/0 26/13

T 27/1 16/0 24/15

Data presented as (# of errors in first five sessi@ of errors in five sessions at task mastery)
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Discussion

The findings of this work clearly demonstrate thatichscreen-
mediated testing systems are a viable method f@stigating the cognitive
and perceptual abilities of mandrill monkeys. Sew€right subjects tested
learned to utilize the touchscreen interface to erstkmulus selections, and
these subjects were also successful in learnimgstmiminate target stimuli
from an array of distracters on the basis of calml shape characteristics.
Thus, the performance of these mandrill subjectgeats that this
historically understudied species has the capattyeffectively utilize
touchscreen testing systems in a manner similéihabdemonstrated by a
variety of other primate species (squirrel monkeysderson et al., 2005;
capuchin monkeydicGonigle et al., 2003; rhesus macaques: Parr,tiein
& Pradham, 2008; and the great apes: Iversen & Watsa, 2001; Vonk,
2003).

While touchscreen systems have been used suctgssftoss the
primate taxa, many of these reports do not prowddtil of the initial
touchscreen training procedures. That is, therkttis mention as to the
specific details of early training, nor the obstscthat had to be overcome
prior to animals learning to be skilled users @fsi systems. It is therefore
our hope that documentation of successful trainumgcedures will be
beneficial to researchers wishing to implement achscreen-based
response system with their animals.

The general training procedure implemented here gethods) was
quite successful, with only one animal being unableomplete the initial
training tasks. The technique of initially placitige food reinforcers on the
screen such that they were located on top of theeciostimulus was highly
effective. The subjects typically learned to asatcphysical contact with
the screen with the “correct” tone and receipthd teinforcer within the
first few sessions. Some animals initially avoidled testing cart (“L,” “P,”
and “J,” see Table 2) and this was resolved by isigaghe animal to sit in
close proximity to the cart for increasing perioafstime. These three
subjects also demonstrated a startle response tadirect” tone and/or the
changing content of the monitor. Subjects generhHypituated to these
events within a few sessions but the potential tfos type of reaction
should be considered when designing a trainingopodt Finally, keeping
in mind that subjects from the larger social traogre typically separated
from the majority of their group while participaginn testing sessions (see
Methods - Subjects), it is interesting to note thatjects “L,” “D,” and “P”
had difficulty staying focused on the tasks andenabserved to leave the
testing station frequently during each session Tsd#e 2). These subjects
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are in fact the dominant individuals within thigdar social troop (see
Table 1). Mandrill monkeys, like many of the ceritbjgines, have a rigid
social hierarchy within each sex that is regulateg the dominant
individuals of that sex within the troop (Dixsono$si, & Wickings, 1993;
Setchell, 1999; Setchell & Wickings, 2005). Thusbjscts “L,” “D,” and
“P” likely had their attention diverted by theirleoin regulating the social
hierarchy resulting in them leaving the testingtista during periods of
social escalation and frequently looking away frtra screen to monitor
the behavior of other troop members.

Upon mastering use of the touchscreen, seven &sbjeere
administered two discrimination tasks to beginlhaminate how stimulus
features impact responding in these animals. Tist fask required the
subjects to discriminate between stimuli using calwaracteristics, and the
second required a shape discrimination. All subjeattained criterion
performance on these tasks, with no subject takinge than 104 sessions
to reach this goal. Interestingly, it was the thdeeninant subjects on the
larger troop (“L,” “D,” and “P”) that required théighest number of
sessions to attain criterion performance on both tolor and shape
discrimination tasks (see Table 3). These weresitme subjects that were
observed to be distracted by the social dynamidkedf troop during initial
training with the touchscreen (i.e., frequentlydog away from the screen
and leaving the testing station). Similar behavimere observed during
testing on the discrimination tasks and were réflgan their acquisition
curves (see Figures 4 and 5). For example, in ¢ha discrimination task,
the performance of subject “D” hovered just abokance performance for
approximately 35 testing sessions before it slosigrted to improve.
Similarly, in the shape discrimination task, thefpenance of subjects “P”
and “D” started to meet the criteria of 17/21 siabrrect in approximately
their 50" session, but it took them twice that number ofses before they
could reliably perform at that level in order to ehehe criterion for task
mastery (17/21 correct in 5 consecutive sessions).

Conversely, subjects “W” and “T” are the most sulioate
individuals of their sexes within the larger sodralop and thus do not have
the same responsibility of regulating the sociardunichy as dominant
subjects. Both during initial touchscreen trainargl discrimination testing,
these animals spent more time attending to theescand were not
observed to monitor the movements of dominant alsinrathe adjacent
enclosure. These subordinate individuals requitesl fewest number of
sessions to attain criterion in the color discriation task and were two of
the most rapid learners of the shape discriminatasik. For example, the
performance of subject “W” began to meet the aatef 17/21 trials correct
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on only his second session on the color discrinonatask. Similarly,
subjects “S” and “J” comprised their own troop ahdrefore also did not
have the same distractions of social regulatiodasinant animals of the
larger troop. While “S” and “J” did not contribueequisition data for the
color discrimination task, they too were rapid teas of the shape
discrimination task. Thus, the acquisition ratessobjects “W,” “T,” “S”
and “J” suggest that animals that do not have teegadtions caused by a
role regulating troop dynamics, whether due to sdiibate status and/or the
number of individuals in their social troop, demivate the potential to
learn tasks more quickly.

In addition to examining the rate at which the mdisdacquired
these tasks, analyses were also conducted to igateserrors made when
they were novices to the task and again at taskemyad he distribution of
errors across distracter stimuli was not randoneithrer of these periods of
acquisition in both the color and shape discrimaratasks. Among color
distracters, there was a clear bias toward setpdirdistracter stimulus
when it was red as compared to when it was greegmeltow (see Table 4).
This preference is unlikely to be a simple caseabbr confusion since Old
World monkeys are known to have tri-chromatic vis{&leagle, 1999) and
because red (635-700 nm) and blue (450-490 nm)@siioned at opposite
ends of the visible spectrum. This finding is alsdikely to be due to
brightness/contrast issues with the stimuli ascalbrs were set to 100%
saturation and brightness. Instead, this error beyied to the secondary
sex characteristics of this species. Dominant medeadrills are identifiable
by their elaborate coloration which includes brigat and blue on their
faces and genitalia, and various shades of redetvand blue on their
rumps (Nowak, 1999; Setchell, 2005; Setchell & Dixs 2001a,b;
Shumaker & Beck, 2003; Sleeper, 1997; Wickings &don, 1992). In
addition to signifying dominance status to othetasathese characteristics
are thought to attract females for reproductiorwa$f as coordinate group
movement. Thus, this preference for blue and redustmay be innate and
an important component of the natural history ofs tilspecies. We
recommend testing this hypothesis with a naive groti mandrills by
initially training them to touch stimuli of a colather than blue, such as
yellow or green, and then determining if errors a@nbiased to red stimuli.

In the shape discrimination task, there was archeas toward
selecting a diamond distracter stimulus over aleiar triangle distracter
both when first exposed to the task and at tasktanagsee Table 5).
Preference for the diamond stimuli is likely duevm form-related factors.
First, the diamond stimuli contain all the same alodeatures (i.e.,
component features) of the correct square stimtthey, simply differ from
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the square in their global form (orientation insthtase). That is, the
diamond stimulus is in fact the square stimulusatemt 45 degrees.
Therefore, the subjects had to learn to resporlkde@rientation of the local
features (four right angles) rather than simplyghesence of those features
on the screen. Second, it is interesting to natéten initially exposed to
the task, in addition to frequently selecting thantbnd (45.24%), errors
were also often made by selecting the circle stirf88.65%). Selection of
the diamonds and circles may have been mediateithebly area. That is,
these stimuli had areas close to (or in the cagheotliamond the same as)
that of the correct blue square stimulus. Therefgrenay have been the
case that subjects were initially responding basedhe local features as
well as the overall area of the stimuli. Upon mast& the task, subjects
clearly learned to avoid selection of the circle aontinued not to select
the triangle. When errors were made at task mastemgr 92% of them
were made to the diamond stimuli suggesting thatsimilarity of local
features continued to cause some degree of confudibis bias of
responding based on the local features of stirsuliot unexpected as it has
also been documented in baboons and capuchin menkeggot &
Deruelle, 1997; Spinozzi, De Lillo, & Truppa, 2003)

Overall, the findings of the present study suppioet continued use
of touchscreen-mediated testing systems to fuithastigate the cognitive
and perceptual abilities of mandrill monkeys. lesting trends in the
performance of individuals on the color and shapseronination tasks
presented here support future work examining theachof position within
the hierarchy and testing conditions on cognitiegfgrmance. Examination
of error production during task acquisition prowddadditional insight into
the features that guided responding in these sisbjEcrors appeared to be
guided by innate attraction to secondary sex cheratics as well as a bias
to attend to the local features of objects, a etz process that is seen in
other monkey species.
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