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SUMMARY

TheArctictis binturongis to this day a rather unknown animbi.fact,it is the only
living speciesn the genus Arctictis, making a chance for comparison hard;
furthermore, sightings naturearefairly rare and inconsistent, and not many
individuals are being ket captivity,asper AZA (Associatiorof Zoos and

Aquaria) records.

This study aimso lay the foundation for studying and understanding thatier of

the Arctictis Binturong, through the observatiohthe rangef actions expressed
during the dat different timesof two captive specimens. For this purpose, the dyad
of the Cappeller Park Veneto, Italy, was observed through tiseof instantaneous

scan sampling foonehour, twice a day, for 6 days.



Out of the total 12 hours of observation, 5 of them are centered around an enrichment

program proposing sensory, cognitive, and environmental enrichment.

An ethogram is proposed by grouping all observed behaviors during the study time.

The results suggest that simple enrichments have a substantial impact on binturongs’

activity levels, which are normally quite low in comparison to the time spent resting.

1. INTRODUCTION

1.1. Arctictis binturong

The binturong (Arctictis binturong), also known as bearcat, is a viverrid native

Binturong range

Fig. 1

By IUCN Red List of Threatened Species,
species assessors and the authors of the
spatial data., CC BY-SA 3.0

to South and Southeast Asia (Lekagul and
McNeely, 1977; Kanchanasakha, Simchareon
and Than, 1998) (fig. 1). However, the exact
range is likely to be slightly different, as poor

survey efforts are being performed.

The Viverridae family includes 33 widely
diverse species, among which the binturong
represents the only living species in the
genus Arctictis; some similarities can be
found within the Paradoxurinae subfamily,
composed of Asian, Golden, Brown, Masked,

and Small-toothed palm civets, with



binturongs being the only civet with a semi-arboreal(taakagul and McNeely
1977; Payne, Francis & Phillipps, 1985).

The binturong has been assesagdulnerableon the IUCN Red List, definedsa
category containing species that are facing extinctionalcegpid population declines
of 30to more than 50%n the previoud 0 years (or three generations), a current

population sizef fewer than 1,000 individualsy other factors.

Thisis not only dudo their limited geographical range, but also becaise
residential and commercial development, agriculture and adueguhnd the usage

of local biological resources (Willcox, D.H.Aetal., 2016).

These animals are long and heavy, with short, stout Idgst thick coais
distinguishedy coarse, mainly black hair speckled with white. They Haxge

white vibrissae, blackartufts, and a large prehensile tail.

This speciess arrhythmic and crepuscular (Grassman2004), weighing 20 kg
(CossonL. 2007), taking into account a clear sexual dimorphism, witiit é&lnales

being even twice the sizd males.

Females are dominant, although this has probablydekswith their size and more
with P D OhdfAmbnesin fact, males show much higher concentratioihsirculating
estrogens, which couloe linkedto male deference, mos®than androgen-mediated

female aggressiom this species intersexual interactions (Greene, Lydsad(

2016). Although thewrebelievedto be mostly solitaryin the wild, theyareusually
housedn opposite-sex dyads, which usually ledmifemales gaining dominance

over space and resources.

Both males and females engageglandular and urinary scent marking, with a higher

incidencein males and mainly through metatarsus scuffing (Kleiman G., 1974).

Like many animals livingn Bornean rainforests, their diet heavily reloggthe fruits
from the strangler fig (Nakabayashi M., 2016, 2018), making them thesgarg
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endotherm with the abilitio reduce their peripheral circulatiso that the body
becomes divided into a warm core and a eoexkternal surface, with a greater

reductionin metabolisnin lower temperatures (Larelt JEetal, 2014).

Captive specimens are also advantdngeldrge subcutaneous fat deposits, especially
around the basef their prehensile tails; this energy storagextremely precious,
given that the lackf polysaccharide fermentation and shoanivoran gut structure

does not allow a great energy intake.

As theydo not have relevant predatarsthe wild, they can inhabit small portioof
land, eitheiin open forest-grasslarad closed forestsgt different altitudes, although
being mostly arboreal. Their activity patterns have beewskto depend
predominantlyon the abundancef the fruitof the strangler feed, forcing theim

move somewhat disproportionately durihgwet and dry seasons, with a mean daily

distanceof about700 meters.

In thewild, they are accustoméd a mean temperatucé 21°C, with extremes
ranging from -3°Go 37°C; however, thegrethe most active with higher

temperatures (Grassmadn,2004).

2. ANIMALS, MATERIALS, AND METHODS

2.1. The animals












outdoor enclosure araf the resof the zoo. Fresh straw beddiisgprovided daily,

alongside the food bowl.

A big sliding door separates the space into a smathrwhere the keepers can enter
ard both lock the doadio the public and prevent the escaypehe animals when
working inside the enclosure. Usually, the animals aretalsteove freelyin their

outdoor and indoor space, even vilile zoo staff inside.

Boththeindoor and the outdoor exhibits are viewdbléhe public every day from 9

a.m.to19p.m.

2.3. Environmental conditions

The observations for this study were carried out between @dguatiMay 2021, with
temperatures ranging from 61€22°C.As previously mentionedn their natural
habitat theyareaccustometb extremes from -3°@ 37°C, with a meanf 21°C, but

aremore activan a warmer climate.

In fact, when the observations began, they were just stantogmoutside far from

theheagdindoor enclosure.

It might alsdbe importantto note that, duto COVID-19 restrictions, the public was

not allowedin the zoo until the last dayd the observations.

2.4. Enrichment and general observations

For the entire duratioof the observation periodnenrichment program was
established. From Aprib Junetheanimals were exposed a varietyof stimuli

twice a week, comprising sensory, environmental, and cogretivichments.
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The enrichments ultimately includé@dthe observations arepces rubbed against
the branche®f the outdoor enclosure, scatter feednh@ varietyof food itemsat

different timesof the day, and cutip quail hidin straw insideof a sack.

2.4.1.Sensoryenrichments: definedasany activity that engages tie QLPD OV I

senseof taste, smell, hearingy sight.

- Mirrors

A small mirror was tiedo the branch directlyn front of thehut where the animals
usually spent their time outdoors and restes.importantto note thatat the timeof

this study, information abou® L Y H U UsklGawatdnéss obtained through the mirror
test doesot seento be available. Dudo this lackof knowledgethe expected
response ranged anywhere from indifferetaceuriosity abouthe new object itself,

to possible aggressive display dodhe sighitof anunknown conspecifim the

enclosure.

While the female only took a few glances and went backst,the male instantly
focusedon the new object, smellinidy thoroughly and going back and foxh the

branch.

- Bedding from other enclosures

A big sack containing straw bedding from the Lk E E fHQIdb%tes laj enclosure
was placedn the E L Q W XauRd@darda. For this occasioime fecesof bothof the
hosted primates have been tested for the presédraagy parasitelheaimof this
activity wasto provide a new stimulus through the possibitifygathemg all the new
information about a likely unknown scent. The white-lehdibbon was chosen due

to the closenessf the two speciem natureasthey share not only the same
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- Spices

Spices and other kinas olfactory enrichment have been widely and successfully
usedto stimulate zoo animals, reduce their stress and stress-re&tadiors, and
much more (e.g. Vaglietal, 2021 and Skibiedtal, 2007).

The spices used for thesudy were dried basil, thyme, rosemary, and cinnamon and
were randomly distributed exclusively outdoorsbranches, trunks, grass, and

bushes.

At the timeof the H Q U L F KdelidiQStvafioh(1 p.m. 3/05/21), both animals were
resting inside; despite having acknowledged the kegpeibrought and scattered
the spices (evemn front of the door linking the outside and inside spadée),

animals didnot go outsideto inspect until 2 hours later.

At 3 p.m. the male finally went outside and, aé&eplfactory exploration, started
snarling loudly and pacing while visibly alert. When the fesgaimeoutaswell, the

male intensified his agonistic behavior, directingpward her with snarls and growils.

- Basin filled with blankets

A single plastic basin measuring 66x44x6 containing a soft blanket was placed

onthe grass, betwedhelower entrance and the water fountearthe morning.

The aim wado allow the explorationof anunknown texture, maybe even providing a
comfortable, alternative resting spot. However, except bored olfactory inspection
performedoy the malethe object was completely ignored ftire entire daylt was

then removeat night for safety reasons.
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Boththe male andhe female appeared interestatfirst: they were approaching the
new object and putting their front paasit. Unfortunately, after &ew trials, they

both stopped getting near the hammock.

- Rope

Ropes ar@neasy yet precious enrichmeastheyaresimpleto set up, add variety,

and create a three-dimensional environment that encourages @a&plora

A big rope was tiedb two branches, resulting a new slightly inclined pathway for

the animalsto exploretheir outdoor space.

Binturongs appedo be a generally sedentary speciaspointed out for instanday
Grassmait. (2004), who observed many wild specimanPhu Khieo Wildlife
Sanctuaryn Thailand ovethe spanof 12-23 months; during this time, the animals
were only active for about7% of the observations, and their mean daily distance

was about 688 meters.

The specimens observed for this stddyhot seento differ, asthey were active for
about45% of the observations and were mainly foundheir fixed resting points;
for this reason, this enrichment appeamebe a great wayo encourage the animals

to move inside their spage a new, stimulating way.

Over time, the placement che easily switchedip to allow further and maybe more
challenging exploratioby changing theU R Steh$iwn and incline.

Once placed horizontallyn two branchesf the outdoor spacéhe new pathway was

promptly accepted and used.

- Suspended bucket
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Once place@dn the ground, the animals quickly weatinspect. They both startéd
move around the object with their snout and paws fronogippdirections, stopping
to eat whenever a piecd fruit was releasedl his process was repeated until the

bottle was empty, without any sigih aggressiomr dominance.

- Sack containing straw and quail

Two quails were cun half and hidden amidst some strawa 25-liter sack. The aim
wasto provide the animals with the opportunityforage their own footh a new

and interesting way, comprising smell, digging, and objecipnéation.

In normal circumstances the dyad hasstablished feeding routine: a single bowl
containing fruitonthe bottom and proteinntopis shared betweethe animals.
Naturally, the dominant femals the firstto access the feed, with the male only
getting a chancwm eat whilethe femaleis busy chewingln this routine, therés no
time to wasteif the male weréo move away from the bowar take longer eatindgye
might not find the desired food anymore. That morningvéwer, their food bowl
only contained apple chunksgthat the protein coulbde used for the enrichment
program; the animals appeared satisfied with their food, eveg gwoiast with a few

applesto spare.

Interestingly, this enrichment allowedto witness a previously unseen behavior.
When the sack was introduced inside the enclosure, both teeandihe female
approached to smell it. Charlie waghefirst to getto the openingf the sacko
directly smell he straw and immediately started digging with his paws andtsno
until hereached a quail halft this point, botlrof them started moving the sack
aroundto get the straw out, until they both managedetat least a piecef qualil.
However, insteadf eating it, the male took into his mouth and carried to the

treehouse, somethirge was never previously seen doing.
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- Rope braids

A simple braid was obtained from a piexfaope, and was then filled with fruit and
hungon a branch. The enrichment was etsyeachif climbing from above and
quite raised from the ground. Nevertheless, while the aygheoached from above,
balancingon the branch with the helgf his tail, the female choge interact with the
item from belowy standing with the soleseof herrearlegs. The enrichment was
instantly met with enthusiasm, and all the fruit was retideand eateim the sparof

10 minutes from the installatioof the rope.

- Scatter feeding

Scattering food around the enclosure instefaalways placingt in the same spas a

great, easy todb avoid boredom and stimulate the natural instio€feragers like
binturongsin fact, this simple act creates the necessitgefiningthe LQGLYLG XD O
senseof smell and sightaswell asencouraging moveméand changing control

dynamics regarding food, especially uséfulhe casef established hierarchies. This
grants a more balanced control over the environnagetach individuahow getsto

choose what and whete eat.

An additional variable also proposedthis study wouldeto vary the timeof the
dayin which the feeds administeredin orderto mimic a natural setting even more,

especially for arrhythmic species swdthe binturong.

This enrichment was extremely successful, leatbragsignificant increasa activity

and a complete absensedominant behavior surrounding food.
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2.5. Data collection

2.5.1. Instantaneous scan sampling

Scan samplings a sampling rule that involves the observatbthe whole grougn
a quick sequencdhis appearedo bethe best wayto gain a basic sensé the
differences and similarities between the two aninmatglationto common

parameters, sudmstime of theday and presenad enrichment.

Additionally, instantaneous samplimga formof time samplingn which the
observation sessiaa divided into short sample intervaldnthe instantof each
sample point, a recolid madeof whetheror not a given behavior patters occurring
(Bateson, M., & Martin, P., 2021

Thedatain this gudy was acquired through the usieinstantaneous scan sampling,
with one-hour sessions sampldntervalsof 30 seconds; the observations were

carried out twice a day, for a tot 6 days.

Outof the totall2 hoursof observation, 5 included interactions wathenrichment

from theenrichment program.

2.5.2. Working Ethogram

The datan this ethogram were gathered during the whole observatiooop@&mom
04/03/21to 30/04/21.
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Tabella 1-1

Aggression Attacking (inter- and Event
intra- specific)

Alert Tensingof the body

Adjugting A slight alteration of
the D Q L Pd@efity
posture.

Allogrooming The animals licks a State
conspecific

Body shale Rapid sideto-side Event

movementof the body
while remaining in the
same spot

Climbing The animal uses its State
paws and claws$o move
vertically (or at steep
angles). When
descendingthe
prehensile tailis often
usedto grasp a steady
item (e.g. a branclor a
trunk)

Coughing The animal abruptly Event
releases air while
making a grasping
sound with its throat.

Digging Using a front pawto Event
excavate something
from the ground

Drinking Consuming water State

Eartwitch Quick movementof Event
oneor both ears

21



Tabella 1-1

Eating The animal places food| State
in its mouth either
directly or collecting it
with its paws. It then
uses vertical
movementsof the jaw
until able to swallow it.
Sometimes the heads
thrown back to aid
with chewing and
swallowing

Gaping and moving whiskers The animal lifts its State
head, opens its mouth
and movesthe whiskers
back and forth. This can
lastfor several minutes
andbe directedat
anything, even a wall

Grooming Licking paws, tail, State
genitals; scratching
with front paws over
head,or scratchingthe
backof the head with a
rear paw

Growling Agonistic behavior Event
consistingof a long,
low, guttural sound,
usually while showing
teeth and/or grimacing.

Hissing Quick releaseof air, Event
presumably from the
nose

Interaction with enrichment Walking on an Stateor event

enrichment item,
touching it with
paws/head etc.

22



Lip licking

Tabella 1-1

Passinghe tongueon
the lips

Locomotion

Pacing

Moving towards a given
direction at any pace

State

Mating

Obsewing

The male mounts the
female with
reproductive aims

State

Staying still and
carefully looking
at/watching something

State

Olfactory exploration

Air, other animal,
structures, objects,
enrichment, undefined

Sniffing air, each other,
an objector the ground.
Usually with eyes
closed, lofting the head
and slowly movingit to
the direction of the
smell

Event

Paw twitching

Sudden rapid shakingf
the paw, seen while
sleeping

Event

Resing

Together

Alone

The animal lays still,
usually curledup with
head restingon the tail.
Eyes carbe closedor
open

State

Sent marking

The animal grabs a
branch with his front
limbs to slightly lift the
rear limbs;he then
proceeddo dragthe
rear pawson the
selected branch

Event

Siting

Restingon the rear part
of the body

State
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Tabella 1-1

Snaling Agonistic behavior
consistingof a slow
start with a long, low,
guttural sound, then
escalatingto a higher
pitch and volume and
to the animal showing

their teeth.

Snoring Sounds made while Event
sleeping

Sretching The animal extends Event

front and/or rear limbs

Threa Growling or hissing Event
while in a tense stance,
directedat a conspecific
or another animalor
person

Turning The animal turns Event
aroundon the same
spot. Usually once
before laying downto
rest. Sometimes around
the bowl of food while

eating.

Uri nating/Defecating Expelling fecal matter | Event
or urine

Vocaization Any sound madéyy the | Event
animal

W hiskertwitch Event

Yawn Intake and releas®f Event
hair with mouth wide
open

Other All behaviors not

described above

Not visible The animal cannotbe
observed

24



2.6. Statistical analysis

As there were only two animalthe analyses were done using single observatsns
entries (as for Grisatal., 2013). For each behavior and for each anithal,
percentag®f scansn which the animal was recorded showing that behandhe

total of the scangn that observation was calculated.

For the behaviors whose distribution allowedifdi.e., resting, adjusting, grooming,
observing, olfactory exploration), generalized estimated eapsat/ere donenthe
resulting data, with padf the day (two levels: mornings afternoon), presence of
enrichment (two levels: presenegabsence), the animal (two levels, femadenale)
and the interactions paot the day * animal included and enrichment * animahe
modelaspredictors. Bonferroni corrected pairwise comparisons were matteefor

statistically significant factors.

3. RESULTS AND DISCUSSION

3.1. Time budget and behavioral pattern
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quails and straw (22/04 am), scatter feeding (2ar@) scatter feeding proposetl
anunusual timeof theday (28/04 pm), and spices (03/05 pm).

The resultof the generalized estimating equati@ansshown below.

Anima | Daypart *
Intercept Daypart | Enrichment | Animal Enrichment * Animal
Behavior (df=1) |[(df=1) |(df=1) (df=1) | (df=1) (df=1)
Resting |p <0.001 |0.008 |0.003 <0.001|ns 0.007
NoE_Fe>NoE_Ma;
. M>A E>NoE Fe>Ma| - NoE Ma<E Ma
Adjustin <0.001 [ns ns ns ns ns
g p
Groomin <0.001 |ns ns ns ns ns
g p
Observin <0.001 [0.005 |0.04 <0.001|Ns ns
g p
M>A NoE>E Ma>Fe
<0.001 [0.004 |ns <0.001/0.002 ns
Olfactory | p
A>M - Ma>Fe

3.3. Conclusions

The binturongs observed this thesisin coherence with other previously cited
studies, have proven be sedentary creatures whoewary of especially challenging
situations. Nevertheless, they successfully engagethnyof the proposed

enrichments, eventually leadibgan overall increase activity.
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While environmental factors suesa progressively warmer climate might have
played a rolen this increasethe significanceof the enrichment program evident,
considering for instance the expressobipreviously unseen behaviors and the

presencef peaksof activity significantly higher than average.

Captive specimens could therefore benefit especially from simple measioiess
scattering their feedr varying the timeof the dayin which theyarefed. Ultimately,
thisis not only beneficial for the individual's welfare, gividae possibilityto reduce
stress and express species-specific behavior, but alsefpublic;in fact,it is likely
that publicinterest increasdsy being abldo observe a wider rangd behaviors (e.g.
Altman, J.D 1998 and Sala). 2021), facilitating visitor learning and thus raising

awareness more efficiently about conservation efforts.
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